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Summary of Key Points

Kd model is of questionable utility for WIPP
Successfully demonstrated adsorption model for uranium

Adsorption model can predict retardation given technically-
feasible data describing radionuclides

Field-scale chemical/transport model will provide sensitivity
of retardation to:

- heterogeneity,

- water compositions,

- and source term,
as validated by integrated experiments
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Major Characterization Work

Rustler formation (SAND87-7036, T Sewards, K Keil)
« mineral composition vs location and depth

Culebra dolomite member (SAND90-7008, T Sewards, K Keil)
« contains dolomite, gypsum, calcite, corrensite

Culebra fracture surfaces (SAND90-7019, T Sewards)
 horizontal fractures along clay seams

Water compositions along “fast path”
(SAND90-0418, 0419, Seigel)
« Chemical interaction with other members necessary to describe
water composition variation




Sample Locations for
Characterization Reports
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Molality (moles per Kg water)

Five Culebra Groundwaters and Four Simulants
Used for Batch Kd Experiments Show Wide

Variation in lonic Strength
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Demonstrate Strength of Chemical Barrier in Important PA Scenarios
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Fracture/Matrix Transport in the Rustier
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Mechanisms Causing Retardation in the Rock Matrix

77/ T T A
Flow

Fracture —
77///////7/////7777/// X




Chemical Phenomena Responsible for Retardation
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The Kd Sorption Model

« Assumes retardation is a linear function of Kg
« Approximate relationship for the Culebra

R=1+10Kq

.. ml
Kq in g
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Current Assumptions in WIPP Application
of the Kgq Sorption Model

« Kq is independent of

- liquid to solid ratio used in
batch experiments

- Culebra substrate composition
and sample preparation

- solution composition




Batch Kd Data for Uranium Sorption Depend on
Solution Volume to Rock Mass Ratio, and

Pretreatment of Rock
Data from SAND80-1595, R.G. Dosch; Figure from SAND91-1299, C.F. Novak
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U(VI) K, (ml/g) on Culebra Rocks

Batch Kd Data for Uranium Depend on Water

Composition and Culebra Rock Sample
Data from SAND80-1595, R.G. Dosch; Figure from SAND91-1299, C.F. Novak
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Current Assumptions in WIPP Application
of the Kd Sorption Model

 Kd is independent of

- liquid to solid ratio used in CONTRADICTED BY DATA
batch experiments

- Culebra substrate composition CONTRADICTED BY DATA
and sample preparation

- solution composition CONTRADICTED BY DATA

s
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Model for Adsorption, General Framework
Explicitly accounts for the chemical mechanism primarily
responsible for retardation

Predicts adsorption, and thus retardation, as a function of
water and mineral chemistry

Provides sensitivity to such parameters as:
- liquid to solid ratio
- substrate composition

Ready for application, but data are needed

I+



Model for UO2+ Adsorption on Corrensite '
SAND90-7084, J. Leckie
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Adsorption Data Measurement and Modeling
1. Work in Progress

Measure UO;" adsorption
« on corrensite as a function of concentrations of
Na+, Ca++, K+, Mg++, Cl, SO3,B(OH)3, and EDTA

« on corrensite for simulated WIPP Culebra waters

Validate UO5* adsorption model against
measurements in WIPP Culebra waters

19



Adsorption Data Measurement and Modeling
2. Proposed Work

- Measure UO5" adsorption on dolomite as function of
water compositions

« Measure adsorption of important radionuclides on
corrensite and dolomite as function of water compositions

- |mportant radlonucllde include:
Am, Cm, Pb Np, Pu, Ra, Th, U
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Solubility and Speciation Studies
1. Solubility
Empirical Studies

Provide steady-state concentrations of radionuclides
in Culebra waters

Determine solubility-controlling minerals

Provide steady-state redox states
- a controlling factor for retardation

A




CONCENTRATION OF PLUTONIUM (M)

APPROACH TO EQUILIBRIUM OF AISinR (SYNTHETIC) WATER SOLUTIONS
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Solubility and Speciation Studies
2. Speciation

Mechanistic Studies

Provide species complexation in Culebra waters
- a controlling factor for retardation

Yields sensitivity of retardation to water composition

Allows mechanistic extension of column/field retardation
data to off-site transport path lengths

x5



Integrated Chemical/Transport Model
Incorporates submodels for chemistry responsible
for retardation
Validated against column experiments

Aids in planning field-scale experiments and additional
column experiments

End result is retardation data for PA




Fracture/Matrix Integrated Chemical/Transport Model Domain
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Schematic Assembly of Fracture/Matrix Transport
Model for Field Scale Simulation
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Injected Tracer

MgCO,(s) Concentration

Example Results from
Transport Model
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Summary of Approach to Predicting Retardation

(Integrated-Phenomena )
Experiments
- Batch

 Column
. - Field )
Sensitivy‘ Va"dat&'\%tegy/&reening
-~ A 4 )
Single-Phenomenon ‘Plan/Screen Models for Retardation

Experiments ¢
. Adsorption > Small Scale

+ Solubility/Speciation | Parameter » Field Scale
- _ Determination \_ y

Retardation Determination
Data to PA




Tasks

Characterize

Water & Rocks

Culebra Solubility

Adsorption

Short Core
Experiments

Batch
Experiments

Retardation
Model

Long Core
Experiments

Fleld Test
Colloids
Fleid Model
Expert Panel

Retardation Task Schedule

(CY) 1991

1992

1993

. 1995

+—

XX Optimal Funding
Current Funding

S e
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Conclusions

Kd model is of questionable utility for WIPP
Successfully demonstrated adsorption model for uranium

Complete uranium adsorption mode! can be applied
with data currently being collected

Data needed for modeling other radionuclides are
unavailable but technically feasible

Field-scale chemical/transport model will provide sensitivity
of retardation to heterogeneity, water compositions,
and source term, as validated by integrated experiments

30
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Summary

Objective: Take credit for retardation by existing chemical barriers in
Culebra

Three integrated-phenomena experiments to demonstrate
radionuclide retardation

- Batch

- Column

- Field

Batch Tests
- Use crushed rock ~ Ao—uzii
- Provide data of limited use - @(

Column Tests

- Use unaltered rock

- Provide data on radionuclide retardation, scale, and analog
retardation

Field Tests
- Potentially most informative
- Definitely most expensive
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Fracture/Matrix Transport in the Rustler
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Fracture/Matrix Transport in the Rustler
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Mechanisms Causing Retardation in the Rock Matrix
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Retardation Processes That Influence
.+ Radionuclide Transport
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Velocity of Water

e Adsorption

¢ lon exchange

e Physical retardation - 4./

Precipitation/Coprecipitation

e Colloid formation
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Column Experiments

Glove Box

Collector

Scintillation
Counter
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Laboratory Measurements

Batch  Short Column Long Column

Length NA | 3-4 Inches 2-4 feet
Time Weeks Months ~1 year
Measurement Solution Effluent Effluent

concentration concentration concentration

Surfaces Artificial Actual Actual
Fluid/Rock Mismatched Matched Matched
Data Maximum Flow and Flow, sorption,
sorption sorption scale effects
and concentration

profile




Field Test

Injector O > O Producer

\
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e N
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Sorbing Field Test Background

e Part of C & C Agreement

e Problems encountered (September 1986)
- Scoping calculations needed first
- Difficuity interpreting resuits
- Tests at H-3 and/or H-11 begin late FY88 or FY89

- Environment, cost, and time

¢ Preliminary design for a sorbing tracer test, SAND86-7177




Retardation Determination by Flow Tests

Short Columns Long Columns Field

Length 2-4 inches

Time Months

Measurement Radionuclide
& analog
effluent

Fiow Path Limited

Data Flow and
sorption

2-4 feet
~1 year

Radionuclide
& analog
effluent

Limited

Flow, sorption,
scale effects,
concentration
profile

100 feet

2-5 years
Analog
effluent

Part of

real worid
Flow, sorption

field scale
& effects




Year

Rock and
Equipment
Avallable

Integrated-Phenomena Experiments Schedule

1 2 3 4 5
| } ] ]
ISetup
f : Batch
Setup Short Columns
Fleld
Test
?
Setup Long Columns
Fleld
Test
2
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Conclusions

Batch tests use crushed rock and provide limited information

Column tests use unaltered rock and provide defensible retardation
data on small scale

Column tests on two scales can provide measure of scaling effects
Column tests provide basis for analog field tests

Field tests are potentially most informative but use analogs and are
costly '




A MW\, WIPP Library
AL ,xwmm_._._oz. EXPERIMENTS
and
TIME LINES

August 12, ._mc.,m,\
N

-



Necessary Information Needs for 191 & RCRA PA

I Radionuclide Retardation Data In Culebra

IR Validation of Dual Porosity Flow Model
IR Salado Gas & Brine Flow Data

I Marker Bed Data (Gas & Fluld Transport)

Climate Varlability Modeling

3-D non-Salado Modeling

Brine Reservoir Characteristics
Brine Chemistry Data

Culebra Geochemistry

Existing Site Characterization Data

KKK

B SealEffectiveness versus Time

I Disturbed Rock Zone Permeabiliity
pre-sealing permeability
fracture healing in halite
grout effectiveness

Shaft, Drift & Borehole Closure

Seal/Formation interface Permeabllity

Shaft, Drift & Borehole Seal Designs
Seal Emplacement Feasibliity
Seal Materlal Evaluations
(emplacement, longevity, compatibility)
Small Scale Seal Performance Test Data
Seal Design Concepts
Xk Preliminary Seal Materlal Data

(crushed salt, concrete formulations)

*¥

i

il

;_-

Gas Dissipation Data/Model
Backflll Permeabllity Data
Human Intrusion Scenarios

3-phase Room Model

Salt Fracture/Rehealing Data
Waste & Backflil Compaction Data
Room Closure Model

Creep Mode! (Including validation)
Creep Parameter Data

X XXX

F
¥

toPA (—»

Radlonuclide Solubil!tylbyachlng Data
Gas Generation Dat 'XJ&

RCRA VOC Inventory

RCRA Non-gas inventory

Radionuclide Inventory

Waste Materlals Inventory

it

I critical need for performance assessment

>k Information need mostly satisfied

Develop
Waste

Model

3
i

rarip/8/9/91



Information Need

Activities Producing Information

Radionuclide Retardation In Culebra

Expert Panel & Laboratory Retardation Experiments

wWaste Radionuclide Solubility

Lab Tests (surrogate & radioactive nuclides)
Bench & Fleid Scale Tests (TRU wastes)

Waste Panel Modet %(é

Laboratory/in-Situ Experiments/Analysis/Model Development

Validation of Dual Porosity Flow Model for Culebra

Analysis & Evaluation of Existing Data

Salado Gas & Brine Flow Data

Fleld Experiments/Analysis

<

Seal Effectiveness versus Time ;‘;}ﬂ !Mm 2

Fleld & Laboratory Experiments/Modeling

e

Human Intrusion Parameters

Expert Panel on Human Intrusion

Figure 5. Relationship of Information Needs to Data Gathering Activities for Categories Having High PA Sensitivity
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HIGHEST PRIORITY ACTIVITIES
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‘Working-Level Plan Example: Retardation Tests

FY92 FY93
I (N N TSN R N T T U TN U NN TN TN Y Nl MV OV SO T W

transfer data ta PA

1.1.8 trarisfer data to PA
Non-Salado Flow and Transport N—
1.1.5.1
[Laboratory Studies] publish report
on urany! adsorption
on corrensite :
ggaggﬁ_ 1299 rosoqrch into noptunyl urany| & lead lon adsorption on corrensite & dolomite
1.1.5.1.1 ~n PUbllSh data report publish:analysis report
Adsorption Studles A‘ ydy :
roport on amerjclum solublllty
1.1.5.1.2 : { Pt :
Radionuclide Sotubliity report on plu:tonlum solub?llty ropo/r\t on uranlur? solubility j{oport on ncptunlum solublllty N f
& Speciation ) [AR ; (= : ‘
1.1.5.1.3 Initlate o;;porlmonts comploizo experime ts
Brine Mixing and /A - A
Radionuclide Coprecipltation: 3 :
begin obtain Culebra :
1.1.5.1.4 se core samples . gather data P
Empirical Sorption pad AN & ; O
Studies { :
; i comploto apparatus constructlon -
abtain Culobrfa short coroﬁsamples obtaln Inltlat rotardatlon measurements
1.1.5.1.5 i ; i A i
Column Experiments A : 7.X oy : ot
othaln apparatus
1.1.5.1.6 . setup | long cores ggstruc)\on complete
Long Core Tracer Tests O 1x 7YX
initlate s
1.1.5.1.7 expefiments complete experiments
Collold Characterization : : Z
& Transport 5
1183 ' decislo
Fleld Studles - point
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Working-Level Plan Example: Solubility Tests

Fy92 Fy93
| N T N VSO Y IRl T T Y B I L1 ' |
—;-:'
1.1.2
Transuranic Waste Experiments
1.1.2.2 site solectej:d
Solublility Tests A/ :
Site Selection & Prep :
Issue test ,
req'mts doc test planissued:
1.1.2.2.1 s :
Test Design y 't':‘s’;"w@ 5
design
revise QAPP
1.1.2.2.2
Waste Characterization K
& Preparation O charafetorlzo & prépare waste: O .
1.1.2.2.3
Test Operations v
Site Readiness G}Jormlttlnq & site propgratlon O '
Conduct Tests Ar?cord & vallt:!ato solublllty:flluchlng data fron.w TRl;l wastes o
i start tests ; {
: transfer data to PA
1.1.2.24 v P
Data Analysis A
L T T | 1 1 1 |
FY92 FY93
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Working-Level Plan Example: Bin/Alcove Tests

FY92 FY93
—s | N TN TN IO NN U MU TN Y S Y (R L [ 11
1.1.2
Transuranic Waste Experiments
1.1.2.1, 1.1.2.3
Bin/Aicove Tests] : : i
boglzlpreparatlonf of NMVP submit NMKP
NMVP ; ; Z:
. wet bindesign
Issue bin test reg'mts  "®View complete
doc (Dec 90) :
. Somplote on wet bin fabricated
L 1.1.2.1.1, 1.1.23.1 g L{{ :
Y s Test Design :
\r’fj N A complete dicove as barrier design
Wy |
N /\/ 1.1.2.1.2,1.1.2.3.3 revlse QAPP
> )/./’ Waste Characterization charactorlze & prépare waste _
W ks & Preparation 73 : -
U s
N §
1.1.2.1.3 1.1.2.3.4 FSAR addqndum compliete
Test Operations :
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Performance Assessment Requirements for Bin Tests

40CFR191 y
J J
® High gas generation rates lead to gas-dominated \51 ;ﬁjbﬁ B
rooms Ay N

NNV
= PA indicates less radioactive release for human f%J
intrusion scenarios

® Low gas generation may lead to brine saturated waste

N %@Vﬂ o

- PA indicates more release for human intrusion

® Neither case leads to releases in 10,000 years
without human intrusion

® Conclusion: Lower gas generation rates can lead to
more severe waste room source term conditions




Performance Assessment Requirements for Bin Tests

40CFR268 (RCRA/ No Migration Determination)

® High gas generation rates will cause gases to migrate
farther along interbeds

- RCRA gases (VOCs) can be carried along with
these gases toward RCRA boundary

@ RCRA standard does not require consideration of
human intrusion -

® Conclusion: High gas generation rates can lead to a
? more severe waste room source term for VOC
.

W mi%ration «
/\S“’;éy T\UM% f({;
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Performance Assessment Requirements for Bin Tests
Conclusion

® Neither a high nor a low bounding assessment of gas
generation rate is sufficient to assure the most severe
long-term conditions for both WIPP standards since
the bounds act in opposite directions

® Conclusion: Realistic values of TRU waste gas
generation must be determined to adequately
represent the waste room source term for both
standards

® Bin tests are the most realistic simulation of
repository/waste gas generation interactions and
should be conducted to provide our best
understanding of future waste room source term
conditions —



Technical Concerns Often Raised Reg.arding
Radioactive Tests at WIPP

Is gas generation really a major issue?

® Performance Assessment to date has not addressed
RCRA, an area where high gas generation increases
concern for compliance

® Evaluation of both 40CFR191 and RCRA requires best
estimates of gas; bounds are not sufficient

e ® Lack of knowledge on the gas generation Issue will not
o be acceptable to the public

AN )
) ,f? .
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| Technical Concerns Often Raised Regardlhg
Radioactive Tests at WIPP

Due to phasing of radioactive tests, experiments have
been extended over a greater time interval

/ ® Experience to date supports need to start with least

4~  complex test

| o ® High organic waste to be tested in fourth bin ) (,/w?v\ Z.D* %ugu/r
W f

\ w;/ @ Wet bins will be conducted as soon as new desl QMIT%V

‘ bin is availabl
U@w\ S a e

R w\ @ All bins will yield data in time to support PA

M
ff / :



Technical Concerns Often Raised Regarding
Radioactive Tests at WIPP

Radioactive waste tests are commencing later than
originally expected

¢ Wasteform complexity and regulatory & safety
requirements do lengthen times

® Characterization will be required to ship waste to
WIPP-- tests or not

® Bin tests will provide timely data to PA on present
schedule

Test results will be difficult to interpret and extend
to WIPP

® Test data will Wovlde statistical knowledge of gas
generation in WIPP

® Lab data will supplement bins for phenomenological
interpretation

¢ Extensive test matrix will allow extrapolation to the
WIPP repository



Technical Concerns Often Raised Regarding
Radioactive Tests at WIPP

Solubility experiments have been removed from the
WIPP bin tests

® DOE is committed to accelerating solubility
experiments with TRU waste

® Other facilities are being actively considered to speed
solubility tests

® New bin design to allow solubility testing at WIPP is -
being investigated



' SUMMARY OF CRITICAL EXPERIMENTS I

Retardation in the Culebra Aquifer
- EXxpert Panel Deliberations in Early 1992

- Laboratory Tests Accelerated

Solubility
-~ TRU Solubility Tests to Commence in Mid-’'92

Bin Test |
- Tosts with Some High-Organic TRU Earlier in Program
- Redesign of Bins to Accelerate Wet Bin Testing into Mid-'92

- Decision on Alcoves in Early 199'2 Based on Results of Bin
;/ «; \c’/ Tests & Alcove Gas Barrier

£y Qf/ A

w‘/‘ \}/ /\Jj/AJ/f- N lr’r\p 0"{4 el
VBT
\ X A BN & | -



WIPP Library

Performance Assessment
Panel Modeling, Expert Elicitation, Status

D. R‘. Anderson and M. G. Marietta

Nuclear Waste Technology Department
Performance Assessment Division
Sandia National Laboratories

Presentation to the
National Academy of Sciences
WIPP Review Panel

August, 12-14, 1991
Idaho Falls, Idaho




Summary

Introduction - PA Schedules
PA Panel Modeling

- Assimilation of test program data and information into PA
calculations
- Calculations still indicate zero release

(CONDITIONAL ON 91 MODELS AND DISTRIBUTIONS)

to the accessible environment (40 CFR 191, Subpart B) for
undisturbed conditions
- Human intrusion calculations will be reported in December




Summary (Cont.)

PA expert panels

- Elicitation process, panel deliberations, and results for 1991
Preliminary Comparison

- Ranges and distributions for radionuclide concentrations
(solubilities) in Salado brines

- Ranges and distributions for radionuclide distribution
coefficients in Culebra brines

Discussion -
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Develop
Criteria for

Disposal Phase
Decision

Formulate
Compliance
Asssssment

Approach

!

Develop scenarios, probabilities
and models for asseasing
performance

Ceortity PA
models & cata
(vwQ)

Calculations

Certified Test Data &
Phenomenclogical Models

384-0
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Figure 4. Post-closure Performance Assessment




RCRA and Existing 40CFR191
DOE Criteria Developimont

Methodology Development

New 40CFR191
DOE Criteria Development
Refine Methodology

EATF Reeuits t0 PA

Data inputs

Performance Analysis &
DOE Documentation

Ceortify PA Models & Data Report
[Mﬂmnepon]

DOE Annual Guidance on Test

Program & Engineered Ahematives

External Review of PA Output &
Annual Sensitivity Report

. MW . '\0\1’
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—
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@eccive Final 4OCFR19®
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(1) Certifiod Test Data & Modots

t End dates are estimates only

Fig. 5. Performance Assessment Time-Phased Activities




1991

F M M
1991 Preliminary Comparison Report
DOE Review and Workshop A
WIPP Panel Review A

Scope & Format Fixed

a4\

Volumes | & 2-Writing/Revising — pw

Vol.

Vol.

I-Methodology, Results, Analyses
Chapter |, Il

[}

v

'

Vi

vil

vill

IX

X, XI|

Appendix A-Standard

Appendix B-Responses
lI-Modeling Descriptions

Text

Appendix A-Computational Data Base
Appendix B-QA

386-0

Draft of 2-AUG-91




1991

1991 Preliminary Comparison Report (continued)
Volumes | & 2-Review/Revision/Production

Deliver to PAPRP, DOE, SNL (9/13)
DOE Comments Due (10/1)
PAPRP Mtg. (10/7,8)
DOE Mtg. (10/15,16)
Respond to Comments, Revise Doc.
SNL 6330 Review
Prepare Pre-Publication Copy
Deliver to WIPP Panel (11/27) -
Deliver to Print Shop (12/6) -
WIPP Panel Mtg. (12/?) '

Volume 3- Reference Data Base
Writing/Revising
SNL Review
PreparePre-Publication Copy
Deliver Pre-Publication Copy y~)
to PAPRP (9/13) \:
Deliver to Print Shop (9/13) - ¥
PAPRP Mtg. (10/7.8) <V
Deliver Pre-Publication Copy
to WIPP Panel (11/27)

))L

A1

387-0

Dratft of 2-AUG-91




1991

1992

1991 Preliminary Comparison Report (continued)
Volume 4-Sensitivity Analyses
Writing/Revising
Deliver to PAPRP, SNL (12/13)
PAPRP Mtg. (1/7)
Respond to Comments, Revise Document
Deliver to Print Shop .
vy f
1991 Comparative Analysis of EATF Options 2 & 6,
Complete Calculations for Options 2 & 6

6
Review Calculations ﬁ M&;ygy}
Continue Calculations if Needed %,vb
1991 Safety Analysis - AR
Writing and Revising 5?‘\‘ ‘ / M
Review <’ N W ¢
Deliver to Print Sho - '
P AN

1991 Certification of PA Models and Data Report
Writing and Revising

Review

Deliver to Print Shop

\.X
)

Py
C

§<

3880

Draft of 2-AUG-91
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System Subsystem Component
A . A
r N r N r T
Salado Creep Waste-Form
;z’(“i'l Geology! DRZ Closure/ and Backfill G en(;f:"on
- Hydrology Expansion Compaction
3
2
3
7
. 2 Bri | . Castile
Repository/ rine/Gas ntrusion Brine Source
Flow Borehole Term
Shaft Models = Pocket
8
3
o
2
3 Repository R;p:si"ory Paqel Seal Sha.m Seal Panel
— sign Design and Design And
Model (Geometry, S AP Model
Drift Reliability Reliability
Back{itl)
Ground- Non-Salado Climate
—  Water Geology/ p:’:;:;::::z’n
Flow Model Hydrology and
Ground-Water/ Recharge
Transport |
Models
Radionuclide Physical Chemical
Transport Retardation Retardation
Model
Cuttings Cuttings/ Drilt Erosion/
Model Cavmgs . .
S Model Cuttings Cavings
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System Model: Repository/Shaft

Sub-System Model: Panel

Component Model: Source Term

Process: Radionuclide Solubility
(Am, Np, Pb, Pu, Ra, Th, U)

Parameters: pH o
Eh - W«”W
Oxidation Potential
Carbonate Present
Chelating Agents
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All

Radionuclides | . -

10718 10-14 10-10 106
Dissolved Concentration (M)

SNL 90 Estimate of Radionuclide Solubility

390-0
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Summary

Introduction - PA Schedules
PA Panel Modeling

- Assimilation of test program data and information into PA
calculations
- Calculations still indicate zero release

(CONDITIONAL ON 91 MODELS AND DISTRIBUTIONS)

to the accessible environment (40 CFR 191, Subpart B) for
undisturbed conditions
- Human intrusion calculations will be reported in December
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Parameters
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Subsystem Component
A
A p N
Salado Creep Waste-Form
Gas
;z':’z'l Geology/ DRz Closure/ and Backdill Generation
Hydrology Expansion Compaction
BeauheinvHowarth (6/91)  Beauheim/Howarth (6/91) Munson (12/88) Mendenhall (6/91) Brush (3/91, ...)
Finley (6/91) Finley (6/91) Butcher (9/84)
Gorham (6/91) Gorham (6/91)
Wawersik (12/89,8/91)
\\3&) [N
N R (\}y
N OV g
N o xf)} ‘J . . Castile
) N Joo . v - Brine/Gas Intrusion Bri Source
oSN N AW\} N Flow Borehole rine Term
v 5 v)/ Pocket
S~ 3 Davies (12/89) Buicher (8/91)

Phillips (8/91)
Brush (3/91, )
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Data Flow for 91 PA Panel Model

Components: Salado Geology/Hydrology and DRZ

Gorham (6/91), Beauheim and Howarth (6/91), Beauheim (3/90), Finley (6/91)
- Fluid Flow and Transport Division

Intact and DRZ Halite and Anhydrite
Pore Pressure
Permeability
Diffusivity

Wawersik (8/91,12/89)
Geomechanics Division

Fracturing

395-0
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Pore Pressure i
BEAUHEIM AND HOWARTH

(1
(6/91) Hj

QPP15 (Map Unit 0) -
QPP14 (Polyhalitic halite) g
QPP13 (MB 139) 12.8 MPa = —{

QPP12 (Halite below clay d) 8.6 MPa -4——{[]

QPP11 (Halite below anh. C) - {B

QPPO1 (MB 138) 13.9 MPa

QPP02 (Map Unit 13) 1.1 MPa

QPPO03 (Anhydrite b) 12.8 MPa

QPP04 (Map Unit7)  10.3 MPa

QPP05 (Map Unit 6)

F] Map Unit 3

QPpP21

= QPP22 9.1 MPa

L———p» QPP23 9.4 MPa
= QPP24 9.1 MPa
QPP25 9.1 MPa

|
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Permeability
Stiff-matrix Model

No damage zone
C =C

test-zone  brine
Pre-excavation

[[] QPPO1 (MB 138) 1.5E-21 m2

i QPPO2 (Map Unit 13) TLTM

] QPPO3 (Anhydriteb) 2.4 E-22 m?

- 2
No borehole closure (O QPPO4 (MapUnit7) SE-23m
M QPPos (Map Unite)  TLTM
BEAUHEIM AND HOWARTH
(6/91) -? £ Map Unit 3
QPP15 (Map Unit0) TLTM g
QPP14 (Polyhalitic halite) g
TLT™
QPP13 (MB 139) 3 E-22 m° - il QPP21  TLTM
QPP12 (Halite below clay d) 2 E-23 m2<a——{]J = QPP22 1E-22m?2
= QPP23 1E21m?
QPP11 (Hallte below anh. c) - ‘5 » QPP24 1E-21m?
TLTM

p QPP25 {E.22m?2
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Beauheim and Howarth (6/91)
Summary Of Permeability Testing Results

1. Halite permeability is typically < 10 m2. Anhydrite permeability is typically
between 109 and 108 m?,

2. Halites containing no clay show no permeability (limit of resolution is
approximately 102 m?) or apparent pore pressure.

3. Pore pressures approaching lithostatic pressure are observed in anhydrites
far from excavations.

4. Pore pressures decrease with increasing proximity to excavations.
5. Uncertainty in the specific storage of halite results in significant uncertainty
in permeability, potential flow volumes, and the radius of influence of the

tests.

6. Constant-pressure flow tests can help resolve uncertainty in specific
storage.

397.0
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1.

3.

4,

Conclusions
Beauheim and Howarth (6/91)

A simple Darcy flow model is adequate to explain all anhydrite tests and
about half of the halite tests. The remainder of the halite tests show no
apparent permeability.

Hydraulic properties are different between strata, and also exhibit lateral
heterogeneity within individual strata.

Within the DRZ around the excavations, pore pressures are lower and
permeabilities are higher than in the far field. Specific storage is probably
also higher within the DRZ. We cannot as yet define the boundaries of the
DRZ, or the exact nature or mechanics of the changes that occur within the
DRZ.

No evidence has been observed to date of two-phase flow under

undisturbed (far-field) pressures. Two-phase flow does appear to occur in
anhydrite interbeds close to excavations where significant depressurization|
has occurred.

3990
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Data Flow for 91 PA Panel Model, Cont.

Component: Creep Closure/Expansion

Munson (12/88)
Repository Isolation Division

Elastic Constants
Creep Constituitive Model Constants
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Data Flow for 91 PA Panel Model, Cont.

Component: Waste-Form and Backfill Compaction

Mendenhall (6/91) and Butcher (9/89)
Disposal Room Systems Division

Waste-Form (as received for 91 PA)
Porosity and Permeability

Peterson (IDB 90, IT)
Performance Assessment Division

Material Inventory (volumes and masses
‘of metals, cellulosics, organics, and
sludges)
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Approaches for Capturing the Disposal
Room Model into Performance Assessment

« Three phase flow models

- Simplified closure descriptions
(IT type EATF models)

« Path dependent porosity surfaces

Mendenhall (6/91)
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summary
Mendenhall (6/91)

A Disposal Room Model has been developed that takes into account:
-- Salt creep

- Backfill

-~ Waste

- Gas generation

- Preexisting cracks

- Preliminary study of geomechanical and saturated fluid flow

The Model has been exercised with various test problems and the results
of these test problems presented.

Work is progressing to develop approaches that incorporate the results of
the Disposal Room Model into the Performance Appraisal process.

Work that still needs to be done includes:

-- Panel scale modeling

-- Human intrusion

— Complete coupled geomechanical-fluid flow models
- Crack opening in an isolated or edge room
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Data Flow for 91 PA Panel Model, Cont.

Component: Gas Generation

Brush (3/91,12/90,12/89,12/88)
Disposal Room Systems Division
Gas Generation Rates

Peterson (IDB 90, IT)
Performance Assessment Division
Material Inventory (volumes and masses
of metals, cellulosics, organics, and
sludges)
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Data Flow for 91 PA Panel Model, Cont.

Component: Brine/Gas Flow

Davies (12/89)
Fluid Flow and Transport Division

Threshold Pressure
Residual Saturation
Brooks and Corey Exponent
Capillary Pressure

Relative Permeability
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Data Flow for 91 PA Panel Model, Cont.

Component: Source Term

Phillips and Butcher (8/91)
Brush (3/91 ...)
Disposal Room Systems Division

Radionuclide Solubility (expert panel)

Peterson (IDB 90, IT)
Performance Assessment Division
Radionuclide and RCRA Inventory
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Modeling Guidance for 91 PA Panel Model

Davies (12/89,9/90)
Fluid Flow and Transport Division
Code: ECLIPSE

Webb
Fluid Flow and Transport Division
Code: TOUGH

Mendenhall and Butcher (6/91, 9/89)
Disposal Room Systems Division
Weatherby (12/89)

Engineering and Structural Mechanics Division
Code: SANCHO

4070




36

Davies (9/90)
Summary Observations - Fixed "Inundated”
Gas Generation Rates

Gas release through interbeds causes significant reduction in peak room
pressure and in gas energy stored in disposal room.

Peak room pressure is sensitive to degree of room closure and to interbed
intrinsic permeability; peak room pressures range from approximately
12 1/2 to 24 1/2 MPa.

Stored gas energy is also sensitive to room-closure state, however, the
impact is opposite in character to that of peak room pressure.




37

Davies (9/90)
Summary Observations - Fixed "Inundated"”
Gas Generation Rates (cont.)

- Once gas penetrates an interbed, lateral migration occurs relatively
efficiently.

Within the first several tens of meters, gas pressure within the interbed
tracks gas pressure in the room quite closely.

- If gas pressures exceed lithostatic, a likely response will be dilatation
and/or extension of preexisting, near-horizontal fractures within the
interbeds.

The magnitude of interbed permeability (fracture aperture) increase
required to maintain room pressure < 15 MPa is small.

409-0
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Davies (9/90)
Summary Observations - Variable
Gas Generation Rates

All simulations (fixed and variable rate) suggest that much of the room
remains highly unsaturated due to limited brine inflow.

Simulations in which gas generation rates vary as a function of local
saturation conditions produce significant differences in system response
than are produced by fixed rate simulations.

Peak room pressures are lower than in comparable fixed rate simulations
by as much as 10 MPa; peak pressures range from approximately 13 1/2 to
15 1/2 MPa.
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Davies (9/90)
Summary Observations - Variable
Gas Generation Rates (cont.)

- Peak room pressure is much less sensitive to interbed permeability and
room-closure state than in comparable fixed rate simulations.

 Unlike the fixed rate simulations, the variable rate simulations produce
lower peak pressures in the fully consolidated room-closure state than
are produced in the intermediate room-closure state simulations

This occurs because gas generation in the variable rate simulations is
closely tied to brine availability, and less brine enters the fully
consolidated room due to more rapid pressurization.

4110
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91 Panel Model (BRAGFLO)

Two dimensional cylindrical geometry

Materials - Culebra, Salado (halite, anhydrite, MB139, DRZ), Waste, Hi
borehole fill, Castile

No-flow boundaries

Two-phase (brine and gas) Darcy flow
Brooks-Corey relative permeabilities and capillary pressure

Dissolved gas

4120
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91 Panel Model (BRAGFLOQO), Cont.

Saturation dependent corrosion and biodegradation rates
Brine and iron consumption during corrosion

Cellulose consumption during biodegradation

Fully implicit and coupled (handles Hl)

Time invariant room porosity for 91 only

Rock and fluid compressibilities

@30 ’
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91 Panel Model (BRAGFLO), Cont.

Anisotropic permeapilities

Gravity effects

Benchmarked against BOAST, TOUGH, and ECLIPSE

Based on three-phase compositional petroleum model (TSRS) used for

enhanced oil recovery and tar sands

PANEL/calculates radionuclide concentration up to solubility limit or
inventory limit and radionuclide flux into HI borehole
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6344, Webb

Benchmark Test Problems

ECLIPSE, TOUGH, BOAST, and BRAGFLO

4150
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BENCHMARK #2
Conditions:
Room Salado
P = 0.1 MPa 11 MPa
¢$=1.0 0.01
k =10-11m2 10-18 m2

Gas Generation: 2 x 107 kg/sec/m3
Simulate 700 yr

Fluids: Air, Water

Fluid Compressibility

Dissolved Gas
Brooks-Corey Relative Permeability

4160




PRESBREL (x 10?)

14

12

10

Benchmark #2
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BRAGFLO BOAST
“uiE— —- -
- _/ 12 —_— - — . /
/ __/7
: .
J/ |
| = ] - T
| g ° -
[
+ g o ] o
s o _
LL a 4 -— —
1 1 _ _
i : 1
0
0 10 15 20 25 0 5 10 15 20 25
Time (x 109) Time (x 109)
TOUGH
Time (years)
0 100 200 300 400 $00 800 700 800
15 1] T T T A T AR T
CR ]
= i , ]
g w0}t .
4 r ' 1
3 ' 1
E 1' 1
= : ]
P osr
K o ---- Gas Satd ]
2 r ——— Al Brine ]
g b P
° 1 a i " L A A i 1 e i
0 5 10 15 20 25

Time (sec x 109)

340-0



BENCHMARK #3

* Brooks-Corey Equation for Relative Permeability

MPa m?
Material Index A Phreshold Sor Sgr k, k, ¢
Salado 1 0.7 23.0 0.2 0.2 1.0x 102 1.0x 102 0.01
Salado-DRZ 2 0.7 2.0x 103 0.2 0.2 1.0 x 102 1.0x 107 0.01
MB30-DRZ 3 0.7 2.0x 103 0.2 0.2 1.0x 108 1.0x 1077 0.10
MB830 4 0.7 2.0x 103 0.2 0.2 1.0x 1018 1.0x 1018 0.01
Anhydrite-DRZ 5 0.7 20x 103 0.2 0.2 1.0x 1018 1.0x 107 0.10
Anhydrite 6 0.7 0.3 0.2 0.2 1.0x 108 1.0x 1018 0.01
Waste 7 2.89 20x103 0.276 0.02 1.0x 1015 1.0x 1015 0.08

4170




Benchmark #3

4.1 km
!‘ 31 Bocks
/ Anhydrite Layers
Intrusi @ Aand B
ntrusion
Borehole / \
am With Open Fractures Within Intact
) Due to Excavation Salado
® / \E@
27 m | i R R s A A .
%//////////////////////// 4000 m
32m / Disturbed Rock Zone / 14 Blocks
7007
94 m
17 Blocks
20m (7) Waste Room @ sait
7 YE Ao VR A ALad4
225m /// @ 9isturbed Rock Zone ////
0.9 m || ak ;;?"/‘//////4:” I B
15 m With Open Fractures Within Intact
) Due to Excavation Salado
@ \ / Sait
MB139
XS > simulate 10000 yrs
Symmetry | 0:527yrs Gas Generation 1.823 Ib/day

4180

527 - 712 yrs Gas Generation 0.603 Ib/day

1200 yrs Intrusion
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Modeling Guidance for 91 PA Panel Model

Performance Assessment Division

Codes: NORIA, SUTRA, STAFF2D, BOAST, BRAGFLO
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Performance Assessment

Undisturbed Scenario Calculations
- Brine Transport

- Radionuclide Transport

Human Intrusion Scenario Calculations

- - To Be Reported in December - -




103 m

0.50

Undisturbed Conditions: Solute Mass Fraction
at 10,000 Years in MB139 Below Panels

0.45 -
0.40
0.35
0.30
0.25 L
0.20
0.15 -
0.10 |

0.05 +

0.00

e S

!

|

1.30

1.35

1.40

1.45

1.50

1.55

103 m

1.60

1.65

170  1.75

1.80

341-0
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103m

Undisturbed Conditions: Solute Concentrations at 10,000 Years

1.8 T T T T
1.7
1% of Source
1.6
— ’T\ AN N
= S e e ]
——— K
15
1.4
CONPU239
0.0020E-3
0.0520E-3
13 |- 0.1020E-3
0.1520E-3
0.2020E-3
1.2 I I { | !
0.5 0.4 0.3 0.2 0.1 0.0 -0.1

10°m
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Undisturbed Conditions

Including Waste-Generated Gas Effects

Assuming No Fracturing Occurs

(CONDITIONAL on 91 MODELS and DISTRIBUTIONS)

Zero Releases in 10,000 Years
Compliance with Individual Protection

For 91 Calculations, Only Hl Scenarios
Contribute to CCDF for Containment

(Same as 89 and 90 Calculations)
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Expert Panels for Parameter Elicitation

Expert Panel on Radionuclide Source Term

Composition
- All external experts
Results
« Ranges and distributions of the concentrations of

radionuclides in brines in the rooms and drifts
- Am,Cm, Np, Pu, Th, U, Ra, Pb




55

Expert Panel on Radionuclide Source Term (cont.)

Selection of panelists

« Nominations
- [Initial nominees from several outside sources
- Additional nominations from all those contacted

e Selection criteria

- Selection committee
- Dr. Ross Heath, University of Washington (oceanography)
- Dr. Detlof von Winterfeldt, University of Southern
California (decision analysis)




56

Name
Carol Bruton
I-Ming Chou
David Hobart

Frank Millero

Organization

Lawrence Livermore National Laboratory
U.S. Geological Survey
Los Alamos National Laboratory

University of Miami, Rosenstiel School
School of Marine & Atmospheric Science

Expert Panel on Radionuclide Source Term

Discipline
Geochemistry
Geochemistry
Actinide Chemistry

Physical Chemistry

196-1
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Expert Panel on Radionuclide Source Term (cont.)

Results
- Organized themselves into a team to utilize different areas of expertise.

« Established a strategy for developing probability distributions for
radionuclide concentrations due to dissolved material.

- With little data, the strategy was based on
- basic solubility principles
- experimental data where available
- considering the effect of variable conditions
- judgement based on experience
- The concentrations are theoretical values which may be higher than
what could exist at the WIPP given the inventory.

1971
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Expert Panel on Radionuclide Source Term (cont.)

Results

« Were not able to develop probability distributions for radionuclide
concentrations due to suspended material.

. Correlatioris between radionuclides

- Possibly between Am (lll) and Cm (lll)
Np (IV) and Pu (IV)
Q)

198-1
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Phb(ll)

Ra(ll)

Th(IV)

{ugvn

rU(W)

Element Solution

Species

PbClg2-

Th(OH),0

UO4{CO4).

U(OH)40

Radionuclide Source-Term Expert-Panel Assessment of Concentrations

SSOli}i Condition Cumulative Probabilities of Concentrations (M)
cies

M;(,‘?,,.,m 0.0 0.10 0.25 0.50 0.75 0.90
and

Minimum

PbCO3  Carbonate 10x10° 10x105 10x104 80x103 44x102 62x102
Present

PbCl, Carbonate 0.01 0.10 10 1.64 25 6.0
Absent

RaSO, Sulfate  1.0x10°1" 1.0x1010 10x10° 10x108 10x107 20x107
and (Ra/ Present
Ca)SO4

RaCO;  Carbonate 16x109 16x108 16x107 16x108 16x10° 16x10?
and Present

(Ra/

Ca)CO;

RaCly»2H,0 Carbonate 2.0 4.0 8.6 11.0 145 17.2
and
Sulfate
Absent

Th(OH)4 55x1016 55x1015 1.0x1072 1.0x10°0 10x108 22x107
ThO,

UO3-2H,0 10x107 10x10% 30x105 20x103 10x102 0.1
U0,

uo, 1.0x10°15 10x108 10x106 10x104 10x103 1.4x102

(amorphous)
U30g

1.00

8.0 x 10°2

10.0

1.0x 106

1.0

18.0

2.2 x10°6

1.0

5.0 x 10°2
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Element

Np(V)

[Npav)
JPU(V)

[Pu(iv)
Am(iir)

JCm(m)

Radionuclide Source-Term Expert-Panel Assessment of Concentrations (Concluded)

Solution
Species

(NpO,CO3

(Np(OH)s)-

(PuO,y)*

(Pu(OH)s)

(AmCl,)*

Solid
Spgcies

and
Minimum

NpO,(OH)

*3.5H,0

NP(OH)
NpO»

Pu(OH)4
PuO,y

PU(OH)4
PuO,

AM(OH),
AMOHCO3

CIH(OH):;
CmO,

0.0

30x 101

3.0x 1016

25x10°17

2.0x10°16

50x 1014

50x 1014

Cumuilative Probabilities of Concentrations (M)

0.10

30x 1010

3.0x 1015

25x 1016

2.0x10°15

50x 1011

50x 10-11

0.25

30x108

6.0x 10-11

40x1013

6.0x 10°12

20x 1010

20x 1010

0.50

6.0x 107

6.0 x 109

6.0x 10-10

6.0x 10°10

1.0x 109

1.0x 109

0.75

1.0x 105

6.0x 107

20x 107

6.0x 108

1.2x 106

1.2x 106

0.90

1.2x103

2.0x10°6

5.5x 10-3

40x107

1.4x 1073

1.4x103

1.00

1.2x102

2.0x 1073

5.5x 10-4

40x10®

14

14

2291




Radionuclide Source Term Expert Panel

]
I

oO—0 0 0 T — . Th(lV)  Th(OH),0
|
0—4)——(3————0—0—0—0 u(ve UO,(CO3),2
|
o 00— O—0H UvV)  U(OH),0
» |
= |
§_ D—D—————D———DI——D——D—D Np(V) (NpO,CO4)
(7] |
s 0—0o o n olo—o Np(lV)  (Np(OH)s5)-
'g |
:g 0—0O o o o : O—0 Pu(V)  (PuOy)*
|
o—0 - s O—H—0O Pu(lv) (Pu(OH)s)
|
o0———--100-0 i:; O o | Am(lil) (AmCl,)+
|
O0—————0o-0-0 P O o | Cm(i) CmM
|

10"7 10 10™ 10™ 10° 107 10° 10° 107 10°
Concentration (M) from B.M. Butcher

ws.1 The blocks represent, from left to right, the 0.00, 0.10, 0.25, 0.50, 0.75, 0.90 and 1.00 fractiles



Radionuclide Source Term Expert Panel

assall_ s sssseal o nseseml s nssamd sassmesd aasesesd o sssesd 2 sl s sarseal a2
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e |
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Concentration (M)

soo The blocks represent, from left to right, the 0.00, 0.10, 0.25, 0.50, 0.75, 0.90 and 1.00 fractiles

10 2

10° 10 2

PbC'dz'

na2+

Ra2+

R32+

from B.M. Butcher

Carbonate
Present

Carbonate
Absent

Sulfate
Present

Carbonate
Present

Carbonate
& Sulfate
Absent
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Cumulative Probability

3201

Radionuclide Source Term Expert Panel

1.0

—F— Am ()

0.8

0.6

0.4

0.2

0.0
10" 10™ 10™ 10" 10° 107 10° 10° 10" 10°

Concentration (M)
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Radionuclide Source Term Expert Panel

—B— Cm(m)

Cumulative Probability

107 10" 10™ 10" 10° 107 10° 10 10" 10°

Concentration (M)
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Cumulative Probability
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Radionuclide Source Term Expert Panel

£

1.0

08 [

06

04

0.2

—6— Np (V)
—+— Np(IV)

" asamad

aasaad  sassad o ssual 2

andd s

asad_a

asand o ssamb o2s

0.0
10

-17 10 -15 10 -13

10" 10° 107

Concentration (M)

105

1073

10"




Radionuclide Source Term Expert Panel

1.0

—@— Pb (1) Carbonate Present
—m— Pb (Il) Carbonate Absent

Cumulative Probability

10"7 10" 10™ 10" 10° 107 10° 102 10" 10

Concentration (M)
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Cumulative Probability

3251

1.0

0.8

0.6

0.4

0.2

0.0

Radionuclide Source Term Expert Panel

—@— Ra (Il) Sulfate Present
—J— Ra (1) Carbonate Present
—a&— Ra (ll) Carbonate and

Sulfate Absent

107"7 10™ 10™ 10" 10° 107

Concentration (M)

10 °°

1073

10"

10’
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Cumulative Probability

321-1

Radionuclide Source Term Expert Panel

Y o

1.0

0.8

0.6 |

04

0.2

anal s assend aasesd s acsad ssauad s sauml asaseel s assesd g ssund s

sad_sassnd 2 saand s ssaml sarsad s aa

0.0 Gl sasand_aas

10 -17
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Concentration (M)

10° 10" 10
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Cumulative Probability
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1.0

0.8

0.6

0.4

0.2

0.0

10 -17

Radionuclide Source Term Expert Panel

—+— Th{(IV)

10" 10" 10" 10°* 107 10° 102 107" 10°

Concentration (M)
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Radionuclide Source Term Expert Panel

1.0

—A— U (V)
—— U (v)

0.8

0.6

0.4

Cumulative Probability

0.2

0.0
10" 10" 10" 10" 10° 107 10° 102 107 10°

Concentration (M)
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Expert Panel on Radionuclide Source Term (cont.)

Strategy for Developing Probability Distributions
Given the room conditions, what oxidation states are possible?

For each oxidation state of each element, what compounds will have the
highest and lowest solubility?

Estimate the mode of the concentrations for both the highest and lowest
solubilities. These numbers were often used as the 0.10 and 0.90
fractiles.

Establish the lower and upper endpoints (0.00 and 1.00 fractiles) by
considering how changes in the room chemistry (e.g., pH) could impact
the concentrations.

199-1
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Expert Panel on Radionuclide Source Term (cont.)

Strategy for Developing Probability Distributions

- Where possible, concentration data from a well (J-13) at the Nevada
Yucca Mountain site, corrected for ionic strength, was used as the 0.50
fractile.

- The 0.25 and 0.75 fractiles were established based on which speciation
was believed to be more likely.

- For lead and radium, the above procedure was repeated, not for different
oxidation states but for the presence of compounds that change the
controlling species, and therefore the solubility.
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Expert Panel on Radionuclide Retardation in the Culebra

Composition

- All Sandia experts

Results

- Ranges and distributions of distribution coefficients, Kd

Dolomite matrix
Clay in fractures

Transport fluid dominated by Castile brine
Transport fluid dominated by Culebra water

Am, Cm, Np, Pu, Th, U, Ra, Pb
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Expert Panel on Radionuclide Retardation
in the Culebra (cont.)

Sandia Personnel
Robert Dosch
Craig Novak

Malcom Siegel
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Expert Panel on Radionuclide Retardation
in the Culebra (cont.)

1st meeting (April 12, 1991)

« Issue statement

2nd meeting (April 23, 1991)
- Issue statement

3rd meeting (May 29-30, 1991)
- Expert judgement training

 Discussion of approaches/cases
- Elicitation sessions

2031
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Expert Panel on Radionuclide Retardation in the Culebra
(cont.)

Results

Experts elicited separately

Interpretation of existing data

One set of results not used in 1991 calculations
- Different information provided

Some estimates incomplete
- Insufficient data

Minimum estimates
- Expert #1: ranged from 0, to 0.1, 10, and 1000
- Expert #2: always zero

3121
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Expert Panel on Radionuclide Retardation in the Culebra

Resulits (cont.)
- Impact of dolomite matrix vs. clay in fractures on K,
- Expert#1: K, (fractures) > K (matrix)
-~ 2 or 4 orders of magnitude for the 0.00 fractile and 1
order of magnitude for the 1.00 fractile
-~ Am, Cm, Np, Pu
- Expert #1: K (fractures) < K, (matrix)

- No difference for the 0.00 fractiles and 3 orders of
magnitude for the 1.00 fractile
- Ra

3131
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Expert Panel on Radionuclide Retardation in the Culebra

Results (cont.)

- Expert #1: Th and Pb not reported, U incomplete
- Expert#2: K, (fractures) > K, (matrix)

-- 1 order of magnitude

-- Am, Cm, Np, Pb, Pu, Ra, Th, U

- Impact of Culebra brine vs. Salado brine as dominant
transport fluid on K,
- Expert#1: K, (Culebra) = K, (Salado)
- Within the same type of rock
- Am, Cm, Np, Pu, Ra
- Expert#1: K, (Culebra) > K, (Salado)
- Dolomite matrix
-~ More than 1 order of magnitude
- U
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Expert Panel on Radionuclide Retardation in the Culebra

Results (cont.)

Expert #1: Th and Pb not reported

Expert #2: K, (Culebra) = K (Salado)
-- Within the same type of rock
- Pb, Ra, Th

Expert #2: K, (Culebra) > K, (Salado)

-- 1 order of magnitude for the 0.25 fractile to no
difference for the 1.00 fractile

-- Am, Cm, Py,

Expert #2: K, (Culebra) < K, (Salado)
-- Factor of 4
- Np, U

315-1




Radionuclide Retardation Expert Panel
M.D. Siegel: Plutonium

1.0 o

i A K, of 0 represented by 1 x 1014

—©O— Dolomite Matrix; Culebra Brine
08 } ——+— Dolomite Matrix; Salado Brine i
—A— Clay In Fractures; Culebra Brine

_é“ L —F}— Clay in Fractures; Salado Brine
g
©
o
o
o.
o
=
©
=
1 E
) 8
h;\"# '
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\§ \Lfr ' Distribution Coefficient, Ky
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Cumulative Probability
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1.0

0.8

0.6

0.4

0.2

0.0

Radionuclide Retardation Expert Panel
R. G. Dosch: Plutonium

D
| 4
A K4 ot 0 represented by 1 x 1014
—O— Dolomite Matrix; Culebra Brine
- ———— Dolomite Matrix; Salado Brine -
—2A— Clay In Fractures; Culebra Brine )
—F}— Clay In Fractures; Salado Brine

101010 10®° 107 10° 102 10" 10' 10® 10°

Distribution Coefficient, K4
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Radionuclide Retardation Expert Panel
C. F. Novak: Plutonium

1.0
A K4 of 0 represented by 1 x 10-%4
—O6— Dolomite Matrix; Culebra Brine
0.8 } | —+— Dolomite Matrix; Salado Brine
> —24A— Clay In Fractures; Culebra Brine
= ~—— Clay In Fractures; Salado Brine
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Cumulative Probability
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1.0

0.8

0.6

0.4

0.2

0.0

Uranium - M.D. Siegel

A Ky of 0 represented as 1 x 10-14

—O— Dolomite Matrix; Culebra Brine
—+— Dolomite Matrix; Salado Brine
—2&A— Clay in Fractures; Culebra Brine D
—B— Clay in Fractures; Salado Brine

Gas

10" 10" 10" 10° 107 10° 10° 10"

Distribution Coefficient, Kq

{1\

10’

10°

10°
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Cumulative Probability

300-1

Uranium - R.G. Dosch

1.0
L A K4 of O represented as 1 x 10-14

—O— Dolomite Matrix; Culebra Brine

0.8 [ | —+— Dolomite Matrix; Salado Brine

0.6

0.4

0.2

0.0

10" 10" 10" 10° 107 10° 102 10"

Distribution Coefficient, K4
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Cumulative Probability

1.0

0.8

0.6

0.4

0.2

0.0

Neptunium, Uranium - C_.F. Novak

A K4 of 0 represented as 1 x 10-14

—0— Dolomite Matrix; Culebra Brine
i —— Dolomite Matrix; Salado Brine
—7A— Clay in Fractures; Culebra Brine
—— Clay in Fractures; Salado Brine

M@-WMMWM@

10" 10" 10" 10° 107 10° 102 107 10' 10° 10° 10~

Distribution Coefficient, Ky



Cumulative Probability
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1.0

0.8

0.6

0.4

0.2

0.0

Radionuclide Retardation Expert Panel
C. F. Novak: Americium and Curium

P
3

A K4 of 0 represented by 1 x 10-14

—E&— Dolomite Matrix; Culebra Brine
- —+— Dolomite Matrix; Salado Brine -
—A— Clay In Fractures; Culebra Brine
—B-— Clay In Fractures; Salado Brine

10" 10" 10" 10° 107 10° 102 107 10" 10% 10° 10~

Distribution Coefficient, K4
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Cumulative Probability

336-1

1.0

0.8

0.6

0.4

0.2

0.0

Radionuclide Retardation Expert Panel
C. F. Novak: Radium and Lead

i A K4 of 0 represented by 1 x 10°14

Dolomite Matrix; Culebra Brine
Dolomite Matrix; Salado Brine

Clay in Fractures; Culebra Brine
Clay In Fractures; Salado Brine

119

0™ 10" 10™ 10° 107 10° 102 107 10' 10° 10° 107

Distribution Coefficient, Ky
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Cumulative Probability

-1

1.0

0.8

Radionuclide Retardation Expert Panel

C. F. Novak: Thorium

52

A K4 of 0 represented by 1 x 10-14

—O— Dolomite Matrix; Culebra Brine
- —+— Dolomite Matrix; Salado Brine
—~A— Clay in Fractures; Culebra Brine
—H3— Clay in Fractures; Salado Brine

10" 10" 10™ 10° 107 10° 10° 10"

Distribution Coefficient, Kq

10

10°

10°

107

89



Cumulative Probability
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0.8

0.6

0.4

0.2

0.0

107" 10" 10" 10° 107 10®° 10° 10" 10’

Americium, Curium, Neptunium - R.G. Dosch

FaaY
Lé3 §
A K4 of 0 represented as 1 x 10-14
—O0— Dolomite Matrix; Culebra Brine
—+— Dolomite Matrix; Salado Brine 7
—~A— Clay in Fractures; Culebra Brine |
—— Clay in Fractures; Salado Brine
)0

Distribution Coefficient, Ky
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Cumulative Probability

336-1

Radionuclide Retardation Expert Panel
R. G. Dosch: Radium

1.0 7 D

i A K, of 0 represented by 1 x 10-14

—O— Dolomite Matrix; Culebra Brine
0.8 - —+— Dolomite Matrix; Satado Brine =
—7A— Clay in Fractures; Culebra Brine
—F}— Clay In Fractures; Salado Brine

10" 10 10" 10° 107 10° 102° 10" 10' 102 10° 10~

Distribution Coefficient, K4
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Cumulative Probability
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Radionuclide Retardation Expert Panel

M.D. Siegel: Americium

1.0

A K, of 0 represented by 1 x 10-14

—©— Dolomite Matrix; Culebra Brine
08 —+— Dolomite Matrix; Salado Brine
—2A— Clay In Fractures; Cuiebra Brine
—F3}— Clay In Fractures; Salado Brine

10" 10" 10" 10° 107 10° 107 10"

Distribution Coefficient, K

rf
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Radionuclide Retardation Expert Panel
M.D. Siegel: Curium

D
:

Y
A K4 of 0 represented by 1 x 10-14
—©6— Dolomite Matrix; Culebra Brine
- ——+—— Dolomite Matrix; Salado Brine
—2A— Clay In Fractures; Culebra Brine () ,,‘

—3— Clay In Fractures; Salado Brine
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A\ 4
B

10" 10" 10" 10° 107 10° 10° 107 10' 10°® 10°

Distribution Coefficient, Kqy

107

93



Cumulative Probability

305-1

1.0

0.8

0.6

0.4

0.2

0.0

Neptunium - M.D. Siegel

i —+— Dolomite Matrix; Salado Brine

A K4 of O represented as 1 x 10-14
—O— Dolomite Matrix; Culebra Brine
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Cumulative Probability
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Cumulative Probability
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Expert Panels for Parameter Elicitation

Expert Panel on Radionuclide Retardation in the Culebra,
Proposed for FY 1992

Composition
- All external experts

Results

« Evaluate existing data base
- Can it justify minimum estimates of distribution coefficients

 Provide minimum estimates, if possible
- Am, Cm, Np, Py, Th, U, Ra, Pb

» Review proposed research plan
- Can the plan help verify the minimum estimates
- Necessary modifications
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Expert Panel on Radionuclide Retardation in the Culebra,
Proposed for FY 1992 (cont.)

Selection of panelists

- Nominations
- Initial nominees from Sandia staff, review groups,
intervener groups, public agencies, and literature
- Additional nominations from all those contacted

» Selection criteria
« Selection committee

- Taken from the pool of nominees
- Removed from consideration as nominees

3021
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Expert Panel on Radionuclide Retardation in the Culebra,
Proposed for FY 1992 (cont.)

1st meeting
- Issue statement
- Background presentations
- Expert judgment training

Between meetings
« Develop approach for determining minimum values for the coefficients
- Review proposed experimental plan
» Prepare draft text explaining approach

2nd meeting
 Discussion of approaches
- Analyzing/interpreting existing data
- Outlining necessary research
- Elicitation sessions
~ « Discussion between panel and Division 6344 regarding modifications to
proposed experimental plan
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Expert Panel on Radionuclide Retardation in the Culebra,
Proposed for FY 1992 (cont.)

After meeting
- Final text explaining K  estimates and the reasoning behind the
modifications to the experimental plan
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Expert Panel Summary

Human Intrusion -

- Expert panel on future societies: Document in preparation
- Expert panel on markers: Restart October 1
- Expert panel on barriers to Hl: Begin FY92

Radionuclide Source Term and Transport -

- Source term panel (external) : Elicitation complete and document in
preparation

- Retardation (Culebra) panel (internal): Elicitation complete
and document in preparation

- Retardation (Culebra) panel (external): Proposed for FY92

428.0
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Expert Panel Summary, Cont.

Geostatistics Working Group -

- Conditional Simulations of T fields using present CAMCON module
completed for 91 Assessment

- Automated SWIFT II/GRASP Il calibration/conditional-simulation
approach using pilot point method to be used for 92 assessment
available by 3/92

- T field comparison study to be completed by 3/92

Future Panels -

- Will depend on results of 91 Sensitivity Analysis and project priorities




