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ACRONYMS AND ABBREVIATIONS

AIS Air Intake Shaft

AMM Asphalt mastic mix

CCA Compliance Certification Application
CCDF Complementary cumulative distribution function
CDF Cumulative distribution function

CH Contact-handled

DOE Department of Energy

DRZ Disturbed rock zone

EPA Environmental Protection Agency
ERMS Electronic Records Management System
FMT Fracture matrix transport

GTFM Graph Theoretic Field Model

ID Identification number

LANL Los Alamos National Laboratory

LHS Latin hypercube sample

MB Marker bed

MU Map unit

PAVT Performance Assessment Verification Test
PDF Probability distribution function

PNL Pacific Northwest Laboratory

QA Quality Assurance

QAP Quality Assurance Procedure

RH Remote-handled

SMC Salado Mass Concrete

SNL Sandia National Laboratories

SSSPT Small Scale Seal Performance Tests
SWCF Sandia WIPP Central Files

TRU Transuranic

TWBIR Transuranic Waste Baseline Inventory Report
WES Waterways Experiment Station

WIPP Waste Isolation Pilot Plant
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PAR 1.0 INTRODUCTION

This attachment contains information for the parameters used by performance assessment (PA)
codes. Documentation, in the form of parameter sheets, is provided for the 64 parameters
sampled by the Latin hypercube sample (LHS) code during the PA (see also Section 6.1.5 for
discussion on probabilistic analyses and Section 6.1.5.2 for discussion on LHS). In addition, this
attachment includes a listing of the sampled values for LHS sampled parameters (see Tables
PAR-8 through PAR-11), four parameters sampled by LHS for the Spall model (see Tables
PAR-12), the fixed-value parameters used in the PA codes (see Tables PAR-13 through PAR-49)
and the parameters relating to the TRU waste inventory (see Tables PAR-50 through PAR-61).
Additional information relevant to the use of these parameters in the PA is contained in
Appendix PA; Appendix TRU WASTE provides details on the waste inventory.

Although the parameter development terminology used in this attachment is not the same as in
Appendix PAR of the CCA, it is equivalent. Differences in terminology include; NP 9-2 rather
than QAP 9-2, Parameter Data Entry Forms rather than Form 464’s, material:property for
identification rather than ID numbers, slightly different definintions for mean, median, and
mode, and justification documents rather than parameter record package.

For additional information regarding all parameters, readers are referred to the parameter
supporting information packages, which are contained in the Sandia National Laboratories (SNL)
Waste Isolation Pilot Plant (WIPP) Records Center located at the SNL office in Carlsbad, New
Mexico.

PAR 2.0 PARAMETER DEVELOPMENT PROCESS

The development of parameter values is controlled by the application of Nuclear Waste
Management Program Procedure (NP) Parameters (NP 9-2). The process includes
documentation of parameter development by those responsible for completion of a particular
experimental investigation, development of a system design, or by staff involved in the PA
modeling process. All of the references pertaining to parameter selection are contained within
the three levels of parameter and data documentation: (1) Parameter Data Entry Form NP-9-2-1,
(2) Analysis records packages, and (3) supporting data records packages.

The Parameter Data Entry Form is the highest-level record documenting parameter development
that includes application of statistics and interpretations. The Parameter Data Entry
Formsinclude a justification section, which is a pointer to supporting information including,
where applicable, the Analysis plan and source document. All values provided in this attachment
were derived from the WIPP PA parameter database. The numbers from the WIPP PA
parameter database may differ slightly from those contained in the Parameter Data Entry Forms
because of rounding.

The parameter supporting information package includes references to related information, such
as Analysis Plans, SAND reports, test plans, and related ERMS file codes, and, where applicable,
a summary on the experimental data collection (that is, method used, assumptions made in
testing, and interpretation). The parameter supporting information packages point to the data
records packages contain information such as the raw data, analysis, and data interpretation.

DOE/WIPP 2004-3231 1 March 2004
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Each Parameter Data Entry Form, and parameter supporting information package are assigned
unique Electronic Records Management System (ERMS) numbers. Copies of the Parameter
Data Entry Forms, and parameter supporting information packages are maintained in the SNL
WIPP Records Center.

PAR 3.0 PARAMETER DISTRIBUTIONS

Probability distributions are used to characterize the uncertainty concerning the value of a
parameter. Numbers that characterize a particular distribution include the range, the mean,
median, and mode (only for triangular distributions).

e Range. The range of a distribution can be denoted by (a,b), a pair of numbers in which a
and b are minimum and maximum values of the parameter, respectively.

e Mean. The expectation of a random variable: i.e., the sum (or intergral) of the product of
the variable and the PDF over the range of the variable. There is sample mean and mean:
The mean, , of a distribution is one measure of the central tendency of a distribution,
analogous to the arithmetic average of a series of numbers. The sample mean, %, is the
arithmetic average of value in an empirical data set.

e Median. The value of a random variable at which its CDF takes the value 0.5; i.e., the
50™ percentile point.

e Mode. The value of a random variable at which its PDF takes its maximum value. The
mode of a set of data is the value in the set that occurs most often.

PAR 3.1 Distribution Types And Applications

Distributions used to characterize uncertainty in parameters of the PA include: uniform,
cumulative, triangular, Student’s-t, delta, normal, log uniform, log cumulative, lognormal, and
constant.

PAR 3.1.1 Uniform Distribution

Density Function: f(x)=— A<x<B (1)
B-A
e . x—A
Distribution Function: F(x) = B_A A<x<B (2)
: B-A)’
Expected Value and Variance: E(X) = A+B V(X)= % 3)
Median: X (.5 =mean
DOE/WIPP 2004-3231 2 March 2004
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Use of the uniform distribution is appropriate when all that is known about a parameter is its
range (a,b); the uniform distribution is the Maximum Entropy distribution under these
circumstances (Tierney 1990).

PAR 3.1.2 Cumulative Distribution

A cumulative distribution (also called a constructed distribution) is described by a set of N
ordered pairs:

(X10),(X2,P2),(X3,P3),...,(XN,1){i.e., P; =0 and Py =lalways} (4)
where x| <X, <x3 <..<xyand 0<P2 <Ps <..<Pn-] <1

Because of the nature of the data, the PDF for this distribution takes the form:

0
P —-P. if & <xl
p(¢)={-n—n-1 if Xy 1 <E<xq,n=23, N (5)
L if &2 xy
0

and so the cumulative distribution function (CDF) takes the form:

if & <x
0 Xn-1 <E<
- B (Pn _Pn—l)(a —Xn—l) if xx

Prixse]s )= ot + (xn —xn-1) 1 n=23, ,N ©

1 if &> N

N (X n +Xn-1 )
Expected Value: E(X)= Z (Pn —Pp-i )# (7)
n=2
N _14+x?
Variance: V(X)= Z:Z(Pn -P,_ ) (Xn i ang MRS ) —{E (X)} (8)
n=
Median: X050 =Xm-1 + (X m — Xm-1 )% where Ppp—1 <0.50 < Pm - 9)
— Py

The cumulative distribution takes its name from the fact that it closely resembles the empirical
CDF obtained by plotting the empirical percentiles of the data set (x1,X2,X3, ..., Xn) (Blom 1989,
p. 216). The cumulative distribution used here is the result of plotting the subjectively
determined percentile points (x1,P;), (Xx2,P2), (x3,P3) ..., that arise in a formal elicitation of expert
opinion concerning the form of the distribution of the parameter in question. A simple form of
the cumulative distribution is used when the range (a,c) of the parameter is known and the
analyst believes that his or her best estimate value, b, is also the median (or 50" percentile) of the

DOE/WIPP 2004-3231 3 March 2004
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unknown distribution. In this case, the subjectively determined percentile points take the form:
(a, 0.0), (b, 0.5), (c, 1.0) (Tierney 1990).

The cumulative distribution is the Maximum Entropy distribution associated with a set of
percentile points (x1,P;), (Xx2,P2), ..., (X, Px), no matter how that set of percentile points is
obtained (that is, independent of whether the points are empirically or subjectively derived)
(Tierney 1990).

PAR 3.1.3  Triangular Distribution

2(x - a)

Density Function: f(x)= m a<x<b
c—a)lb-a
= % b<x<c (10)
o | (x—a)2
Distribution Function: ~ F(x)= m a<x<b
c—a)lb—a
B (b—a)_ (x+b-2c)(x-b)
“a) e o
Expected Value: E(X) = %b_kc (12)
Variance: V(X)= a(a-b)+b(‘;)8- c)+cle-a) (13)
Median: X0.5 :a+\/w ifb>2rC
=c—\/—(c‘b)2(c_a) ifbsa;" (14)

The triangular distribution is defined on the range (a,c) and has mode b. The mode can equal
either of the two boundary values, which may simplify the computations above (Iman and
Shortencarier 1984).

Use of the triangular distribution is appropriate when the range, (a,c), of the parameter is known
and the analyst believes that his or her best estimate value, b, is also the mode (or most probable
value) of the unknown distribution.

DOE/WIPP 2004-3231 4 March 2004
Appendix PA, Attachment PAR



~N NN RN —_

oo

11
12

13

14
15
16

17

18
19

20

21

22

23
24

25
26
27
28
29

30

Title 40 CFR Part 191 Subparts B and C Compliance Recertification Application 2004

PAR 3.1.4 Student’s-t Distribution

A Student’s-t distribution is a Bayesian distribution for the unknown mean value of a parameter.
Its use is appropriate when one has measured values of the parameter available (in contrast to
values obtained subjectively through elicitation of professional opinion). If N denotes the
number of measurements available, and X;, X,, Xj, ... , Xy denote the values of the
measurements, then the expected value or mean of the Student’s-t distribution is the sample
standard deviation divided by YN; the median value is equal to the mean value.

The Student’s-t distribution applies when there are few measurements, say 3<N<10. For large
N, say N>20, there is little difference between the t-distribution and a normal distribution (see
below) with the same mean and standard deviation.

In WIPP PA data characterized by Student’s-t distribution are equally weighted. In other words,
each measured value X is assigned a weight of 1/N, where N is the number of measurements.

PAR 3.1.5 Delta Distribution

The delta distribution is used to assign probabilities to the elements of some set of objects. For
example, if the set consists of four alternative mathematical models of some phenomena and
each model is labeled with one of the integers {1,2,3,4}, in other words,

Mi, M, M3, My

then we might assign the vector of probabilities (pi, p2, p3, p4), where each p; is a number
between 0 and 1 and

pitp2tpstps=1. (15)

The CDF associated with this delta distribution can be symbolically expressed by
F(x)= anu (x—n). (16)

The graph of this CDF can be visualized as an ascending staircase starting at zero level for x less
than one, and having steps of height p, at the points x =1, 2, 3, 4.

The notion of mean value and variance still apply to a delta distribution, but the meanings of
these quantities may require careful interpretation. If the M, represents four different functions
(say, discharge as a function of pressure), then it makes sense to talk about mean and variance
functions. For the example of the four alternative mathematical models, the mean mathematical
model is the linear combination

4
M= Z Pn Mn (17)
n=l
DOE/WIPP 2004-3231 5 March 2004
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and the variance of the models is similarly defined:

4 s 2
2=y Py(M-M,) (18)
n=1

The notion of median value is meaningless for a delta distribution.

PAR 3.1.6 Normal Distribution

Density functi f(x) ! exp Xy 0 < X <00 (19)
ensity function: = -
7 o/2m 20”
X
Distribution function: F(x)= j f(t)dt—oo<x <00 (20)
— o0
Expected value and variance:  E (X)=pand V(X)=0>. (21)

The WIPP PA Program employs a truncated normal distribution where data are concentrated
within an interval (lowrange, hirange) (Iman and Shortencarier 1984). The parameters of the
truncated distribution can be expressed as follows:

E(X)=p= (lowrange; hirange)

lowrange — hirange)) 2 (22)

_ ([
V=0 _( 6.18

Median = mean (p) and lowrange = 0.01 quantile, hirange = 0.99 quantile. The range of the
random variable is arbitrarily set to (lowrange, hirange). Alternatively, the expected value p and
the standard deviation ¢ can be specified by the user of this distribution; in this case, the random
variable takes on the range (—o0,00) and will need to be truncated to a finite interval and

renormalized.

Use of the normal distribution is appropriate when it is known that the parameter is the sum of
independent, identically-distributed random variables (this is seldom the case in practice) and
there are a sufficient number of measurements of the parameter (N > 10) to make accurate,
unbiased estimates of the mean () and variance (¢%) (Sandia WIPP Project 1992; Tierney 1990).

PAR 3.1.7 Log uniform Distribution

If X has a log uniform distribution on the interval from A to B where B> A >0, then Y = log)o
X has a uniform distribution from log;o A to log;o B (Iman and Shortencarier 1984).

Density Function: f(x)= l(ln B-InA) A<x<B (23)
X

DOE/WIPP 2004-3231 6 March 2004
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Distribution Function: F (x)= Inx = InA A<x<B (24)
InB - InA
B-A
Expected Value: E(X)=——— 25
xpected Value ( ) 1B _ln A (25)
Variance: V(X)=(B-A) (nB-InA)(B+ A)_22 (B-A) (26)
2(InB-1InA)
Median: X5 =VAB (27)

Use of the log uniform distribution is appropriate when all that is known about a parameter is its
range (a,b) and B/A » 10; that is, the range (a,b) spans many orders of magnitude.

PAR 3.1.8 Log Cumulative Distribution

In this case, the independent variable is Y, where Y = log X. As with the cumulative
distribution, this distribution is described by a set of N ordered pairs:

(YPO)’(YZ =P2)J(Y3 5P3 ):a(YN 51) {that iS’PI :OandPN :lalways} (28)
where Y1 <Yy <yz <...<yy and 0< Py, <Pz <...<Py_1 <1

Because of the nature of the data, the PDF for this distribution takes the form:

0 if &<x1
Pn —P,_ 1
P(&)= — L ¢ if%n <E<xan=23 N (29)
Xn Xn -1 .
0 if §>x N
and so the CDF takes the form:
0 if &< xq
Pn —-P Iné —1 -1
PrX <&={Pui+ (Pn = Pyy ) (Ing ~ Inxn 1) jpXnd SESXx (30)
thn_lIan_l n —2,3,_,N
1 if £>xN
. S (xn —xn-1)
Expected Value: E (X) = Z (Pn —Pp))——— (31)
Inxn —Inxp—1
n=2
DOE/WIPP 2004-3231 7 March 2004
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N 1 X% - X2 1 2
Variance: \Y (X) = Z —(Pn —Pn-1) 1= {EX)} (32)
=2 Inxn —Inxp—1
Median:
Xos =10%%* {x m1 T (Xm = Xmo )—(01;50 _;m‘l )} where Py, <0.50 <P . (33)
m ~— L' m-1

PAR 3.1.9 Lognormal Distribution

If X ~ normal distribution with mean, p, and variance, 02, and Y = €%, the Y has a lognormal

distribution. (34)
1 —(ny—p)
Density function: f(y)= exp {— y>0 35
y vo Pr 752 35)
Yy
Distribution function: F (x) = I f(t)dty>0 (36)
0
Expected value and variance:
GZ
E(Y)=exp (u+7j V(Y) =exp(2u +0) [exp ((52)—1] (37)
Median: Xo5 =e* (38)

As with the normal distribution, the lognormal distribution requires lowrange and hirange values.
These values are in logarithmic form and are utilized in a normal distribution to determine a
mean (p) and a variance (%), which in turn are used to identify the expected value and variance
for the lognormal distribution (Iman and Shortencarier 1984).

PAR 3.1.10 Constants

Parameters may also be assigned a constant value in the PA parameter database. These
parameters are tabulated at the end of the appendix.

PAR 4.0 PARAMETER CORRELATION

Parameter correlations used in PA are exclusively in LHS. Consequently, parameter correlations
affect only sampled parameters described in the attached parameter sheets. Two types of
parameter correlations are used. They are defined as explicit parameter correlation and induced
parameter correlation. This section addresses the following criteria concerning parameter
correlations, as specified in 40 CFR § 194.23(¢)(6):

DOE/WIPP 2004-3231 8 March 2004
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(c) Documentation of all models and computer codes included, as part of any compliance
application performance assessment calculation shall be provided. Such documentation shall
include, but shall not be limited to:

(6) An explanation of the manner in which models and computer codes incorporate the effects of
parameter correlation.

Explicit parameter correlations are introduced or prohibited in LHS by the restricted pairing
technique of Iman and Conover (1982). Three parameter correlations are specified in this PA
through this technique. These correlations are all related to rock compressibility and
permeability. In the Marker Bed (MB) 139 material region in BRAGFLO, rock compressibility
(S MB139:COMP_RCK) and intrinsic permeability (S MB139:PRMX LOG) are inverse-
correlated with a correlation coefficient of -0.99. In the Salado Formation impure halite material
region in BRAGFLO, rock compressibility (S Halite:COMP_RCK) and intrinsic permeability
(S_Halite:PRMX LOG) are inverse correlated with a correlation coefficient of -0.99. In the
Castile brine reservoir material region in BRAGFLO, rock compressibility
(Castiler:COMP_RCK) and intrinsic permeability (Castiler:PRMX LOG) are inverse correlated
with a correlation coefficient of -0.75. Explicit parameter correlation is not used to correlate
other sampled parameters.

Rock compressibilities and intrinsic permeabilities are correlated to be most consistent with
interpretations of the hydraulic tests that have been performed in these units. In hydraulic
testing, hydraulic diffusivity (the ratio of permeability to compressibility) is determined more
precisely than either permeability or compressibility alone. Introducing the correlation of the
permeability and compressibility parameters in PA better represents the knowledge of the
formation gained from hydraulic testing than specifying no correlation whatsoever.

An induced correlation in PA is created when a parameter sampled in LHS (the underlying
variable) is used to define the values of other parameters (defined variables). This is a prevalent
method of correlation in this PA. For example, uncertainty in dissolved actinide oxidation states
is represented in LHS by sampling the OXSTAT parameter (Global:OXSTAT). The results of
this sampling are used in part to determine actinide solubilities (NUTS and PANEL), colloidal
actinide concentrations (NUTS and PANEL), and Kp, values (SECOTP2D) used for a particular
vector. Selected examples of other induced parameter correlations include:

e the underlying variable x-direction permeability and the defined variables y- and z-
direction permeabilities in many materials (BRAGFLO),

e the underlying variable x-direction permeability and defined variable threshold pressure
in many materials (BRAGFLO),

o the underlying variable Lower Salado Clay permeability and the defined variable
permeabilities of other clay members of the shaft seal system (BRAGFLO), and

e the underlying variable residual gas saturation (or other two-phase flow parameters) in
many materials and the defined variable residual gas saturation (or other two-phase flow
parameters) in other materials (BRAGFLO).

DOE/WIPP 2004-3231 9 March 2004
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e the underlying variable americium properties and the defined variable curium properties
(NUTS, PANEL, and SECOTP2D).

Where relevant, parameter sheets in this attachment contain information related to parameter
correlation.

No correlations were used in this PA for certain parameters used to describe transport in the
Culebra for which the possibility of correlation might be suspected. The treatment in PA is most
consistent with available information, because, as discussed in CCA Appendix MASS
(Attachments MASS 15-10 and 15-6, 14), correlation of well-to-well transmissivity versus well-
to-well advective porosity and matrix block length is not evident in existing data, nor is the
correlation between advective porosity and matrix block length.

There are four additional ways in which parameter correlations may be considered to be used in
this PA, although they are not typically discussed as correlations per se. In a given LHS sample
element, there is a correlation of 1 (100 percent) between the single observation of subjective
uncertainty (the LHS sample for a complementary cumulative distribution function (CCDF))
with all of the sequences of random future events (scenarios) used to construct a CCDF. This is
discussed in Section 6.1.

A correlation is made between the scenario being considered and the chemical properties
(chemical composition) of brine in the repository (the physical properties viscosity and density
are assumed to be the same for all scenarios). Brine composition affects actinide solubility. For
undisturbed performance and E2 scenarios, brine composition is considered to be that of Salado
brine. For the E1 and E1E2 scenarios, the brine composition is considered to be that of Castile
brine. This is discussed in Section 6.4.3.4.

There are some correlations made in the construction of a CCDF regarding the similarity of
events in a sequence of random future events. For example, the direct releases resulting from a
third or later intrusion are determined from the calculated conditions following the second
intrusion. This is discussed in Section 6.4.13.

Finally, there are also correlations among model parameters developed explicitly by the
governing equations of computational models used. For example, the porosity of nodal blocks in
BRAGFLO is a function of the initial porosity, pressure change, and compressibility. These
types of relationships among parameters are documented in the Appendix PA.

PAR 5.0 KEY TO PARAMETER SHEETS

The parameter sheets included in this attachment contain a variety of information, some of which
is extracted from the WIPP PA parameter database. Parameters are listed in the order in which
they are retrieved from the WIPP PA parameter database. Eleven of the parameters retrieved
from the database are dummy parameters and are not actually utilized by the code. Those
parameters are therefore not are not listed or discussed in this section. Breaks in the numerical
sequence of the parameters are due to dummy parameters.

Information presented in the parameter sheets is grouped into boxes labeled as follows:

DOE/WIPP 2004-3231 10 March 2004
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PAR 5.1 Parameter(s)
The name of the parameter and the disposal system feature with which it is associated.
PAR 5.2 Parameter Description

The Parameter Description box defines the parameter and, where appropriate, explains the role
of the parameter in the modeling.

PAR 5.3 Material and Property Name(s)

This box provides a link to the PA parameter database. The parameter label listed first is taken
from the PA model parameter database and identifies the type of material in the disposal system
being modeled (for example, S MB139 means Salado MB139). The second label describes the
PA model parameter name for the property of the material physical or operational meaning for
the parameter (for example, SAT RBRN means residual brine saturation).

PAR 5.4 Computational Code(s)
A list of the current computational models used by the PA Department that use this parameter.
PAR 5.5 Parameter Statistics

This box identifies the minimum and maximum for uniform distributions, the mode, minimum
and maximum for Triangular distributions, the probability and the value associated with that
probability for cumulative and delta distributions, and the measured values for the student’s-t
distribution. All values provided in this attachment were derived from the WIPP PA parameter
database. These numbers may differ slightly from those contained in the Parameter Data Entry
Forms because of rounding.

PAR 5.6 Units

The physical units of the parameters (usually expressed in metric units).
PAR 5.7 Distribution Type

This box identifies the type of parameter distribution (see PAR 3.1).

Data: The basis for the parameter values or parameter distribution is provided in this section.
All values provided in this attachment were derived from the WIPP PA parameter database.
These numbers may differ slightly from those contained in the Parameter Data Entry Forms
because of rounding. The parameters are derived from the following kinds of data and
information:

e Site-specific or waste-specific experimental data. These data includes information
obtained from in situ experiments and research conducted at off-site laboratories (for
example, permeability data, microbial gas generation). This category also includes

DOE/WIPP 2004-3231 11 March 2004
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simulated waste experiments and may indicate correlations made with other material
regions based on professional judgment.

e Waste-specific observational data. This category includes data obtained through
observation or empirical analysis, such as semi-quantitative and qualitative visual
characterization or acceptable knowledge of transuranic (TRU) waste (for example, waste
components).

e Professional judgment. This category of information may involve the use of
experimental or observational data from other non-WIPP contexts; interpreting
information obtained from the general literature; or may be based on general engineering
knowledge (see below).

e General Literature Data. This category of information includes that obtained from
reports, journal articles, or handbooks relevant to systems or processes being modeled in
the PA. It is often employed in conjunction with professional judgment.

e General Engineering Knowledge. This category of information identifies parameter
values obtained from knowledge of standard engineering principles.

Readers are referred to justification documents and associated data packages maintained in the
SNL WIPP Records Center for additional information.

PAR 5.8 Discussion

This box identifies the source(s) of parameter value(s) and the rationale for the parameter
distribution and may clarify use of a particular parameter. Other relevant background
information is also included in this section, where clarification is appropriate.

PAR 5.9 References

This box contains the references pertaining to parameter selection. The references are contained
within the three levels of parameter and data documentation: (1) Parameter Data Entry Form,
and (2) parameter supporting information packages. Selected references cited in the parameter
supporting information packages are included in the parameter sheets to establish data quality.

PAR 6.0 EPAUNI OUTPUT DATA

Tables PAR-50 — 61 represent output files from the code EPAUNI Version 1.15A (for more
information regarding EPAUNI output files, see Fox [2003]).

Table PAR-50 contains data from the EPAUNI output files EPU_ CRA1 CH UNIT2.0UT and
EPU CRA1 RH UNIT2.0UT. The table contains waste stream volume and EPA units per m’
for each of the CH-TRU and RH-TRU waste streams over each of the 10 time periods after
closure (0, 100, 125, 175, 350, 1000, 3000, 5000, 7500, and 10,000 years). It also contains the
probability of hitting each waste stream during a drilling intrusion at each of the 10 time periods
after closure.

DOE/WIPP 2004-3231 12 March 2004
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Tables PAR-51 — 60 contains data from the EPAUNI output file EPU_CRA1 CH
ACTIVITY.DIA. The table contains activity information for each of the seven isotopes of
concern for EPA unit calculations (241Am, 244Cm, 238Pu, 239Pu, 240Pu, 241Pu, and 234U), the total
activity used to calculate EPA units (called Total EPA Curies), and the EPA units for each CH-
TRU waste stream. The code calculates these activities for each of the 10 time periods after
closure (0, 100, 125, 175, 350, 1000, 3000, 5000, 7500, and 10,000 years) based on build-up and
decay.

Table PAR-61 contains data from the EPAUNI output file EPU CRA1 RH ACTIVITY.DIA.
The table contains activity information for each of the nine isotopes of concern for EPA unit
calculations (241Am, 244Cm, 23 8Pu, 239py, 240y, 241Pu, 234U, 137Cs, and 90Sr), the total activity used
to calculate EPA units (called Total EPA Curies), and the EPA units for each RH-TRU waste
stream. The code calculates these activities for each of the 10 time periods after closure (0, 100,
125, 175, 350, 1000, 3000, 5000, 7500, and 10,000 years) based on build-up and decay.

DOE/WIPP 2004-3231 13 March 2004
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Index of LHS Sampled Parameters:

PAR 7.0 PARAMETER SHEETS

DOE/WIPP 2004-3231

Parameter # Material Name Property Name
Parameter 1 STEEL CORRMCO2
Parameter 2 WAS AREA PROBDEG
Parameter 3 WAS AREA GRATMICI
Parameter 4 WAS AREA GRATMICH
Parameter 5 CELLULS FBETA
Parameter 6 WAS AREA SAT RGAS
Parameter 7 WAS AREA SAT RBRN
Parameter 8 WAS AREA SAT WICK
Parameter 9 DRZ PCS PRMX LOG
Parameter 10 CONC _PCS PRMX LOG
Parameter 11 SOLU4 SOLCIM
Parameter 12 SOLTH4 SOLCIM
Parameter 14 CONC _PCS SAT RGAS
Parameter 15 CONC _PCS SAT RBRN
Parameter 16 CONC_PCS PORE _DIS
Parameter 17 S HALITE POROSITY
Parameter 18 S HALITE PRMX LOG
Parameter 19 S HALITE COMP_RCK
Parameter 20 S MB139 PRMX LOG
Parameter 21 S MB139 COMP_RCK
Parameter 22 S MB139 RELP MOD
Parameter 23 S MB139 SAT RBRN
Parameter 24 S MB139 SAT RGAS
Parameter 25 S MB139 PORE _DIS
Parameter 26 S HALITE PRESSURE
Parameter 27 CASTILER PRESSURE
Parameter 28 CASTILER PRMX LOG
Parameter 29 CASTILER COMP_RCK
Parameter 30 BH _SAND PRMX LOG
Parameter 31 DRZ 1 PRMX LOG
Parameter 32 CONC _PLG PRMX LOG
Parameter 34 SOLAM3 SOLSIM
Parameter 35 SOLAM3 SOLCIM
Parameter 36 SOLPU3 SOLSIM
Parameter 37 SOLPU3 SOLCIM
Parameter 38 SOLPU4 SOLSIM
14
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Index of LHS Sampled Parameters (continued):

DOE/WIPP 2004-3231

Parameter # Material Name Property Name
Parameter 39 SOLPU4 SOLCIM
Parameter 40 SOLU4 SOLSIM
Parameter 41 SOLU6 SOLSIM
Parameter 42 SOLU6 SOLCIM
Parameter 43 SOLTH4 SOLSIM
Parameter 44 PHUMOX3 PHUMCIM
Parameter 45 GLOBAL OXSTAT
Parameter 46 CULEBRA MINP_FAC
Parameter 47 GLOBAL TRANSIDX
Parameter 48 GLOBAL CLIMTIDX
Parameter 49 CULEBRA HMBLKLT
Parameter 50 CULEBRA APOROS
Parameter 51 CULEBRA DPOROS
Parameter 52 U+6 MKD U
Parameter 53 U+4 MKD U
Parameter 54 PU+3 MKD PU
Parameter 55 PU+4 MKD PU
Parameter 56 TH+4 MKD TH
Parameter 57 AM+3 MKD AM
Parameter 58 BOREHOLE TAUFAIL
Parameter 60 GLOBAL PBRINE
Parameter 61 BOREHOLE DOMEGA
Parameter 62 SHFTU SAT RBRN
Parameter 63 SHFTU SAT RGAS
Parameter 64 SHFTU PRMX LOG
Parameter 65 SHFTL T1 PRMX LOG
Parameter 66 SHFTL T2 PRMX LOG
Parameter 75 SPALLMOD RNDSPALL

15

March 2004

Appendix PA, Attachment PAR



Title 40 CFR Part 191 Subparts B and C Compliance Recertification Application 2004

DOE/WIPP 2004-3231

Index of DRSPALL Sampled Parameters:

Material Name Property Name
SPALLMOD REPIPORE
SPALLMOD REPIPERM
SPALLMOD TENSLSTR
SPALLMOD PARTDIAM

Refer to Table PAR-12 for the LHS Sampled Values for the Spall

Model.

16
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Parameter 1: Inundated Corrosion Rate for Steel Without CO; Present

Parameter Description:

This parameter is used to describe the rate of anoxic steel corrosion under brine-inundated
conditions and with no CO, present (Appendix PA, Section PA-4.2).

Material and Property Name(s):
STEEL CORRMCQO?2

| Computational Code: BRAGFLO

minimum maximum
0.0 3.17x 10

| Units: Meters/second |

Distribution Type: Uniform |

Data: Site- Specific Experimental Data

A discussion of the data associated with this parameter for the initial application may be found
in Appendix PAR (DOE 1996). Justification for the change of this parameter for CRA may be
found in the following parameter records package: Analysis Reports Relating to Analysis Plan
AP-086 (ERMS #520523), specifically Summary of parameter changes adopted from the PA
Verification Test for the Technical Baseline Migration (ERMS #522016).

Discussion:

Based on experimental results (Telander and Westerman 1993; 1997), steel is expected to
corrode in the repository via the following reaction (Wang and Brush, 1996a, 1996b):

Fe® + 2H,0 — Fe(OH), + H,

The rate of this reaction under a brine-inundated condition (no CO, present at all) is estimated
to be 0 - 0.5 pm/year (0 - 1.59 x 107" m/s). This steel corrosion rate was estimated by DOE
based on long-term anoxic steel corrosion experiments. Because of its uncertainty, this
parameter was treated as a sampled variable in the CCA with a uniform distribution ranging
from 0.0 to 1.59 x 107"* m/s (see CCA Appendix PAR).

Subsequent to the CCA, the EPA questioned both the upper and lower bounds on DOE’s
assigned range of values for CORRMCO?2. After evaluating the values DOE assigned to the
steel corrosion rate, the EPA carefully examined experimental results. In all cases, except for
the case of high pressure, the EPA, like the DOE, concluded that the steel corrosion rate used
in the CCA was appropriate.

However, the EPA questioned the upper bound for the steel corrosion rate in the case of high
pressures in the repository. Some experiments of six months duration conducted on steel
immersed in brine under a hydrogen atmosphere indicated that the steel corrosion rate first

DOE/WIPP 2004-3231 17 March 2004
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decreased at pressures from 2 to 70 atm and then increased at pressures from 70 to 127 atm
(Telander and Westerman 1993). Because the repository may approach or exceed lithostatic
pressure and because of the increase in the experimental corrosion rates at higher pressures,
the EPA requested that DOE double the upper bound of the inundated corrosion rate to 3.17 x
107"* m/s (EPA 1998). DOE has adopted this revised range for the rate of anoxic steel
corrosion (Hansen and Leigh 2003).

1

| Parameter Data Entry Form ERMS: #522016

2
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Parameter 2: Probability of Microbial Degradation of Plastics and Rubbers in the Waste in the
Event of Significant Microbial Gas Generation

Parameter Description:

This parameter is used to index alternative models of microbial degradation of plastics and
rubbers in the waste in the repository in the event of significant microbial gas generation. It is
a sampled parameter for the waste emplacement area and the waste, and the values are then
applied to the repository regions outside of the panel region.

Material and Property Name(s):

WAS AREA PROBDEG)

Computational Code: BRAGFLO

Value 0 1.0 2.0
Percentiles .50 25 25
| Units: None |

Distribution Type: Delta (see Figure PAR-1 for values.) |

Data: General Engineering Knowledge - Professional Judgment

A discussion of the data associated with this parameter may be found in Tierney (1996) and
the following parameter records package: Estimates of Gas Generation Parameters Required

for BRAGFLO (ERMS #230819).

Discussion:

Cellulosics, plastics, and rubbers have been identified as the major organic materials to be
emplaced in the WIPP repository (Appendix TRU WASTE) and could be degraded by
microbes in 10,000 years. The occurrence of significant microbial gas generation in the
repository will depend on: (1) whether microbes capable of consuming the emplaced organic
materials will be present and active; (2) whether sufficient electron acceptors will be present
and available; and (3) whether enough nutrients will be present and available. Considering
uncertainties in evaluation of these factors and also in order to bracket all possible effects of
gas generation on the WIPP PA, a probability of 50 percent is assigned to the occurrence of
significant microbial gas generation (Wang and Brush 1996).

There are two factors that may potentially increase the biodegradability of these materials:
long time scale and cometabolism. Over a time scale of 10,000 years, plastics and rubbers
may change their chemical properties and therefore their biodegradability.

Cometabolism means that microbes degrade an organic compound, but do not use it or its
constituent elements as a source of energy; these are derived from other substrates (Alexander
1994). In the WIPP repository, plastics and rubbers, which are resistant to biodegradation,
may still be cometabolized with cellulosics and other more biodegradable organic compounds.

DOE/WIPP 2004-3231 19 March 2004
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Because of these uncertainties, a probability of 50 percent is assigned to the biodegradation of
plastics and rubbers in the event of significant microbial gas generation (Wang and Brush
1996).

The distribution for PROBDEG parameter is illustrated in Figure PAR-1. The parameter
value ranges over the integers from 0 (no significant microbial gas generation) to 2 (significant
microbial gas generation with degradation of plastics and rubbers); the third choice, a
parameter value of 1, represents significant microbial gas generation without degradation of
plastics and rubbers.

| Parameter Data Entry Form ERMS: #234881 |

References:
Alexander, M. 1994. Biodegradation and Bioremediation. Academic Press, N.Y.

DOE/CAO. 1996. Transuranic Waste Baseline Inventory Report (Rev. 2). DOE/CAO-95-
1121.

Tierney, M. 1996. Memorandum to File, Re: Reasons for choice of the PROBDEG
parameter (id nos. 2824 and 2823) on February 22, 1996, March 29, 1996 (contained in ERMS
234881).

Wang, Y., and Brush, L. 1996. Memorandum to Martin Tierney, Re: Estimates of Gas-

Generation Parameters for the Long-Term WIPP Performance Assessment, January 26, 1996.
ERMS 231943.

DOE/WIPP 2004-3231 20 March 2004
Appendix PA, Attachment PAR



[98)

Title 40 CFR Part 191 Subparts B and C Compliance Recertification Application 2004

pl

Corrosion and
significant microbial
gas generation

Cellulosic, plastic and
rubber degradation

p2
0.5
plp2
Branch 2
0.25

Corrosion and
no significant microbial
gas generation

(1-p1)
0.5
| 0.5
Cellulosic degradation only
(no plastic and rubber degradation)
(1-p2)
0.5
p1(1-p2) (1-p1)
Branch 1 Branch 0
0.25 0.5

pl = probability of occurrence of significant microbial gas generation (=50 percent)

p2 = probability of occurrence of plastics and rubber biodegradation in the
event of significant gas generation (=50 percent)

Figure PAR-1. Logic Diagram for Possible Outcomes and Probabilities for the Parameter
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Parameter 3: Biodegradation Rate of Cellulosics Under Brine-Inundated Conditions

Parameter Description:

This parameter is used to describe the rate of cellulosics biodegradation under anaerobic,
brine-inundated conditions (see Appendix PA, Section PA-4.2). It is a sampled parameter for
the waste emplacement area and the waste, and the values are then applied to the repository
regions outside of the panel region.

Material and Property Name(s):

WAS AREA GRATMICI

| Computational Code: BRAGFLO

minimum maximum

3.171 x 1071° 9.5129 x 10

| Units: Moles/(kilograms*second) |

| Distribution Type: Uniform |

Data: Site-Specific Experimental Data

A discussion of the data associated with this parameter may be found in the parameter records
package: Estimates of Gas Generation Required for BRAGFLO (ERMS #230819).

Discussion:

The maximum rate is estimated using the data obtained from both NOj; - and nutrients-
amended experiments, whereas the minimum rate is derived using the data obtained from the
inoculated-only experiments without any nutrient and NO3; amendment. The rates were
calculated from the initial linear part of the experimental curve of CO; vs. time by assuming
that cellulosics biodegradations in those experiments were nitrate- or nutrient-limited (Wang
and Brush 1996).

| Parameter Data Entry Form ERMS: #234928 |

References:

Wang, Y. and Brush, L. 1996. Memorandum to Martin Tierney, Re: Estimates of Gas-
Generation Parameters for the Long-Term WIPP Performance Assessment, January 26, 1996.
ERMS 231943.
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Parameter 4: Biodegradation Rate of Cellulosics Under Humid Conditions

Parameter Description:

This parameter is used to describe the rate of cellulosics biodegradation under anaerobic,
humid conditions (see Appendix PA, Section PA-4.2). It is a sampled parameter for the waste
emplacement area and the waste, and the values are then applied to the repository regions
outside of the panel region.

Material and Property Name(s):

WAS AREA GRATMICH

| Computational Code: BRAGFLO

minimum maximum

0.0 1.2684 x 10

| Units: Moles/(kilograms*second)

| Distribution Type: Uniform

Data: Site-Specific Experimental Data

A discussion of the data associated with this parameter may be found in the parameter records
package: Estimates of Gas Generation Required for BRAGFLO (ERMS #230819).

Discussion:

The maximum rate was estimated from cellulosics biodegradation experiments under
anaerobic, humid conditions. The minimum rate is set to zero, corresponding to the cases
where microbes become inactive because of water or nutrient stresses (Wang and Brush 1996).

| Parameter Data Entry Form ERMS: #234923 |

References:

Wang, Y. and Brush, L. 1996. Memorandum to Martin Tierney, Re: Estimates of Gas-
Generation Parameters for the Long-Term WIPP Performance Assessment, January 26, 1996.
ERMS 231943.
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Parameter 5: Factor B for Microbial Reaction Rates

Parameter Description:

Factor B is an index that characterizes the stoichiometry used to calculate the microbially
generated gas, accounting for interaction with gases reacting with steel and steel corrosion
products (see Appendix PA, Section PA-4.2).

Material and Property Name(s):

CELLULS FBETA)

| Computational Code: BRAGFLO

minimum maximum
0.0 1.0
| Units: None

| Distribution Type: Uniform

Data: Site-Specific Experimental Data

A discussion of the data associated with this parameter may be found in the parameter records
package: Estimates of Gas Generation Required for BRAGFLO (ERMS #230819).

Discussion:

Microbially generated gases CO, and H,S may react with steel and steel corrosion products.
Factor B characterizes the extent of CO, and H,S consumption by those reactions: see
Equation (18) in Wang and Brush 1996.

| Parameter Data Entry Form ERMS: #231826

References:

Wang, Y. and Brush, L. 1996. Memorandum to Martin Tierney, Re: Estimates of Gas-

Generation Parameters for the Long-Term WIPP Performance Assessment, January 26, 1996.
ERMS #231943.
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Parameter 6: Residual Gas Saturation - Repository

Parameter Description:

The residual (critical) gas saturation (S) is required in the two-phase flow model to define the
relative permeability and capillary pressure curves. S, corresponds to the degree of waste-
generated gas saturation necessary to create an incipient interconnected pathway in porous
material, a condition required for porous rock to be permeable to gas. Below values of the S,
gas is immobile. It is a sampled parameter for the waste emplacement area and the waste.

The values are then applied to the repository regions outside of the panel region.

Material and Property Name(s):

WAS AREA SAT RGAS

| Computational Code: BRAGFLO

minimum maximum
0 0.15
| Units: None |

| Distribution Type: Uniform |

Data: General Literature and Professional Judgment

The parameter values are based on a November 15, 1995 Solutions Engineering letter report to
D.M. Stoelzel of Sandia National Laboratories entitled “Critical (residual) Gas Saturation
Recommendations for WIPP.”

Discussion:

Under conditions of chemical and biochemical gas generation and repository closure, gas
saturation may increase to a level where the pore network in repository material regions
becomes connected and gas permeability begins to increase. The lowest gas saturation at
which continuous gas flow will occur is the residual (critical) gas saturation (S,). In a review
of studies involving S, Solutions Engineering (1996) reports values ranging from 0 to 27
percent. The assigned range for S, between 0 to 15 percent is consistent with
recommendations in the Solutions Engineering report.

| Parameter Data Entry Form ERMS: #234905 |

References:

Solutions Engineering. 1996. “Critical Gas Saturation Recommendations for WIPP.” Letter
Report to D.M. Stoelzel, Sandia National Laboratories, November 15, 1995, Albuquerque,
New Mexico. ERMS # 238769.
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Parameter 7: Residual Brine Saturation — Waste Area

Parameter Description:

The residual brine saturation (Sy;) is required in the two-phase flow model to define the
relative permeability and capillary pressure curves. Referred to also as Sy, (wetting phase) or
Sir (liquid phase), residual brine saturation is the point reached under high gas saturation
conditions when brine is no longer continuous throughout the pore network and relative brine
permeability becomes zero. Below the value of the Sy, brine is immobile. It is a sampled
parameter for the waste emplacement area and the waste, and the values are then applied to the
repository regions outside of the panel region.

Material and Property Name(s):

WAS AREA SAT RBRN

| Computational Code: BRAGFLO

minimum maximum
0 0.55
| Units: None |

Distribution Type: Uniform |

Data: General Literature and Professional Judgment

Two-phase flow parameters have not been measured for materials representing a collapsed
empty, back-filled, or waste-filled room. Therefore, the parameter values are based on
literature values for unconsolidated materials.

Discussion:

Brooks and Corey evaluated their two-phase characteristic equations against capillary pressure
and relative permeability data obtained in laboratory experiments (Brooks and Corey 1964).
Mualem (1976) proposed a modified procedure to that of Brooks and Corey for determining
the wetting phase (Syr) permeability curve by adding the constraint that the extrapolated curve
should pass through the highest capillary pressure data point. Although their wetting phase
relative permeability predictions are similar to each other and to the data, the Mualem
procedure, in some cases, results in Sy, values less than those predicted by the Brooks and
Corey model. Consequently, Table PAR-1 lists the Mualem (1976) residual wetting phase
saturations to ensure that the potential for brine mobility is not underestimated. As indicated
in Table PAR-1, single-phase liquid permeabilities of the Brooks and Corey materials are of
the same order of magnitude as those assigned to waste disposal regions (10™"° m?).
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Table PAR-1. Brooks and Corey (1964) Materials Parameters - Unconsolidated Media®

Material Permeezlbblhty Porosity Swr
(m”)

Volcanic Sand 1.1x10™" 0.365 0.137
Fine Sand 2.85 x 1072 0.360 0.140
Glass Beads 1.05 x 107 0.383 0.0783
Fragmented Mixture 1.50 x 107" 0.441 0.275
Fragmented Fox Hill Sandstone 1.61 x 107" 0.503 0.318
Touchet Silt Loam 5.00 x 1072 0.469 0.277
Poudre River Sand 226x 1071 0.364 0.0824
Amarillo Silty Clay Loam 234 x 10712 0.455 0.242
Consolidated Berea Sandstone 481 x 107" 0.206 0.243
Consolidated Hygiene Sandstone 1.78 x 10712 0.250 0.560

a - Consolidated materials are identified in the material column

b - Single-phase liquid permeability

¢ - Mualem S,,, corrected for comparison to Brooks and Corey (1964)

Sy - Wetting phase residual saturation

| Parameter Data Entry Form ERMS: #234902

References:

Brooks, R.H., and Corey, A.T. 1964. Hydraulic Properties of Porous Media. Hydrology
Paper No. 3. Fort Collins, CO: Colorado State University. NWM Library.

Mualem, Y. 1976. A New Model for Predicting the Hydraulic Conductivity of Unsaturated
Porous Media. Water Resources Research. Vol. 12, no. 3, 513-522.

Vaughn, Palmer. 1996. Memo to Martin Tierney. RE: WAS AREA and
REPOSIT/SAT RBRN Distribution, February 13, 1996. ERMS 234902.
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Parameter 8: Wicking Saturation — Waste Area

Parameter Description:

The wicking saturation in the waste is used in the gas generation model (see Appendix PA,
Section PA-4.2). It is a sampled parameter for the waste emplacement area and the waste, and
the values are then applied to the repository regions outside of the panel region.

Material and Property Name(s):

WAS AREA SAT WICK

Computational Code: BRAGFLO

minimum maximum
0.0 1.0
| Units: None |

Distribution Type: Uniform |

Data: Professional Judgment

The wicking parameter value varies from 0 (0 percent saturation) to 1.0 (100 percent
saturation) and the parameter is assumed to be uniformly distributed.

Discussion:

Wicking is the ability of a material to carry a fluid by capillary action above the level it would
normally seek in response to gravity. The use of a two-phase Darcy flow model in BRAGFLO
includes possible effects of capillary action, but uncertainty remains about the extent to which
the assumed homogeneous properties of the waste adequately characterize wicking. Because
estimated rates of gas generation are higher for waste that is in direct contact with brine, brine
saturation in the repository is adjusted in BRAGFLO to account for the possibility of wicking
in the waste.

The adjustment is done as follows:
Stoetr= Sp + Sy,
and
Shefr< 1.0,

where Sy, is the brine saturation in the waste calculated by BRAGFLO, S,, is the wicking
saturation that describes the additional amount of brine that may be present and in contact with
the waste because of wicking, and Sy, is the effective brine saturation used to determine the

gas generation rates used in the analysis.
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| Parameter Data Entry Form ERMS: #234908

References:

N/A

DOE/WIPP 2004-3231 29 March 2004
Appendix PA, Attachment PAR



Title 40 CFR Part 191 Subparts B and C Compliance Recertification Application 2004

Parameter 9: Log of Intrinsic Permeability — DRZ directly above the concrete portion of the
panel closure

Parameter Description:

This parameter describes the permeability of cells immediately above the concrete part of the
panel closures in the upper DRZ (see CCA Appendix PA, Figure 4.2.1). It is a sampled
parameter for the x-direction and the values are then applied to the y- and z-directions. The
permeability of these cells will be sampled to reflect the range expected for healed DRZ. This
will capture the effect of rigid panel closures that include excavation of the DRZ immediately
surrounding the concrete monolith that is emplaced quickly to prevent the further local
development of DRZ, and healing of the DRZ due to compressive stresses imposed by creep
closure around the rigid structure. In this way the panel closures are modeled as effective
seals, including healing effects, in accordance with their design.

Material and Property Name(s):

DRZ PCS PRMX LOG
DRZ PCS PRMY LOG
DRZ PCS PRMZ LOG

| Computational Code: BRAGFLO

mode minimum maximum
-18.75 -20.70 -17.0

| Units: Log (meters squared) |

Distribution Type: Triangular |

Data: Site-Specific Experimental Data

A discussion of the data associated with this parameter may be found in the following
parameter records packages: Analysis Reports Relating to Analysis Plan AP-086 (ERMS
520523) and Analysis Reports for AP-094 (ERMS #525186).

Discussion:

Option D panel closures are designed to remove the DRZ above and below the panel entry
drifts. Loose salt in the roof would also be taken down just prior to construction of the
concrete monolith. The remaining salt surrounding the panel closure concrete would be
subjected to compressive stresses, which would tighten any disturbed zones. Owing to the
rounded configuration of Option D, the compressive stress state creates a situation very
favorable for concrete: high compressive stresses and low stress differences. In turn, the
compressive stresses developed within the salt will quickly heal any damage caused by
construction excavation, thereby effectively eliminating the DRZ along the length of the panel
closure. The volume of salt immediately above and below the rigid concrete monolith will
likely approach the intrinsic permeability of Salado salt.
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Undisturbed Salado salt is essentially impermeable. A low-end permeability would be
immeasurably low (10> m? for example). The salt above and below the rigid monolith
would assume relatively impermeable conditions. Permeability values employed are the same
range as described for the concrete (2 x 107" to 107" m?) (Stein 2002). The reason this range
was selected rather than using the range approved for use with the intact halite is twofold.
First, because the healed DRZ zone is relatively thin (9.06-m-thick in the model) small-scale
heterogeneities including thin clay seams introduce uncertainties to how well this DRZ will
impede flow. Second, the Panel Closure System will perform as a composite system that
includes the healed DRZ, the concrete monolith, and the surrounding marker beds. In this
system any flow will be focused through the highest permeability component of the system.
In order that the PA calculations represent the uncertainties of exactly where any flow will
occur during the regulatory period, we set the permeability range of the healed DRZ equal to
the concrete so that there will be an equal probability of potential flow in either material. The
permeability distributions can be implemented in PA by fitting a triangular distribution to the
log of the permeability values described for concrete.

1
| Parameter Data Entry Form ERMS: #520524 |
2
References:
Stein, J. 2002. Analysis Plan for Calculations of Salado Flow: Technical Baseline Migration
(TBM), AP-086, February 13, 2002, ERMS #520612.
3
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Parameter 10: Log of Intrinsic Permeability— Concrete portion of PCS

Parameter Description:

Log of the vertical and horizontal intrinsic permeability for the concrete portion of the Option
D panel closure (see CCA Appendix PA, Figure 4.2.1). It is a sampled parameter for the x-
direction and the values are then applied to the y- and z-directions.

Material and Property Name(s):

CONC_PCS PRMX LOG
CONC_PCS PRMY LOG
CONC PCS PRMZ LOG

| Computational Code: BRAGFLO

mode minimum maximum
-18.75 -20.70 -17.0

| Units: Log (meters squared) |

Distribution Type: Triangular |

Data: Site- Specific Experimental Data

A discussion of the data associated with this parameter may be found in the following
parameter records packages: Analysis Reports Relating to Analysis Plan AP-086 (ERMS
#520523) and Analysis Reports for AP-094 (ERMS #525186).

Discussion:

The distribution of permeability values for the concrete portion of the Option D panel closure
is the same as were used for the concrete portion of the shaft seal in the original CCA (DOE
1996) shaft seal model (Stein 2002). The following justification is provided for permeability
values used for the shaft seal concrete (see material CONC_T1, Appendix PAR in DOE 1996)

As reported by Repository Isolation Systems Department (1996), traditional freshwater
concrete has been widely used for hydraulic applications such as water storage tanks, water
and sewer systems, and massive dams because it has exceptionally low permeability (less than
10*° m” upon hydration). Salado Mass Concrete (SMC) is a specially-designed, salt-saturated
concrete mix (Wakeley et al. 1994; Wakeley et al. 1995).

Pfeifle, et al. (1996) performed two permeability tests on concrete specimens prepared from
cores recovered from the WIPP SSSPT field experiments and one test on an SMC specimen
prepared from a sample batched by the Waterways Experiment Station (WES). The
specimens were tested as received with no attempts made to dry the specimens or to determine
their moisture contents. Each test was performed using nitrogen gas as the permeant,
flowmeters to measure gas flow, and fluid pressure gradients of 0.3, 0.6, or 0.75 megapascals.
Attempts were made to apply Klinkenberg corrections to measured values of permeability, but
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the range in pressure gradients used in the testing was not large enough to establish any
particular trend when the permeability data were plotted as a function of reciprocal mean fluid
pressure.

A total of 18 permeability measurements were made on the three specimens. Measured
permeabilities of the specimens were all very low with a range from 2.1 x 107! m” to

7.51 x 102! m? with an average of 4.71 x 102! m*. Knowles and Howard (1996) presented
results of field permeability tests performed in the WIPP SSSPT boreholes during 1985-1987
and 1993-1995. Although individual seal system component material permeabilities for
concrete, DRZ salt, and salt were not determined, overall seal system permeabilities were
determined and ranged from 1.0 x 102’ m? to 1.0 x 10" m” and from 1.0 x 107> m? to 1.0 x
107" m? for the 1985-1987 tests and the 1993-1995 tests, respectively. These ranges
encompass the laboratory values measured by Pfeifle, et al. (1996).

The data described above were derived from gas permeability measurements in which no
Klinkenberg corrections were applied to the measured values. The Klinkenberg corrections
were expected to be small because of the low mean pressure gradients used in the tests.

The interface between the Salado salt and the SMC components may provide a flow path
around the SMC components. This flow path is possible if a small aperture develops as the
concrete is curing or if the interface degrades because of corrosive brines. If such a flow path
occurs, the effective permeability of the SMC will increase. Because of this uncertainty, the
upper bound permeability was assigned to a value of -17, which corresponds to a permeability
of 1.0 x 107" m*. This value was selected after an effective permeability calculation was
performed. In this calculation, the interface zone was assumed to have a permeability of 1.0 x
10" m” and concrete permeabilities were varied from 1.0 x 10 to 1.0 x 107" m*.
Assuming the interface zone had a thickness of 0.001 times the shaft radius or smaller, the
effective permeability of the concrete was about 1.0 x 1077 m* regardless of the value selected
for the permeability of the SMC seal.

| Parameter Data Entry Form ERMS: #520524 |

References:

Knowles, M.K. and Howard, C.L. 1996. “Field and Laboratory Testing of Seal Materials
Proposed for the Waste Isolation Pilot Plant,” Proceedings of the Waste Management 1996
Symposium. Tucson, AZ, February 25-29, 1996. SAND95-2082C. Albuquerque, NM:
Sandia National Laboratories. ERMS #230945.

Pfeifle, T.W., Hansen, F.D., and Knowles, M.K. 1996. “Salt-Saturated Concrete Strength and
Permeability,” Proceedings of the ASCE Fourth Materials Engineering Conference,
Washington, DC, November 1996 (accepted for publication).

Repository Isolation Systems Department. 1996. Waste Isolation Pilot Plant Shaft Sealing
System Compliance Submittal Design Report. SAND96-1326. Sandia National Laboratories.
Albuquerque, NM. August 1996.

Stein, J. 2002. Analysis Plan for Calculations of Salado Flow: Technical Baseline Migration
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(TBM), AP-086, February 13, 2002, ERMS #520612.

U.S. Department of Energy (DOE). 1996. Title 40 CFR Part 191 Compliance Certification
Application for the Waste Isolation Pilot Plant. DOE/CAO-1996-2184. Carlsbad, NM:
United States Department of Energy, Waste Isolation Pilot Plant, Carlsbad Area Office. Vols
1-XXI.

Wakeley, L.D., Poole, T.S. and Burkes, J.P. 1994. Durability of Concrete Materials in High-
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Wakeley, L.D., Harrington, P.T., and Hansen, F.D. 1995. Variability in Properties of Salado
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Parameter 11: Log of the Distribution of Solubility of U(IV) in Castile Brine

Parameter Description:

This parameter represents the distribution (log;o) of the uncertainty about the modeled
solubility value for uranium in the +IV oxidation state in Castile brine.

Material and Property Name(s):
SOLU4 SOLCIM

| Computational Code: PANEL |

Value -2.0 -1.0 -0.50 | -0.25 0 0.25 0.50 1.0 1.40
Percentiles 0 0.04 0.13 0.27 0.63 0.84 0.89 0.99 1.0

| Units: None (see PPR-04-2002, ERMS #524651) |

| Distribution Type: Cumulative |

Data: General Literature Data

For the CCA, solubilities were calculated using the Fracture Matrix Transport (FMT) code
(Novak 1996). Bynum (1996) compared 150 modeled and experimentally determined
solubilities and provided a distribution of the differences between them. The parameter

records package associated with this parameter is located at: Solubility Parameters for
Actinide Source Term Look-up Tables (ERMS #235835).

Discussion:

FMT calculates the solubility of U(IV) in Castile brine assuming equilibrium conditions. The
uncertainty in solubilities was determined by Bynum (1996) by comparing modeled
solubilities for all oxidation states with the experimentally determined solubilities.

Further information on this parameter is provided in Attachment SOTERM.

| Parameter Data Entry Form ERMS: #529447 |

References:

Bynum, R.V. 1996. Memorandum to Martin Tierney and Christine Stockman, Re: Revised
Update of Uncertainty Range and Distribution for Actinide Solubility to be used in CCA
NUTS Calculations, May 23, 1996. ERMS #237791.

Novak, C.F. 1996.Memorandum to J.T. Holmes Re: Release of FMT Data Base Files
HMW 3456 960318.CHEMDAT and HMW 345 960325.CHEMDAT, March 27, 1996.
ERMS #235923.
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Parameter 12: Log of the Distribution of Solubility of Th(IV) in Castile Brine

Parameter Description:

This parameter represents the distribution (log;o) of the uncertainty about the modeled
solubility value for thorium in the +IV oxidation state in Castile brine.

Material and Property Name(s):
SOLTH4 SOLCIM

| Computational Code: PANEL |

Value -2.0 -1.0 -0.50 | -0.25 0 0.25 0.50 1.0 1.40
Percentiles 0 0.04 0.13 0.27 0.63 0.84 0.89 0.99 1.0

| Units: None (see PPR-04-2002, ERMS #524651) |

| Distribution Type: Cumulative |

Data: General Literature Data

For the CCA, solubilities were calculated using the Fracture Matrix Transport (FMT) code
(Novak 1996). Bynum (1996) compared 150 modeled and experimentally determined
solubilities and provided a distribution of the differences between them. The parameter

records package associated with this parameter is located at: Solubility Parameters for
Actinide Source Term Look-up Tables (ERMS #235835).

Discussion:

FMT calculates the solubility of Th(IV) in Castile brine assuming equilibrium conditions. The
uncertainty in solubilities was determined by Bynum (1996) by comparing modeled
solubilities for all oxidation states with the experimentally determined solubilities.

Further information on this parameter is provided in Appendix PA, Attachment SOTERM.

| Parameter Data Entry Form ERMS: #529448 |

References:

Bynum, R.V. 1996. Memorandum to Martin Tierney and Christine Stockman, Re: Revised
Update of Uncertainty Range and Distribution for Actinide Solubility to be used in CCA
NUTS Calculations, May 23, 1996. ERMS #237791

Novak, C.F. 1996.Memorandum to J.T. Holmes Re: Release of FMT Data Base Files
HMW 3456 960318.CHEMDAT and HMW 345 960325.CHEMDAT, March 27, 1996.
ERMS #235923.

DOE/WIPP 2004-3231 36 March 2004
Appendix PA, Attachment PAR



Title 40 CFR Part 191 Subparts B and C Compliance Recertification Application 2004

1 Parameter 14: Residual Gas Saturation — Concrete Portion of PCS

Parameter Description:

The residual (critical) gas saturation (S,) is required in the two-phase flow model to define the
relative permeability and capillary pressure curves (see CCA Appendix PA, Figure 4.2.1). Sy
corresponds to the degree of waste-generated gas saturation necessary to create an incipient
interconnected pathway in porous material, a condition required for porous rock to be
permeable to gas.

2
Material and Property Name(s):
CONC PCS SAT RGAS
3
| Computational Code: BRAGFLO
minimum maximum
0 0.40
5
| Units: None |
6
| Distribution Type: Uniform |
7
Data: General Literature Data
A discussion of the data associated with this parameter may be found in the following
parameter records packages: Analysis Reports Relating to Analysis Plan AP-086 (ERMS
#520523) and Analysis Reports for AP-094 (ERMS #525186).
8
Discussion:
This distribution is the same as were used in the original CCA shaft seal model. The initial
gas saturation in the simplified shaft is a volume-weighted average of the initial gas
saturations in the original shaft’s subcomponents (James and Stein 2002; 2003). The
following justification is provided for gas saturation values used for the CCA shaft seal
subcomponents (see material SALT T1, in Appendix PAR) DOE (1996).
A literature search was conducted to obtain residual saturation values for consolidated
geologic materials, concrete, and asphalt in support of the CCA.
A single value of 0.18 was found for normal concrete (Mayer et al. 1992). Based on this
value, a distribution was assumed for the seal components. The recommended value was 0.2,
and the recommended range was 0.0 to 0.4 with a uniform distribution for all shaft seal
materials.
9
| Parameter Data Entry Form ERMS: #520524
10

DOE/WIPP 2004-3231 37 March 2004
Appendix PA, Attachment PAR



Title 40 CFR Part 191 Subparts B and C Compliance Recertification Application 2004
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Parameter 15: Residual Brine Saturation — Concrete Portion of PCS

Parameter Description:

The residual brine saturation (Sy,) is required in the two-phase flow model to define the
relative permeability and capillary pressure curves (see CCA Appendix PA, Figure 4.2.1).
Referred to also as Sy, (wetting phase) or Sy, (liquid phase), residual brine saturation is the
point reached under high gas saturation conditions when brine is no longer continuous
throughout the pore network and relative brine permeability becomes zero.

Material and Property Name(s):

CONC PCS SAT RBRN

| Computational Code: BRAGFLO

Value 0.0 0.20 0.60
Percentiles 0 0.50 1
| Units: None |

Distribution Type: Cumulative |

Data: General Literature Data

A discussion of the data associated with this parameter may be found in the following
parameter records packages: Analysis Reports Relating to Analysis Plan AP-086 (ERMS
#520523) and Analysis Reports for AP-094 (ERMS #525186).

Discussion:

This distribution is the same as were used for the original 1996 CCA shaft seal model. Recall
that the initial brine saturation in the simplified shaft is a volume-weighted average of the
initial brine saturations in the original shaft’s subcomponents (James and Stein 2002, 2003).
The following justification is provided for the residual brine saturation used for the CCA shaft
components (see Material SALT T1, CCA Appendix PAR in DOE [1996]).

A literature search was conducted to obtain residual liquid saturation values for consolidated
geologic materials, concrete, and asphalt in support of the CCA. Residual liquid saturations
for geologic materials were found in four references (Brooks and Corey 1964; Lappala et al.
1987, Parker et al. 1987; and Rawls et al. 1982). Brooks and Corey (1964) determined
residual saturations for five unconsolidated samples based on measured values of liquid
saturation as a function of capillary pressure. Lappala et al. (1987) determined residual
moisture content for 11 soils by obtaining best fits to measured moisture content versus
pressure head data using three models. The residual moisture contents determined for each
soil using the three models were averaged and divided by the reported porosity to obtain a
residual liquid saturation for each soil. Parker et al. (1987) fit their saturation-pressure
relationship to observed data to obtain residual saturations for a sandy and clayey porous
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media. Residual water contents reported by Rawls et al. (1982) for 11 soil texture classes
were divided by the reported porosity to obtain residual saturations.

Mayer et al. (1992) reported a residual liquid saturation for normal concrete of 0.30. Data
regarding residual liquid saturations in asphalt materials were not found in the literature.

The literature values of residual liquid saturation for geologic materials and concrete fall
within the range of 0.0 to 0.6 with all but two values falling within the range of 0.0 to 0.4. It
was recommended that a value of 0.2 be used for the residual liquid saturation of all seal
components.

| Parameter Data Entry Form ERMS: #520524 |
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Parameter 16: Pore Distribution Parameter in the Concrete portion of PCS

Parameter Description:

The Brooks-Corey pore size distribution parameter () is used to calculate capillary pressure
and relative permeabilities for gas and brine flow in the two-phase flow model (see CCA
Appendix PA, Figure 4.2.1). It is a sampled parameter.

Material and Property Name(s):

CONC _PCS PORE DIS

| Computational Code: BRAGFLO

Value 0.11 0.94 8.1
Percentiles 0 0.50 1
| Units: None |

Distribution Type: Cumulative |

Data: General Literature Data

A discussion of the data associated with this parameter may be found in the following
parameter records packages: Analysis Reports Relating to Analysis Plan AP-086 (ERMS
#520523) and Analysis Reports for AP-094 (ERMS #525186).

Discussion:

This distribution of pore size values for the concrete portion of the Option D panel closure is
the same as were used for the concrete portion of the shaft seal in the original 1996 CCA shaft
seal model. (Stein, 2002) The following justification is provided for pore size distribution
values used for the shaft seal (see material SALT T1, CCA Appendix PAR )

A literature search was conducted to find pore distribution (that is, lambda) values for geologic
materials and concrete. For geologic materials, 81 lambda values were found in 5 references
(Brooks and Corey 1964; Mualem 1976; Rawls et al. 1982; Haverkamp and Parlange 1986;
and Lappala et al. 1987). In addition, 38 lambda values were calculated from values of the
van Genuchten parameter n found in 6 references (van Genuchten 1980; van Genuchten and
Nielsen 1985; Hopmans and Overmars 1986; Parker et al. 1987; Stephens et al. 1988; and
Wosten and van Genuchten 1988).

The total number of lambda values found in the literature or calculated from n values found in
the literature was 119. In a few cases, different literature sources reported different values of
lambda and/or n for the same materials. For this situation, the different lambda values were
arithmetically averaged to obtain a single value for the material. This procedure yielded
lambda values for a total of 85 different geologic materials.
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The lambda values range from 0.11 to 11.67 and have a median of 0.94. Based on the shape
of the histogram and CDF, it appears that the lambda values are log normally distributed. The
Lilliefors test for normality (Iman and Conover 1983) was applied to the data to verify that the
logarithm of the lambda values can be described by a normal distribution. The mean of the
log lambda values was found to be -0.064 with a standard deviation of 1.08. The Lilliefors
bounds represent the region within which 95 percent of normally distributed values will fall.

For concrete, a literature search yielded only one reference (Mayer et al. 1992). This reference
indicates that the Corey (1954) relationships are appropriate for describing the two-phase
characteristic curves for the normal concretes they tested. For asphalt materials, data
regarding lambda values were not found in the literature.

Both a lognormal and cumulative distribution for this parameter was recommended for the seal
components constructed from granular earth materials (that is, earthen fill, compacted clay,
and reconsolidated crushed salt). A cumulative distribution is appropriate when the range (a,
c) of the parameter is known and the best estimate value, b, is the median. The value
recommended was 0.94, which is the median of the literature values for geologic materials.
The recommended range for the distribution was 0.11 to 8.1. Consequently, a cumulative
distribution is assigned. In the absence of literature data, the same lambda distribution type,
value, and range were also recommended for the concrete and asphalt seal components.

1
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Parameter 17: Effective Porosity - Halite

Parameter Description:

The effective porosity of Salado Formation halite and polyhalite refers to the ratio of the
interconnected pore volume to the bulk volume.

Material and Property Name(s):

S HALITE POROSITY

| Computational Code: BRAGFLO

Value 1.0x 107 0.01 0.03
Percentiles 0 0.50 1
| Units: None |

| Distribution Type: Cumulative |

Data: Site-Specific Experimental Data

The effective porosity distribution of Salado halite is supported by three separate porosity
calculations: (1) Skokan et al. (1989; p. 15) determined from electromagnetic and DC
resistivity experiments, (2) drying experiments described in Powers et al. (1978; p. 7-30), and
(3) drying experiments reported in Deal et al. (1993). The parameter records package
associated with this parameter is: Halite Porosity (ERMS #230601).

Discussion:

The high value (0.03) for the range of porosity is suggested in Skokan et al. (1989; p.6,13),
based on the low end (10 ohm) of the DC resistivity measurements registered in the
underground repository. The low value (0.001) is suggested in Powers et al. (1978) based on
drying experiments. The median value of 0.01 is suggested in Skokan et al. (1989; p.15). Deal
et al. (1993) found an average value of 0.016 for total porosity from a different series of drying
experiments.

| Parameter Data Entry Form ERMS: #234387 |
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Parameter 18: Log of Intrinsic Permeability - Halite

Parameter Description:

The Salado Formation halite is assigned an intrinsic permeability intended to reflect the
stratigraphic variability of Salado halite and far-field hydraulic conditions (see CCA
Appendix PA, Figure 4.2.1). It is a sampled parameter for the x-direction and the values are
then applied to the y- and z-directions.

Material and Property Name(s):

S HALITE PRMX LOG
S HALITE PRMY LOG
S HALITE PRMZ LOG

| Computational Code: BRAGFLO

minimum maximum
-24.0 -21.0

| Units: Log (m°)

Distribution Type: Uniform

Data: Site-Specific Experimental Data

The reported permeability range of undisturbed impure halite is based on four selected in situ
hydraulic tests: three flow tests believed representative of far-field permeability and one flow
test that measured permeability in a zone which included a range of halite lithologies.
Computer-derived permeabilities based upon brine inflow data from Room Q fall within the
range derived from flow tests. The reader is referred to the relevant parameter record package
for more detail: Halite Permeability (ERMS #231218) Salado Halite Permeability from Room
Q Analysis (ERMS #230721).

Discussion:

Impure halite denotes a broad range of lithologic types ranging from pure halite to lithologies
with various degrees of impurities, including polyhalite, argillaceous and anhydrite halite.
Far-field tests of the pure halite exist; however, far-field hydraulic tests data do not exist for
relatively impure halites, which tend to show higher permeabilities in the near-field. Thus a
range of permeability is specified, bounded by rounded low and high permeability values
determined from the testing program.

Three hydraulic tests believed representative of far-field pure halite permeability were
conducted in the present location of Room Q in map units with relatively low impurities: a
halite with less than 0.5 percent impurity, a halite containing approximately one percent
impurity and a halite and polyhalite zone with a one to two percent impurity. These tests are
believed to represent the lower end of the permeability range for Salado halite (see Table
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PAR-2). These units were tested before the large-scale brine inflow excavation was mined
and at stratigraphic intervals located over 20 m (66 ft) from the excavation.

Although probably located within the influence of the DRZ, one flow test (C2H01-BGZ) was
performed within map units 0-4. This permeability value in conjunction with Room Q model
analysis determination of far-field permeability are used to bound the maximum permeability
of Salado halite containing relatively high impurities.

A summary of selected interpretative results of these four flow and pressure tests is compiled
in the attached table. A schematic representation of Salado map units near the disposal area
horizon, adapted from Deal et. al. (1989), is attached for information purposes (see Figure
PAR-2).

| Parameter Data Entry Form ERMS: #234397 |
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Table PAR-2. Summary of Permeability Test-Interpretations Results from In Situ
Permeability Tests Representing Undisturbed Impure Halite

Test Interval (meters Hole M @) Analysis Permei?blhty
from excavation) P Method (mz)
20.13-21.03 QPPO5 MU 6 GTFM6.0 1.12x 107
23.35-24.20 QPP12 H3 GTFM6.0 2.69 x 1072
20.19-21.09 QPP15 MU O - MU PH-4 GTFM6.0 55x 107
4.50-5.58 C2H01-BGZ MU O - MU 4 GTFM6.0 1.38 x 1072
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Figure PAR-2. Salado Map Units Near the Disposal Area Horizon
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Parameter 19: Rock Compressibility - Halite

Parameter Description:

The rock (or bulk) compressibility of the Salado Formation halite is used to calculate the pore
compressibility that is used in BRAGFLO. Pore compressibility is used to predict the effect of
material compressibility on porosity and mass storage in the equation of state for flow through
porous media as follows:

@ = Qo €Xp (Cp(P-Po))

where,

[0) = porosity of solid matrix (cubic meters/cubic meters)
®o = porosity at reference pressure p,

Cp = pore compressibility (pascals™")

p = pore pressure (pascals)

Po = reference pore pressure (pascals)

The rock compressibility is divided by effective porosity to calculate pore compressibility.

Material and Property Name(s):

S HALITE COMP RCK

| Computational Code: BRAGFLO

minimum maximum
2.94 x 107" 1.92 x 10710

| Units: Pascals’ |

| Distribution Type: Uniform |

Data: Site-Specific Experimental Data

The parameter distribution for halite rock compressibility is based upon data from two
hydraulic tests in Room Q: QPPO05 and QPP15. Another data point calculated from sensitivity
studies using brine inflow data from Room Q is within the range driven from the hydraulic
tests. Parameter records packages associated with this parameter are: Halite Rock
Compressibility (ERMS #231220) and Salado Halite Rock Compressibility from Room Q
ANALYSIS (ERMS #230598).

The two in-situ hydraulic tests were conducted in the location of Room Q before the large-
scale brine inflow excavation was mined (see Table PAR-3). Test intervals were located over
20 m (65 ft) from the excavation. Map units (MU) represented included MU 6 (halite) and
MU 0 (halite)/MU PH-4 (polyhalite) within a radius of about 1 m (3.3 ft) of each borehole.
Raw data included pressure, fluid volume, temperature, axial test-tool movement, and radial
borehole closure.
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Interpretation of all flow tests in the WIPP facility is based on the assumption that Darcy flow
and borehole closure are the only forms of pressure/flow transmission during hydraulic tests.
References related to data collection and interpretation are listed in the references section.

1

| Parameter Data Entry Form ERMS: #234210 |

2
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Table PAR-3. Summary of Rock Compressibility Test-Interpretations Results from In Situ
Permeability Tests for Undisturbed Halite and Polyhalite Map Units

Test Interval . ROCk. . Formation Pore
Map Analysis Compressibility
(meters from Hole Zone . Pressure
excavation) Wit bilsiied] € (megapascal)’
(1/pascal)
20.13-21.03 QPPO5 | undisturbed MU 6 GTFM6.0 2.94x 1072 13.89
down Room Q
20.19-21.09 QPP15 | undisturbed MU 0 GTFM6.0 1.92x 1071 11.04
down Room Q MU PH-4
' Mean
Note: See Record Parameter Package for additional detail.
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