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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.

For additional information regarding all parameters, readers are referred to the parameter
records packages, which are contained in the Sandia National Laboratories (SNL) Waste
Isolation Pilot Plant (WIPP) Central Files (SWCF) 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 Quality Assurance
Procedure (QAP) Quality Assurance Requirements for the Selection and Documentation of
Parameter Values used in WIPP PA (QAP 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) WIPP Data Entry Form 464, (2) parameter records
packages, and (3) supporting data records packages.

The WIPP Data Entry Form 464 is the highest-level record documenting parameter
development that includes application of statistics and interpretations. The WIPP Data Entry
Form 464s include a source section, which is a pointer to supporting information including,
where applicable, the parameter records package(s). 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 Form 464s because of
rounding.

The parameter records packages include a data and distribution summary, quality assurance
(OA) status of the data and related interpretive numerical codes, references to related
information, such as SAND reports, test plans, and related SWCF file codes, and, where
applicable, a summary on the experimental data collection (that is, method used, assumptions
made in testing, and interpretation). The parameter records packages point to the supporting
data records packages. 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 WIPP Data Entry Form 464, parameter records package, and supporting data records
packages are assigned unique Electronic Records Management System) numbers. Copies of
the Form 464s, parameter records package, and supporting data records packages are
maintained in the SWCF.

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.

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. Analogous to the arithmetic average of a series of numbers, the mean value of
a probability distribution is one measure of the central tendency of a distribution. For
nonsymmetrical distributions that are considerably skewed, the mean value may not lie
near the median or mode (see below).

o Median. The median value of a probability distribution (denoted here by xys) is the
50th percentile, the value in the distribution range at which 50 percent of all values lie
above and below.

o Mode. The mode is the most probable value of the uncertain parameter; that is, the
maximum value of the associated probability density function (PDF).

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) = ﬁ A<x <B (1)
NP . x—A
Distribution Function: F (x) = B—A A<x £<B )
A+B (B-4)’
Expected Value and Variance: E(X)= P V(X)= T (3)
Median: Xy 5 =mean
March 2004 2 DOE/WIPP 2004-3231
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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:

(x],”),(xz,Pz),(x3,P3),...,(xN,I){i.e.,PIZO and PNZI always} (4)
where x; < x; <x3<..<xyand0<P,<P;<..<Py_;<I

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

y if &<xi1
p(g)={ Ln=Pu1 if xp_1<&<xpm N=2,3, N (5)
Xn~ Xn-1
0
if §ZXN

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

0 if & <xp
PeiX <E]=TI(E)=] py yr L Le) ) yoxiisésxe
(xn_xn—l) n=2,3 N
1 if&>xn
Ex . = al _ (xn + xn—l)
pected Value: E(X)=> (Pn—Pn-1) 5 (7)
n=2
N (x,z,"‘xn xn_1+xﬁ_1)
Variance: V(X)= z (Pn_Pn—I) 3 —{E(X)} (8)
n=2
0.50-p,,_
Median: X0.50 = xm_1+(xm —xm_l) ( Pm 1) where Pm_lﬁ 0.50< Pm- (9)
(Pm _Pm—l)

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,Py), (x2,P3), (x3,P3) ... , that arise in a formal elicitation of

DOE/WIPP 2004-3231 3 March 2004
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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 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,P1), (x2,P3), ..., (Xn, Pn), 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

- e f(a") ;cxf 5 b<x <c (10)

(x-a)’
Distribution Function: F (x) e S— a<x <b
(c—a)(b-a)
_(boa) (x+b-2¢)(x-b) . (11
(c—a) (c—a)(c—b)

Expected Value: E(X)= L’;“’ (12)
Variance: V(X)=a(a—b)+b(l;;c)+c(c—a) (13)
Median: Xps=a+ (c—a)( —a) beu

—c- W if b< a—;C (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).

March 2004 4 DOE/WIPP 2004-3231
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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.

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. lIts 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;, X3, X3, ... , 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 VN; the median value is equal to the mean value.

The Student’s-t distribution applies when there are few measurements, say 3<N<I10. 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,

M, M, M3, My

then we might assign the vector of probabilities (p1, p2, p3, P4), Wwhere each p; is a number
between 0 and 1 and

prtp:+tps+ps=1 (15)

The CDF associated with this delta distribution can be symbolically expressed by
F(x)=> pu(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

DOE/WIPP 2004-3231 5 March 2004
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e 4
M=> p, My (17)

2
-m,) (18)

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

PAR 3.1.6 Normal Distribution

2
: ion: _ 1 —(x—p)
Density function: f(x) = oT2n exp 762 —0<x <o (19)
X
Distribution function: F(x)= J. f(t)dt —o<x<o (20)
—00
Expected value and variance: E (X) =uandV (X) =o?. (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:

B (lowrange + hirange) hirange — lowrange ?

E(X)=u= V(X)=o-2=( j (.22)

2 6.18

Median = mean (u) 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 u
and the standard deviation o can be specified by the user of this distribution; in this case, the

random variable takes on the range (—oo, oo) 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 (u) and variance (6°) (Sandia WIPP Project 1992; Tierney
1990).
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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,
X has a uniform distribution from logy A to log;y B (Iman and Shortencarier 1984).

Density Function: f(x)=£(InB— INnA) A<x<B (23)

Distribution Function: F(x)= % A<x<B (24)

Expected Value: E(X)= ﬁ (25)

Variance: V(X)=(B-A) (InB_InA)(B+A)_22(B_A) (26)
2(InB—In 4)

Median: Xgs=AB 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:

(y1,0),(y2,P2),(y3,P3),...,(yN,I) {thatis, p;=0 and py=1 always} (28)
where y; <y, <y;<..<yyand0<Py<P;<..<Py_;<I1

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

if &<x;
0
_) _Pn=Pug 1 . _
P(¢&)= - — fxn1<€<xm N=2,3, _,N 29
(‘f) INx,—INx, g £ Xn-1<§<Xn - (29)
0 :
if &>xn
and so the CDF takes the form:
DOE/WIPP 2004-3231 7 March 2004
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0 if 5 < X1
(Pn_Pn—I)(Iné:_lnxn_l) - Xn—1S§SXx
X<éE= f
Py <§ Pyt (In xn_lnxn—l) ! n=2,3, ,N (30)
1 if &>xn
Expected Value: E(X) = % (P - P 1) (x” _x"_l) 31)
a2 " nx, -Inx,_;
. N1 (x,%—xz_l) 2
Variance: V(X)= Z‘ E(P" -P,_;) P Innx y —{E(X)} (32)
n=2 n n
Median:
Xps5=10" {xm_l + (xm - xm_l)w} where P,,_;<0.50<P,,. (33)
Pm _Pm—I

PAR 3.1.9  Lognormal Distribution

If X ~ normal distribution with mean, u, and variance, 0'2, and Y = eX, the Y has a lognormal
distribution. (34)

f(y)= 1 exp —(|ny_ﬂ)2
yow/ﬁ 252

Density function: y>0 (35)

Distribution function: F(x)=| f(¢)dt y>0 (36)

S =

Expected value and variance:

E(Y)=exp [ﬂ +072J V(Y)=exp (Z,u + 0-2) [exp(o-z) —1} (37)

Median: Xps5=eH 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 (u) and a variance (6°), which in turn are used to identify the expected
value and variance for the lognormal distribution (Iman and Shortencarier 1984).
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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(c)(6):

(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 (COMP_RCK, ID # 580) and intrinsic permeability (PRMX LOG, ID # 591)
are inverse-correlated with a correlation coefficient of -0.99. In the Salado Formation impure
halite material region in BRAGFLO, rock compressibility (COMP_RCK, ID #541) and
intrinsic permeability (PRMX_LOG, ID # 547) are inverse correlated with a correlation
coefficient of -0.99. In the Castile brine reservoir material region in BRAGFLO, rock
compressibility (COMP_RCK, ID # 61) and intrinsic permeability (PRMX LOG, ID # 67) 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
Jormation 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 (ID #3417). 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)

DOE/WIPP 2004-3231 9 March 2004
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used for a particular vector. Selected examples of other induced parameter correlations
include:

o 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),

e 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).

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 EI1E?2 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
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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:
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). The number associated with a parameter is the unique identification number (ID)
established in the WIPP PA parameter database.

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 Form
464s because of rounding.

DOE/WIPP 2004-3231 11 March 2004
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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 Form 464s because of
rounding. The parameters are derived from the following kinds of data and information:

o 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
simulated waste experiments and may indicate correlations made with other material
regions based on professional judgment.

o  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 parameter records packages and associated data packages maintained
in the SWCEF 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.
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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) WIPP Data Entry
Form 464, (2) parameter records packages, and (3) supporting data records packages.
Selected references cited in the parameter records 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 CRAI _CH _UNIT2.0UT
and EPU CRAI _RH UNIT2.0UT. The table contains waste stream volume and EPA units
per mt’ 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.

Tables PAR-51 — 60 contains data from the EPAUNI output file EPU CRAI_CH _
ACTIVITY.DIA. The table contains activity information for each of the seven isotopes of
concern for EPA unit calculations (MAm, 244Cm, 238Pu, 239 Pu, 240Pu, 2‘“Pu, 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 CRAI RH ACTIVITY.DIA.
The table contains activity information for each of the nine isotopes of concern for EPA unit
calculations (241Am, 244Cm, 238Pu, 239 Pu, 240Pu, 241Pu, 234U, 137Cs, and’ 0Sr), 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:

March 2004

PAR 7.0 PARAMETER SHEETS

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 MBI139 PRMX LOG
Parameter 21 S MBI139 COMP_RCK
Parameter 22 S MBI139 RELP MOD
Parameter 23 S MB139 SAT _RBRN
Parameter 24 S MB139 SAT RGAS
Parameter 25 S MBI139 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+H4 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
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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.
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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 CORRMCO?2 (#2907)

| Computational Code: BRAGFLO

minimum maximum
0.0 317 x107™

| 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 pum/year (0 - 1.59 x 1 0 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 1 07" 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 CORRMCO2. 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

DOE/WIPP 2004-3231 17 March 2004
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steel immersed in brine under a hydrogen atmosphere indicated that the steel corrosion rate
first 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).

WIPP Data Entry Form #464 ERMS: #522016
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Albuquerque, NM.
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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 (#2823)

| 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
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organic compounds. 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.

WIPP Data Entry Form #464 ERMS: #234881
