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1.0 INTRODUCTION 

The Waste Isolation Pilot Plant (WIPP), located in southeastern New Mexico, has been 
developed by the U.S. Department of Energy (DOE) for the geologic (deep underground) 
disposal of transuranic (TRU) waste. Containment of TRU waste at the WIPP is regulated by the 
U.S. Environmental Protection Agency (EPA) according to the regulations set forth in Title 40 of 
the Code of Federal Regulations (CPR), Part 191 (U.S. EPA 1993). The DOE demonstrates 
compliance with the containment requirements according to the Certification Criteria in Title 40 
CPR Part 194 (U.S. EPA 1996) by means of performance assessment (PA) calculations 
performed by Sandia National Laboratories (SNL). WIPP PA calculations estimate the 
probability and consequence of potential radionuclide releases from the repository to the 
accessible environment for a regulatory period of 10,000 years after facility closure. The models 
are maintained and updated with new information as part of a recertification process that occurs 
at five-year intervals after the first waste is received at the site. 

PA calculations were included in the 1996 Compliance Certification Application (CCA) (U.S. 
DOE 1996), and in a subsequent Performance Assessment Verification Test (PAVT) 
(MacKinnon and Freeze 1997a, 1997b and 1997c). Based in part on the CCA and PAVT PA 
calculations, the EPA certified that the WIPP met the containment criteria in the regulations and 
was approved for disposal of transuranic waste in May 1998 (U.S. EPA 1998). PA calculations 
were also an integral part of the 2004 Compliance Recertification Application (CRA-2004) (U.S. 
DOE 2004). During their review of the CRA-2004, the EPA requested an additional PA 
calculation, referred to as the CRA-2004 Performance Assessment Baseline Calculation (PABC) 
(Leigh et a!. 2005), be conducted with modified assumptions and parameter values (Cotsworth 
2005). 

Since the CRA-2004 PABC, additional PA calculations were completed for and documented in 
the 2009 Compliance Recertification Application (CRA-2009). The CRA-2009 PA resulted 
from continued review of the CRA-2004 PABC, including a number of technical changes and 
corrections, as well as updates to parameters and improvements to the PA computer codes 
(Clayton et a!. 2008). The EPA has requested that additional information, which was received 
between the commencement of the CRA-2009 PA (December 2007) and the submittal of the 
CRA-2009 (March 2009), be included in an additional PA calculation (Cots worth 2009), referred 
to as the CRA-2009 Performance Assessment Baseline Calculation (PABC-2009). The PABC-
2009 analysis is guided by AP-145 (Clayton 2009a). This report documents the parameters used 
for the P ABC-2009. 

This document contains information on the parameters used by PA codes. This document 
includes a listing of the added (see Table I) and modified (see Table 2) parameters between the 
CRA-2009 and the PABC-2009, the sampled values for LHS sampled parameters (see Table 4), 
the fixed-value parameters used in the PA codes (see Table 5 through Table 38) and the 
parameters relating to the TRU waste inventory (see Table 39 and Table 40). For additional 
information regarding all parameters, readers are referred to the parameter supporting 
information packages, which are contained in the SNL WIPP Records Center located at the SNL 
office in Carlsbad, New Mexico. 
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2.0 PARAMETER DEVELOPMENT PROCESS 

The development of parameter values is controlled by the application of NP Parameters (NP 9-2, 
Chavez 2006). 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 Forms 
include 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 Electronic Records Management System 
(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. 

Each Parameter Data Entry Form and parameter supporting information package are assigned 
unique ERMS numbers. Copies of the Parameter Data Entry Forms and parameter supporting 
information packages are maintained in the SNL WIPP Records Center. 
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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). 

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

• Mean. The expectation of a random variable: i.e., the sum (or integral) of the product of the 
variable and the probability distribution function (PDF) over the range of the variable. There 
is sample mean and mean: The mean, iJ, 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, x, is the arithmetic average of value in an empirical data set. 
• Median. The value of a random variable at which its cumulative distribution function (CDF) 

takes the value 0.5; i.e., the 50th percentile point. 
• Mode. The value of a random variable at which its probability distribution function (PDF) 

takes its maximum value. The mode of a set of data is the value in the set that occurs most 
often. 

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

3.1 UNIFORM DISTRIBUTION 

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). 

1 f(x)=- A'Sx SB 
B-A 

Density Function: 

F(x)= x-A A'Sx SB 
B-A 

Distribution Function: 

Expected Value: E(X)= A+B 
2 

Variance: 
(B A)2 

V(X)= 
12 

Median: Xo.s =E(X) 
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3.2 CUMULATIVE DISTRIBUTION 

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

where x1 < x2 <x3 < ... < xN andO< P2 < P3 < ... < PN-1 <1. 

(6) 

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) (BJorn 1989, 
p. 216). The cumulative distribution used here is the result of plotting the subjectively 
determined percentile points (x 1,P1), (x2,P2), (x3,P3) ... , that arise in a formal elicitation of expert 
opinion concerning the form of the distribution of the parameter in question. 

The cumulative distribution is the Maximum Entropy distribution associated with a set of 
percentile points (xi.PI), (x2,P2), ... , (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). 

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

P(~)= 

0 

Pn- Pn-1 

Xn- Xn-1 

0 

if~< XI 

and so the CDF takes the form: 

Expected Value: 

Variance: 

0 

(Pn- Pn-1)(~- Xn-1) 
Pn-1+ ( ) 

Xn- Xn-1 

1 

if~ <x1 
< 1=< ifXn-1-':o-Xx 

n=2,3, ... ,N 

if~> XN 

N ( 2+ + 2 ) 
V(X)= L (Pn -Pn_I) Xn XnXn-1 Xn-1 

n~2 J 
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Median: ( )
(050-Pm-J) 

xo.so=xm-1+ xm-Xm-1 ( ) wherePm-1~0.50<Pm 
Pm-Pm-1 

(11) 

3.3 TRIANGULAR DISTRIBUTION 

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 (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. 

Density Function: 

Distribution Function: 

Expected Value: 

Variance: 

Median: 

f(x) 
2(x-a) 

(c-a)(b-a) 

2(c-x) 

(c -a)(c -b) 

(x- a)
2 

F(x)-
- (c-a)(b-a) 

_ (b-a) (x+b-2c)(x-b) 

(c-a) ( c -a)( c -b) 

E(X)= a+b+c 
3 

V (X)= _a_,_( a_-_b'-) +_b_,_( b_-_c_,_) _+ _c (,_c_--'-a) 
18 

a~x ~b 

b~x ~c 

a~x ~b 

b~x ~c 

lc-a)(b-a) 
Xo.s=a+ 

2 
if b <': a+ c 

2 

.f b a +c 
I ~--

2 

3.4 STUDENT'S-T DISTRIBUTION 

(12) 

(13) 

(14) 

(15) 

(16) 

A Student's-t distribution is a Bayesian distribution for the unknown mean value of a parameter 
(Tierney 1996). 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 1, X 2, X 3, .•• , XN denote the values of the 
measurements, then the expected value or mean of the Student' s-t distribution is the sample 

Page 8 of 80 



 

 Information Only 

Parameter Summary Report: CRA-2009 PABC Revision 0 

mean. The standard deviation of the mean is the standard deviation divided by --IN, which is also 
called the standard error. 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 !-distribution and a normal distribution (see 
below) with the same mean and standard error. 

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

3.5 DELTA DISTRIBUTION 

The delta distribution is used to assign probabilities to the elements of some set of objects 
(Martell 1996). For example, ifthe 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, 

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

The CDF associated with this delta distribution can be symbolically expressed by 

4 

F(x)= L Pnu(x-n). 
n~l 

(17) 

(18) 

(19) 

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 Pn 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 Mn 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 

(20) 

and the variance of the models is similarly defined: 

(21) 
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The notion of median value is meaningless for a delta distribution. 

3.6 NORMAL DISTRIBUTION 

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 (f.l) and variance (cr2

) (WIPP 1992; Tierney 1990). 

Density function: { 2} 1 - x- f1 
f(x)= -Ji exp ( ) -=<x<= 

a 2n 2a2 

X 

Distribution function: F(x)= J f(t)dt -oo<x<oo 

Expected value: E(X)=fl 

Variance: V(X)= a2 

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)=fl 
( lowrange + hi range) 

2 

V (X) = 62 = ( hirange 6~ ;;wrange) 
2 

Median= mean (f.l) and lowrange = 0.01 quantile, hirange = 0.99 quantile. The range of the 
random variable is arbitrarily set to (lowrange, hirange). 

3.7 LOG UNIFORM DISTRIBUTION 

(22) 

(23) 

(24) 

(25) 

(26) 

(27) 

Use of the loguniform 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. If X has a 
loguniform distribution on the interval from A to B where B > A > 0, then Y = log10 X has a 
uniform distribution from log10 A to log10 B (Iman and Shortencarier 1984). 

Density Function: 
1 

f(x)=-(lnB-lnA) A<x<B 
X 

(28) 
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Distribution Function: 

Expected Value: 

F(x) 
In x-ln A 

A<x<B 
inB-inA 

E(X)- B-A 
In B-In A 

Variance: () ( )[
(inB-inA)(B+A)-2(B-A)] 

V X = B-A 
2 

2(1n B-In A) 

Median: Xos=JAii 

3.8 LOGCUMULATIVE DISTRIBUTION 

In this case, the independent variable is Y, where Y = log10 X. As with the cumulative 
distribution, this distribution is described by a set of N ordered pairs (Martell 1996): 

where Y! < Y2 < Y3 < ... < YN andO< Pz < P3 < ... < PN-1 < 1 

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

P(,;)= 

0 

Pn- Pn-1 1 
ln(xn) -!n(xn-Jl,; 

0 

and so the CDF takes the form: 

0 

(Pn- Pn-1) (In(,;) -In( Xn-1)) 

Pn-1 + (In( xn) -In( Xn-1)) 

1 

Expected Value: 
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Variance: 
N 1 (x2-x2 ) 

V(X)="-(P.-P. ) n n-1 
;;;; 2 n n-l In (xn) -In (xn-Jl 

Median: 

3.9 LOGNORMAL DISTRIBUTION 

If X- normal distribution with mean, J.t, and variance, c}, andY= ex, theY has a lognormal 
distribution. 

Density function: 

Distribution function: 

Expected value: 

Variance: 

Median: 

1 -lny-,u 
f(y)= .J27i exp ( 

2 
) y>O { 2} 

ya 2n 2a 

y 

F(x)= J f(t)dt y>O 
0 

E(Y) = exp (,u + ~2 ) 

V (Y) = exp ( 2,u + a 2) [ exp( a 2
) -1] 

x05 =ef.i 

(37) 

(38) 

(39) 

(40) 

(41) 

(42) 

(43) 

As with the truncated normal distribution, the truncated lognormal distribution requires lowrange 
and hirange values. These values are in lo~arithmic form and are utilized in a normal distribution 
to determine a mean (J.t) and a variance ( cr ), which in turn are used to identify the expected value 
and variance for the lognormal distribution (!man and Shortencarier 1984). 

3.10 CONSTANTS 

Parameters may also be assigned a constant value in the PA parameter database. 
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4.0 PARAMETER CORRELATION 

Parameter correlations used in PA are exclusively in the code LHS. Consequently, parameter 
correlations affect only sampled parameters. 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 the LHS code by the restricted 
pairing technique of Iman and Conover (1982). Two parameter correlations are specified in this 
PA through this technique. These correlations are all related to rock compressibility and 
permeability. In the 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 any 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 the LHS code (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 the LHS code by sampling the OXSTAT parameter 
(GLOBAL:OXSTAT). The results of this sampling are used in part to determine actinide 
solubilities, colloidal actinide concentrations, and K<t values used for a particular vector. 
Selected examples of other induced parameter correlations include: 

• the underlying variable x-direction permeability and the defined variables y- and z-direction 
permeabilities in many materials, 

• the underlying variable x-direction permeability and defined variable threshold pressure in 
many materials, 

• the underlying variable Lower Salado Clay permeability and the defined variable 
permeabilities of other clay members, 
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• 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. 

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 I (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. 

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 El and E2 scenarios, the brine composition is considered to be that of Castile 
brine. 

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. 

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. 
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5.0 PABC-2009 PARAMETER VALUES 

A number of parameters were updated or added since the CRA-2009 PA (Section 5.1). The 
parameter values for the sampled parameters (Section 5.2) and constant parameters (Section 5.3) 
are also discussed in this section. 

5.1 CHANGES TO PARAMETERS BETWEEN THE CRA-2009 PA AND THE PABC-2009 

Nineteen parameters have been added since the CRA-2009 PA and are listed in Table 1. These 
parameters have been added to remove the numerical values that were typed in the PA input files 
(Clayton 2009a, Clayton 2009b, and Nemer 2009). For the PABC-2009, 130 parameters were 
modified from the values used in the CRA-2009 PA and are shown in Table 2. The majority of 
the parameters were modified to include the updated information in the PA inventory report 
(Fox, Clayton and Kirchner 2009, Brush, Xiong and Long 2009 and Xiong et al. 2009), drilling 
report (Clayton 2009a) and groundwater data (Beauheim 2009). Seventeen parameters were 
modified to remove the numerical values that were typed in the PA input files (Nemer 2009). 
Seven parameters were modified in response to an EPA completeness comment (Clayton 2009c). 

Table 1 Parameters Added for the PABC-2009 

'~ F-.-_--

DRZ 0 ADDPOR BRAGFLO Constant Nemer 2009 

DRZ 0 DPHIMAX BRAGFLO Constant Nemer2009 

DRZ 0 IFRX BRAGFLO Constant Nemer2009 

DRZ 0 !FRY BRAGFLO Constant Nemer2009 

DRZ 0 IFRZ BRAGFLO Constant Nemer2009 

DRZ 0 KMAXLOG BRAGFLO Constant "'""~' 2009 
DRZ 0 PF DELTA BRAGFLO Constant Nemer2009 

DRZ 0 PI DELTA ~"FLO 2009 

REFCON DIP2 BRAG FLO Constant Nemer2009 

REFCON PLASFAC BRAG FLO Constant Nemer2009 

SHFTL Tl CAP MOD BRAG FLO Constant Nemer2009 

~ CAP MOD BRAG FLO Constant Nemer2009 

SHFTU CAP MOD BRAG FLO Constant Nemer2009 

WAS AREA SMIC C02 BRAG FLO Constant Nemer2009 

REFCON DIP1 BRAGFLO/DBR Constant Nemer 2009 

CONC PCS THKCONC ;DBR Constant I rlovtnn 2009b 

CONCYCs THKOPEN DBR Constant I rl~vton 2009b 

DRZ 1 EHEIGHT DBR Constant I rhvtnn 2009b 

GLOBAL DBRMINBV PANEL Constant Clayton 2009a 

The tables identify the Material Name, Property Name, Code(s) that utilize the parameter and 
distribution type. Details and justification of parameter changes are documented the individual 
parameter's data entry form and supporting justification document(s). The references for the 
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supporting justification documents for the new and updated parameters are shown in Table I and 
Table 2 

·. . Table 2. Parameters I'll -'for the~ ·····- ~~· ....... · 
CAVITY 1 PRESSURE BRAGFLO Constant Nemer 2009 

CAVITY_2 PRESSURE BRAG FLO Constant Nemer 2009 

CONC_MON CAP MOD BRAG FLO Constant Nemer2009 

CONC MON PCT A BRAGFLO Constant Nemer2009 

CONC_MON PCT_EXP BRAGFLO Constant Nemer2009 

CONC_PCS CAP MOD BRAGFLO Constant Nemer2009 

COl'!_C=PCS PCT A BRAG FLO Constant Nemer2009 

CONC_PCS PCT_EXP BRAG FLO Constant Nemer 2009 

CULEBRA PRESSURE BRAG FLO Constant Beauheim 2009 

CULEBRA PRMX LOG BRAG FLO Constant Beauheim 2009 

CULEBRA PRMY_LOG BRAG FLO Constant Beauheim 2009 

CULEBRA PRMZ LOG BRAGFLO Constant Beauheim 2009 

Vh\VY .AKR CAP MOD BRAG FLO Constant Nemer~09 

DEWYLAKE PCT A BRAG FLO Constant Nemer 2009 

DEWYLAKE PCT EXP BRAG FLO Constant Nemer2009 

MAGENTA PRESSURE BRAG FLO Constant Beauheim 2009 

MAGENTA PRMX LOG BRAG FLO Constant Beauheim 2009 
MA 1fA PRMY LOG BRAGFLO Constant 200_2_ 
MAGENTA PRMZ LOG BRAGFLO Constant Beauheim 2009 

NITRATE QINIT BRAG FLO Constant 
Fox, Clayton and 
Kirchner 2009 

SHFTL_Tl PCT_A BRAG FLO Constant Nemer2009 

SHFTL T1 PCT EXP BRAGFLO Constant Nemer2009 

:Slit< 1 L_T2 PCT A BRAGFLO Constant Nemer2009 

SHFTL_T2 PCT_EXP BRAGFLO Constant Nemer2009 

SHFTU PCT A BRAG FLO Constant Nemer 2009 

SHFTU PCT EXP BRAG FLO Constant Nemer2009 

SULFATE QINIT BRAG FLO Constant 
Fox, Clayton and 
Kirchner 2009 

WAS_AREA DCELCCHW BRAGFLO Constant 
Fox, Clayton and 
Kirchner 2009 

WAS_AREA DCELECHW BRAG FLO Constant 
Fox, Clayton and 
Kirchner 2009 

WAS_AREA DCELLCHW BRAG FLO Constant 
Fox, Clayton and 
Kirchner 2009 
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Table 2. Parameters C:hanPffl for t e -h PABC 2009 - C fn ed on 1 u 

··'·~···'··· 
co¢ ,, 

Fox, Clayton and 
WAS AREA DCELLRHW BRAG FLO Constant 

Kirchner 2009 

Constant 
Fox, Clayton and 

WAS_AREA DIRNCCHW BRAG FLO Kirchner 2009 

Constant 
Fox, Clayton and 

WAS AREA DIRNCRHW BRAG FLO Kirchner 2009 

Constant 
Fox, Clayton and 

WAS AREA DIRONCHW BRAG FLO Kirchner 2009 

Constant 
Fox, Clayton and 

WAS AREA DIRONRHW BRAGFLO Kirchner 2009 

Constant 
Fox, Clayton and 

WAS AREA DPLASCHW BRAGFLO Kirchner 2009 

BRAGFLO Constant 
Fox, Clayton and 

WAS AREA DPLASRHW Kirchner 2009 

Constant 
Fox, Clayton and 

WAS AREA DPLSCCHW BRAGFLO 
Kirchner 2009 

Constant 
Fox, Clayton and 

WAS_AREA DPLSCRHW BRAG FLO Kirchner 2009 

Constant 
Fox, Clayton and 

WAS AREA DPLSECHW BRAG FLO Kirchner 2009 

BRAG FLO Constant 
Fox, Clayton and 

WAS AREA DRUBBCHW Kirchner 2009 

Constant 
Fox, Clayton and 

WAS AREA DRUBBRHW BRAG FLO Kirchner 2009 

Constant . 
Fox, Clayton and 

AM241 INVCHD PANEL Kirchner 2009 

Constant 
Fox, Clayton and 

AM241 INVRHD PANEL Kirchner 2009 

Constant 
Fox, Clayton and 

AM241L INVCHD PANEL Kirchner 2009 

Constant 
Fox, Clayton and 

AM241L INVRHD PANEL Kirchner 2009 

Constant 
Fox, Clayton and 

AM243 INVCHD PANEL Kirchner 2009 

Constant 
Fox, Clayton and 

AM243 INVRHD PANEL Kirchner 2009 

Constant 
Fox, Clayton and 

CF252 INVCHD PANEL Kirchner 2009 

Constant 
Fox, Clayton and 

CF252 INVRHD PANEL Kirchner 2009 

Constant 
Fox, Clayton and 

CM243 INVCHD PANEL Kirchner 2009 
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Table 2. Parameters nL • .1 for the PABC-2009- Continued 

~ Cute< ~ ~F~~:~x~.~C~la~yt~~~n~a~n~d~ 
CM243 INVRHD PANEL Constant Kirchner 2009 

CM244 INVCHD PANEL 

CM244 INVRHD PANEL 

CM245 INVCHD PANEL 

CM245 INVRHD PANEL 

CM248 INVCHD PANEL 

CM248 INVRHD PANEL 

CS137 INVCHD PANEL 

CS137 INVRHD PANEL 

NP237 INVCHD PANEL 

NP237 INVRHD PANEL 

PA231 INVCHD PANEL 

PA231 INVRHD PANEL 

PB210 INVCHD PANEL 

PB210 INVRHD PANEL 

PM147 INVCHD PANEL 

PM147 INVRHD PANEL 

PU238 INVCHD PANEL 

PU238 INVRHD PANEL 

PU238L INVCHD PANEL 

PU238L INVRHD PANEL 
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Constant 

Constant 

Constant 

Constant 

Constant 

Constant 

Constant 

Constant 

Constant 

Constant 

Constant 

Constant 

Constant 

Constant 

Constant 

Constant 

Constant 

Constant 

Constant 

Constant 

Fox, Clayton and 
Kirchner 2009 

Fox,_ Clay~~~ and 
2009 

Fox, Clayton and 
Kirchner 2009 
Fox, Clayton and 
Kirchner 2009 
Fox, Clayton and 
Kirchner 2009 
Fox, Clayton and 
Kirchner 2009 
Fox, Clayton and 
Kirchner 2009 
Fox, Clayton and 
Kirchner 2009 
Fox, Clayton and 
Kirchner 2009 
Fox, Clayton and 
Kirchner 2009 
Fox, Clayton and 
Kirchner 2009 
Fox, Clayton and 
Kirchner 2009 
Fox,_ .__wy•vn and 

'"r 2009 
Fox, Clayton and 
Kirchner 2009 
F "'' and ox, 

-2009 

Fox, Clayton and 
Kirchner 2009 
Fox, Clayton and 
Kirchner 2009 
Fox, Clayton and 
Kirchner 2009 

Fox,_ Cla~~~ and 
~ ~< 2009 
Fox, Clayton and 
Kirchner 2009 
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Table 2. Parameters for the PABC-2009-Conti~ -ji[-·.····· ...... 
Fox, Clayton and 

PU239 INVCHD PANEL Constant Kirchner 2009 

PU239 INVRHD PANEL Constant 
Fox, Clayton and 
Kirchner 2009 

PU239L INVCHD PANEL Constant 
Fox, Clayton and 
Kirchner 2009 

PU239L INVRHD PANEL Constant 
Fox, Clayton and 
Kirchner 2009 

PU240 INVCHD PANEL Constant 
Fox, Clayton and 
Kirchner 2009 

PU240 INVRHD PANEL Constant 
Fox, Clayton and 
Kirchner 2009 
Fox, riaVtOrl and 

PU241 INVCHD PANEL Constant 
1~2009 

PU241 INVRHD PANEL Constant 
Fox, Clayton and 
Kirchner 2009 

PU242 INVCHD PANEL Constant 
Fox, LJay,uu and 

2009 

PU242 INVRHD PANEL Constant 
Fox, Clayton and 
Kirchner 2009 

PU244 INVCHD PANEL Constant 
Fox, Clayton and 
Kirchner 2009 

PU244 INVRHD PANEL Constant 
Fox,CfaYtOrl and 

I Kirchner 2009 

RA226 INVCHD PANEL Constant 
Fox, Clayton and 
Kirchner 2009 

RA226 INVRHD PANEL Constant 
Fox, ua:Yton and 
TT' 2009 

RA228 INVCHD PANEL Constant 
Fox, Clayton and 
Kirchner 2009 

RA228 INVRHD PANEL Constant 
Fox, Clayton and 
Kirchner 2009 

SOLMOD3 SOLCOH PANEL Constant 
Brush, Xiong and 

1 Long2009 

SOLMOD3 SOLSOH PANEL Constant 
Brush, Xiong-and 
Long2009 
Brush, Xion" and 

SOLMOD4 SOLCOH PANEL Constant Long2009 

SOLMOD4 SOLSOH PANEL Constant 
Brush, Xiong and 
Long 2009 

SOLMOD5 SOLCOH PANEL Constant 
Brush, Xiong and 
Long 2009 
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Ta PABC 2009 C f ued 
.. Name .. --- · ,,;;,~:. 

:..c Brush, Xiong and 
SOLMODS SOLSOH PANEL Constant Lon.g_ 2009 

Constant 
Fox, Clayton and 

SR90 INVCHD PANEL Kirchner 2009 

Constant 
Fox, Clayton and 

SR90 INVRHD PANEL Kirchner 2009 

Constant 
Fox, Clayton and 

TH229 INVCHD PANEL Kirchner 2009 

Constant 
Fox, Clayton and 

TH229 INVRHD PANEL Kirchner 2009 

Constant 
Fox, Clayton and 

TH230 INVCHD PANEL Kirchner 2009 

Constant 
Fox, Clayton and 

TH230 INVRHD PANEL Kirchner 2009 

Constant 
Fox, Clayton and 

TH230L INVCHD PANEL Kirchner 2009 

Constant 
Fox, Clayton and 

TH230L INVRHD PANEL Kirchner 2009 

Constant 
Fox, Clayton and 

TH232 JNVCHD PANEL Kirchner 2009 

Constant 
Fox, Clayton and 

TH232 INVRHD PANEL Kirchner 2009 

PANEL Constant 
Fox, Clayton and 

U233 INVCHD Kirchner 2009 

Constant 
Fox, Clayton and 

U233 INVRHD PANEL Kirchner 2009 

Constant 
Fox, Clayton and 

U234 INVCHD PANEL Kirchner 2009 

Constant 
Fox, Clayton and 

U234 INVRHD PANEL Kirchner 2009 

PANEL Constant 
Fox, Clayton and 

U234L INVCHD Kirchner 2009 

Constant 
Fox, Clayton and 

U234L INVRHD PANEL Kirchner 2009 

PANEL Constant 
Fox, Clayton and 

U235 INVCHD Kirchner 2009 

Constant 
Fox, Clayton and 

U235 INVRHD PANEL Kirchner 2009 

Constant 
Fox, Clayton and 

U236 INVCHD PANEL Kirchner 2009 

Constant 
Fox, Clayton and 

U236 INVRHD PANEL Kirchner 2009 
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U238 INVCHD PANEL 

U238 INVRHD PANEL Constant 
Fox, Clayton and 
Kirchner 2009 

BOREHOLE WUF PANEUPRECCDFGF Constant 
Fox, Clayton and 
Kirchner 2009 

GLOBAL LAMB DAD PRECCDFGF Constant 2009a 

GLOBAL ONEPLG PRECCDFGF Constant 2009a 

GLOBAL PRECCDFGF Constant 

GLOBAL PRECCDFGF Constant 

SOLMOD3 SOLVAR PRELHS/P ANEL Cumulative 

SOLMOD4 SOLVAR PRELHS/P ANEL 

AM+3 MKD_AM PRELHS/SECOTP2D 

NP+4 MKD_NP 

NP+S MKD_NP * 
PU+3 MKD_PU PRELHS/SECOTP2D 

PU+4 MKD_PU PRELHS/SECOTP2D 

TH+4 MKD_TH PRELHS/SECOTP2D 

U+4 MKD_U PRELHS/SECOTP2D 
parameter was not used in the PABC-2009, but was updated in case use. 

5.2 SAMPLED PARAMETERS 

The parameters sampled by the LHS code are listed in Table 3. The table identifies the 
parameter number (the number represents the sample order), the Material Name, the Property 
Name and the code that utilizes the parameter. Parameter sampling order has not changed since 
the CRA-2009 PA. 
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Sampled values for LHS sampled parameters are listed in Table 4. The table identifies the 
Parameter number (sample order), the Material Name, Material description, Property name, 
Property description, Distribution type, Units of measure, Mean value, Median value, Low value, 
High value and Standard Deviation. 
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Table 4. Parameters Sampled in LHS Code (and parameters to which sampled values were applied) 

~~~~;j.i;'"">~.·-:·:.-"Ldw--iliiii'!IJ,,<:,:: . :.- '· . ,,~:.. . 01itrilS'iOi1Jn · I>··· . · 

1 GLOBAL lnformat\o~ t~tt applies PBRINE · l ~r~lling_ Uniform NONE 3.05E-Ol 3.05E 01 l.OOE-02 6.00E-01 L70E-Ol 
g 0 a Y · I Brine 

2 REFCON Reference Constant I HSHT.ANK Blank Code , unhe LHS Uniform NONE S.OE-01 5.0E-01 O.OE+OO l.OE+OO 2.88E-Ol 

3 REFCON Reference Constant LHSBLANK Blank> Cod; fonhc LH S Uniform NONE 5.0E-Ol S.OE-01 O.OE+OO l.OE+OO 2.88E-01 

_4 jBOI Borehole and Fill DO MEGA Drill string angular -'!!ocity _radls 8.63E+OC 4.20E+00 3.16E+00 

5 
1 HORFHOI.F Borehole and Fill TAUFAlL e:o:~~:~:~&th for Loguniform Pa 1.05E+Ol l.96E+00 5.00E-02 7.70E+Ol 1.71E+OI 

6 REFCON Reference Constant LHSBLANK Blank: Cod; for the LHS Uniform NONE 5.0E-Ol 5.0E-OI O.OE+OO l.OE+OO 2.88E 01 

7 REFCON Reference Constant LHSBLANK 
Blank: 1 for the LHS 

Uniform NONE 5.0E-Ol 50E-OI O.OE+OO l.OE+OO 2.88E-01 
Code 

8 <PAil wm Materi;~SP~Ij for 
REPlPERM • ,. ·:J t~ g~s local Loguniform m' 5.16E-13 2.4E-13 2.4E -14 2.4E -12 6.0E-13 

t~ intrusion borehole 

9 '"" '·'"'n Mater~~ <P A ,j. I for TENSLSTR Tensile strength of waste Uniform Pa 1.45E+05 L45E+05 1.20E +5 I.JOE +5 L44E+04 

10 SPAILMOD Materi~~ <P A" I for PARTDIAM w:s~: Loguniform m 2.15E-02 LOE-02 LOOE -3 LOOE -I 2.5E-02 

11 .SPA !.I .MOD Material 
1 
i I for REPIPOR Was~rih~:~~~~~:i~:e of Uniform NONE 5.05E-01 5.05E-OI 3.5E-01 6.6E-01 8.95E·02 

12 REFCON Reference Constant I H.<RT ANK Cod; forthc LH S Uniform NONE S.OE-01 S.OE-01 O.OE+OO LOE+OO 2.88E-OI 

13 REFCON Reference Constant UlSBLANK 
Blank :for the LHS 

Uniform NONE S.OE-01 5.0E·OI 0.08+00 l.OE+OO 2.88E-01 
Code 

14 REFCON Reference Constant LHSBLANK 
Blank :for the LHS 

Uniform NONE S.OE-01 S.OE-01 O.OE+OO l.OE+OO 2.88E-Ol 
Code 

15 SOLMOD3 1 state ll1 model SOLVAR Cumulative NONE -0.142 0.072 -4.20 2.70 1.17 

16 SOI.MOD4 ' state IV model SOLVAR Cumulanve _!<.ONE -0.346 -0.520 -2.25 3.30 0.995 

Proportionality Constant, v~ · :c-:nst, Humic 
LIOE+OO 1.37E+00 6.50E-02 17 PHUMOX3 PHUMClM . M 0 Cumulative NONE L60E+OO 4.69E-01 I+ 3 State, Humic Colloids 'controls oH g 

18 GLOBAL · "" u• "'"~~~·~:~~~~ applies OXSTAT Index for the Oxidation State Uniform NONE S.OOE-01 5.00E·Ol O.CXJE+OO LOOE+OO 2.89E-01 

19 REFCON Reference Constant LHSBLANK Cod; for the LHS Uniform NONE S.OE-01 S.OE-01 O.OE+OO I.OE+OO 2.88E-01 

20 REFCON Reference Constant I f.!SRT AN~ Cod: for the LHS Uniform NONE S.OE-01 5 OE-01 O.DE+OO I.OE+OO 2.88E-Ol 
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Table 4. Parameters Sampled in LHS Code (and parameters to which sampled values were applied)- Continued 

l!ic,i· .• Ma~iai,·--::';':- .... ,., .•. ' .• <,i•c··,·~~ .... ., .. 
21 REFCON Refe.ence Constant I H<HI.A NK Blank I Code rthe LHS Uniform NONE S.OE-01 5.0E-01 O.OE+OO \.OE+OO 2.S8E-01 

22 REFCON Reference Constant LHSBLANK 
Blank r for the LHS 

Uniform NONE S.OE-01 5.0E 01 O.OE+OO I.OE+OO 2.88E-01 
Code 

23 CULEBRA Cu~~;~,~emher ?f the MTNP FAC Mining: "' Uniform NONE 5.01E+02 S.OIE+02 I.OOE+OO I.OOE+OJ 2.88E+02 

24 GLOBAL glo~!~~~ applies TRANSIDX ln~~~~o~selecti.ng . 
'Field 

Uniform NONE S.OOE-01 S.OOE-01 O.OOE+OO I.OOE+OO 2.89E-Ol 

25 GLOBAL glo~!~1:t applies CLJMTIDX Climate Index Cumulative NONE l.JIE+OO 1.17E+00 I.OOE+OO 2.25E+00 3.48E-01 

26 CULEBRA Cu~~;t~e~ember of the HMBLKLT Cutebra H~~gth Uniform m 2.75E-Ol 2.75E-01 S.OOE-02 S.OOE-01 LJOE-01 

27 CULEBRA Cu ~~;~,~ember of the APOROS Culebra Advective Porosity Loguniform NONE 2.10E-03 I.OOE 03 I.OOE-04 I.OOE-02 2.508-03 

28 CULEBRA Cu~~:~e~ember of the DPOROS Diffusive ~~?_s~~~. for Culebra Cumulalive NONE 1.60E-Ol L60E-01 I.OOE-01 2.50E-Ot J.SOE-02 

29 U+6 Uranium VI MKD_U Matrix Par~~on .' 
Uranium 

Loguniform m3/kg J.IOE-03 7.70E-04 3.008-05 2.00E-02 4.60E-03 

30 U+4 Uranium IV MKD_U Matrix Par~~~i~;, t for Loguniform m'tkg 1.0 0.071 0.0005 10.0 2.0 

31 PU+3 Plutonium III MKD PU 
Matrix Partition L~u ,.<mt for 

Loguniform m3/kg 0.090 0.045 0.005 0.4 0.10 

32 PU+4 Plutonium IV MKD PU 
. Matrix Partition • for Loguniform m3/kg 1.0 0.071 0.0005 10.0 2.0 

33 TH+4 Thorium IV MKD_TH 
Matrix Partition 1 t for Loguniform m~/kg 1.0 0.071 00005 10.0 2.0 

Thorium 

34 AM+3 Americium III MKD_AM 
Matrix partitio~ I j 

Loguniform m3/kg 0.090 0.045 0.005 0.4 0.10 

35 REFCON Reference Constant LHSBLANK 
Blaok Cod; for the LHS Unif01m NONE 5.0E-Ol 5.0E-Ol O.OE+OO l.OE+OO 2.888-01 

36 REFCON Reference Constant I H<RI •NK 
Blank] Cod; for the LHS Uniform NONE S.OE-01 5.0E-OI O.OE+OO I.OE+OO 2.88E-OI 

37 REFCON Reference Constant LHSBLANK 
1 Blank 

Code 
r the LHS 

Uniform NONE 5.0E-OI 5.0E-01 O.OE+OO l.OE+OO 2.88E-Ol 

38 REFCON Reference Constant ILHSRLANK 
Blank 

Code 
:LHS 

Uniform NONE 5.0E-Ol 5.0E-OI O.OE+OO l.OE+OO 2.88E-01 

39 STEEL Generic steel in waste without C02 ~,':;,~~~ steel Uniform m/s 1.59E-14 1.59E-14 O.OOE+OO 3.17E-14 9.15E-15 

40 IWAS ARE, 
I Waste emplacement area 

PROBDEG 
'""~":•••! ofpla:t:~se::~t'::~beo Delta NONE 1.25E+00 1.25E+OO l.OOE+OO 2.00E+00 O.OOE+OO 

and waste I gas 
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Table 4. Parameters Sampled in LHS Code (and parameters to which sampled values were applied)- Continued 

.#···~< ....• , ·-·~ ~··· .. •·-~ . . . 
I 

41 WAS AREA Waste area GRATM!C! 'vovv~o: . rate foJ Uniform moles/(kg*s) 2.94E-10 2.94E-IO 3.08E-ll 5.57E-10 1.52E-l0 and waste 

42 WAS AREA I Waste and waste tarea GRnoMll.H Humid ~tate for Uniform molesJ(kg*s) 5.!4E-10 5.14E-10 O.OOE+OO LOJE-09 2.97E-10 

43 CELLULS Cellulose FBETA Facto::::~:~rrates Uniform NONE S.OOE-01 S.OOE-01 O.OOE+OO J.OOE+OO 2.89E-01 

44 IWAS AREA 
Waste emplacement area SAT_RGAS Residual Gas Saturation Uniform NONE 7.50E-02 7.50E-02 O.OOE+OO l.SOE-01 4.33E-02 

and wasle 

"!above 
(44) DRZ_PCS · ofpanel SAT_RGAS Residual Gas Saturation Constant NONE O.OE+OO O.OE+OO O.OOE+OO O.OE+OO O.OE+OO 

closme 

(44) REPOSIT ~of ~;~:lg;~~:on SAT RGAS Residual Gas Saturation Uniform NONE 7.50E-02 7.50E-02 O.OOE+OO !SOE-01 4.336-02 

45 IWAS AREA 
area SAT RBRN Residual Brine Saturation Uniform NONE 2.76E-01 2.766-01 O.OOE+OO 5.526-01 159E-01 

and waste 
DRZ directly above 

(45) DRZ]CS concrete ~l':st~~~ of panel SAT_RBRN Residual Brine Saturation Constant NONE O.OE+OO O.OE+OO O.OOE+OO O.OE+OO O.OE+OO 

(45) REPOSIT outside_or";~~~~g:~~:on SAT_RBRN Residualllrine Saturation Uniform NONE 2.76E-OI 2.76E-Ol O.OOE+OO 5.52E-01 1.59E-OI 

46 WAS AREA I Waste and waste 
area SAT_WICK Index for computing wicking Uniform NONE 5.00E-01 5.00E-OI O.OOE+OO I.OOE+OO 2.89E-01 

47 DRZ_PCS 
DRZ directly above 

PRMX_LOG Log ofintrin~ic p~rmeability, X- Triangular log(mA2) -1.886+01 -1.87E+01 -2.078+01 -l.70E+01 7.55E-OI concrete of panel 
closure 

duectJOn 

(47) DRZ]CS 
DRZdirectly above 

PRMY_LOC: Log of intrinsic permeability, Y- Triangular log(mA2) -1.888+01 -1.87E+OI -2.07E+Ol -l.70E+OJ 7.55E-Ol concrete of panel 
closure 

direction 

DRZ_PCS 
DRZ direc~ly above 

PRMZ_LOG Log of intrin~ic p~rmeability, Z- Triangular log(mA2) -1.888+01 -1.87E+OI -2.07E+01 -1.708+01 7.55E-01 (47) concrete of panel 
closure 

dtrecttOn 

48 CONC PCS Concrete portion of PCS IPRMX lOr. Log uo "'""~~:· 0 ,;, 

I ,X- Triangular log(m"2) -t.88E+Ol -1.87E+01 -2.07E+Ol -L70E+OI 7.55E-01 

(48) CONC_PCS Concrete portion of PCS PRMY_LOG 1 Log of inlri~~:~~tion 
y 

Triangular Jog(m2
) -1.88E+Ol -1,87E+01 -2.07E+Ol -L70E+Ol 755E-Ol 

(48) CONC PCS Concrete portion of PCS PRMZ LOG Log"' wuwm I • 

dire~tion 
.z- Triangular log(m2

} -1.88E+01 ~1 .87E+01 -2.07E+Ol -1.70E+OI 7.55E-01 

49 CONC_PCS 1 ofPCS SAT_RGAS Residual Gas Uniform NQNE !.OOE-01 4.00E-01 1.16E-01 

50 CONC_PCS i 1 ofPCS SAT_RBRN Residual Brine. NONE .OOE-01 6.00E- 1.76E-OI 

51 CONC PCS Concrete portion of PCS PORE DIS "' Cumulative NONE 2.52E+00 9.40E-Ol l.lOE-01 8.lOE+00 2.48E+00 

52 S_HALITE Sala_d_<> halite, intact 'porosity NONE 1.82E-02 .OOE-02 J.OOE-03 519E:<J2 1.54E-02 
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Table 4. Parameters Sampled in LHS Code (and parameters to which sampled values were applied) - Continued 

(55) Student Iog(m1
) -1.89E+OI -1.89E+O! -2.10E+01 -1.71E+OI 1.20E+00 

(55) Student log(m2
) -1.89E+Ol -1.89E+O! -2.10E+01 -1.718+01 1.208+00 

(55) Student log(m2
) -1.89E+Ol -1.89E+O! -2.108+01 -1.7 I E+Ol 1.208+00 

(55) Student log(m2
) -1.89E+Ol -1.89E+01 -2.10E+OI -l.71E+Ol 1.208+00 

(55) Student log(m2) -1.89E+Ol -1.89E+01 -2.!0E+Ol -1.7lE+OI I .208+00 

(55) Student log(m2
) -1.89E+01 -1.89E+01 -2.10E+OI -1.71E+OI 1.206+00 

(55) 
Log of intrinsic permeability, 

Student log(m2
) -1.898+01 -!.89E+Ol -2.10E+01 -1.71E+OI 1.20E+OO 

direction 

(55) 
Log of intrinsic permeability, Z-

Student log(m2
) -1.89E+01 -!.89E+O! -2.10E+01 -1.718+01 1.20E+OO 

direction 

56 Delta NONE 4.00E+OO 4.008+00 !.OOE+OO 4.00E+00 O.OOE+OO 

(56) Delta NONE 4.00E+00 4.008+00 !.OOE+OO 4.00E+00 O.OOE+OO 

(56) 
Mode! number, relative 

Delta NONE 4.00E+00 4.00E+00 I.OOE+OO 4.00E+00 O.OOE+OO 
permeability model 

57 Residual Brine Saturation Student NONE 8.36E-02 8.36E-02 7.78E-03 1.74E-OI S.OIE-02 

(57) Residual Brine Saturation Student NONE 8.36E-02 8.36E-02 7.78E-03 !.74E-01 5.01E-02 

(57) Residual Brine Saturation Student NONE 8.36E-02 8.36E-02 7.78E-03 1.74E-Ol 5.01E-02 
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Table 4. Parameters Sampled in LHS Code (and parameters to which sampled values were applied) - Continued 

~~ 
~ :: ·. ' ' ~ <;:,:, -.1: IIi I ''i1 

" '. ' 
\! 

~- I. ;,'' 
,,,y ' 

58 S MBI39 in,~tm~:;;,~:~9• PORE DIS I "' 
::r. • pore· Student NONE 6.44E~OJ 6.44E-01 4~91E~OI 8.42E-O l l.09E-OI 

(58) S MBJ38 sa,~ad~1mar~~~a~;~,;~s, PORE DIS 
• pore• · 

Student NONE 6.44E-OI 6.44£-01 4.9JE-OI 8.42E-01 1.09E-OI 

(58) Is ANH AB 
Salado

1 
B, intac;,beds A 

and 
fr;ctured 

Brooks-Corey pore distribution 
PORE_DIS parameter Student NONE 6.44E-OI 6.44E-Ol 4.9IE-01 8.42E-OJ l.09E-OI 

59 , S_HALITE Salado halite, intact I PRESSURE Brine far-field pore pressure Jniform Pa I.!OE+O .39E+O 

~0 I CASTJLER Castile Brine I PRESSURE Brine for-foeld pore pressure Pa L27E+07 L11E+07 1.70E+O 

61 CASTILER Castile Brine Reservoir PRMX LOG 
Log of in!Iinsic , 

dire;tion 
, X~ Triangular Log(m2

) -1.2lE+01 -l.l8E+Ol -1.47E+Ol -9.80E+OO J.OIE+OO 

(61) CASTILER Castile Brine Reservoir PRMY_LOG Log uo muu~~~;tion ,Y Triangular log(m2
) -1.2IE+OI -1.18E+Ol 1.47E+01 -9.80E+00 LOIE+OO 

(61) CASTJLER Castile Brine Reservoir PRMZ_LOG Log "' inu•~:~~tion ,Z- Triangular log(m~) -1.21E+01 -1.18E+OI -1.47E+01 -9.80E+OO J.OIE+OO 

62 CASTILER Castile Brine. COMP R( Bulk i Pa 5.30E-l 4.00E-I. .OOE-1 .OOE-1 .70E~ 

63 BH SAND 
Borehole foiled with 

PRMX LOG Log of intri~::~;,ion , X~ 
Uniform log(m2

) -1.37E+01 -1.37E+Ol -1.63E+01 -l.lOE+Ol l.53E+00 
sand 

(63) BH_SAND Borehole-~;~~ with,,,, PRMY_LOG I Log of in!Ii~~~;'~on ,Y 
Uniform log(m2

) -IJ7E+Ol -1.378+01 -1.63E+01 -I.lOE+Ol l.53E+00 

(63) BH_SAND Borehole~~~~ with silty PRMZ_LOG 1 Log or mm~::~~tion ,Z- Uniform log(m2
) -1.37E+Ol -1.37E+01 -1.638+01 -I. IOE+Ol l.53E+00 

64 DRZ_l period o\~o~~.~~~e;;:e PRMX_LOG I Log of 
direction 

,X- Uniform log(m2
) -1.608+01 -1.60E+OI -1.94E+Ol -l.25E+Ol 2.00E+00 

(64) DRZ_l 
period 0 

1t~0~~-~~~e~::' rMof_LOG 1 Log of intri~::~~tion .Y. Uniform log(m') -1.608+01 -1.60E+Ol -1.94E+01 -L25E+Ol 2.008+00 

(64) DRZ I I per;od 0 to I d.~~~e~ears LOG Log uo '""""" 1 
dire~tion 

,Z- Uniform log(m2
) -l.60E+01 -1.608+01 -L94E+Ol -l.25E+OI 2.008+00 

65 lcoNc_PLG Concr:~~ ~~;;,;;rface PRMX_LOG j Log of intrinsic 
direction 

'X- Uniform log(m2
) -1.80E+Ol -1.808+01 -1.908+01 -1.70E+Ol S.SOE-01 

(65) leoNe PLG Concr;~~ ~~;;,;;rface PRMY_LOG 1 Log of intri~:~~tion ,Y Uniform log(m2
) -1.80E+01 -1.80E+Ol -1.90E+Ol -L70E+Ol 5.80E-Ol 

(65) leONC_PLG Concr:~~ ~~~j:;rface IPRMZ Jnr. 1 Log of intrinsic 1 ny,Z-
. direction 

Uniform log(m2
) -LSOE+Ol -L80E+Ol -L90E+OI -L70E+Ol 5.80E 01 

66 SHFTU "-"' Ish~~/ SAT RBRN Residual Brine Saturation Cumulative NONE 2.50E-OI 2~00E-OJ O.OOE+OO 6.00E-OJ 1.76E-01 

CONC MC 
(66) 

N 
Concrete Monolith SAT_RBRN Residual Brine Saturation Cumulative NONE 2.SOE-Ol 2.00E-OJ O.OOE+OO 6.00E-OI 1.76£-01 

67 SHFTU Uf~'~ ~or;i~;.~{ SAT RGAS Residual Gas Saturation Uniform NONE 2.00E-Ol 2.00E-OJ O.OOE+OO 4.00E-0! 1.16E~OI 

(67) 
MC 

Concrete Monolith SAT_RGAS Residual Gas Saturation Uniform NONE 2.00E-Ol 2.00E-Ol O.OOE+OO 4.00E-Ol l.l6E-Ol N-
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Table 4. Parameters Sampled in LHS Code (and parameters to which sampled values were applied)- Continued 

(68) SHFTU Cumulative log(rn2
) -1.82E+Ol -1.83E+Ol -2.058+01 -1.658+01 7.94E-01 

(68) SHFTU log(m2
) -1.82E+Ol -1.83E+01 -2.05E+OI -1.65E+OI 7 94E-01 

69 SHFfL_Tl Cumulative Jog(rn2
) -LSOE+Ol -1.82E+Ol -2.00E+OI -L65E+01 5.97E-01 

(69) SHFfL_Tl log(m~) -1.80E+01 -1.82E+01 -2.00E+01 -1.65E+01 5.97E-01 

(69) SHFfL_TI 
Log of intrinsic permeability, Z-

Cumulative log(m2
) -1.80E+Ol -1.82E+OI -2.00E+01 -1.65E+01 5.97E-01 

direction 

70 SHFfL_T2 
Log of intrinsic permeability, X-

Cumulative log(m2
) -1.98E+OI -2.01 E+OI -2.25E+01 -1.80E+Ol 9.37E-Ol 

direction 

(70) SHFfL_T2 i 
of intrinsic permeability, Y-

Cumulative Jog(m2
) -1.98E+OI -2.01E+OI -2.25E+01 -LSOE+Ol 9.37E-OI 

direction 

(70) SHFfL_T2 i Cumulative log(m2
) -1.98E+01 -2.01E+OI -2.25E+01 -L80E+01 9.37E-01 

71 NONE S.OE-01 S.OE-01 O.OE+OO LOE+OO 2.89E-01 

72 REFCON Uniform NONE S.OE-01 S.OE-01 O.OE+OO I.OE+OO 2.88E-01 

73 REFCON Reference Constant Uniform NONE S.OE-01 S.OE-01 O.OE+OO !.OE+OO 2.88E-01 

74 REFCON Reference Constant Uniform NONE S.OE-01 S.OE-01 O.OE+OO I.OE+OO 2.88E-01 

75 REFCON Reference Constant 5 OE-01 O.OE+OO l.OE+OO 2.88E-OI 
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5.3 CONSTANT PARAMETERS 

The following list identifies the tables (found later in this document) that give details regarding 
specific constant parameters and their contribution to calculations and analysis regarding various 
categories of the PABC-2009. 

Table 5. Borehole, Blowout and Drill Mud Parameters 
Table 6. Borehole (Concrete Plug) Parameters 
Table 7. Borehole (Open) Parameters 
Table 8. Borehole (Silty Sand) Parameters 
Table 9. Borehole (Creep) Parameters 
Table 10. DRS PALL Parameters 
Table 11. Shaft Material Parameters 
Table 12. Panel Closure Parameters 
Table 13. Santa Rosa Formation Parameters 
Table 14. Dewey Lake Formation 
Table 15. Forty-Niner Member of the Rustler Formation Parameters 
Table 16. Magenta Member of the Rustler Formation Parameters 
Table 17. Tamarisk Member of the Rustler Formation Parameters 
Table 18. Culebra Member of the Rustler Formation Parameters 
Table 19. Los Medanos (Unnamed Lower) Member of the Rustler Formation Parameters 
Table 20. Salado Formation -Intact Halite- Parameters 
Table 21. Salado Formation- Brine- Parameters 
Table 22 Salado Formation- Marker Bed 138- Parameters 
Table 23. Salado Formation- Marker Bed 139- Parameters 
Table 24. Salado Formation- Anhydrite a and b, Intact and Fractured- Parameters 
Table 25. Disturbed Rock Zone Parameters 
Table 26. Waste Area Parameters 
Table 27. Repository Parameters 
Table 28. Stoichiometric Gas Generation Model Parameters 
Table 29. Waste Chemistry Parameters 
Table 30. Radionuclide Parameters 
Table 31. Isotope Inventory 
Table 32. Predisposal Cavities (Waste Area) Parameters 
Table 33. Operations Region Parameters 
Table 34. Experimental Area Parameters 
Table 35. Castile Formation Parameters 
Table 36. Castile Brine Reservoir Parameters 
Table 37. Reference Constants 
Table 38. Global Parameters 
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6.0 EPAUNI INPUT DATA 

The WIPP repository radionuclide inventory build-up and decay is determined by a 
computational method found in the code: EPAUNI Version 1.15A. Inventory data, provided by 
Los Alamos National Laboratory (LANL), is formatted for use by the code and input for use in 
the PA. Table 39 and Table 40 represent input files used for the code EPAUNI Version l.lSA. 
Table 39 contains radionuclide inventory data from the EPAUNI CH input file 
EPU]ABC09_CH.INP found in the library LillPABC09_EPU. Table 40 contains radionuclide 
inventory data from the EPAUNI RH input file EPU_PABC09_RH.INP found in the library 
LIBPABC09 _EPU. The development of the EPAUNI input files from the inventory is 
documented in Fox, Clayton and Kirchner (2009). 
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Table 11. 

Constant 4.288-09 

pressure 

Pressure O.OOE+OO 

Threshold pressure exponential parameter O.OOE+OO 

PO_MIN Minimum brine pressure model KPC=3 Constant Pa 1.01E+05 

Constant NONE 
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pressure Constant 

Constant Pa 

parameter Cons !ant O.OOE+OO 

Constant 
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Constant 

D Constant m 

m 

Constant NONE 

Constant 

pressure 

pressure parameter 

parameter 
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Culebra Member of the Rustler Formation Parameters 
I .•c . !>cnnei 
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Member of the Rustler Formation Parameters 

II 
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in Altered -9.00E+00 
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O.OOE+OO 

area waste 

waste MGO_EF Constant 1.2E+OO 

area and waste NONE 
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Parameters 

state model 

state model 

included Controlled by 
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Constant 
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SOLMOD5 Oxidation state SOLSOH 

Oxidation state 

state 

Revision 0 
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Table 30 Radionuclide Parameters 

~.-. 
. mp, ~ . . . ( . ·:. ': ' 'l'VDe:.:, 

. 

AM241 onstant kg/mole 2.41E-OI 

~M 241 EPA~ I EPA Release Limit onstant .OOE+02 

~M 241 HALFL I Halflife onstant s .36E+ 
AM Americium 243 ATWEIGHT 1 Atomic Weight in kg/mole :onstant kg/mole 2.43E-01 

AM243 o243 I EPA Release Limit :onstant IOOE+02 

AM243 lA >243 HAl 'E I Halflife :onstant s 2.33E+ 

:F252 252 ~Weight in kJ!/mole :onstant kg/mole 

:F252 252 . Release .imil Constant 

CF252 '252 f 

~ 
Halflife 'onstant s 8.33E+07 

Curium 243 A' Atomic· ·'kg/mole 'onstaot kg/mole 

1 Curium 243 

~ lP~Limit :onstant 

:urium ::~:ic Weight in kg/mole 
Constant s 

:urium Constant kg/mole 2.44E-O! 

CM24 :urium EPA Release Limit :onstant ( 

CM244 Curium 244 'E Halflife 'onstant s 5. 2E' 08 

Curium 245 A WI IT Atomic Weight in kg/mole kg/mole 2.45E-C 

Curium 245 EPA Release Limit ( uf 

Curium 24: HALFLIFE Halflife :onstant s 2.68E+II 

CM248 Curium 248 A Atomic · 1 kg/mole 'onstant kg/mole 

~ CM248 Curium 248 EPA Release Limit :onstant 

CM248 Cudum 248 LF IFE Halflife s 

CS!37 Cesium 137 Atomic Weight in kg/mole kg/mole 

tfi= CS!37 Cesium 137 EPA Release Limit 'onstant 

Cesium 137 'E Halflife :onstant s 9.4-

23; A Atomic Weight in kg/mole kg/mole 2.37E-O! 

N• 23; EPAREL EPA Release Limit 'onstant ( 

NP237 '237 

~ 
Halflife :onstant s 6.75E+I 

PA231 ll ATWI [1' I Atomic Weight in kg/mole onstant kJ!/mole 2.31E-OI 

PA231 ll 1 EPA Release Limit Constant u 
PA231 Protactinium 231 HALFLIFE Halflife Constant s 1.03E+l2 
PB210 Lead 2\0 ATWE!GHT Atomic Weight in kg/mole Constant kg/mole 2.10E-O! 

PB210 Lead 210 EPAREL EPA Release Limit Constant Curies/wuf IOOE+02 

PB210 Lead 210 HALFLIFE Halflife Constant s 7.04E+08 

PM147 Promethium 147 ATWE!GHT Atomic Weight in kg/mole Constant kg/mole 147E-OI 

PMI47 Promethium 147 EPAREL EPA Release Limit Constant Curies/wuf O.OOE+OO 

PMI47 Promethium 147 HALFLIFE Halflife Constant s 8.28E+07 

PU238 Plutonium 238 ATWE!GHT Atomic Weight in kg/mole Constant kg/mole 2.38E-01 

PU238 Plutonium 238 EPAREL EPA Release Limit Constant Curies/wuf 1.00E+02 
PU238 Plutonium 238 HALFLIFE Halflife Constant s 2.77E+09 

PU239 Plutonium 239 ATWEIGHT Atomic Weight in kg/mole Constant kg/mole 2.39E-01 

PU239 Plutonium 239 EPAREL EPA Release Limit Constant Curies/wuf 1.00E+02 

PU239 Plutonium 239 HALFLIFE Halflife Constant s 7.59E+ II 

PU240 Plutonium 240 ATWEIGHT Atomic Weight in kg/mole Constant 
0

kg/m?le 2.40E-OJ 

PU240 '240 EPARFI. EPA Release Limit "'"' 1.00E+02 
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. 
___ .. Table 30. Radi~onuclide ~ Continued ... ~-_ 

liiriLiirUt ,·;rr ~··'''' II . · 1 

' • ~"· :· L :,;;;.;, . '' 
~~:.:::'1:·· ·~· . . . , r . ·r ... _. . . . . ""· . •. ; • 

Pl t240 -;" 1.06E+ 11 
Pl r24l AfWEl( I A . . k•imole 2.41E-

PU241 r241 \Release Limit Constant 
PU241 n 241 HALFLIFE I Halflife r= -s 4.54E+08 

PU242 n 242 ArWEll IT I Atomic Weioht in h/mole h/mole ~ 

PU24: Limit Coo'""' 
Pl 242 HALF JFE · lflife s 

PU244 tomic Weight in kg/mole ~e 
PU244 r244 I EPA Release Limit Con;tont 
PU244 !44 HALFLIFE hlflife Cons,nt 
RA226 I Radium A' "omic Weight in ke/mole Constant 
RA226 I Radium JPA Release Limit ro= 

' h/mole 

RA226 I Radium hlflife tCons~ont s 
RA228 Radium 228 AT VE!Q!i I Atomic Weioht in kg/mole Constant ke/mole 
RA228 Radium 228 I EPA Release Limit Constant 
RA228 Radium 228 !FE I Halflife c~;-;;;, s 
SR90 n 90 ATWEKtfT I Atomic Wei£ht in k£/mole tCons~ont hi mole 

2.44E-Ol 
.OOR n2 

2.61E+15 

~ ~ ~: ~ I EPA e Limit Constant 
~ u,. HALFLIFE Constant s 

TH229 Thorium 22' rAiQi;;iC Weight in k!dmole Collsiiillt . k!dmole 2.29E-Ol 

TH229 Thorium 229 EPAREL I EPA Release Limil """"'"' 
TH229 T HALFL!FE I Halflife Cons,nt 
TH23l horium I Ato_rrli<o Weight in kl!imole ·comtant 
TH231 TEPARelease Limit co;;s;;;n. 

' ke/mo(e 

TH230 HALFLIFE I Halflife Constant s 
TH232 IT A' I Atnrr o Wei£ht in kl!imole Coost•ot k>imole 
TH232 Thorium 232 I EPA Relea" Limit Constant 
rH232 Thorium 232 HALFLIFE Halfl'fe CouSiant s 
U233 Jranium 233 I Atomic Wei£ht in h/mole rn~stonr ku/mole. 

U233 Umium EPARE :PA Release Limit Con.<tant 
233 Uranium HALFUFE lalflife Constaol s 

1234 Jmium .1omic Weight ;o k!dmole Collsiiillt ki!lmole 
U234 Uranium 234 EPAREL I EPA Relea<e Limit Con'""' 
U234 I Uranium 234 !ALFLIFE I Halflife Constant 
1235 'mium I A -"""'.c. Weight in k!dmole Constant 

l.OOE+Ol 

. 4.43E+l7 
nF-01 

. 10E+02 

. iOE+i2 
2.34E-0! 

235 ranium EPARE JEPARelease Limit COiiStallt 1 l. IOE+l2 

235 HALFLIFE I Halflife s 2 ~ ~ 

U238 Uranium 238 I Halflife Cnn<tant s 1:4 ;f-
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AM241 
AM241L 

AM241L 

AM243 
AM243 
CF252 
CF252 

CM244 
CM245 
CM245 
CM248 
CM248 
C' 
c 
N 
NP237 
PA231 
PA231 

~10 

10 
1147 

PM147 
PU238 
PU238 

PU238L 

PU238L 

J239 
J239 

U239L 

PU239L 

PU240 
PU240 

. 241 INVRHD :Handled Design Constant :aries ~ 

."" · · '~!~I Lumped with INVCHD '" cuo •f of Contact Handled Design Curies 4.85E+05 · 

muo•i. iu;•~!~l Lumped with !NVRHD """'""'/of Remote Handled Design Constant Cmies 4.61E+03 

243 • of :ontact Handled Design Constant Curies . 7E+0 

243 :Handled Design Constant :aries 

1 252 INVCHD • of Contact Handled Destgn Constant Codes 

:m urn 
:ur urn 
:w- urn 

1 252 ~~~~~HD • o Remote Handled Design ~ es 
, , L :ontact Han< )esign :onstant es 

IVR <emote Han< )esign :onstant es 

I Curium 244 
Curium 
Curium· 
Curium 
Curium 248 
Cesium 131 
Cesium 131 

Lead: 
Lead· 

238 

238 

231 
1237 

'231 
231 

,,~ 

• 147 
238 
238 

1238 Equals 

t238 Equals 

IVCHD oventory • :ontact Han< )esign Constant :unes 

!NVRHD • of Remote Handled Design C""stant :111 es 

!NVRHD 

INVRHD 
!NVCHD 

D 
D 
D 
D 

!NVRHD 

INVCHD 

INVRHD 

D 

!NVCHD 

!NVRHD 

:Handled Desil!D Constant es 
v of Remote Handled Design ies 

'Contact Handled Design Codes 
'Remote Handled Design ~ ies 

landled Design Constant ies 
v of Remote ies 

I and led Design Constant Cmies 
' Handled Design Constant Curies 

1 of Contact Handled Design :onstant ·,es 
nventorv o Remote Han< )esign :onstant ks 

1 o Contact Han< )es go :onstant ·,es 
: Han• )es gn Constant :odes 

1 of Contact Handled De; gn Constant Cw-ies 
' Handled Des gn :onstant :uries 

1 o Contact Handled Des. gn :onstant 'w-ies 
1 o Remote Handled Des gn Constant Curies 

Inventory of Contact Handled Des gn Constant Curies 

1m Kemore 

t Handled Design 

Inventory Handled Design 

.. i vi Remote Handled Uesign 

1 of Contact Handled Desi•n 
1 of Remote Handled Design 
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Constant 

Constant 
Constant 

Constant 
Constant 

Curies 

Curies 
Curies 
Curies 

Curies 

Curies 
Curies 

3.28E-02 
L83E-04 

:+0 
:+0 

~.6 :+0' 
4.36E+02 
5.86E-01 

L24E-01 

~ 
3.78E-O! 

)E. 

5.09E-02 

5.!1E+03 
1.47E+06 

S.llb+UJ 
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I CO> tv for~ Areas COMP_ RCK 

I Ca' tv for ~rcas KP'l 
I C" ty for Waste Areas PC_MAX 

:ilv;ty for Waste Areas PCT_ 

:Ovitv or~ \reas PCT. E:CP 
:asity or \reas PO_Ml 

==~~~==ti~C:"~ity~~ \reas P< 
CAVITY ::<vity for Waste \Teas POROSI :y 
:A V :av·ttv 'or 'astc \Teas 
:A V :av':ty 'or· 'aste \Teas 
:A V Cav·ty 'or aste mas 
2AV 1 Cavity for Waste Areas 
CAVITY_! I Cavity for Waste Areas 
CAVITY Cavitv 'or 'aste Areas 
:A V Cavity 'or· 'aste Areas 
:A V ; Cav':ty 'or· 'aste Areas 
:AV Cav'ty or oo-waste Areas 
:A VI TY _2 Cavity for ' Areas 

CAVITY _2 _(:ltvity for Areas 
CA VI fY _2 ~avitv for Aceas 
CA VIT' _2 Cavity for Areas 
CAVITY_ C_!vity for 'Arel!S_ 
:AV fY :a· tv Areas 
:AV fY_ Ca· 'ty Areas 
:A V ·y_ Cav ty Areas 

CAVITY_ ~vty lor ~on-waste \reas 
CAVITY_ :av tv \reas 
:A V :av tv \reas 
:A V :avty on-waste \reas 
:A V Cavty ·or 'reas 
:A V Cavty ·or I Areas 

CA Yin ~vity for • Areas 
CA V :avtv ·or Areas 
:AV ~av·ty 'or oaft 
:A v CavJy or oaft 
;A V Cavity for Shaft 

CAVITY_ :avitv for Shaft 

PIM _LOG 
:MZ LOG 

RELP_MOD 

:~·~ 
_MOD 

COMP RCK 
KPT 

PC _MAX 
PCT_A 

PCT_E: 
Mi 

PORE_D 
POROSITY 

PRM~ 

10D 
sAT:mR 
SAT_ RBI 
SAT_RG 
:AP_MCD 

COMP RI:K 
KPT 

PC MAX 

Revision 0 

Parameters 

,,,, 
~ 1 pressur.;-;:;;odel. 

:ulk( 
lag for I 

' capillary pressure 
I Pressure linear I 
I prm"'e 
r brine pressure for capillary model KPC=3 

porosity 
lrine ar- ield pore press"'e 
.og o inbins· X 

I Log 
I Log 
I Model number, relative; • model 

Initial 
~e; idual Brine : 
Re; idual Gas . 

' Model number, 'pressure model 
Bulk• 
Flag for 

o capillary pcessure 
Threshold Pcessuce Linear I 

I pressure' 
Minimum brine pressure for capillary model KPC=3 

• pore· 
lffective porosity 
lrine far-field pore pcessure 
-Og' 
.og. ins 

I Log 
I Model number, relative 1 

oif I Brine 
(e> lual Brine 
~e; lual Gas 

y 

, Z-r ireel ion 
1 model 

I Mor I number, capillary pcessure model 
I Bul 
' Flag for 

o capillary pressure 
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Constant 
Constant 

. Constant 
:onstant 
:onslanl 
~onstant 

Conslant 
Conslant 
Constant 
Constant 
Constant 
Constant 
Constant 
:onstant 
Constant 
Constant 
2onstant 
Constant 
Constant 
Constant 
:onslant 
:onstant 
:onstant 

. Constant 
2ons1ant 

2onstant 
Constant 
Constant 
Constant 
Constant 
Constant 
Constant 

. Constant 
Constant 

NONE 

NONE 
Pa 
Pa 

NONE 
'a 

NONE 
NONE 

Pa 
lo<(m' 
log(m' 
log(m' 
NONE 

NONE 
Pa 

NONE 
Pa 

. IE+ 
7.00E-Ol 

I
,_ 

. ;
,____ 

-LOOE+OI 
LIOE+Ol 

I.OOE+OO 
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Table 37. Reference Constants- Continued 
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Table 39. EPAUNI CH :(St- ~ 
lfl\:•:··· f 1/!Y .. ·r· I.Pu:· · '•:: 11 ::.:·.~L · :,Hf''•'i •::::•: .. ,;;:::.:~~ 

A 102E+02 <.d?F+Ol '70o.m 5 71F+Ol R.<4F+01 "·"""o' '.<oo,o• 8.34E·02 Q 74F-01 Q O<F.-01 4.70P.07 

A 1.39E+01 1.41E+01 0 00P+00 J n2F+OO 4.1JE+01 1.64E+01 7 O<P_ '0 '070 01 7 <70_0, 7 "o_n. 2.JOE-07 

AE-T001 5 11P+0? I R00+07 3.11E+01 l hhP+M 7.7<P+07 1.20E+02 1 770.07 <.RIP+OO L.OI P.cOO 3.08E-01 

AE-TOOJ ? 11F+Ol 4 d7F+00 8.32E-01 ? ROP+Ol ll!E+OI 1.32E+01 1.34E-04 1 ??P-01 7.99E-03 0 '""-"' 

MTI-"'""' < 4 <nP~oo "' :00 2.27E-02 0 00P+00 O.OOF+OO !.47E-09 9.16E-07 0 "F-07 5 OoF-07 

A W .MO% R7 I o7P+00 7.65E-03 "ooo,oo "ooo,nn OOOC:OO 4.87E-01 7 37F+00 O.OOP+OO 

'."1 3.18E+01 1.02E-01 0 000+00 01F+07 1.04E+02 6.24E-01 Q 200_07 1.32E-02 0 h10_o,; 

.1325 l OoP+07 3.10E+02 0 OOP+OO """"""' 7.11E+02 h7P+07 1 17F+07 4.89E-01 0 OOP+OO '-.74P+00 

"" U>OAQ 1.86E+02 7 OliP+O? 0 OOP+OO 0 < ROF+Ol 4.14E+01 R9F+0? ,; om o nne 0 ooF.OR 

BT-T002 !.89E+01 1.22E-02 7.85E-04 7.40E-OI 7,"'P.O. 1.51E-03 ''"o_m 2.!0E-03 I OOF+OI I OAO+O' 7 770 00 

4.16E-01 1.66E-06 0 000+00 4.25E-07 2.99E-07 1.78E-07 ? 1<70_o,; 6 86E-11 "000+00 2.!3E-15 

•A · ~o· 5 1\?F+OO 2.24E-05 0 MP+OO UJE-06 l,OdF-0(, 7.40P.Oo 3.55E-05 9.26E-IO 0 00F+00 0 IIOF+OO 2.88E-14 

OMOO: < 3.14F+0? 1.97P+07 6.20E-01 '"' 1.21E+03 2.74E+02 "."o""' !.44E-02 1.35E-03 2.24E-03 2.43E-OI 

BNI61-S <.-.F+OI '·"""'" "·""0+00 7.97E+00 '."0+00 '·"""0' 1.05E+02 , 700 "· ".000+00 O.OOF.+OO "."o '" 

BN211-S <.7<0+00 <.1'-0+07 ".'"'"""" 7.17E+01 7n7P+01 4.76E+02 O,OhP+O? 9.23E-OJ 7.47E-07 1.24E-06 1.04P_07 

!.50E+02 l,11P+01 4.65E-O! l,<OP+OO 1.18E+02 7.(,<P+OI 5.39E+O! 1.31E-03 7.60E-08 !.26E-07 3.40E-07 

!.79E+02 7,,.F+D7 O.MP+OO 1.74P+01 1.14E+03 7.44F+07 "19P.+07 3.37E-03 2.39E-07 3.73E-07 7.56E-06 

n•no,; < 4.74E+02 7.77P.+07 UIF.-01 '·' '"' 1.78E+03 '·"'"""" ""'o~o7 7.12E-03 :.oor.o,; o.oop_~ '·"'om 

1,0<F+M 5.74E+01 0,00P+00 1.25E+04 3.04E+Ol 7 70P+01 7.14E+OI 1.12E+00 7.07P_O, 4."P-"' 1,00P_07 

BN510-S L.O<P+01 1.63E+03 0.00P+00 5.28E+02 6.16E+03 I.JJE+03 '·"P+m I.QZ!l+OO 2.59E-04 l,?dP-OA 1.73E-02 

OM01< 0 !.03E+03 4.01P+01 O.OOF.+OO 1.40E+03 1.40F.+00 2.17E+00 1.09E+01 1.24E-01 4.89E-05 8.38E-05 7.86E·07 

1.67E+03 HI F.+OO 0.00P+00 1.45E+03 2.71E+OO 1.84E+00 0 <7P+00 1.24E-01 !.88E-04 3.04E-04 2.56E-07 

!16-S 4.47E+03 7."P+0< 0,00P+00 !.4JE+02 1.71E+03 <~.14P+07 1.40E+03 1.89E-01 4.93E-05 7.88E-05 5.62E-05 

18-S ,d9P+07 l,70P+01 0.00P+00 1.86E+00 .4RP+01 9.21E+00 2.54E+01 1.69E-02 5.58E-06 "·"""-"" 3.29E-05 

-A.<J.I.< 2.08E-01 !.63E-01 O.OOP+OO 1.99E-02 7.32E-O! 1.68E-01 2.98E-OI !.77E-06 0 OOP.+OO 0 OOF.+OO 3.01E-IO 

'' 114-S 7 74F.+0? 1.64E+01 0 OOP.+OO 1 71iF+00 J,R7F.+01 '·""",no 7 .17F.+01 !.51 E-03 7 <oF.-Oii 4 1 ?.F.-Oii 4.16E-08 

m nc.o' 150-A-S 7.MP+M >.7oc,m 0 00P+00 <71 """" 1.52E+02 '·""+01 9.22E+01 'h4P_O 0 o<OP.Oo< !.62E-05 2.30E-07 

100-A-S 6.16E+02 1.53E+02 o.OOP+OO 1.58E+OI <.R<IP+O? 1.23E+02 2.13E+02 HOE-03 7 17P.Oii I.IOE-05 I.OJE-03 

7,17P+07 1.84E+02 0.00P+00 ?.49P+01 R,47P+0? 1.96E+02 4.74P.+07 1.88E·02 5.36E-OI !.06E-05 2.18E-01 

' DC 0<700 ?.OOF+OJ o <?P+OI !.89E-01 '·''"'"" 2.17E+02 '.or.o,n• 9.54E+Ol 2.30E-02 1.02E-05 139E-05 2.97E-01 
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~-' :·_ 
LA-TA-2J.08 

I a.'l'i,-21-09 

w--TA-21-10 

L~·OM··1-11 

LA-TA-21-12 

I _'f', .?LJJ 

LA-TA-21-14 

LA-TA-21-15 

LA-TA-21-16 

1 .'l'a.?LJ7 

LA-"'' " " 

LA-TA.?l.J? 

L~-

LA.'I'' ' 0 0
' 

LA-TA-50-02 

LA-TA-50-05 

' .'I'L<O.Oii 

Ln-'~'' -'O-JO 

LA-TA-50-11 

LA-TA-50-12 

LA-T A-50-13 

' 

LA· " 

I 18 

LM·TA-SIJ:l_'l_ 

I. 'l'l '" '" 

LA-TA-50-40 

. _ ~a~,l~39: EPAUNI C~ ~otals)- Conti:ued ······ '( .. ,. 

?_91P+00 ~ 7.31E+01 ?li7P+00 7.4~ l.59E-02 O_OOP+OO OOOP+OO ··C.RRP-10 

?_<oP.oo 3.75E-02 l?oP.m 3.59E-01 nliP.m 7.09E-02 2.62E-01 o_ooP.oo o oop.oo 5.61E-11 

l.89E+00 0 MP.OO 5.08E-OI """"""" "OOP.OO "MP.OO o_oop.oo 

1.32E+OI 0 OOP+OO 4.20E-01 2.11E+OI 9.34E-05 0 OOF+OO O.OOF+OO 0.'"'"•00 

I "'F+07 7 <RF+O 0 00P+00 7 "P•04 2.76E+02 0 00P+01 1 40P+0?. 7.MP+00 O_OOF+M L.17P+01 

0 77P+01 J.24E+04 OMF.OO ' 47P+07 ' 01P+07 O.OOP+OO 0_00F+00 1 OliP.O? O_OOP+OO 0 00P+00 '.'RKO< 

< """o O.OOF+OO """"""" o """"oo o '"""on nnnP.nn n_MF•f\f\ """"""" n """""" 

3.74E+00 3.64E-Ol O.OOF+OO 1\ <1hP.O? 4 71F+00 8.14F-01 7.24!l,:(ll 1.38E-05 O.OOP+OO 5.24E-1 0 

7 99P+0 7.33E+01 O.OOP+OO 1 I\RP~01 li 11P+0? 1.51E+02 1.45E+02 7 <QP.m O_OOP+OO 000' • 00 1.06E-07 

6.24E-01 771P.m OOOP+M dROP.O' 7 h?P.O? li IOP.m 5.17E-0J 1.05E-07 O.MP+OO 4_09F.1? 

li «P+07 <.I\9P-01 0 MP+M ' '"""07 7 14P+07 R R<P.OI 4.20E-OJ 2.09E-01 7 OOP_O? 1.85E-06 5.18E-06 

1 "F+OJ 0 00F+00 0 MP+M ' 07P+01 0.00P+00 O.MP+M O.MP.M 0 OOP+M 

6.24E+01 0 00F+00 1 "'"""" 2.11E+OI 0.00F+00 . '""""" li.ORP.O' 0_00P+00 0 OOP' M ._,F-08 

n?P.nn _2.43E-01 0 OOP+OO 3.98E-01 r, OOP.OI 1.53E-Ol d89F.01 5.91E-05 7r.7P.M 8.13E-03 

1.8%+00 1.54E-02 n MP.oo J.78E-04 2h7P.OA O_MP+OO O.MP+OO ~E-04 r- <OP.O< J.l7E-11 

6.24E-01 7 or,p.m 0 00F+00 2.82E-01 7 48P-07. "-00"+00 ' ' 7"-"' 2.91E-05 1.57E-07 5.23E:l_l_ 

2.08E-01 l.72E-02 O.OOP+OO 7 ;RP.O? 1.50E-01 199F-01 ° OOP.m 2.57E-06 O_OOP+OO 1.16E-11 

7 "P•OO J.l4E+01 O.MP+OO 7_<7P+00 7.'-<P+OO ?_17P+00 J.47E+01 H(,P.04 0_00P+00 0 00P+00 1.33E-08 

J.95E+00 1.86E+01_ 0 MP+OO I 4RP+07 'OIP+O? 7_40P+01 li.14P+01 1.74E-02 O.OOP+OO 0 OOP.OO J.29E-08 

8.32E-01. ~ 2.98E-01 ° 00"•00 _5:17E-02 252E+00 5.70E-OI 6.76E-01 o """-"' """"""" 3.77E-10 

Q 17F+Illl 1.20E-02 0 00F+00 l.89E-02 ' "" m o.ooP+oo '"'"-"' 1.62E-04 ll.OilE+IlO 4.27E-11 

2.08E-0l 0.00P+00 0.00P+00 7.31E-03 0 OOP+OO ll.OOF+Oil "·"""""" J.15E-06 0_00F+00 o OOP 'on 0 OllF+llll 

l lliF_n, <.><F.M n OOP+Oil 2.51E-03 1.57E-02 O_OOP+Illl 0_00P+00 4.68E-07 O.ll0P+00 0 OOF+OO l.lOE-10 

9.11 E+01 1 4<F.+ll1 11l,P+00 1 77P+01 0 """"" J.11E+01 HRP.m 5 BE-01 4.1JE-01 7.47P.OR 

1.32E+01 4.56E-01 ? 77F+00 6.33E-01 ° """' 8.15E-0l 3.75E-04 31?F.-Il1 6.38E-07 

7 <•P~Oo I <hP+OO 7.79E·01 li 70P.Il1 9 79F.O? 0 00"•00 1 .7JE-04 0_00F+00 4.37F.flQ 

L09E+02 '""""' o """""" 7 R>P+OI 7 <oP.nn o.OOP+Oil 7 li?F.m '·"'"-"' < '"F-"' < <OP.m 6.73E-08 

6.24E-OJ ?75F..01 0 MP+M 0 OoP.OO 1 OOP.07 O_OilF+OO O.MP+M OOilP+OO <.71P.I7 
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