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APPENDIX PAR *. * 

Appendix PAR contains documentation (that is, parameter sheets) for the 57 parameters 
which were sampled by the Latin hypercube sample (LHS) code during the performance 
assessment (see also Section 6.1.5 for discussion on ~robabilistic analvses and Section 6.1.5.2 
for discussion on LHS). The results of the LHS sampling are contained in Appendix IRES 
(Intermediate Results). Additional information relevant to the parameters are contained in 
Appendices MASS, SOTERM, and WCA. 

The parameter sheets for the sampled parameters appear in this appendix. In addition, fixed- 
value parameters used in the performance assessment codes are tabulated at the end of 
Appendix PAR. 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). 

PAR.1 Parameter Development Process 

The development of parameter values is covered in Quality Assurance Procedure (QAP) 
Quality Assurance Requirements for the Selection and Documentation of Parameter Values 
used in WIPP Pe$omance Assessment (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 performance 
assessment 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 Appendix PAR 
were derived from the WIPP performance assessment parameter database. These numbers 
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 
(QA) 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. 

Each WIPP Data Entry Form 464, parameter records package, and supporting data records 
packages are assigned unique WPO numbers. Copies of the Form 464s. parameter records 
package, and supporting data records packages are maintained in the SWCF. 
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WIPP performance assessment parameters are classified as follows: 

Category 1) Parameters that do not fall into Categories 2 through 4 but are necessary to 
WIPP performance assessment calculations. 

Category 2) Parameters representing the inventory of the waste to be emplaced in the WIPP 
as defined in the Waste Isolation Pilot Plant Transuranic Waste Baseline 
Inventory Report (TWBIR) (DOE 1996) (included in this certification 
application as Appendix BIR). 

Category 3) Parameters representing physical constants (for example, the half-life of a 
radionuclide, gravitational constant). 

Category 4a) Parameters that are assigned based on an assumed correlation of properties 
between similar materials. ,. 

I .  ' 
Category 4b) Parameters that are model configuration parameters. t . - 
PAR.2 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. 

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. 

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). 

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

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.2.1 Distribution Types and Applications 

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

Density Function: 

Distribution Function: 

1 Ax) = - A r x s B  
B-A 

x -  A 
F(x) = - A s x s B  

B-A 

Expected Value and Variance: A + B  E(X) = - ( B  - A)' 
2 

V(X) = 12 

Median: XOs = mean 

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 Muximum Entropy distribution under these 
circumstances (Tierney 1990). 

Cumulative Distribution 

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

, ,  X ,  X P  . 1 {i.e., PI = 0 and PN = 1 always) 

where x l < x , < x 3 <  ... <x, a n d O < P , < P 3 <  ... <P,.,<I 

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

if 4 < xi 

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

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 (x,,x,,x,, ..., x,) (Blom 
1989. 216). The cumulative distribution used here is the result of vlotting the subiectivelv 

A - 
determined percentile points (x,,P,), (x,,P,), (x,,P,) ... , that arise in a formal elicitation of 
expert opinion concerning the form of the distribution of the parameter in question. A simple 
form of the cumulative distribution is used when the range (a,c) of the parameter is known and 
the analyst believes that his or her best estimate value, b, is also the median (or 50" percentile) 
of the unknown distribution. In this case, the subjectively determined percentile points take 
the form: (a, 0.0), (b, 0.5), (c, 1 .O) (Tiemey 1990). 

The cumulative distribution is the Maximum Entropy distribution associated with a set of 
percentile points (xl,P,), (x,,P,), ..., (x,, P,), no matter how that set of percentile points is 
obtained (that is, independent of whether the points are empirically or subjectively derived) 
(Tiemey 1990). 

Trianrmlar Distribution 

26 Density Function: 
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Distribution Function: 

Expected Value: 

Variance: 

Median: 

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

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

Student's4 Distribution 

A Student's-t distribution is a Bayesian distribution for the unknown mean value of a 
parameter. Its use is appropriate when one has measured values of the parameter available (in 
contrast to values obtained subjectively through elicitation of professional opinion). If N 
denotes the number of measurements available, and X,, X,, X,, ... , X, 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 v'N; the median value is equal to the mean value. 
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The Student's-t distribution applies when there are few measurements, say 3 a c 1 0 .  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. 

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, 

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

Pi +P2+P3 +P4 = 1. 
..~. 

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

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, represent 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 

and the variance of the models is similarly defined: 
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1 The notion of median value is meaningless for a delta distribution 

3 Normal Distribution 
4 

5 Density function: 

" 

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

8 
9 Expected value and variance: E(X) = p and V(X)  = oZ. 

10 

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

- 
E(X) = p = 

(lowrange + hirange) = 02 = hirange - lowrange 
2 [ 6.18 

Median = mean (p) and lowrange = 0.01 quantile, hirange = 0.99 quantile. The range of the 
random variable is arbitrarily set to (Iowrange, hirange). Alternatively, the expected value p 
and the standard deviation o can be specified by the user of this distribution; in this case, the 
random variable takes on the range (--, -) 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 (p) and variance (02) (Sandia WIPP Project 1992; Tiemey 
1990). 

Lo~uniform Distribution 

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

Density Function: 1 f ( x ) = - ( l n B - l n A )  A < x < B  
x 
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Distribution Function: In x-ln A F(x) = A < x < B  

In B-In A 

Expected Value: E(X1 = 
B-A 

In B-In A 

Median: x0.5 = @ 

Variance: V(X) = (B- A) I (In B-In A)(B+A)-2(B-A) I 2(ln B-In A)' 

Use of the logunifom distribution is appropriate when all that is known about a parameter is 
its range (a,b) and BIA >> 10; that is, the range (a,b) spans many orders of magnitude. 

Lo~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: 

where y l < y , < y 3 <  ... < y N  a n d O < P , < P 3 c  ... < P N . , < l  

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

and so the CDF takes the form: 

if 5 < x, 

i 
0 

if X". 1 1 5  
(Pn - P n l )  (ln 5 - In xo. ,) 

P r  X < <  = Pn-, + n = 2, 3 ,  ..., N 
(In xn - In xn. ,I if 4 > X, 

1 

October 1996 PAR-8 DOEICAO 1996-2 184 



Title 40 CFR Part 191 Compliance Certification Application 

N 
Expected Value: (xn - X". ,) 

E(X) = c (Pn-Pn-l)  
n =2 In xn- In xn., 

Variance: 

Median: 

1 
2 

(x,, - x"? 1 )  
- {E(X)I2 

n = 2  (In x,, - In x,. ,) 

Loenormal - Distribution , . . - = ~  .. ..: 
C a'r J, ~;y,\  

If X - N(p, 02) and Y = 8, the Y has a lognormal distribution. , ' 1 :  , ;';A$ \ a , ,  i ;: 
, , : , , \ ,  , j p ;  
' ' ', : : , [ , j  

: . . ., ' ,5 ' 1  : 
1 

f.3 , , 
Density function: -_:_ 

' 

fb) = - 
Y ~ G  

Y 

Distribution function: F(x) = s f ( t ) d t  y z 0  

0 

Median: X, ,  = ev 

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

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

PAR.3 Key to Parameter Sheets 

The parameter sheets included in this appendix contain a variety of information, some of 
which is extracted from the WIPP performance assessment parameter database. Information 
presented in the parameter sheets is grouped into boxes labeled as follows: .. .. 

Parameter(s): The name of the parameter and the disposal system feature with which it is . 
, , associated. 

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

Material and  Parameter Name(s): This box provides a link to the performance assessment 
parameter database. The parameter label listed first is taken from the performance assessment 
model parameter database field IDMTRL, which identifies the type of material in the disposal 
system being modeled (for example, S-MB 139 means Salado Marker Bed [MB] 139). The A 

second label describes the performance assessment model parameter name for the 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 performance assessment parameter database. 

Computational Code(s): A list of the current computational models used by the 
Performance Assessment Department that require specification of the parameter. 

Parameter Statistics: The box identifies the mean, median (or mode in the case of a 
triangular distribution), maximum, minimum, and standard deviation of the parameter 
distribution. All values provided in Appendix PAR were derived from the WIPP performance 
assessment parameter database. These numbers may differ slightly from those contained in 
the Form 464s because of rounding. 

Units: The physical units of the parameters (usually expressed in metric units). 

Distribution Type: This box identifies the type of parameter distribution (see Section 
PAR.2.1). 

CDFlPDF Graph: This box contains graphs of an empirical CDF. The graphs were produced 
using the 100 values that were sampled with the LHS procedure used in the performance 
assessment calculations (note the irregularities in the curves owing to the finite sample size). 
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The mean, median, and the standard deviation of the parameter's distribution are plotted on 
the graph of the empirical CDF. 

Data: The basis for the parameter values or parameter distribution is provided in this section. 
All values provided in Appendix PAR were derived from the WIPP performance assessment 
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: 

Sire-specific or waste-specific experimental data. This 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 judgment. 

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). 

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

category 1 parameters. 

Professional judgment is synonymous with performance assessment category 4 
parameters; in some cases, professional judgment can be used in assigning values to 

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 performance assessment. It is often employed in conjunction with professional 
judgment. 

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 SWCF for additional information. 

Discussion: This section identifies the source(sl of Darameter value(sl and the rationale for . .  A . . 
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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References: 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. Selected references 
cited in the parameter records packages are included in the parameter sheets to establish data 
quality. In addition, selected memoranda cited in the parameter sheets are contained in 
Appendix MASS for convenience. 

PARA Parameter Correlation 

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

.i ..:\ 

(c) Documentation of all models and computer codes included as part of any compliance application 
? '.. 1 

performance assessment calculation shall be provided. Such documentation shall include, but shall &k not be limited to: 9 
(6) An explanation of the manner in which models and computer codes incorporate the effects of 

L - 8  
parameter correlation. 

L I 

22 Explicit parameter correlations are introduced or prohibited in LHS by the restricted pairing - 
23 ' technique of Iman and Conover (1982). Three parameter correlations are specified in this 
24 performance assessment through this technique. These correlations are all related to rock 
25 compressibility and permeability. In the MI3139 material region in BRAGFLO, rock 
26 compressibility (COMP-RCK, ID # 580) and intrinsic permeability (PRMX-LOG, ID #591) 
27 are inverse-correlated with a correlation coefficient of -0.99. In the Salado impure halite 
28 material region in BRAGFLO, rock compressibility (COMP-RCK, ID #19) and intrinsic 
29 permeability (PRMX-LOG, ID #18) are inverse correlated with a correlation coefficient of 
30 -0.99 (BRAGFLO). In the Castile brine reservoir material region in BRAGFLO, rock 
3 1 compressibility (COMP-RCK, ID #29) and intrinsic permeability (PRMX-LOG, ID #28) are 
32 inverse correlated with a correlation coefficient of -0.75. Explicit parameter correlation is not 
33 used to correlate other sampled parameters. 
34 

35 Rock compressibilities and intrinsic permeabilities are correlated to be most consistent with 
36 interpretations of the hydraulic tests that have been performed in these units. In hydraulic 
37 testing, hydraulic diffusivity, the ratio of permeability to compressibility, is determined more 
38 precisely than either permeability or compressibility alone. Introducing the correlation of the 
39 permeability and compressibility parameters in performance assessment better represents the 
40 knowledge of the formation gained from hydraulic testing than specifying no correlation 
4 1 whatsoever. 
42 
43 An induced correlation in performance assessment is created when a parameter sampled in 
44 LHS (the underlying variable) is used to define the values of other parameters (defined 
45 variables). This is a prevalent method of correlation in this berformance assessment. For 
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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 K, values (SECOTP2D) 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 (BRAGFLO), 

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

the underlying variable americium properties and the defined variable curium 
properties (NUTS, PANEL, and SECOTP2D), 

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

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), and 

the underlying variable CUMPROB and the defined variables of time-dependent 
permeabilities of the compacted salt seal permeabilities in the shaft. Where relevant, 
parameter sheets in Appendix PAR contain information related to parameter . - -  : .  

correlation. . ' I  I ,:<~ 

0 ' : )  , ...' \, . , ! . < , I  1 No correlations were used in this performance assessment for certain parameters used to 
. , , ; : , , describe transport in the Culebra for which the possibility of correlation might be suspected:. * , - 

The treatment in performance assessment is most consistent with available information, 
because, as discussed in 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 performance assessment, 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 Chapter 6.0, 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 
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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 E l  and E1E2 scenarios, the brine composition is considered to be that 
of Castile brine. This is discussed in Chapter 6.0 (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 volume released by 
particulate spall and direct brine flow to the surface during an intrusion event are assumed to 
be the same for the third and subsequent intrusions into the repository as they were for the 
second intrusion. This is discussed in Chapter 6.0 (Section 6.4.13). 

Finally, there are also correlations among model parameters developed explicitly by the 
governing equations of computational models used. For example, the porosity of nodal blocks 
in BRAGFLO is a function of the initial porosity, pressure change, and compressibility. 
These types of relationships among parameters are documented in the appendices for specific 
codes. 
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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 (see Appendix BRAGFLO, Section 4.13). 

Material and Parameter Name@): 

STEEL CORRMCO2 (#2907) 

Computational Code: BRAGFLO 

mean ] median 1 minimum I maximum 1 std. deviation 
7.937 x lo-'s 1 7.937 x lo-15 I 0 1 1.587 x 10-l4 1 0 

Units: m/s I 
Distribution Type: Uniform 

CDF/PDF Graph 

STEEL CORRMC02 
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I Parameter 1: Inundated Corrosion Rate for Steel Without CO, Present (Continued) I 
Data: Site- Specific Experimental Data 

The parameter records package associated with this parameter is located at SWCF- 
A:WBS 1.1 .O9.l. 1:PDD:QA:Estimates of Gas Generation (WPO 308 19). 

Discussion: 

Without CO, present, anoxic steel corrosion will proceed via the reaction: Feo + 2H,O = 
Fe(OH), + H,. The upper limit of the parameter is determined from long-term anoxic steel 
corrosion experiments. The minimum rate is set to zero because experimental work indicates 
that salt crystallization on the steel surface could potentially prevent steel corrosion (Wang and 
Brush 1996). 

I WIPP Data Entry Form #464 WPO#: 34357 1 
References: 

Wang, Y. and Brush, L. 1996. Memorandum to Martin Tierney, Re: Estimates of Gas- 
Generation Parameters for the Long-Term WIPP Performance Assessment, January 26, 1996. 
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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 Parameter Name(s): 

WAS-AREA PROBDEG (#2823) 
REPOSIT PROBDEG (#2824) 

I Computational Code: BRAGFLO 

I Units: None 

mean I median 1 minimum I maximum I std. deviation 

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

n.a. 
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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 (Continued) 

Discussion (Continued): 

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

Cometabolism means that microbes degrade an organic compound, but do not use it or its 
constituent elements as a source of energy; these are derived from other substrates (Alexander 
1994). In the WIPP repository, plastics and rubbers, which are resistant to biodegradation, 
may still be cometabolized with cellulosics and other more biodegradable organic compounds. 
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- I. 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. The default, or median, value is assumed to be 2 since it is the case of 
highest gas generation (Tierney 1996). 

WIPP Data Entrv Form #464 WPO#: 34881 

References: 

Alexander, M. 1994. Biodegradation and Bioremediation. Academic Press, N.Y. At New 
Mexico Tech. Still in print per BE'. 

DOEICAO. 1996. Transuranic Waste Baseline Inventory Report (Rev. 2). DOEiCAO-95- 
1121. 

Tiemey, M. 1996. Memorandum to File, Re: Reasons for choice of the PROBDEG 
parameter (id nos. 2824 and 2823) on February 22, 1996, March 29, 1996 (contained in 
WPO 34881). 

Wang, Y., and Brush, L. 1996. Memorandum to Martin Tierney, Re: Estimates of Gas- 
Generation Parameters for the Long-Term WIPP Performance Assessment, January 26, 1996. 
WPO 31943. 
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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 (Continued) 

Corrosion and Significant 
Microbial Gas Generation 

PI 

Cellulosic, Plastic and 
Rubber Degradation 

P2 
0.5 

PlP2 

Branch 2 
0.25 

Corrosion and No Significant Microbial 
Gas Generation 

Cellulosic Degradation Only 
(No Plastic and Rubber Degradation) 

P, (1 -P2) 

Branch 1 
0.25 

Branch 0 
0.5 

pl = Probability of Occurrence of Significant Microbial Gas Generation (= 50 percent) 

p, = Probability of Occurrence of Plastics and Rubber Biodegradation in the Event of Significant 
Gas Generation (= 50 percent) 

CCA.PAR001-0 

Figure PAR-1. Logic Diagram for Possible Outcomes and Probabilities for the 
Parameter PROBDEG (Modified From Tierney 1996) 
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I Parameter 3: Biodegradation Rate of Cellulosics Under Brine-Inundated Conditions I 
Parameter Description: 

This parameter is used to describe the rate of cellulosics biodegradation under anaerobic, 
brine-inundated conditions (see Appendix BRAGFLO, Section 4.13). 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 Parameter Name@): 

WAS-AREA GRATMICI (#657) 
REPOSIT GRATMICI (#2128) 

I Computational Code: BRAGFLO 1 

I Distribution Type: Uniform 1 

mean 

CDFRDF Graph 
WAS-AREA GRATMICI 

UNIFORM DiStdbbYon 

4.915 x 1 4.915 x 1 3.171 x 10-lo 1 9.5129 x 1 0 

I Units: m o ~ g * s  I 

median 
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I Parameter 3: Biodegradation Rate of Cellulosics Under Brine- Inundated Conditions 1 
1 (Continued) 

Data: Site-Specific Experimental Data 

The parameter records package associated with this parameter is located at: 
SWCF-A:WBS 1.1.09.1.1:PDD:QA:Estimates of Gas Generation (WPO 308 19). 

Discussion: 

The maximum rate is estimated using the data obtained from both NO; - and nutrients- 
amended experiments, whereas the minimum rate is derived using the data obtained from the 
inoculated-only experiments without any nutrient and NO; amendment. The rates were 
calculated from the initial linear part of the experimental curve of CO, vs. time by assuming 
that cellulosics biodegradation in those experiments were nitrate- or nutrient-limited (Wang 
and Brush 1996). 

References: 

WIPP Data Entry Form #464 WPO#: 34928 

Wang, Y. and Brush, L. 1996. Memorandum to Martin Tierney, Re: Estimates of Gas- 
Generation Parameters for the Long-Term W P  Performance Assessment, January 26, 1996. 
WPO 31943. 

- 
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Parameter 4: Biodegradation Rate of Cellulosics Under Humid Conditions 

Parameter Description: 

This parameter is used to describe the rate of cellulosics biodegradation under anaerobic, 
humid conditions (see Appendix BRAGFLO, Section 4.13). It is a sampled parameter for the 
waste emplacement area and the waste, and the values are then applied to the repository 

1 regions outside of the panel region. 

Material and Parameter Name(+ 

WAS-AREA GRATMICH (#656) 
REPOSIT GRATMICH (#2127) 

Computational Code: BRAGFLO 1 

( Distribution Type: Uniform 

mean 

:DF/PDF Graph 
WAS-AREA GRATMICH 

6.342 x 1 6.342 x I 0.0 1 1.2684 x 1 0 

( Units: mol/kg*s 

median 
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.? 

- - 1 Parameter 4: Biodegradation Rate of Cellulosics Under Humid Conditions (Continued) ] 

Data: Site-Specific Experimental Data 

The parameter records package associated with this parameter is located at: 
SWCF-A:WBS 1.1.09.1.1:PDD:QA:Estimates of Gas Generation (WPO 30819). 

Discussion: 

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

WIPP Data Entrv Form #464 WPO#: 34923 

References: 

Wang, Y. and Brush, L. 1996. Memorandum to Martin Tierney, Re: Estimates of Gas- 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 5: Factor for Microbial Reaction Rates I 
Parameter Description: I 
Factor p is an index that characterizes the stoichiometry used to calculate the microb'ially- 
generated gas, accounting for interaction with gases reacting with steel and steel corrosion 
products (see Appendix BRAGFLO, Section 4.13). 

Material and Parameter Name(s): 

CELLULS FBETA (#2994) I 
[ Computational Code: BRAGFLO 1 

Units: None 1 

mean 

( Distribution Type: Uniform 1 
DFIPDF Graph 

median 

CELLULS FBETA 

/ UNIFORM Dlstnbvtlon 

minimum 
0.5 

Curnulawe Prebabliw 

+ Sampled Data 

maximum I std. deviation 
0 0.5 

0.0 0.2 0.4 0.6 08 1 0  
FBETA 

m a # %  -- u m m  7 .u- --a 

1 .O I 0.29 
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Title 40 CFR Part 191 Compliance Certification Application 
h 

- -- 

Parameter 5: Factor p for Microbial Reaction Rates (Continued) 

Data: Site-Specific Experimental Data 

The parameter records package associated with this parameter is located at: 
SWCF-A:WBS 1.1.09.1.1:PDD:QA:Estimates of Gas Generation (WPO 30819). 

Discussion: 

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

WIPP Data Entry Form #464 WPO#: 3 1826 

References: 

Wang, Y. and Brush, L. 1996. Memorandum to Martin Tierney, Re: Estimates of Gas- 
Generation Parameters for the Long-Term WIPP Performance Assessment, January 26, 1996. 
WPO 3 1943. 

October 1996 



Title 40 CFR Part 191 Compliance Certification Application 

1 Parameter 6: Residual Gas Saturation - Repository I 
I Parameter Description: 

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

Material and Parameter Name(s): 

WAS-AREA SAT-RGAS (#67 1 ) 
REPOSIT SAT-RGAS (#2137) 

I Computational Code: BRAGFLO J 

I Units: None 

[ Distribution Type: Uniform 1 

mean 

) CDFIPDF Graph 

minimum median 

I WAS-AREA SAT-RGAS 

maximum 1 std. deviation 
0.075 

UNIFORM Dlmibufim 

curnw[ative PmbaM 

I vanable 5 in LHS 

0 0 

0.075 

000 0.05 0.10 0.15 
SATLRGAS 

- ..mrs .-. m-" 
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Title 40 CFR Part 191 Compliance Certification Application - 
Parameter 6: Residual Gas Saturation - Repository (Continued) 

Data: General Literature and Professional Judgment 

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

- 

Discussion: 

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

WIPP Data Entry Form #464 WPO#: 34905 

References: 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 7: Residual Brine Saturation - Repository 

Parameter Description: 

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

Material and Parameter Name(s): 

WAS-AREA SAT-RBRN (#670) 
REPOSIT SAT-RBFW (#2741) 

Computatiunal Code: BRiGFLO I 

I Units: None 

mean 

[ Distribution Type: Uniform 

ZDFIPDF Graph 

median 

WAS-AREA SAT-RBRN 

OW 0.10 0.20 0.30 0.40 0.50 
SAT-RBRN 

mm,m - m 2.- 

minimum 

0.16 0.276 
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Title 40 CFR Part 191 Compliance Certification Application - 
Parameter 7: Residual Brine Saturation - Repository (Continued) 

I Data: General Literature and Professional Judgment I 
Two-phase flow parameters have not been measured for materials representing a collapsed 
empty, back-filled, or waste-filled room. Therefore, the parameter values are based on 
literature values for unconsolidated materials. 

Discussion: I 
Brooks and Corey evaluated their two-phase characteristic equations against capillary pressure 
and relative permeability data obtained in laboratory experiments (Brooks and Corey 1964). 
Mualem (1976) proposed a modified procedure to that of Brooks and Corey for determining . . - 
the wetting phase (S,,) permeability curve by adding the constraint that the extrapolated curve 
should pass through the highest capillary pressure data point. Although their wetting phase 
relativipermeability predictions are similar to each other and to the data, the Mualem 
procedure, in some cases, results in S,, values less than those predicted by the Brooks and 
Corey model. Consequently, Table PAR-1 lists the Mualem (1976) residual wetting phase 
saturations to ensure that the potential for brine mobility is not underestimated. As indicated in 
Table PAR- I ,  single-phase liquid permeabilities of the Brooks and Corey materials are of the 
same order of magnitude as those assigned to waste disposal regions (10-13 square meters). 

- - 

I WIPP Data Entrv Form #464 WPO#: 34902 

- - 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 7: Residual Brine Saturation - Repository (Continued) 

Table PAR-1. Brooks and Corey (1964) Materials Parameters - Unconsolidated Mediaa 

Permeability (square Pomsity Swc 
metedb 

~~~ - ~- 

Volcanic Sand 

Fine Sand 

Glass Beads 

Fragmented Mixture 

Fragmented Fox Hill Sandstone 

Touchet Silt Loam 

Poudre River Sand 

Amarillo Silty Clay Loam 

Consolidated Berea Sandstone 

Consolidated Hygiene Sandstone 

~ -- 

1 . 1  x lo-" 

2.85 x 10." 

1.05 x lo-'' 

1.50 x lo-" 

1.61 x lo-" 

5.00 x lo-')  

2.26 x lo-" 

2.34 x lo-'' 

4.81 x lo-'' 

1.78 x 

a - Consolidated materials are identified in the material column 
b - Single-phve liquid permeability 
c - Mualem S, corrected for compaison to Brooks and Corey (1964) 
S, - Wetting phase residual saNmtion 
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Title 40 CFR Part 191 Compliance Certification Application 

I Parameter 8: Wicking Saturation 

Parameter Description: 

The wicking saturation in the waste is used in the gas generation model (see Appendix 
BRAGFLO, Section 4.13). 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 Parameter Name(s): 

WAS-AREA 
REPOSIT 

SAT-WICK (#223 1) 
SAT-WICK (#2138) 

I Computational Code: BRAGF'LO 1 

I Units: None 

mean 

I Distribution Type: Uniform 
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median minimum 
0.5 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 8: Wicking Saturation (Continued) 

Data: Professional Judgment 

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

Discussion: 

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

The adjustment is done as follows: 

S,,eff = S, + S,, 

and 

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

1 WIPP Data Entry Form #464 WPO#: 34908 I 

References: 
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Title 40 CFR Part 191 Compliance Certification Application - 

I Parameter 9: Log of Intrinsic Permeability - All Clay Shaft Materials 

Parameter Description: 

Log of the vertical and horizontal intrinsic permeability for the Rustler compacted clay, the 
lower Salado compacted clay, and the upper Salado compacted clay and the bottom clay 
column from 0 to 10,000 yrs. It is a sampled parameter for the Lower Salado Clay from T = 0 
to 10 years used to calculate an effective permeability that is then applied to all other clay shaft 
materials and time periods. 

Material and Parameter Name(s): 

CL-L-T 1 PRMXLOG (#2334) 
CL-L-T 1 PRMY-LOG (#2335) 
CL-L-T 1 PRMLLOG (#2336) 

CLAY-RUS PRMXLOG (#3009) 
CLAY-RUS PRMY-LOG (#3010) 
CLAY-RUS PRMZ-LOG (#3011) 

CL-L-T2 PRMX-LOG (#235 1) 
CL-L-T2 PRMY-LOG (#2352) 
CL-L-T2 PRMZLOG (#2353) 

CL-L-T3 PRMX-LOG (#2368) 
CL-L-T3 PRMY-LOG (#2369) 
CL-L-T3 PRMZ-LOG (#2370) 

CL-L-T4 PRMX-LOG (#3078) 
CL-L-T4 PRMY-LOG (#3079) 
CL-L-T4 PRMZ_LOG (#3080) 

CL-M-T 1 PRMX-LOG (#2385) 
CL-M-T 1 PRMY-LOG (#2386) 
CL-M-T 1 PRMZLOG (#2387) 

CL-M-T2 PRMX-LOG (#2402) 
CL-M-T2 PRMY-LOG (#2403) 
CL-M-T2 PRMZ-LOG (#2404) 

CL-M-T3 PRMXLOG (#24 19) 
CL-M-T3 PRMY-LOG (#2420) 
CL-M-T3 PRMZ-LOG (#242 1) 
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Parameter 9: Log of Intrinsic Permeability - All Clay Shaft hlaterials (Continued) 1 
Material and Parameter Name@) (continued): 

CL-M-T4 PRMXLOG (#2436) 
CL-M-T4 PRMY-LOG (#2437) 
CL-M-T4 PRMZ_LOG (#2438) 

CL-M-T5 PRMX-LOG (#2453) 
CL-M-T5 PRMY-LOG (#2454) 
CL-M-T5 PRMZ-LOG (#2455) 

CLAY-BOT PRMXLOG (#23 17) 
CLAY-BOT PRMY-LOG (#23 18) 
CLAY-BOT PRMZLOG (#23 19) 

I Computational Code: BRAGFLO 

I Units: log(square meters) 1 

mean 

1 Distribution Type: Triangular 

ZDFIPDF Graph 

CL-L-TI PRMX-LOG 

maximum I std. deviation mode 
- 18.8670 
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minimum 
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Title 40 CFR Part 191 Compliance Certification Application 

1 Parameter 9: Log of Intrinsic Permeability - All Clay Shaft Materials (Continued) 

Data: General Literature - Professional Judgment and Site-Specific Experimental Data 

Data are based on a review of the available literature and a series of small-scale in-situ tests. 
The data associated with this parameter are summarized in the following parameter records 
package: SWCF-A: 1.1.03.2.1 :PDD:QA:Shaft Seals BRAGFLO Parameters (WPO 30640). 

Discussion: 

A significant body of literature regarding compacted bentonite permeability was reviewed. 
Most literature sources report hydraulic conductivity rather than intrinsic permeability. 
Hydraulic conductivity can be related to intrinsic permeability through the fluid density and 
viscosity and the acceleration of gravity. The permeability of reported bentonites ranges from 
1 x 10.'' square meters to 1 x 10-Is square meters. 

A series of in-situ tests were conducted to evaluate the feasibility of various candidate 
materials to be used for sealing materials at the WIPP site. These tests are referred to as the 
Small Scale Seal Performance Tests (SSSPT). Results from these tests support the use of 
compacted bentonite as a sealing material at the WIPP site and in the Salado Formation. Test 
Series D consisted of two seals with 100 percent bentonite cores. Each seal had a diameter of 
0.91 meters and was approximately 3 meters in length, with bentonite cores 0.91 meters in 
length. Cores of the two bentonite seals had initial dry densities of 1.8 and 2.0 grams per cubic 
centimeters. Pressure differentials of 0.72 and 0.32 megapascals were maintained across the 
bentonite seals with a brine reservoir on the upstream (bottom) of the seals for several years. 
Over the course of the seal test, no visible brine was observed at the downstream end of the 
seals. Because the saturation state of the bentonite seals is unknown, determination of the 
absolute permeability of the bentonite seals cannot be estimated precisely. However, a 
bounding calculation of permeability by Knowles and Howard (1996) for the bentonite seals 
reported a value of 1 x 10-19 square meters. 

The compacted bentonite material specification (SAND96-1326) specifies that the clay seals 
will'be emplaced at a dry density of 1.8 to 2.0 grams per cubic centimeter. Based upon this 
information, a distribution function for clay permeability was developed. The basis for the ., 

proposed distribution is the following: 

(1) A practical minimum for the distribution was specified at 1 x square meters. \ 
(2) Assuming that the effective dry density of the bentonite emplaced in the seals only 

varies from 1.8 to 2.0 grams per cubic centimeter, then a maximum expected 
permeability can be extrapolated as 1 x 10-19 square meters. 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 9: Log of Intrinsic Permeability - .411 Clay Shaft Materials (Continued) I 
Discussion (continued): 

There is some uncertainty in the effective dry density of emplacement because of the 
difficulty of emplacing large columns of bentonite at high densities. To address this 
uncertainty, it is assumed that the compacted clay may be emplaced at a dry density as 
low as 1.6 grams per cubic centimeter. This actuality is not considered to be a high 
probability, but cannot be completely ruled out. At 1.6 grams per cubic centimeters, the 
maximum permeability for the clay would be approximately 5 x 10-19 square meters. 
Therefore, assuming no salinity effects, a range of permeability from 1 x square 
meters to 5 x square meters with a best estimate of less than 1 x 10-19 square 
meters is defined (assuming a best estimate emplacement density of 1.8 grams per cubic 
centimeter). It could be argued that the best estimate could be as low as 2 x square 
meters. 

The literature reports that salinity increases permeability. However, these effects are 
greatly reduced at the emplacement densities specified for the shaft seal. At seawater 
salinity, Pusch et al. (1987) report the effects on permeability could be as much as a 
factor of 5 (one-half of a order of magnitude). It is expected that at the emplacement 
densities specified, the effect of salinity will be within an order of magnitude of the 
values reported in the literature measured with fresh pore water. To account for salinity 
effects, the maximum permeability was increased from 5 x lO-I9 square meters to 5 x 

square meters. The best estimate permeability was increased by one-half order of 
magnitude to 5 x lOI9  square meters. The lower limit was held at 1 x square 
meters. Because salinity effects are greatest at higher densities, the maximum was 
adjusted one full order of magnitude while the best estimate (assumed to reside at a 
density of 1.8 grams per cubic centimeters) was adjusted one-half of an order. 

The disturbed rock zone (DRZ) permeability adjacent to the compacted clay column was 
zalculated explicitly and then combined with the clay seal permeability in the BRAGFLO 
model. 

In order to obtain an effective DRZ permeability, an estimate of the radius of the DRZ around 
the shaft was provided. Structural calculations were performed to estimate the radial extent of 
the DRZ as a function of time and depth adjacent to the upper and lower compacted clay seals, 
the compacted crushed salt seal, and the asphalt seal (SAND96-1326). The times considered 
were 0, 10, 25,50, and 100 years after seal emplacement. Table PAR-2 shows the extent of 
the DRZ in terms of normalized radius at the mid-height of each component. 
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Title 40 CFR Part 191 Compliance Certification Application - 
Parameter 9: Log of Intrinsic Permeability - All Clay Shaft Materials (Continued) 

I Discussion (Continued): 

At the shaft seal materials, the effective permeability of composite seal and DRZ for the 
BRAGFLO model was calculated from the equation: 

where: k,,,,,,, = effective composite permeability used in BRAGFLO 

A,,,,, = effective shaft area modeled inBRAGFLO (equal to the shaft area, A,) 
k,,A, = summation of the shaft seal permeability multiplied by the shaft seal 

area for the four shafts 

b,Ad = summation of the DRZ permeability multiplied by the DRZ area for the 
four shafts 

Assuming that the change in permeability within the DRZ is log linear, the effective DRZ 
permeability, kd, for each shaft was calculated from: 

where: n = shaft index (1,2,3,  or 4) 
Ti = inner radius (shaft excavation radius) 
ro = outer DRZ radius 
A = outer DRZ radius minus the inner DRZ radius 
k = inner skin permeability (DRZ permeability at the shaft/DRZ interface) 
k, = intact halite permeability 

The summation of DRZ permeability multiplied by the DRZ area for all four shafts is equal to: 

where: d l  = air-supply shaft 
d2 = salt-handling shaft 
d3 = waste-handling shaft 
d4 = air-exhaust shaft 

1 and the summation of shaft permeability multiplied by the shaft area for all four shafts is equal 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 9: Log of Intrinsic Permeability - All Clay Shaft Materials (Continued) 1 
Discussion (continued): 

kS AS = kSI  ' kS2 AS2 + kE3 AS3 + kS4 

The resulting permeabilities are presented in Appendix IRES. 

(See also Parameter 12) 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 9: Log of Intrinsic Permeability - All Clay Shaft Materials (Continued) 

Table PAR-2. Extent of the DRZ in Terms of Normalized Radius at Mid-Height of 
Component 

Seal Material DRZ Extent - Normalized Radius 
and Associated 
DRZ Zone Time Reference of Instantaneous Emplacement of Seal Materials 

0 yrs 10 yrs 25 yrs 50 yrs 100 yrs I 
Asphalt Column 1.629 1.629 1.629 1.629 1.629 
DRZ- 1 

Upper Sdado 1.709 1.469 1.283 1.107 1.000 
Compacted Clay 
DRZ-2 

Reconsolidated 1.814 1.110 1.000 1 .OOO 1.000 
Salt 
DRZ-3 

Lower Salado 1.858 1.162 1.002 1.000 1.000 
Compacted Clay 
DRZ-4 

October 1996 DOWCAO 1996-21 84 



Title 40 CFR Part 191 Compliance Certif~cation Application 

Parameter 10: Log of Intrinsic Permeability - Concrete (T = 0-400 yrs) 1 
Parameter Description: I 
Log of the vertical and horizontal intrinsic permeability for the concrete column during the 
first 400 years. It is a sampled parameter for the x-direction and the values are then applied to 
the y- and 2-directions. 

Material and Parameter Name(s): 

CONC-T 1 PRMX-LOG (#2470) 
CONC-T1 PRMY-LOG (#247 1) 
CONC-T1 PRMZ-LOG (#2472) 

] Computational Code: BRAGFLO I 

I Units: log(square meter) I 
I Distribution Type: Triangular 

mean 

CDFIPDF Graph 
CONCTl PRMX-LOG 

1 .o 

0.8 

2 z 06 
n 
2 
n 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 10: Log of Intrinsic Permeability - Concrete (T = 0-400 yrs) (Continued) 

/ Data: Site-Specific Experimental Data I 
I The intrinsic permeability of the concrete column is based on laboratory and in-situ data. The 

data associated with this parameter are summarized in the following parameter records 
package: SWCF-A: 1.1.03.2.1:~~~:~~~/1.1.03.2.2:~haft Seals B ~ G F L O  Parameters 
(WPO 30640). I 
Discussion: 

As reported by Repository Isolation Systems Department (1996), traditional freshwater 
concrete has been widely used for hydraulic applications such as water storage tanks, water 
and sewer systems, and massive dams because it has exceptionally low permeability (less than 

square meters upon hydration). Salado Mass Concrete (SMC) is a specially-designed 
salt-saturated concrete mix that was developed only recently (Wakeley et al. 1994; Wakeley 
et al. 1995). 

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

A total of 18 permeability measurements were made on the three specimens. Permeability of 
the SMC and SSPT specimens are all very low with a range from 2.1 x 10.'' square meters to 
7.51 x lo-'' square meters with an average of 4.71 x lo-'' square meters. Permeability of the 
SSSPT specimens ranged from 3.00 x square meters to 5.04 x square meters with 
and average of 2.18 x 10-19 square meters. Knowles and Howard (1996) presented results of 
field permeability tests performed in the WIPP SSSPT boreholes during 1985-1987 and 1993- 
1995. Although individual seal system component material permeabilities for concrete, DRZ 
salt, and salt were not determined, overall seal system permeabilities were determined and 
ranged from 1.0 x 10.'~ square meters to 1.0 x 10.'' square meters and from 1.0 x square 
meters to 1.0 x square meters for the 1985-1987 tests and the 1993-1995 tests, 
respectively. These ranges encompass the laboratory values measured by Pfeifle, et al. (1996). 

The data described above were derived from gas permeability measurements in which no 
Klinkenberg corrections were applied to the measured values. The Klinkenberg corrections I were expected to be small becaise of the low mean pressure gradients used in the tests 
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Title 40 CFR Part 191 Compliance Certification Application 

I Parameter 10: Log of Intrinsic Permeability - Concrete (T = 0-400 yrs) (Continued) 

Discussion (Continued): 

Magnesium-rich brines are known to cause degradation of cementitious materials, such as  
SMC (Wakeley et al. 1994). Degradation is expected to increase the permeability of SMC 
components. It was assumed that the asphalt column extending from the RustledSalado 
contact into the Salado salt will protect the SMC seal components from contacting Mg-rich 
brines during the specified performance period. 

The interface between the Salado salt and the SMC components may provide a flow path 
around the SMC components. This flow path is possible if a small aperture develops as the 
concrete is curing or if the interface degrades because of corrosive brines. If such a flow path 
occurs, the effective permeability of the SMC will increase. Because of this uncertainty, the 
upper bound permeability was assigned to a value of -17 which corresponds to a permeability 
of 1.0 x square meters. This value was selected after an effective permeability 
calculation was performed. In this calculation, the interface zone was assumed to have a 
permeability of 1.0 x square meters and concrete permeabilities were varied from 1.0 x 

to 1.0 x square meters. Assuming the interface zone had a thickness of 0.001 times 
the shaft radius or smaller, the effective permeability of the concrete was about 1.0 x 
square meters regardless of the value selected for the permeability of the SMC seal. 

No DRZ was specified adjacent to the concrete component because of the healing affects of 
the stiffness of the concrete and the ability of the asphalt waterstops to cut off the DRZ. 

WIPP Data Entry Form #464 WPO#: 32583 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 10: Log of Intrinsic Permeability - Concrete (T = 0-400 yrs) (Continued) 

References (Continued): 
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Title 40 CFR Part 191 Compliance Certification Application 

I Parameter 11: Log of Intrinsic Permeability - Asphalt Shaft Material 

Parameter Description: 

Log of the vertical and horizontal intrinsic permeability for the asphalt shaft material. It is a 
sampled parameter for the x-direction and the values are then applied to the y- and z- 
directions. 

I Material and Parameter Name@): 

ASPHALT PRMXLOG (#2283) 
ASPHALT PRMY-LOG (#2284) 
ASPHALT PRMZLOG (#2285) 

I Computational Code: BRAGFLO 

Units: log(square meters) 

I 

I Distribution Type: Triangular 

mean 

ZDFIPDF Graph 
ASPHALT PRMX-LOG 

mode 

TRIANGUIAR I"rfnbution 

curnulaws ~mbabili 

+ samptea D m  

Vadabbi 11 1" LHS 
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Data: Professional Judgment 

The parameter distribution is based on literature values and professional judgment. The 
parameter records package associated with this parameter is located at: SWCF-A: 1.1.03.2.1: 
PDD:QA:Shaft Seals BRAGFLO Parameters (WPO 30640). 

Discussion: 

Asphalt mastic mix (AMM) is a mix of asphalt cement, sand, and other mineral fillers. The 
mix design specifies that the air void volume be between 1 and 2 percent and the mix will 
consist of 20 weight percent asphalt cement (AR-4000 graded asphalt), 70 weight percent 
aggregate (silica sand), and 10 weight percent hydrated lime. The high asphalt content along 
with the very fine-grained aggregate will result in a material with virtually no voids. The 
aggregate will resist settling and will provide a filter cake along the host rock contact to 
prevent excessive loss of asphalt to the formation. Hydrated lime is included to increase the 
stability of the material, to decrease moisture susceptibility, and to act as an anti-microbial 
agent. 

Several sources were reviewed to find relevant information on the permeability of asphalt and 
asphaltic based construction materials. A large body of literature exists on applications of 
using asphalt as a barrier to water flow such as in the case of dams. Asphalt is routinely 
referred to in the literature as being impermeable, waterproof, etc. However, very little 
quantitative information exists regarding the permeability of asphalt. No permeability values 
were found for an AMM which shares the expected low void volume and high asphalt content 
that will exist in the shaft seal. However, literature on a few similar asphalt mixes was found 
and used in the development of the PDF. Myers and Duranceau (1994) reported on the asphalt 
concrete as a high-asphalt content product design to minimize the void spaces. The reported 
hydraulic conductivity of the asphalt concrete was estimated to be 1 x meters per second 
(equivalent to an intrinsic permeability of approximately 1 x 10-16 assuming freshwater). 
Myers and Duranceau (1994) reported that the hydraulic conductivity of fluid applied asphalt 
was estimated to be 1.0 x 10.'' to 1.0 x centimeters per second (equivalent to an intrinsic 
permeability of approximately 1.0 x lo-" to 1.0 x loeL9 square meters, assuming freshwater). 

In addition, Robert Romine, a Research Scientist in the Environmental Technology Division of 
Pacific Northwest Laboratories (PNL) and technical expert to SNL in the design and 
development of the specifications for the shaft seal AMM was consulted. Based on his 
experience designing and testing asphalt engineered barriers, the expected permeability for the 
WIPP AMM seal is less than 1 x I O - ~ O  square meters. 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 11: Log of Intrinsic Permeability - Asphalt Shaft Material (Continued) 

Discussion (Continued): 

The DRZ permeability adjacent to the compacted clay column was calculated explicitly and 
then combined with the clay seal permeability in the BRAGFLO model. 

In order to obtain an effective DRZ permeability, an estimate of the radius of the DRZ around 
the shaft was provided. Repository Isolation Systems Department (1996) performed structural 
calculations to estimate the radial extent of the DRZ as a function of time and depth adjacent 
to the Upper and Lower compacted clay seals, the compacted crushed salt seal, and the asphalt 
seal. The times considered were 0, 10,25,50, and 100 years after seal emplacement. Table 
PAR-3 shows the extent of the DRZ in terms of normalized radius at the mid-height of each 
component. 

For the shaft seal materials, the effective permeability of the composite seal and DRZ for the 
BRAGFLO model was calculated from the equation: 

where: 
!q,,,, = effective composite permeability used in BRAGFLO 
A,,,,, = effective shaft area modeled in BRAGFLO (equal to the shaft area, A,) 
&,A, = summation of the shaft seal permeability multiplied by the shaft seal area, for 

the four shafts 
k,,A, = summation of the DRZ permeability multiplied by the DRZ area for the four 

shafts 

Assuming that the change in permeability within the DRZ is log linear, the effective DRZ 

permeability, k , for each shaft was calculated from: 

/-.-.*, 
,'+ 

where: n = shaft index ( I ,  2,3, or 4) ...*, m 
. p' > ! .  $ 2 ~  .\ , 

ri = inner radius (shaft excavation radius) 4 . '  s,, . .:. . ; I I #  , 
r, = outer DRZ radius ", , : ~  ', :, '. : 

.. . , 

A = outer DRZ radius minus the inner DRZ radius 
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Title 40 CFR Part 191 Compliance Certification Application A 

Parameter 11: Log of Intrinsic Permeability - Asphalt Shaft Material (Continued) 

Discussion (Continued): 

ki = inner skin permeability (DRZ permeability at the shaftlDRZ interface) 
k, = intact halite 

The summation of DRZ permeability multiplied by the DRZ area for all four shafts is equal to: 

kdAd = k, Ad, + kd2 Ad2 + kd, Ad, + kd, Ad, 

where: 
d l  = air-supply shaft 
d2 = salt-handling shaft 
d3 = waste-handling shaft 
d4 = air-exhaust shaft 

and the summation of shaft permeability multiplied by the shaft area for all four shafts is equal 
to: 

The resulting permeabilities are presented in Appendix IRES 

(See also Parameter 12) 

WIPP Data Entry Form #464 WPO#: 3 1390 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 11: Log of Intrinsic Permeability - Asphalt Shaft Material (Continued) 

Table PAR-3. Extent of the DRZ in Terms of Normalized Radius at Mid-Height of 
Component 

Seal Material DRZ Extent -- Normalized Radius 
and Associated 
DRZ Zone T i e  Reference of Instantaneous Emplacement of Seal Materials 

0P.S 10 yrs 25 y r ~  50 yrs 100 yrs 

Asphalt Column 1.629 1.629 1.629 1.629 1.629 
D m - 1  

Upper Salado 1.709 1.469 1.283 1.107 1.000 
Compacted Clay 
DRZ-2 

Reconsolidated 1.814 1.110 1 .OOO 1.000 1.000 
Salt 
DRZ-3 

Lower Salado 1.858 1.162 1.002 1.000 1.000 
Compacted Clay 
D m - 4  

October 1996 



Title 40 CFR Part 191 Compliance Certification Application 

Parameter 12: Intrinsic Permeability - Shaft Disturbed Rock Zone 

Parameter Description: 

The shaft DRZ permeability is used to obtain the effective sealDRZ permeability for the shaft 
materials affected by a DRZ, including the clay, salt, and asphalt shaft materials. 

Material and Parameter Name(s): 

( Computational Code: BRAGFLO I 

I Units: log(square meters) 

mean 

[ Distribution Type: Triangular 1 
CDFIPDF Graph 

SHFT DRZ PRMX LOG 

mode 

- - 

TRIANGUIAR I*st"b"fion 

+ Ssmpisd Data 

Vanale 12 m LHS 

- 15.333 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 12: Intrinsic Permeability - Shaft Disturbed Rock Zone (Continued) 

Data: Site-Specific Experimental Data I 
The data for the DRZ around the shaft come from field and laboratory data. 

The data associated with this parameter are summarized in the following parameter 
package: SWCF-A:WBS: 1.1.03.2.1:PDD:QA:Shaft Seals BRAGFLO Parameters , , 

(WPO 30640). 
. . 

Discussion: 

The shaft DRZ permeability is used to obtain the effective composite permeability for the shaft 
materials affected by a DRZ, including the clay, salt, and asphalt shaft materials (see Figure 
PAR-2). 

The zone of disturbed salt around the excavation is termed the DRZ. The DRZ in the bedded 
halite of the Salado Formation forms immediately upon passage of the mining tools and 
progressively develops over time with the unloading of the formation as it creeps into 
excavations. From a sealing perspective, the most important and controlling characteristic of 
the DRZ is its enhanced permeability which results from the dilatant deformation and the 
increased pore volume. 

When the shaft seals are emplaced, back pressures in the shaft sealing material will develop 
with time as the surrounding salt creeps into the shaft. These back pressures both induce 
higher mean stress and reduce the magnitude of the stress difference in the DRZ which, 
ultimately, causes the microfracturing mechanism to become inactive (Brodsky and Munson 
1994). The higher mean stresses also induce healing of the DRZ as shown by Brodsky (1990). 
Healing is a time-dependent process; eventually, the permeability of the DRZ will return to 
that of intact salt. Because the creep rate of the salt surrounding the shaft depend on depth, 
back pressures in the shaft sealing materials develop more quickly at depth. Therefore, the 
rate of healing increases with depth, and depends on the stiffness of the seal material. 

A significant number of laboratory and, to a lesser extent, field studies have been performed to 
characterize the DRZ and to determine the mechanics of DRZ development. DRZ 
development has been documented in almost all horizontal rectangular excavations of the - 
WIPP underground facility by gas permeability testing, visual observations, and other 
methodologies (Knowles, et al. 1996). However, no definitive studies in vertical excavations 
were cond"cted at the WIPP until recently. Field testing was conducted to estimate the 
permeability and radial extent of the DRZ in the halite of the Salado Formation surrounding 
the AIS (Dale and Hurtado 1996). Two horizons were investigated: 345.9 meters and 629.4 
meters below ground surface. Gas and/or brine permeability tests were performed at each 
level in three 10.2 centimeters diameter boreholes. The testing protocol for all six boreholes 

DOElCAO 1996-21 84 PAR-5 1 October 1996 



Title 40 CFR Part 191 Compliance Certification Application - 
Parameter 12: Intrinsic Permeability - Shaft Disturbed Rock Zone (Continued) 

Discussion (Continued): 

called for gas flow testing followed by brine infection testing. The resulting field data 
provided insight into the variation of permeability in the DRZ and the extent of the DRZ. 

In addition, field testing designed to characterize the DRZ around partially sealed boreholes 
was recently completed at the WIPP site. Gas flow measurements were obtained as a function 
of radial distance from a seal emplacement borehole located in the floor of Room M of the 
WIPP underground repository. Experiments conducted in support of the Room D DRZ 
program measured fluid flow and geophysical parameters along this seal emplacement 
borehole (Knowles, et al. 1996). Measurements were taken to evaluate the formation 
permeability as a function of depth into the rib of Room D and radial distance from the open 
borehole and concrete seal. Analysis of gas flow data obtained in Room M indicates that the 
permeability of the DRZ near the excavation surfaces ranged from 1.0 x 10." to 1.0 x 
square meters (Van Pelt 1995). Results of the Room D DRZ were within the same range, in 
spite of the difference in geometry between the two testing configurations. Gas and brine 
permeability measurements taken in the immediate vicinity of concrete seal conclusively shoh 
that no DRZ existed in this region. 

The PDF for the permeability of the DRZ for all time was constructed based on the 
information obtained from these recent field test programs. 

The DRZ permeability adjacent to the compacted clay column, the crushed salt column and 
the asphalt column was calculated explicitly and then combined with the seal permeability in 
the BRAGFLO model. 

In order to obtain an effective DRZ permeability, an estimate of the radius of the DRZ around 
the shaft was provided. Structural calculations to estimate the radial extent of the DRZ as a 
function of time and depth adjacent to the Upper and Lower compacted clay seals, the 
compacted crushed salt seal, and the asphalt seal. The times considered were 0, 10,25,50, 
and 100 years after seal emplacement. Table PAR-3 shows the extent of the DRZ in terms of 
normalized radius at the mid-height of each component. 

Assuming that the change in permeability within the DRZ is log linear, the effective DRZ 
permeability, k,, is calculated from: 
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Title 40 CFR Part 191 Compliance Certification Application 

I Parameter 12: Intrinsic Permeability - Shaft Disturbed Rock Zone (Continued) 

Discussion (Continued): 

where: n = shaft index (1,2,3,  or 4) 
ri = inner radius (shaft excavation radius) 
r,, = outer DRZ radius 
Ar = outer DRZ radius minus the inner DRZ radius 
ki = inner skin permeability (DRZ permeability at the shaft1DRZ 

interface) 
k, = intact halite 

For the shaft seal materials, the effective permeability of composite seal and DRZ for the 
BRAGFLO model was calculated from the equation: 

where: 
k,,,,,, = effective composite permeability used in BRAGFLO. 
A,,,, = effective shaft area modeled in BRAGFLO (equal to the shaft area, A,). 
&,A, = summation of the shaft seal permeability multiplied by the shaft seal 

area, for the four shafts. 
kd,A, = summation of the DRZ permeability multiplied by the DRZ area for hte 

four shafts. 

The summation of DRZ permeability multiplied by the DRZ area for all four shafts is equal to: 

kdAd = kdl Ad1 + kd2 Ad2 + kd, Ad, + kd4 Ad, 

where: 
d l  = air-supply shaft 
d2 = salt-handling shaft 
d3 = waste-handline shaft - 
d4 = air-exhaust shaft 

and the summation of shaft permeability multiplied by the shaft area for all four shafts is equal 
to: 
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Title 40 CFR Part 191 Compliance Certification Application - 
Parameter 12: Intrinsic Permeability - Shaft Disturbed Rock Zone (Continued) 

Discussion (Continued): 

k~ A$ = k~~ 4 1  + k ~ 2  4 2  + ks3 4 3  + k ~ 4  A ~ 4  (Kelley et al., 1996a) 

,\ 

(See also Parameters 9 and 11 and Appendix IRES.) 1 

I WIPP Data Entry Form #464 WPO#: 36563 I 
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Title 40 CFR Part 191 Comoliance Certification Aonlication 

Parameter 12: Intrinisic Permeability - Shaft Disturbed Rock Zone (Continued) I 

STRATIGRAPHIC UNIT 
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Figure PAR-2. Shaft-Seal System Conceptual Framework 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 13: Cumulative Probability - Salt Shaft Material 

Parameter Description: 

This parameter represents the index for selecting the salt shaft material permeabilities at 
different time steps. The distributions for these permeabilities have regions of overlap which 
could result in an increasing permeability over time if the distributions are independently 
sampled. The parameter CUMPROB ensures that the salt shaft material permeability 
decreases in time proportional to the decreasing range of permeability and does not increase as 
a result of random sampling (Vaughn and McArthur 1996). It is a sampled parameter for the 
salt shaft material at time T = 0 to 10 years and the values are then applied to all of the other 
salt shaft material permeability distributions. 

Material and Parameter Name(s): 

SALT T1 CUMPROB (#29391 

I Units: None 

I Computational Code: BRAGFLO 1 

I Distribution Type: Uniform 

mean 

CDFPDF Graph 
SALT-TI CUMPROB 

median 

UNIFORM Dimbbulrn 

0.50 I 0.50 I 0.00 1 .OO 

t /  v s m l s  13 in LHs 

minimum 
0.29 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 13: Cumulative Probability - Salt Shaft Material (Continued) 

I Dats: Professional Judgment I 
No experimental data is associated with the cumulative probability parameter. The parameter 
is an index for selecting shaft salt material permeabilities at different time steps. It varies 
uniformly from o to 1. 

#- 1 -~-- 
, .,.'~. 

j i... 

Discussion: : i l '  
!,., 

i .: y1 . 
The value of CUMPROB gives the cumulative probability for a distribution of permeability. 
Six materials (SALT-TI, SALT-T2, SALYT3, SALT-T4, SALT-T5, and SALT-T6) are 
used to represent the time-dependent permeability of the salt sealing material and its 
surrounding DRZ. Two of these materials are required by changes in the normalized radius of 
the DRZ. The other four materials are associated with the four overlapping ranges of 
permeability associated with the salt as it consolidates over a period of 200 years. CUMPROB 
is a cumulative probability which is sampled once for each vector. The salt permeability is 
represented by a log-triangular distribution with upper and lower endpoints and a permeability 
value at which the permeability peaks. The same CUMPROB value is used with each of the 
four log-triangular distributions to define a value for the salt permeability for the particular 
time period (0 to 50 years, 50 to 100 years, 100 to 200 years, and 200 to 10,000 years). This 
use of the same CUMPROB value ensures that the salt sealant permeability will decrease in 
time proportionally to the decreasing ranges of permeability, and not increase because of 
random sampling (Vaughn and McArthur 1996). 

The permeability of the crushed salt seal component was obtained from laboratory data and 
model predictions. The parameter records package associated with the permeability of crushed 
salt is located at SWCF-A:1.1.03.2.1:PDD:QA:Shaft Seals BRAGFLO Parameters 
(WPO 30640). Brodsky (1994) measured permeability as part of a comprehensive study to 
characterize both the consolidation characteristics and permeability of WIPP crushed salt. 
Hansen and Ahrens (1996) reported gas permeability measurements for WIPP crushed salt 
from tests performed as part of a large-scale dynamic compaction demonstration. In addition, 
permeability tests were recently performed by Brodsky et al. (1996) on samples prepared from 
cores recovered from the large-scale dynamic compaction test and from two small-scale 
dynamic compaction tests performed by SNL (Hansen et al. 1995). 

The development of probability distribution functions for the permeability of compacted 
crushed salt required a model relating permeability and density because the permeability is 
known to increase with density and the density of the crushed salt in the column seal increases 
with time during reconsolidation. 
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Title 40 CFR Part 191 Compliance Certitication Application A 

Parameter 13: Cumulative Probability - Salt Shaft Material (Continued) 

Discussion (Continued): 

Because of the limited experimental data available and the large uncertainty associated with 
the data, a conservative approach was implemented in relating permeability and density. Data 
from permeability tests on dynamically compacted crushed salt were included in the 
development of a permeability versus density relationship, even though physical evidence 
(microscopy) indxated the permeability determined from these tests may be biased. That is, 
the permeability may be higher than the permeability determined for specimens whose primary 
consolidation mechanism is pressure solution/redeposition. 

A loglinear model relating permeability (transformed into logarithmic space) and fractional 
density was used to approximate the lab data. A linear least squares fit was performed. A 
high degree of uncertainty was included in the distribution function for crushed salt 
permeability to ensure that all measured values of permeability had a finite probability of 
being included in the performance assessment calculations. Three prediction intervals were 
determined for the empirical model. Each of these intervals was superimposed on the data. 
Since the 90 percent prediction interval contained nearly all of the laboratory and in situ 
measurements of permeability, it was selected. 

Model predictions were used to predict density of the crushed salt column as a function of 
time. Some uncertainty exists in these constitutive models because of the uncertainty 
associated with the model parameters. 

Distribution functions were given for five specific time including 0,50, 100,200, and 400 
years after seal emplacement. These PDFs incorporated the uncertainty inherent in the 
constitutive material models and the empirical model relating permeability to density, as well 
as that of the data. 

The DRZ permeability adjacent to the crushed salt column was explicitly calculated and then 
combined with the crushed salt seal permeability in the performance assessment model. 

WIPP Data Entry Form #464 WPO#: 33361 I . . 
I 
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Title 40 CFR Part 191 Compliance Certification Application 

I Parameter 13: Cumulative Probability - Salt Shaft Material (Continued) 

References (Continued): 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 14: Residual Gas Saturation - All Shaft Materials 

Parameter Description: 

The residual (critical) gas saturation (S,,) is required in the two-phase flow model to define the 
relative permeability and capillary pressure curves. S,, corresponds to the degree of waste- 
generated gas saturation necessary to create an incipient interconnected pathway in porous 
material, a condition required for porous rock to be permeable to gas. It is a sampled 
parameter for the salt shaft material at time T = 0 to 10 years and the values are then applied to 
all of the other shaft materials and time periods. 

Material and Parameter Name@): 

EARTH 

CLAY-RUS 
!. 

CL-L-T 1 

CLAY-BOT 

SAT-RGAS (#2529) 
SAT-RGAS (#2546) 
SAT-RGAS (#2563) 
SAT-RGAS (#2580) 
SAT-RGAS (#2597) 
SAT-RGAS (#2993) 

SAT-RGAS (#25 12) 

SAT-RGAS (#3015) 

SAT-RGAS (#2343) 
SAT-RGAS (#2360) 
SAT-RGAS (#2377) 
SAT-RGAS (#3083) 

SAT-RGAS (#2394) 
SAT-RGAS (#2411) 
SAT-RGAS (#2428) 
SAT-RGAS (#2445) 
SAT-RGAS (#2462) 

SAT-RGAS (#2326) 

SAT-RGAS (#2479) 
SAT-RGAS (#2495) 

SAT-RGAS (#3064) 

ALPHALT SAT-RGAS (#2292) 

October 1996 PAR-60 DOEICAO 1996-21 84 



Title 40 CFR Part 191 Compliance Certification Application 

Parameter 14: Residual Gas Saturation - All Shaft Materials (Continued) 1 

Distribution Type: Uniform 

Computational Code(s): BRAGFLO 

t 

CDFIPDF Graph 
SALT-TI SAT-RGAS 
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median 

Data are based on a review of the available literature. The parameter records package 
associated with this parameter is located at SWCF-A: 1.1.03.2.1:PDD:QA:Shaft Seals 
BRAGFLO Parameters (WPO 30640). 

0.20 

Discussion: 

minimum 

A literature search was conducted to obtain residual saturation values for consolidated 
geologic materials, concrete, and asphalt. 

maximum I std. deviation 
0.20 

I I 
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Title 40 CFR Part 191 Compliance Certification Application .- 

Parameter 14: Residual Gas Saturation - All Shaft Materials (Continued) 

Discussion (Continued): 

A single value of 0.18 was found for normal concrete (Mayer et al. 1992). Based on this 
value, a distribution was assumed for the seal components. The recommended value was 0.2, 
and the recommended range was 0.0 to 0.4 with a uniform distribution for all shaft seal 
materials. 

I WIPP Data Entrv Form #464 WPO#: 33420 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 15: Residual Brine Saturation - All Shaft Materials 

Parameter Description: 

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

Material and Parameter Name(s): 

SALT-T 1 SAT-RBRN (#2528) 
SALT-T2 SAT-RBRN (#2545) 
SALT-T3 SAT-RBRN (#2562) 
SALTTT4 SAT-RBRN (#2579) 
S ALT-T5 SAT-RBRN (#2596) 
SALT-T6 SAT-RBRN (#2992) 

EARTH SAT-RBRN (#2511) 

CLAY-RUS SAT-RBRN (#3014) 

CL-L-T1 SAT-RBRN (#2342) 
CL-L-T2 SAT-RBRN (#2359) 
CL-L-T3 SAT-RBRN (#2376) 
CL-L-T4 SAT-RBRN (#3082) 

CL-M-T 1 SAT-RBRN (#2393) 
CL-M-T2 SAT-RBRN (#24 10) 
CL-M-T4 SAT-RBRN (#2444) 
CL-M-T5 SAT-RBRN (#246 1) 

CLAY-BOT SAT-RBRN (#2325) 

CONC-TI SAT-RBRN (#2478) 
CONC-T2 SAT-RBRN (#2494) 

CONC-MON SAT-RBRN (#3063) 

ASPHALT SAT-RBRN (#229 1) 
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Title 40 CFR Part 191 Compliance Certification Application 

I Parameter 15: Residual Brine Saturation - All Shaft Materials (Continued) 

L~om~utational Code: BRAGFLO 

I Units: None 

mean 

Distribution Type: Cumulative 1 
ZDFIPDF Graph 

SALT-TI SAT RBAN 

median 

CumutafNe Prababll,~ 

+ Sampled Dab 

Data: General Literature - Professional Judgment 

minimum 
0.25 

Data are based on a review of the available literature. The parameter records package 
associated with this parameter is located at SWCF-A: 1.1.03.2.1:PDD:QA:Shaft Seals 
BRAGFXO Parameters (WPO 30640). 

maximum 1 std. deviation 
0 0.20 

Discussion: 

A literature search was conducted to obtain residual liquid saturation values for consolidated 
geologic materials, concrete, and asphalt. Residual liquid saturations for geologic materials 

0.60 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 15: Residual Brine Saturation - All Shaft Materials (Continued) 

Discussion (Continued): 

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

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

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

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

Lappala, E.G., Healy, R.W., and Weeks, E.P. 1987. Documentation of Computer Program 
VS2D to Solve the Equations of Fluid Flow in Variably Saturated Porous Media. 
Water-Resources Investigations Report 83-4099. Denver, CO: U.S. Geological Survey. 
Tech Library books collection: PC l73.4.P67L3 1987. 

Mayer, G., Jacobs, F., and Wittmann, F.H. 1992. "Experimental Determination and 
Numerical Simulation of the Permeability of Cementitious Materials," Nuclear Engineering 
and Design. Vol. 138, no. 2, 171-177. 
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Parameter 15: Residual Brine Saturation - All Shaft Materials (Continued) I 

References (Continued): 

Parker, J.C., Lenhard, R.J., and Kuppusamy, T. 1987. "A Parametric Model for Constitutive 
Properties Governing Multiphase Flow in Porous Media," Water Resources Research. Vol. 
23, no. 4,618-624. 

Rawls, W.J., Brakensiek, D.L., and Saxton, K.E. 1982. "Estimation of Soil Water 
Properties," Transactions of the ASAE. St. Joseph, MI: American Society of Agricultural 
Engineers. 13 16- 1328. 
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1 
- -- - - - - -- - 

Parameter 16: Pore Distribution - All Shaft Materials 

Parameter Description: I 
The Brooks-Corey pore size distribution parameter (a) is used to calculate capillary pressure 
and relative permeabilities for gas and brine flow in the two-phase flow model. It is a sampled 
parameter for the salt shaft material at time T = 0 to 10 years and the values are then applied to 
all of the other shaft materials and time periods. 

Material and Parameter Name(s): 

SALYT 1 
SALT-T2 
SAL'LT3 
S ALT-T4 
SALT-T5 
SALT-T6 

EARTH 

CLAY-RUS 
CL-L-T 1 
CL-L-T2 
CL-L-T3 
CL-L-T4 

CL-M-T 1 
CL-M-T2 
CL-M-T3 
CL-M-T4 
CL-M-T5 

CLAY-BOT 

CONC-T 1 
CONC-T2 

CONC-MON 

ASPHALT 

PORE-DIS (#25 16) 
PORE_DIS (#2533) 
PORE-DIS (#2550) 
PORE-DIS (#2567) 
PORE-DIS (#2809) 
POREDIS (#2989) 

PORE-DIS (#3006) 
PORLDIS (#2330) 
POREDIS (#2347) 
PORE-DIS (#2364) 
POREDIS (#3076) 

POREDIS (#238 1) 
POREDIS (#2398) 
PORE-DIS (#24 15) 
PORE-DIS (#2432) 
PORE-DIS (#2449) 

PORE-DIS (#23 13) 

PORKDIS (#2466) 
PORE-DIS (#2483) 

PORE-DIS (#2279) 

( Computational Code: BRAGFLO I 
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Parameter 16: Pore Distribution - All Shaft Materials (Continued) 

Units: None 

mean 

I Distribution Type: Cumulative 

ZDF/PDF Graph 

median 

SALT-TI PORELDIS 

CUMULATIVE 0lrf"bulion 

Curnulawe Pmaatimy 

+ Samp(sd Data 

minimum 

Vanable 16 in LHS 

maximum 1 std. deviation 

0.0 2.0 4.0 6.0 8.0 
PORE-DIS 

Data: General Literature - Professional Judgment 

Data are based on a review of the available literature. The parameter records package 
associated with this parameter is located at: SWCF-A:WBS1.1.03.2.l:PDD:QA:Shaft Seal 
BRAGFLO Parameters (WF'O 30640). 

Discussion: 

A literature search was conducted to find pore distribution (that is, lambda) values for geologic 
materials and concrete. For geologic materials, 81 lambda values were found in five 
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Parameter 16: Pore Distribution - A11 Shaft Materials (Continued) 1 
Discussion (Continued): 

references (Brooks and Corey 1964; Mualem 1976; Rawls et al. 1982; Haverkamp and 
Parlange 1986; and Lappala et al. 1987). In addition, 38 lambda values were calculated from 
values of the van Genuchten parameter n found in six references (van Genuchten 1980; van 
Genuchten and Nielsen 1985; Hopmans and Overmars 1986; Parker et al. 1987; Stephens et al. 
1988; and Wosten and van Genuchten 1988). 

The total number of lambda values found in the literature or calculated from n values found in 
the literature was 119. In a few cases, different literature sources reported different values of 
lambda andlor n for the same materials. For this situation, the different lambda values were 
arithmetically averaged to obtain a single value for the material. This procedure yielded 
lambda values for a total of 85 different geologic materials. 

The lambda values range from 0.11 to 11.67 and have a median of 0.94. Based on the shape of 
the histogram and CDF, it appears that the lambda values are lognormally distributed. The 
Lilliefors test for normality (Iman and Conover 1983) was applied to the data to verify that the 
logarithm of the lambda values can be described by a normal distribution. The mean of the log 
lambda values was found to be -0.064 with a standard deviation of 1.08. The Lilliefors 
bounds represent the region within which 95 percent of normally distributed values will fall. 

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

Both a lognormal and cumulative distribution for this parameter were recommended for the 
seal components constructed from granular earth materials (that is, earthen fill, compacted 
clay, and reconsolidated crushed salt). A cumulative distribution is appropriate when the 
range (a, c) of the parameter is known and the best estimate value, b, is the median. The value 
recommended was 0.94, which is the median of the literature values for geologic materials. 
The recommended range for the distribution was 0.11 to 8.1. Consequently, a cumulative 
distribution is assigned. In the absence of literature data, the same lambda distribution type, 
value, and range were also recommended for the concrete and asphalt seal components. 
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I Parameter 16: Pore Distribution - All Shaft Materials (Continued) 1 
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I Parameter 16: Pore Distribution - All Shaft Materials (Continued) I 
References (Continued): 
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Parameter 17: Effective Porosity - Halite 

Parameter Description: 

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

Material and Parameter Name(s): 

S-HALITE POROSITY (#544) 

I Computational Code: BRAGFLO 

[ Units: cubic meterskubic meters 

Distribution Type: Cumulative 1 

maximum I std. deviation mean 

EDFIPDF Graph 
S-HALITE POROSITY 

median 
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Parameter 17: Effective Porosity - Halite (Continued) 

I Data: Site-Specific Experimental Data 

The effective porosity distribution of Salado halite is supported by three separate porosity 
calculations: 1) Skokan et al. (1989; p. 15) determined from electromagnetic and DC 
resistivity experiments, 2) drying experiments described in Powers et al. (1978; p. 7-30), and 
3) drying experiments reported in Deal et al. (1993). The parameter records package 
associated with this parameter is as follows: SCWF-A:WBS 1.2.07.1:PDD:QA:SALADO: 
PKG8:POROSITY: effective porosityhal (WPO 30601). 

Discussion: 

' The high value (0.03) for the range of porosity is suggested in Skokan et al. (1989; p.6,13), 
based on the low end (10 ohm) of the DC resistivity measurements registered in the 

1 underground repository. The low value (0.001) is suggested in Powers et al. (1978) based on 
! drying experiments. The median value of 0.01 is suggested in Skokan et al.(1989; p.15). Deal 
et al. (1993) found an average value of 0.016 for total porosity from a different series of drying 
experiments. 

WIPP Data Entry Form #464 WPO#: 31387 

References: 

Deal, D.E., Abitz, R.J., Myers, J., Martin, M.L., Millgan, D.J., Sobocinski, R.W., Lipponer, 
P.P.J., and Belski, D.S. 1993. Brine Sampling and Evaluation Program, 1991 Report. DOE- 
WIPP-93-026. Carlsbad, NM: Westinghouse Electric Corporation, Waste Isolation Division. 

Powers, D.W., Lambert, S.J., Shaffer, S.E., Hill, L.R., and Weart, W.D., eds. 1978. 
Geological Characterization Report, Waste Isolation Pilot Plant (WIPP) Site, Southeastern 
New Mexico. SAND78-1596. Albuquerque, NM: Sandia National Laboratories. Vols. 1-2. 
V. 1 - WPO 5448; V.2 - WPO 26829 - 26830, original photos - WPO 26859. 

Skokan, C.K., Pfeifer, M.C., Keller, G.V., and Andersen, H.T. 1989. Studies of Electrical 
and Electromagnetic Methodsfor Characterizing Salt Properties at the WlPP Site, New 
Mexico. SAND87-7174. Albuquerque, NM: Sandia National Laboratories. WPO 24033. 
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Parameter 18: Log of Intrinsic Permeability - Halite 

Parameter Description: I 
The Salado Formation halite is assigned an intrinsic permeability intended to reflect the 
stratigraphic variability of Salado halite and far-field hydraulic conditions. It is a sampled 
parameter for the x-direction and the values are then applied to the y- and z-directions. 

Material and Parameter Name(s): 

S-HALITE PRMX-LOG (#547) 
S-HALITE PRMY-LOG (#548) 
S-HALITE PRMZLOG (#549) 

Computational Code: BRAGFLO 1 

I Units: log(square meters) 

mean 

Distribution Type: Uniform 1 
CDFPDF Graph 

median 

S-HALITE PRMX-LOG 

-22.5 
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Parameter 18: Log of Intrinsic Permeability - Halite (Continued) 

Data: Site-Specific Experimental Data 

The reported permeability range of undisturbed impure halite is based on four selected in-situ 
hydraulic tests: three flow tests believed representative of far-field permeability and one flow 
tdst that measured permeability in a zone which included a range ofhalite lithoiogies. 
Computer-derived permeabilities based upon brine inflow data from Room Q fall within the 
range derived from flow tests. The reader is referred to the relevant parameter record package 
for more detail; the following parameter records packages are located at: SCWF-A: 
WBS 1.2.07.1:PDD:QA:SALADO:PKG 7:Halite Permeability (x,y ,z) (WPO 3 1218) 
SCWF-A:WBS1.2.07.1:PDD:OA: SALAD0:PKG 7:Salado Halite Permeabilitv 
(WPO 30721). 

Discussion: , <  ,! 
... 

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

Three hydraulic tests believed representative of far-field pure halite permeability were 
conducted in the present location of Room Q in map units with relatively low impurities: a 
halite with less than 0.5 percent impurity, a halite containing approximately 1 percent impurity 
and a halite and polyhalite zone with a 1-2 percent impurity. These tests are believed to 
represent the lower end of the permeability range for Salado halite (see Table PAR-4). These 
units were tested before the large-scale brine inflow excavation was mined and at stratigraphic 
intervals located over 66 feet (20 meters) from the excavation. 

Although probably located within the influence of the DRZ, one flow test (C2HOI-BGZ) 
measured within map units 0-4. This permeability value in conjunction with Room Q model 
analysis determination of far-field permeability are used to bound the maximum permeability 
of Salado halite containing relatively high impurities. 

A summary of selected interpretative results of these four flow and pressure tests is compiled 
in the attached table. A schematic representation of Salado map units near the disposal area 
horizon, adapted from Deal et. al. (1989), is attached for information purposes (see Figure 
PAR-3). 

I WIPP Data Entw Form #464 WPO#: 34397 I 
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Parameter 18: Log of Intrinsic Permeability - Halite (Continued) 
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Interpretive Report. SAND92-0533. Albuquerque, NM: Sandia National Laboratories. 
WPO 23378. 
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parameter records package and form #464 for far-field permeability of Salado halites (id#s: 
547,548, and 549; idmtrl: S-HALITE; idpram: PRMX-LOG, PRMY-LOG, and PRMZ-LOG, 
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Corporation. 
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Borehole Data from April 1989 through November 1991. SAND92-1172. Albuquerque, NM: 
Sandia National Laboratories. WPO 23548. 
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Sandia National Laboratories. WPO 25746 
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Table PAR-4. Summary of Permeability Test-Interpretations Results from In Situ 
Permeability Tests Representing Undisturbed Impure Halite 

Test Interval Permeability 
(meters from Analysis k 
excavation) Hole Map unit(s) Method (square meters) 
20.13-21.03 QPPO5 MU 6 GTFM6.0 1.12 x lo-" 

23.35-24.20 QPP12 H3 GTFM6.0 2.69 x 10~22 

20.19-21.09 QPPl5 MU 0 - MU PH-4 GTFM6.0 5.5 x lo-" 

I 4.50-5.58 CZHOI-BGZ M U O - M U 4  GTFM6.0 1.38 x 10~" 
Note: See Record Parameter Package for additional d e t d  
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I Parameter 18: Log of Intrinsic Permeability - Halite (Continued) I 
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Figure PAR-3. Detailed Stratigraphy Near the WIPP Site (Deal et al. 1989) 
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I Parameter 19: Rock Compressibility - Halite 

Parameter Description: 

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

,where, 

@ = porosity of solid matrix (cubic meterslcubic meters) 
= porosity at reference pressure p, 

C~ = pore compressibility (pascals-') 
P = pore pressure (pascals) 
Po = reference pore pressure (pascals) 

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

I Material and Parameter Name(s): I 

Computational Code: BRAGFLO 

I Units: Pa-' 

mean 

Distribution Type: Uniform 1 

October 1996 
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Parameter 19: Rock Compressibility - Halite (Continued) 

CDFfPDF Graph 
S-HALITE COMP-RCK 

Data: Site-Specific Experimental Data 

The parameter distribution for halite rock compressibility is based upon data from two 
hydraulic tests in Room Q: QPPO5 and QPPl5. Another data point calculated from sensitivity 
studies using brine inflow data from Room Q is within the range driven from the hydraulic 
tests. Parameter records packages associated with this parameter are located at SCWF- 
A:WBS 1.2.07.l:PDD:QA: SALAD0:PKG 5: Salado Halite Rock Compressibility 
(WPO 31220) and SCWF-A.WBS1.2.07.1:PDD:QA: SALAD0:PKG 5: Salado Halite Rock 
Compressibility (WPO 30598). 

The two in situ hydraulic tests were conducted in the location of Room Q before the large- 
scale brine inflow excavation was mined. Test intervals were located over 65 feet (20 meters) 
from the excavation. Map units (MU) represented included MU 6 (halite) and MU 0 
(halite)/MU PH-4 (polyhalite) within a radius of about 3.3 feet (one meter) of each borehole. 
Raw data included pressure, fluid volume, temperature, axial test-tool movement, and radial 
borehole closure. 
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Parameter 19: Rock Compressibility - Halite (Continued) 

I Discussion (Continued): 

Interpretation of all flow tests in the WIPP facility is based on the assumption that Darcy flow 
and borehole closure are the only forms of pressurelflow transmission during hydraulic tests. 
References related to data collection and interpretation are listed in the references section. 

I WIPP Data Entry Form #464 WPO#: 34210 I 
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Report #2. SAND92-7072. Albuquerque, NM: Sandia National Laboratories. WPO 26432. 

Table PAR-5. Summary of Rock Compressibility Test-Interpretations Results from In . , 
Situ Permeability Tests for Undisturbed Halite and Polyhalite Map Units 

Note: See Record Panmeter Package for additional detail 

Rock 
Test Interval Compressibility Fornation 
(meters from Analysis c, Pore Fr- 
excavation) Hole Zone Map~&(s) Method (Ypaseal) (megavssesf) - 
20.13-21.03 QPPOS undisturbed MU 6 GTFM6.0 2.94 x lo-'' 13.89 

down Rwm Q 
20.19-21.09 QPPlS undisturbed MU 0 GTFM6.0 1.92 x lo-'' 11.04 

down Room Q MU PH-4 
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. . 
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- Mean 



Title 40 CFR Part 191 Compliance Certification Application 

Parameter 20: Log of Intrinsic Permeability - Marker Bed 138, Anhydrite Layers a & b, 
andMarkerBed139 

Parameter Description: 

The intrinsic permeabilities for MB138, Anhydrite Layers a & b, and MB139 are set equal to 
the values for MB139. It is a sampled parameter for MB139 and the values are then applied to 
MB138 and Anhydrite Layers a & b. 

Material and Parameter Name(s): 

S-MB 139 PRMX-LOG (#591) 
S-MB139 PRMY-LOG (#592) 
S-MB 139 PRMZ-LOG (#593) 

S-ANH-AB PRMX-LOG (#53 1) 
S-ANH-AB PRMY-LOG (#532) 
S-ANH-AB PRMZLOG (#533) 

S-MB 138 PRMX-LOG (#570) 
S-MI3 138 PFWY-LOG (#57 1) 
S-MI3 138 PFWZ-LOG (#572) 

1 Units: log(square meters) 

I Computational Code: BRAGFLO 

Distribution Type: Student's-t 

October 1996 

maximum 1 std. deviation mean median minimum 
1.20 - 18.89 - 18.89 -21.0 - 17.1 



Title 40 CFR Part 191 Compliance Certification Application - 
Parameter 20: Log of Intrinsic Permeability - Marker Bed 138, Anhydrite Layers a & b, 

and Marker Bed 139 (Continued) 

CDFIPDF Graph 
%ME139 PRMX-LOG 

1 0  

0.8 

P 
4 0.6 
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0 

STUDENT Dirttibution 

0.2 
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+ Sampled Data 
0 ongzna, Dab 

0.0 

Data: Site-Specific Experimental Data and Laboratory-Measured Data 

The reported parameter range of undisturbed Salado anhydrite permeabilities is based upon 
selected data collected from in situ hydraulic tests and measurements conducted in the 
laboratory: 1) five hydraulic tests conducted in the underground experimental area; and 2) 31 
Klinkenberg-corrected gas permeabilities measured in the laboratory on specimens collected 
from ME3 139 core samples. Summary data tables are attached for both in situ and laboratory 
tests (see Tables PAR-6 and PAR-7). Parameter records packages associated with this 
parameter are located at: SCWF-A:WBS1.2.07.1:PDD:QA: SALADO: PKG 13:Anhydrite 
Permeability (x,y,z) (WPO 31217); SWCF-A:WBS1.2.07.1:PDD:QA: SALAD0:PKG 
13:PRMX-LOG.Log of Permeability in x directiodanh (WPO 30603); SWCF- 
A:WBS1.2.07.1:PDD:QA: SALADO:PKG13:PRMYLO Log of Permeability in y 
directiodanh (WPO 30605); SWCF-A:WBS1.2.07.1:PDD:QA:SALADO: PKG13: 
PRMZ-LOG Log of Permeability in the z directiodanh (WPO 30606). 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 20: Log of Intrinsic Permeability - Marker Bed 138, Anhydrite Layers a & b, 
and Marker Bed 139 (Continued) 

Discussion: 

Out of 15 borehole and field permeability tests conducted in MB140, MB139, MI3138 and 
anhydrites a & b, five in situ hydraulic tests are considered representative 
of undisturbed anhydrite permeability. Located from about 3 i  to 79 feet (10 to 24 meters) 
from the excavation, the test intervals for these five boreholes were outside of the DRZ; the 
radius of visibility ranged from 13 to 82 feet (4 to 25 meters). The five successful tests are 
summarized as follows: 

Borehole Location Testing Period 
QPPO3 Room Q Anhydrite b 4/89 11/91 .n-i _. 

4 i  

QPP 13 Room Q MB 139 4/89 11/91 . L:L,\ 
, 

t ":. 
C2H02 Room C2 MB 139 4/89 12/89 , , 

'; ; 1 %> , 
MB 140 4/92 6/94 L4P51-C1 RoomL4 , ,, ., I 

", I :  .h 
8 

SCPO1-A Core Storage MB 139 4/90 10190 ... . 

Klinkenberg-corrected gas permeability measured in the laboratory can be used as an 
equivalent measure of liquid permeability. Klinkenberg-corrected test specimen data exist 
from six whole cores taken from MB 139 in the northern experimental area: ElX07, ElX08, 
ElX10, ElX11 (El40 Drift), P3X10, and P3X11 (Room L3). 

For purposes of parameterization, in situ test data are treated differently than laboratory- 
derived data. Uncertainty exists in regards to the spatial representativeness of the core 
samples. In situ hydraulic tests are considered representative of expected permeability 
conditions on the scale of the grid system used in the BRAGFLO mesh. Consequently, for the 
parameter distribution above, laboratory data from the 6 megapascals net effective stress are 
averaged as one data point, whereas each of the five hydraulic tests is considered an individual 
data point. 

WIPP Data Entry Form #464 WPO#: 34865 

References: 

Beauheim, R.L., Saulnier, G.J., Jr., and Avis, J.D. 1991. Interpretation of Brine-Permeability 
Tests of the Saiado Formation at the Waste Isolation Pilot Plant Site: First Interim Report. 
SAND90-0083. Albuquerque, NM: Sandia National Laboratories. WPO 26003. 
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Title 40 CFR Part 191 Compliance Certification Application - 
Parameter 20: Log of Intrinsic Permeability - Marker Bed 138, Anhydrite Layers a & b, 

and Marker Bed 139 (Continued) 

References (Continued): 

Beauheim, R.L., Roberts, R.M., Dale, T.F., Fort, M.D., and Stensmd, W.A. 1993. Hydraulic 
Testing of Salado Formation Evaporites at the Waste Isolation Pilot Plant Site: Second 
Interpretive Report. SAND92-0533. Albuquerque, NM; Sandia National Laboratories. 
WPO 23378. 

Howarth S.M., and Christian-Frear, T. 1996 (WIPP Central Files WPO 38019). Porosity, 
Single -Phase Permeability, and Capillary Pressure Data from Prelimina~y Laboratory 
Experiments on Selected Samples from Marker Bed 139 at the Waste Isolation Pilot Plant. 

Jensen, A.L., Howard, C.L., Jones, R.L., and Peterson, T.P. 1993. Room Q Data Report: Test 
Borehole Data from April 1989 through November 1991. SAND92-1172. Albuquerque, NM: 
Sandia National Laboratories. WPO 23548. 

Saulnier, G.J., Jr., Domski, P.S., Palmer, J.B., Roberts, R.M., Stensmd, W.A., and Jensen, 
A.L. 1991. WIPP Salado Hydrology Program Data Report # I .  SAND90-7000. 
Albuquerque, NM: Sandia National Laboratories. WPO 25746. 

Stensmd, W.A., T.F. Dale, P.S. Domski, J.B. Palmer, R.M. Roberts, M.D. Fort, G.J. Saulnier, 
Jr., and A.L. Jensen. 1992. Waste Isolation Pilot Plant Salado Hydrology Program Data 
Report #2. SAND92-7072. Albuquerque, NM: Sandia National Laboratories. WPO 26432. 

Table PAR-6. Summary of Test-Interpretations Results from In Situ Permeability 
Tests for Undisturbed Anhydrite Map Units 

Permeability Formation 
Test Interval k Pore 
(meters from Map Analysis [square Pressore 

Hole Unit Method excavation) Zone meters) (megapaseals) 
10.68-14.78 SCPO1-A undisturbed MB139 GTFM6.0 1.4 x lo-" 12.27 

down 

9.47- 10.86 C2H02 undisturbed MB139 GTFM6.0 1.0 x 1 1 . 1 1  
down 

20.50-21.40 QPP03 undisturbed anhydrite GTFM6.0 7 .6  x 12.9 
UP b 

20.62-21.52 QPP13 undisturbed MB139 GTFM6.0 6.0 x 12.43 
down 

17.44-22.20 L4P51-C1 undisturbed MB140 GTFM6.0 8.7 x 10." 9.38 
down 

'- Mwn 
Note: See Record Panmeter Package for additional derail. 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 20: Log of Intrinsic Permeability - Marker Bed 138, Anhydrite Layers a & b, 
and Marker Bed 139 (Continued) 

I Table PAR-7. Summary of MB139 Permeability Laboratory Test Results 

kenneability (pressure values are net effedive stress) I 
4 

5 

1 Mm~mum 

8.3E- 16 

Points 

DOWCAO 1996-2184 

Gas (Klinkenherg Corrected) 

Sum I 9.OE-16 1 3.4E-16 1 1.8E-16 1 -552.29 1 -524.43 1 -402.17 

3.OE-16 

Median 

Std Deviation 

Variance 

October 1996 

3.4 
megapascals 

(square 
meters) 

1 5E- 19 

Log of Permeability 

Mean 1 2.9E-17 1 1.2E-17 I 8.OE-18 1 -17.82 1 -18.08 1 -18.28 

31 

2 
megapascsls 

(square 
meters) 

- 18 84 

1.5E-16 - 15.52 

1.3E- 18 

1.5E- 16 

2.2E-32 

6 
megapascals 

(square 
meters) 

5 9E-20 

- 15.82 

29 3 1 I 22 I 

10 
megapaseaIs 

(square 
meters) 

5 OE-20 

6 
megapascats 

(square 

- 19 23 

5.7E-19 

5.6E- 17 

3.2E-33 

10 
megapascals 

(square 
meters) 

-19 30 

29 22 

3.1E-19 

3.2E- 17 

l.lE-33 

-17.89 

0.67 

0.45 

- 18.24 

0.69 

0.48 

-18.51 

0.83 

0.69 





Title 40 CFR Part 191 Compliance Certification Application 

Parameter 21: Rock Compressibility - Marker Bed 138, Anhydrite Layers a & b, and 
Marker Bed 139 (Continued) 

CDFPDF Graph 
S-ME139 COMPb?CK 

Variale 21 in LHS 

Data: Site-Specific Experimental Data 

The parameter distribution for anhydrite rock compressibility is based upon data from four 
hydraulic tests in the underground WIPP facility. The boreholes and map units tested include: 
C2H02 (MB 139); QPP03 (Anhydrite b); QPP13 (MB 139); and SCPOl (MB 139). The 
parameter records package associated with this parameter is located at: SCWF-A: 
WBS 1.2.07.1:PDD: QA:SALADO:PKG 19:Rock Compressibility (WPO 3 1186). 

Discussion: 

The four successful tests include: 

Borehole Location Start Date of Testing End Date of Testing 
QPPO3 Room Q 4/89 11/91 
QPP 13 Room Q 4/89 11/91 
C2H02 Room C2 4/89 11/89 
SCPO1-A Core Storage 4/90 10190 
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Title 40 CFR Part 191 Compliance Certification Application - 
Parameter 21: Rock Compressibility - Marker Bed 138, ~ n h ~ d r i t e  Layers a & b, and 

Marker Bed 139 (Continued) 

Discussion (Continued): 

Raw data collected during hydraulic tests include pressure, fluid volume, temperature, axial 
test-tool movement, and radial borehole closure. Pressurelflow transmission during hydraulic 
tests is assumed to be a result of Darcy flow and borehole closure. The reader is referred to the 
anhydrite rock compressibility parameter record package for more detail. 

WIPP Data Entry Form #464 WPO#: 34574 
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Parameter 21: Rock Compressibility - Marker Bed 138, Anhydrite Layers a & b, and 
Marker Bed 139 (Continued) 

Table PAR-8. Summary of Rock Compressibility Test-Interpretations Results from In 
Situ Permeability ~ e s t s  for undisturbed Anhydrite Marker Beds 

Rock Formation 
Test Interval Hole Compressibitity Pore 
(meters from and Map Analysis c, Pressure 
excavation) Location Zone U s  Method (l/pascals) (megagascals) 

9.47-10.86 C2H02 undisturbed MB 139 GTFM6.0 1.09 x 10." 11.11 
down 

20.62-21.52 QPP13 undisturbed MB 139 GTFM6.0 3.37 x 10.'' 12.43 
down 

10.68- 14.78 SCPOl undisturbed MB 139 GTFM6.0 1.09 x lo-" 12.27 
down 

20.50-21.40 QPP03 undisturbed Anhydrite b GTFM6.0 2.75 x 10." 12.94 

* Mean 
Note: See Record Parameter Package for additional detail. 
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Title 40 CFR Part 191 Compliance Certification Application - 
Parameter 22: Relative Permeability Model Number 

Parameter Description: 

The relative permeability model number parameter is the flag used to select two-phase flow 
model for use in BRAGFLO. It is a sampled parameter for MB 139 and the values are then 
applied to MB138 and Anhydrite Layers a & b. All other material regions use the second 
modified Brooks-Corey two-phase flow model. 

Material and Parameter Name(s): 

S-MB 139 (#596) RELP-MOD 
S-ANH-AB (#536) RELP-MOD 
S-MB 138 (#575) RELP-MOD 

ZDF/PDF Graph 

Computational Code: BRAGFLO 1 

DELTA Dirfnbaon 

Cumulative Pmbabilmi 

+ Sampled DaU 

VanaMs 22 in LHS 
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- mean 

[ Units: None 

I Distribution Type: Delta 

median 
n.a. I n.a. 

minimum maximum I std. deviation 
1 4 I n.a. 



Title 40 CFR Part 191 Compliance Certification Application 

Parameter 22: Relative Permeability Model Number (Continued) 

Data: Site-Specific Experimental Data 

Site-specific experimental data was collected from whole core taken from six underground 
boreholes at the WIPP. The specimens first underwent permeability and porosity testing, then 
subsequent capillary pressure tests. Test data from MB139 was applied to MB138 and 
Anhydrite Layers a & b. All other material regions use the second modified Brooks-Corey 
two-phase flow model. 

Assumptions made during testing were: 

1) Cores were 100 percent saturated at initiation of capillary pressure tests. 
2) Use of a 140" contact angle was appropriate for correcting mercury-air data to brine-air 

repository conditions. 
3) Although tests were conducted at ambient conditions (no stress), the data are adequate to 

describe two-phase conditions at stress. 

The following parameter records package is associated with the tests: SWCF- 
A: 1.2.07.1:PDD:QA:SALADO:PKG l0:Salado Anhydrite Two-Phase Parameters 
(WPO 30643). 

Discussion: I 
There are several two-phase relative permeability models described in Appendix BRAGFLO, 
including the van Genuchten-Parker and the second modified Brooks-Corey. Interpretation of 

I the experimental test results showed that either the second modified ~ r o o k s - ~ o r e i o r  the van I 
~enuchten-~arker two-phase flow models could be used to describe the data. 

WIPP Data Entry Form #464 WPO#: 34500 
- 
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Title 40 CFR Part 191 Compliance Certification Application - 
Parameter 23: Residual Brine Saturation - Marker Bed 138, Anhydrite Layers a & b, 

and Marker Bed 139 

Parameter Description: 

The residual brine saturation (S,,) is required in the two-phase flow model to define the 
relative permeability and capillary pressure curves. Referred to also as S,, (wetting phase) or 
S,, (liquid phase), residual brine saturation is the point reached under high gas saturation 
conditions when brine is no longer continuous throughout the pore network and relative brine 
permeability becomes zero. It is a sampled parameter for MB 139 and the values are then 
applied to MB 138 and Anhydrite Layers a & b. 

Material and Parameter Name(s): 

SAT-RBRN (#598) 
SAT-RBRN (#577) 
SAT-RBRN (#538) 

1 Computational Code: BRAGFLO 

[ Units: None 

mean 

I Distribution Type: Student's-t 1 
ZDFIPDF Graph 

median 

S-MB139 SAT-RBRN 

0.08363 

STUDENT Disfntuti0n 

Curnulabe Prmabli", 

+ Sampled Data 
0 0npiMI Data 

Varlable 23 in LHS 

minimum 
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maximum ( std. deviation 
0.08363 0.007846 0.17400 0.05 



Parameter 23: Residual Brine Saturation - Marker Bed 138, Anhydrite Layers a & b, 
and Marker Bed 139 (Continued) 

Data: Site-Specific Experimental Data 

Residual brine saturation parameter values for the marker beds are based on curve fit 
parameter values predicted from laboratory measurements of capillary pressure. The 
parameter records package associated with this parameter is retained in SWCF: SWCF-A 
1.2.07.1:PDD:QA:SALADO:PKG 10:Salado Anhydrite Two-Phase Parameters (WPO 30643). 

Discussion: 

Parameter values are based on curve fit capillary pressure data measured using a mercury 
injection technique. The two-phase flow program reports the results of curve-fitted 
measurements of capillary pressure on six marker bed samples (Howafth and Christian-Frear 
1996). Specimens were collected from intact MB139 core samples taken from the 
experimental area of the repository. 

WIPP Data Entw Form #464 WPO#: 34506 

References: 

Howarth S.M., and Christian-Frear, T. 1996. (WIPP Central Files WPO 38019). Porosity, 
Single-Phase Permeability, and Capillary Pressure Data from Preliminary Laboratory 
Experiments on Selected Samples from Marker Bed 139 at the Waste Isolation Pilot Plant. 
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Title 40 CFR Part 191 Compliance Certification Application -. 

Parameter 24: Residual Gas Saturation - Marker Bed 138, Anhydrite Layers a & h, and 
Marker Bed 139 

Parameter Description: 

The residual (critical) gas saturation (S,) is required in the two-phase flow model to define the 
relative permeability and capillary pressure curves. S,, corresponds to the degree of waste- 
generated gas saturation necessary to create an incipient interconnected pathway in porous 
material, a condition required for porous rock to be permeable to gas. It is a sampled 
parameter for MB 139 and the values are then applied to MB138 and Anhydrite Layers a & b. 

Material and Parameter Name@): 

S-MB 139 SAT-RGAS (#599) 
S-ANH-AB SAT-RGAS (#539) 
S-MB 138 SAT-RGAS (#578) 

( Units: None 

I Computational Code: BRAGFLO 

Distribution: Student's-t 

mean I median 

October 1996 

minimum I maximum I std. deviation 
0.0771 1 0.077 1 1 0.01398 0.19719 I 0.06 



Title 40 CFR Part 191 Compliance Certification Application 

- -  ~~~ ~ ~ ~- 

1 Parameter 24: Residual Gas Saturation - Marker Bed 138. Anhvdrite Lavers a & b. and I " " 
Marker Bed 139 (Continued) 

ZDFIPDF Graph 
S-ME139 SAT-RGAS 

Data: Site-Specific Experimental Data 

Residual gas saturation parameter values for the marker beds are based on curve-fitted 
laboratory measurements of capillary pressure. The parameter records package is retained in 
SWCF: SWCF-A ~.~.O~.~:PDD:QA:SALADO: PKG 10:Salado ~ n h ~ d r i t e  T~O-phase 
Parameters (WPO 30643). 

Discussion: 

The two-phase flow program reports the results of curve-fitted measurements of capillary 
pressure on six marker bed samples tested using mercury injection (Howarth and Christian- 
Frear 1996). The samples were taken from intact MB139 core samples collected from the 
northern experimental area of the repository. The measurements were conducted at ambient 
conditions (no stress) and were assumed to be 100 percent saturated at the initiation of 
capillary pressure tests. 

WIPP Data Entry Form #464 WPO#: 34508 
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Title 40 CFR Part 191 Compliance Certification Application - 
Parameter 24: Residual Gas Saturation - Marker Bed 138, Anhydrite Layers a & b, and 

Marker Bed 139 (Continued) 

References: 

Howarth S.M., and Christian-Frear. T. 1996. (SWCF WPO 38019). Porosity, Single-Phase 
Permeability, and Capillary Pressure Data from Preliminary Laboratory Experiments on 
Selected Samples from Marker Bed I39 at the Waste Isolation Pilot Plant. 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 25: Pore Distribution - Marker Bed 138, Anhydrite Layers a & b, and 
Marker Bed 139 

Parameter(s) Description: 

The Brooks-Corey pore size distribution parameter (A) is used to calculate capillary pressure 
and relative permeabilities for gas and brine flow in the two-phase flow model. It is a sampled 
parameter for MB 139 and the values are then applied to MB 138 and Anhydrite Layers a & b. 

Material and Parameter Name(s): 

S-MB 139 PORE-DIS (#587) 
S-MB 138 PORE-DIS (#566) 
S-ANH-AB POREDIS (#527) 

[ Computational Code: BRAGFLO 

I Units: None 

mean 

I Distribution Type: Student's-t 

JDFPDF Graph 

median 

S-ME139 PORE-DIS 

0.6436 
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minimum maximum I std. deviation 
0.6436 0.49053 0.84178 0.11 



Title 40 CFR Part 191 Compliance Certifjcation Application - 
- 

I Parameter 25: Pore Distribution - Marker Bed 138. ~nhvdrite Lavers a& b. and 1 
Marker Bed 139 (Continued) 1 

Data: Site-Specific Experimental Data I 
Pore size distribution parameter values for all anhydrite units are based on curve fit values 
predicted from laboratory measurements of capillary pressure. The parameter records package 
associated with this parameter is retained in SWCF: SWCF-A 1.2.07.1:PDD:QA:SALADO: 
PKG l0:Salado Anhydrite Two-Phase Parameters (WPO 30643). 

Discussion: 

Curve fit parameter values are derived from six specimens cut from intact MI3139 core 
samples collected from the northern experimental area of the repository. Reported data and 
parameters are based on mercury injection capillary pressure tests (Howarth and Christian- 
Frear 1996). As with other two-phase flow parameters, the median value assigned to MB 138 
and anhydrite a and b is supported by and based on MB139 data. 

I WIPP Data Entry Form #464 WPO#: 34859 I 
References: I 
Howarth S.M., and Christian-Frear, T. 1996. (WIPP Central Files WPO 38019). Porosity, 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 26: Initial Pressure - Salado Halite 

Parameter Description: 

The initial brine far-field (undisturbed) pore pressure in the Salado halite is applied at an 
elevation consistent with the intersection of MB139 and the waste-handling shaft. 

Material and Parameter Name(s): 

S-HALITE PRESSURE (#546) 

I Computational Code: BRAGFLO 

mean median minimum maximum I std. deviation 
1.247 x 10' 1.247 x 10' 1.104 x 10' 1.389 x lo7 8.23 x 10' 

Units: pascals 

I Distribution Type: Uniform 

CDFIPDF Graph 
S HALITE PRESSURE 
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Title 40 CFR Part 191 Compliance Certification Application - 
Parameter 26: Initial Pressure - Salado Halite (continued) 

Data: Site-Specific Experimental Data 

Two hydraulic tests were performed in boreholes in undisturbed halite in the underground 
WIPP repository. Both tests were performed in the area where Room Q would later be mined. 
The tests were undertaken in April-July, 1989. Pressure, fluid volume, temperature, axial test- 
tool movement, and radial borehole closure were measured during the hydraulic tests in 
undisturbed rock. The following parameter records package is associated with the tests: 
SWCF-A:WBS 1.2.07.1:PDD:QA:SALADO:PKG4:Halite Pressure (WPO 31221). 

Discussion: 

It was assumed that Darcy flow and borehole closure were the only forms of pressure/flow ' , ' 
transmission during the hydraulic tests in undisturbed halite. The uncertainty associated d t h  
the estimated parameter values is high. The distribution is based on the two data points 
provided in the data package and the calculated median is 1.247 x lo7 pascals. 

1 WIPP Data Entry Form #464 WPO#: 34394 I - 
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Parameter 27: Initial Pressure - Castile Brine Reservoir I 
Parameter Description: 

Initial brine pore pressure in the Castile brine reservoir. 

Material and Parameter Name@): 

CASTILER PRESSURE (#66) 

Computational Code: BRAGFLO 

Units: pascals 

mean 

\ Distribution Type: Triangular 

+ sampled Data 

varlaCIe 27 m LHS 

mode 
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1.36 x lo7 

minimum maximum I std. deviation 
1.27 x 10' 1.11 lo7 1.70 x 10' 1 1.2457 x lo6 
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Parameter 27: Initial Pressure - Castile Brine Reservoir (Continued) 

Data: Site-Specific Experimental Data and Professional Judgment I 
The parameter records package associated with this parameter is as follows: SWCF:A: 
WBS 1.2.07.1 :PDD:QA:NONSALADO:PKG#19B: Castile Brine Reservoir Pressure 
(WPO 3 1072). 

Discussion: 

All pressure measurements were adjusted to reflect formation pressure of the WIPP-12 
reservoir. Pressure adjustments were made as follows: 

-. .. 
where: Pa = adjusted pressure (megapascals) 

P = measuredlestimated pressure (megapascals) 
p = assumed density (kilograms per cubic meter) 
g = gravitational constant (9.8 Newtons per kilogram) 
h = brine reservoir elevation (meters above sea level) 

Observed (measured and interpreted) Castile brine reservoir fluid pressures were compared 
with their corresponding lithostatic pressures; four locations (shown in Table PAR-9) were 
found to best represent the formation pressure. The measured values in Table PAR-9 are 
d$sted to reflect formation pressure at the depth of WIPP-12 which is representative of the 
.depth of the BRAGFLO Castile Brine Reservoir. The pressure adjustment requires an 
assumption about pressure variation with depth in the Castile. Two bounding cases were used, 
hydrostatic and 85 percent of lithostatic; the adjusted pressure was calculated using the 
equation provided above. A brine density of 1,240 kilograms per cubic meter (Reeves et al. 
1989) was assumed for the hydrostatic variation; an average formation density of 2,040 
kilograms per cubic meter (Sandia WIPP Project 1992) was assumed for the lithostatic 
variation. The best measured value (that is, the mode) is the brine reservoir pressure reported 
for WPP-12 (12.7 megapascals). The maximum brine reservoir pressure is 85 percent of 
lithostatic at WIPP-12 depth (17 megapascals). The minimum value is the lowest measured 
hydrostatic pressure (1 1.1 megapascals). Freeze and Larson (1996). attached to Appendix 
MASS Section 18, provide more detail. 

WIPP Data Entry Form #464 WPO#: 31612 
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Parameter 27: Initial Pressure - Castile Brine Reservoir (Continued) 
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4 

;> ;, 

Table PAR-9. Measured Castile Brine Reservoir Formation Pressures 

Pressnre at WIPP-12 Pressore at WIPP-12 
Pressure at R ~ S ~ N O ~ C  Depth with Hydrostatic Depth with $5 percent 

Depth Adjosbnent Lithastatic Adjostment 
huttion (mega~axafs) (megapaseals) ( m e g a p h )  

WIPP- 12 12 7ib' 12.7 12.7 

I Belco 14.3Ia' 14.5 14.5 

I Gulf Covineton 13.6'" 12.1 11.1 

'"from Popielak et al. 1983, Table H.l 
Ib' from Reeves et al. 1989, Appendix A 
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I Parameter 28: Log of Intrinsic Permeability - Castile Brine Reservoir 

Parameter Description: 

The log of the intrinsic permeability of the Castile Brine Reservoir. It is a sampled parameter 
for the x-direction and the values are then applied to the y- and z-directions. 

Material and Parameter Name@): 

CASTILER PRMX-LOG (#67) 
CASTILER PRMY-LOG (#68) 
CASTILER PRMZLOG (#69) 

I Computational Code: BRAGFLO 

CDFlPDF Graph 
CASTILER PRMX-LOG 

mean 
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mode minimum 
-12.10 

maximum I std. deviation 
- 14.70 1 -9.80 -11.80 1.01 

Units: log(square meters) 
- 

Distribution Type: Triangular 
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I Parameter 28: Log of Intrinsic Permeability - Castile Brine Reservoir (Continued) 

Data: Site-Specific Experimental Data and Professional Judgment 

Although several shorter flow tests were conducted to measure permeability of Castile brine 
reservoirs, only one test is considered representative of the long-term behavior of the brine 
reservoir behavior: the WIPP-12 Flow Test 3 (24,800 bbl produced, 9 months recovery). The 
Graph Theoretic Field Model (GTFM) analysis of WIPP-12 Flow Test 3 (Reeves et al. 1989) 
is considered better than the Homer analysis because it considers the effects of pre-test 
borehole pumping history. The GTFM interpreted hydraulic conductivity from WIPP-12 Flow 
Test 3 therefore provides the basis for the mean permeability for the Castile brine reservoir. 
The other values from WIPP-12 and ERDA-6 were used to establish the permeability 
distribution. 

Professional judgment was used to better define the data mean and range because of the 
shortage of directly relevant data points. The parameter records package associated with this 
parameter is as follows: SWCF-A: 1.2.07.1:PDD:QA:NONSALADO:PKG#19A: Castile 
Brine Reservoir Permeability (WPO 31070). 

- 

Discussion: 

The GTFM analysis from WIPP-12 Flow Test 3 consists of a match to pressure response data 
and a match to flow rate data. The late-time match to the pressure data are controlled 
primarily by the formation pressure and is not very sensitive to the hydraulic conductivity or 
the specific storage. To match the flow rate data, the GTFM interpreted hydraulic conductivity 
(K) is strongly &elated with the specified specific storage (S,), where: 

s, = pg (C, + @P) 

For Castile brine reservoir properties, specific storage is proportional to the bulk roc 

approximately a constant. For example, if the assumed specific storage (or rock 

@ compressibility (C,). The correlation between K and S, is such that their product is 

compressibility) in GTFM is reduced by an order of magnitude, the interpreted hydraulic 
conductivity must increase by an order of magnitude to produce the same flow rate. The new 
combination of K and S, will produce a different early-time pressure response, but will not 
impact the late-time match. For the GTFM analyses of the WIPP-12 Flow Tests, a rock 
compressibility of 1 x pascals-' was assumed. Because the mean rock compressibility for 
the Castile brine reservoir is 1 x pascals-', the hydraulic conductivity required to 
reproduce the WIPP-12 flow is approximately 1 x meters per second (permeability of 
- 11.81 log (square meters)). For all triangular distributions, the mode is the best estimate. 
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I Parameter 28: Log of Intrinsic Permeability - Castile Brine Reservoir (Continued) 

Discussion (continued): 

GTFM analysis determines a hydraulic conductivity (with units of meters per second) based on 
pressure change, flow rate, and assumptions about fluid and formation properties. 
Conversions from meters per second to square meters were based on a conversion factor of 1.7 
x 10.' square meters per (meters per second). The conversion factor is based on the assumed 
GTFM fluid properties. 

WIPP Data Entry Form #464 WPO#: 3 16 13 
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Parameter 29: Rock Compressibility - Castile Brine Reservoir 

Parameter Description: 

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

where, 

4 = porosity of solid matrix (cubic meters per cubic meters) 
4, = porosity at reference pressure p, 
c, = pore compressibility (pascals-') 
p = pore pressure (pascals) 
p, = reference pore pressure (pascals) 

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

Material and Parameter Name@): 

CASTILER COMP-RCK (#61) 

( Units: log pascals-' 

I Computational Code: BRAGFLO 1 

I Distribution Type: Triangular 

mean 

PAR- 107 October 1996 

mode 
-9.8 

minimum maximum I std. deviation 
- 10.0 - 8.0 -11.3 0.68 
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Parameter 29: Rock Compressibility - Castile Brine Reservoir (Continued) 

CDFRDF Graph 
CASTILER COMP-RCK 

TRIANGUMR D1slbulOn 

cumu1auve Probablllfy 

+ Sampled Data 

vanable 29 m LHS 

Data: Site-Specific Experimental Data and Professional Judgment 

Rock compressibility is interpreted from the bulk modulus from the acoustic log of the Castile 
Anhydrite III unit in WIPP-12 and other sources cited in the discussion section. The acoustic 
log measures compressional wave travel time through the rock, then uses a correlation 
between wave velocity and elastic rock properties to estimate bulk modulus. 

The acoustic log covered the entire thickness of the Anhydrite 111 unit in WIPP-12. The 
laboratory compression tests on anhydrite from other WIPP locations give similar results for 
bulk modulus (Popielak et al. 1983). 

The parameter records package associated with this parameter is as follows: SWCF- 
A:WBS1.2.07.1:PDD:NON-SALAD0:PKG #19E:Castile Brine Reservoir Rock 
Compressibility (WPO 3 1084). 

Discussion: I 

October 1996 PAR- 108 DOWCAO 1996-21 84 

Acoustic logging measures velocities a relatively short distance, with few if any fractures 
included, and is therefore representative of undisturbed (intact) rock. 
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Parameter 29: Rock Compressibility - Castile Brine Reservoir (Continued) I 
Discussion (Continued): 

The estimated bulk modulus, K, for the intact Anhydrite 111 at WIPP-12 was 6.9 x 10" pascals 
(10 x lo6 pounds per square inch). Assuming uniaxial strain, the rock compressibility (C,) can 
be estimated from the bulk modulus (K) and the shear modulus (G) of the rock: 

C, = 
1 

K + 4 GI3 

No estimates for shear moduIus for Anhydrite III were available. Beauheim et al. (1991) 
reported a value for G that was approximately 113 of K for Salado anhydrite. Using this 
estimate for G, the calculated intact rock compressibility is 1 x lo-'' pascals-'. 

The bulk modulus may be 2 to 10 times smaller for fractured rock (Popielak et al. 1983), 
corresponding to a 2 to 10 times increase in compressibility (assuming G changes 
accordingly). Beauheim et al. (1991) suggest that fracturing might result in a fourfold increase 
in rock compressibility. Using these adjustments for fractured rock, the calculated rock 
compressibility ranges from 2 x 10." pascals-' to 1 x lo-'' pascals-', with an average value of 
5 x lo-'' pascals-'. 

Hydraulic testing was performed in transition-zone (disturbed) Salado anhydrite and halite. 
Interpreted rock compressibilities for transition zone anhydrite ranged from 5 x 10-" pascals-' 
to 3 x pascals-'. Freeze and Cherry (1979) report a range for rock compressibility for 
fractured or jointed rock of 1 x 10-8to 1 x pascals-'. 

I WIPP Data Entry Form #464 WPO#: 3 1561 I 
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Parameter 29: Rock Compressibility - Castile Brine Reservoir (Continued) 

References (Continued): 
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( Parameter 30: Log of Intrinsic Permeability - Intrusion Borehole Filled With Silty Sand I 
I Parameter Description: 

This parameter represents the log of the intrinsic permeability of the silty-sand-filled borehole 
in the human-intrusion scenario. This permeability is representative of degraded concrete or 
material which may sluff into the borehole or spall from the sides. It is a sampled parameter 
for the x-direction and the values are then applied to the y- and z-directions. 

Material and Parameter Name(s): 

BH-SAND 
BH-SAND 
BH-SAND 

Computational Code: BRAGFLO 

Units: log(square meters) 1 

mean 

( Distribution Type: Uniform 

ZDFRDF Graph 

median 

BH-SAND PRMX-LOG 
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minimum maximum 1 std. deviation 
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.- 

Parameter 30: Log of Intrinsic Permeability - Intrusion Borehole Filled With Silty Sand 
(Continued) 

Data: Site-Specific Experimental Data 

Permeability predictions for the intrusion borehole are based on models and data for steel 
corrosion and concrete alteration found in the literature; wherever possible, the predictions 
have been calibrated by comparing predicted behavior to field data (Thompson et al. 1996). 
This parameter varies uniformly from to lo-" square meters which is the permeability of 
a silty sand. 

Discussion: 

This parameter represents the permeability of the silty-sand-filled borehole in the human- 
intrusion scenario. The permeability is representative of degraded concrete or material which 
may sluff into the borehole or spa11 from the sides. There are three plug configurations and 
different permeabilities associated with each configuration. Borehole materials and plug 
configurations are based on a review of current regulations and practices, and the permeability 
predictions are based on models and data for steel corrosion and concrete alteration found in 
the literature (Thompson et al. 1996). Wherever possible, the predictions have been calibrated 
by comparing predicted behavior to field data (Thompson et al. 1996). 

The three plug configurations consist of: a continuous concrete plug through the Salado and 
Castile which is assigned a probability of 0.02 (see section 6.4.7.2.1), a two-plug configuration 
(a lower plug located between the Castile brine reservoir and underlying formations and an 
upper plug located in the Rustler immediately above the Salado), which is assigned a 
probability of 0.68 (see section 6.4.7.2.2), and a three-plug configuration (two plugs same as 
two-plug configuration and third plug located in the Castile above the brine reservoir and 
below the waste-disposal panel) which is assigned a probability of 0.30 (see: section 6.4.7.2.3). 

The plugs are initially expected to have a tight permeability of 5 x lO.l7 square meters 
, . 

(Thompson et al. 1996). The continuous concrete plug is assumed not to degrade and has a , 
permeability of 5 x 10-l7 square meters for the entire regulatory period. For the two-plug , : 

:I configuration, the permeability between the repository and the surface is 5 x l u r 7  square "', 

meters for the f i s t  200 years and to 10'" square meters after that; the permeability 
between the Castile and the repository is lO.l4 to lo-" square meters up to 1,200 years and 10-15 
to lo-'* square meters after that. The three-plug configuration has the same material properties 
as the corresponding regions in the two-plug configuration and the third plug is assumed to 
behave as the lower plug in the two-plug configuration. 

WIPP Data Entry Form #464 WPO#: 36641 
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Parameter 31: Index for Selecting Brine Pocket Volumes 

Parameter Description: 

The index for selecting brine pocket fields is actually an identifier for brine pocket volumes 
that is used in BRAGFLO. 

Material and Parameter Name(s): 

CASTILER GRIDFLO (#3 194) 

I Computational Code: BRAGFLO 

Units: None 

mean 

I Distribution Type: Delta I 
CDFIPDF Graph 

median 

CASTILER GRIDFLO 

n.a. 
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minimum maximum I std. deviation 
n.a. 1 32 ma. 
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Parameter 31: Index for Selecting Brine Pocket Volumes (Continued) 

Data: Professional Judgment 

I No experimental data are associated with the index for selecting brine pocket volumes. I 
Discussion: 

This index identifies which Castile reservoir brine volume to use for determining the 
consequence of first penetration of a brine reservoir. There are five possible brine pocket 
volumes: 32,000,64,000,96,000, 128,000, and 160,000 cubic meters. Each parameter value 
(1 through 32) corresponds to one of these five volumes as shown below: 

1 = 32,000 cubic meters 
2 = 32,000 cubic meters 
3 = 32,000 cubic meters 
4 = 64,000 cubic meters 
5 = 32,000 cubic meters 
6 = 64,000 cubic meters 
7 = 64,000 cubic meters 
8 = 96,000 cubic meters 
9 = 32,000 cubic meters 
10 = 64,000 cubic meters 
11 = 64,000 cubic meters 
12 = 96,000 cubic meters 
13 = 64,000 cubic meters 
14 = 96,000 cubic meters 
15 = 96,000 cubic meters 
16 = 128,000 cubic meters 

17 = 32,000 cubic meters 
18 = 64,000 cubic meters 
19 = 64,000 cubic meters 
20 = 96,000 cubic meters 
21 = 64,000 cubic meters 
22 = 96,000 cubic meters 
23 = 96,000 cubic meters 
24 = 128,000 cubic meters 
25 = 64,000 cubic meters 
26 = 96,000 cubic meters 
27 = 96,000 cubic meters 
28 = 128,000 cubic meters 
29 = 96,000 cubic meters 
30 = 128,000 cubic meters 
3 1 = 128,000 cubic meters 
32 = 160.000 cubic meters 

Each of the 32 possibilities has an equal probability of occurring. The minimum volume 
(32,000 cubic meters) is the minimum value from the WIPP-12 analysis. The DOE also 
considers larger reservoir volumes because reservoirs larger than the WIPP-12 volume could 
reasonably exist under the waste panels. 

I WIPP Data Entry Form #464 WPO#: 36658 1 
References: 
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I Parameter 31: Waste Particle Diameter in CUTTINGS Model 

Parameter Description: 

This parameter describes the particle diameter of the waste material. It is used in the 
CUTTINGS-S code for the blowout-induced spall model. 

Material and Parameter Name(s): 

BLOWOUT PARTDIA (#3246) 

Computational Code: CUTTINGS-S 

Distribution Type: Loguniform 

mean 

CDFPDF Graph 
BLOWOUT PARTDIA 

DOUCAO 1996-2184 

median 

October 1996 

0.0235 

minimum maximum I std. deviation 

Units: meters 1 
0.0028 0.000040 0.20 0.04 
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'" 

I Parameter 32: Waste Particle Diameter in CUTTINGS Model (Continued) 

Data: Professional Judgment 

WIPP specific experimental data do not exist for the waste particle diameter. The minimum 
value is derived from the waste permeability value (as described below) and the maximum 
value is equal to 113 of a drum diameter. The parameter records packages associated with this 
parameter is located at: SWCF-A:WBSl. l.O1.1.5:PDD/1.2.07.1/CUTTTINGSlQA:Release of 
Solids Caused by Blowout (WPO 35695). 

Discussion: I 
The minimum particle diameter was derived from the BRAGFLO waste permeability value 
(1.7 x square meters) and the Kozeny-Cannen equation: I 

(Freeze and Cherry 1979). 

The upper limit for the particle diameter is set to 113 of a drum diameter. I 
This parameter distribution is conservative since it shifts the waste particle diameter toward 
the lower bound and hence, to greater release estimates (Berglund 1996). 

WIPP Data Entry Form #464 WPO#: 37088 
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Parameter 33: Effective Shear Resistance to Erosion 

Parameter Description: 

This parameter describes the intrusion borehole's effective shear strength for erosion. It is 
used in the CUTTINGS-S code for the cavings model. 

Material and Parameter Name(s): 

BOREHOLE TAUFAIL (#2254) 

I Computational Code: CUTTINGS-S 

I Units: pascals 

mean 

Distribution Type: Uniform 1 
CDFIPDF Graph 

median 

BOREHOLE TAUFAIL 

5.03 I 5 .03 

UNIFORM DlrfnbvUon 

CurnulatNe ~m~abl~fy 

+ Samwo Data 

Vanable 33 in LHS 

minimum 
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maximum ( std. deviation 
0.05 I 10.0 2.9 
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Parameter 33: Effective Shear Resistance to Erosion (Continued) 

Data: Professional Judgment 

WIPP specific experimental data do not exist for the effective shear resistance to erosion. 
Therefore, it is conservatively assumed to be similar to that of an ocean bay mud (Parthenaides 
and Passwell 1970), or a montmorillonite clay (Sargunam et al. 1973). 

1 Discussion: 

The cavings component of direct surface release consists of that quantity of waste material that 
is eroded from the borehole wall by the action of the flowing drilling fluid after a waste 
disposal room is penetrated. The erosion process is assumed to be driven solely by the 
shearing action of the drilling fluid (mud) on the waste as it moves up the borehole annulus. 

The nature of the state of the waste material present at the time of intrusion by a drill bit is a 
major factor in the shear resistance to erosion. The future states of decomposed waste is both 
time dependent and unknowable, and consequently a decomposed state consisting of graded 
granular materials is assumed. This is consistent with the granular nature of decomposed 
geologic materials and corresponds to an end state of the decomposition process. 

The final eroded diameter is determined through an iterative process that equates the fluid 
shear stress adjacent to the waste to a measure of the erosion resistance of the waste. The 
effective shear resistance for erosion equals the threshold value of fluid shear stress required to 
sustain general erosion at the borehole wall adjacent to the waste. 

In the absence of experimental data, the effective shear resistance to erosion of the repository 
material is assumed to be similar to that of an ocean bay mud (Parthenaides and Paaswell 
1970), or a montmorillonite clay (Sargunam et al. 1973). These values are on an order of a 
fraction to several pascals and for the cavings release model are considered to be conservative. 

Partheniades, E. and Paaswell, R.E. 1970. "Erodibility of Channels with Cohesive 
Boundary." Proceedings of the American Society of Civil Engineers, Journal of the 
Hydraulics Division. Vol. 96, No. HY3, 755 - 771. WPO 31536. 
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Parameter Description: 1 

2 

This parameter is a multiplier which applies to the transmissivity in areas of the Culebra which 
are located above areas of present and future potash mining. 

3 

Material and Parameter Name(s): 

CULEBRA MINP-FAC (#34 19) 

Parameter 34: Mining Transmissivity Multiplier 

lil 
19 

20 

Computational Code: SECOFL2D 

2 1 

22 

32 

:DF/PDF Graph 
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Distribution Type: Uniform 
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minimum median maximum 1 std. deviation 
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Parameter 34: Mining Transmissivity Multiplier (Continued) 

I Data: Regulatory Basis 

Data for the Mining Transmissivity Multiplier comes directly from the Preamble published in 
40 CFR Part 194 (61 FR 5229). Based on its review of the literature, the EPA determined that 
mining can increase the conductivity of overlying formations by a factor of much as 1,000 (see 
Section 6.4.6.2.3). Since the EPA does not specify a distribution for the multiplier, the DOE 
has assigned it a uniform distribution from 1 to 1,000 with a median value of 500.5. A 
discussion of the data associated with this parameter may be found in the following parameter 
records package: SWCF-A:WBS1.2.07.1:PDD:QA:NON-SALAD0:Mining Transmissivity 
Multiplier (WPO 36489). .. 

Discussion: 

EPA's 40 CFR Part 194 requires that the DOE evaluate the consequences of mining in the 
McNutt on the performance of the WIPP (Larson 1996). The impacts of mining are taken into 
account by using a multiplier which varies from 1 to 1,000 with a uniform distribution. The 
multiplier applies only to the transmissivity in the Culebra and it applies to areas that qualify 
under a range of criteria, including both mined areas and areas to be mined (Howard, B. A. 
1996). 

In the performance assessment, two cases are considered: 1) the partial mining case which 
includes all mining outside of the controlled area and 2) the full mining case which includes 
mining outside and inside of the controlled area. Everywhere that the Culehra is underlain by 
economical quantities of potash (see Section 2.3.1. I), the transmissivity is multiplied by the 
multiplier. The multiplier is applied uniformly over the entire mined area for a particular T- 
field; however, the value of the multiplier changes for different T-fields. The partial mining 
case applies to all transmissivity vectors in the performance assessment analysis. Starting 
from that initial condition, the full mining case has a 1 in 100 probability of occumng in any 
century over the 10,000 year regulatory time frame (for any given T-field). 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 34: Mining Transmissivity Multiplier (Continued) 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 35: Culebra Transmissivity Field Index 

Parameter Description: 

This parameter is intended to incorporate uncertainty in the transmissivity field within the 
Culebra Dolomite Member of the Rustler Formation. 

I Material and Parameter Name($: I / GLOBAL TRANSIDX (X225) 

Computational Code(s): SECOFL2D 

Units: None 

mean 

Distribution Type: Uniform 

ZDF/PDF Graph 

median 

GLOBAL TRANSIDX 

0.5 

October 1996 PAR- 122 DOEICAO 1996-2184 

minimum maximum I std. deviation 
0.5 0.0 1 .0 0.29 



Parameter 35: Culebra Transmissivity Field Index (Continued) 

Data: Professional Judgment - General Engineering Knowledge I 
No experimental data are associated with the transmissivity field index. The parameter is an 
index for selecting one of 100 transmissivity fields produced by GRASP-INV. It varies 
uniformly from 0 to 1. 

Discussion: 

Using an approach known as conditioning, or malung realizations of random fields coherent 
with measured information such as hydraulic head values, 100 equally likely Culebra 
transmissivity fields were generated (employing GRASP-INV). After incorporating changes 
(requested by U.S. Environmental Protection Agency [EPA]) to account for future potash 
mining, the fields were ranked by travel time to the accessible environment (3.5 kilometers 
from the center of the repository area). Each realization was then converted to a flow field, 
assuming uniform Culebra thickness of 8 meters and 16 percent effective porosity. 
TRANSDIX was used to sample on the interval (0,l); the result was mapped onto the integers 
1-100 (the number of transmissivity fields), and the resulting integer was used to select a 
transmissivity field (Ruskauff 1996; Sandia W P P  Project 1992). 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 36: Log of the Distribution of Solubility of Am(II1) in Salado Brine 

Parameter Description: 

I This parameter represents the distribution (log,,) of the uncertainty about the modeled 
solubility value for americium in the +III oxidation state in Salado brine. The disposal room I ohemicai environment is controlled by the Mg(OH),-MgCO, buffer system. 

Material and Parameter Name(s): 

SOLAM3 SOLSIM (#3262) 

I Computational Code(s): NUTS 

I Units: None 

mean 

Distribution Type: Log cumulative 

ZDFIPDF Graph 

median 

SOtAM3 SOLSIM 

0.18 

-2.0 -1.0 00 1.0 
SOLSIM 

% r n W  "- .,mm 2- *c.., 
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maximum I std. deviation 
-0.09 -2.0 1.40 0.37 



Parameter 36: Log of the Distribution of Solubility of Am(II1) in Salado Brine 
(Continued) 

I Data: Site-Specific Experimental Data and Thermodynamic Calculations 

Solubilities were calculated using the Fracture Matrix Transport (FMT) code (Novak 1996). 
Bynum (1996) compared 150 modeled and experimentally determined solubilities and 
provided a distribution of the differences between them. The parameter records package 
associated with this parameter is located at: SWCF-A:WBS 1.2.0.7.1; WBS 
1.1.10.1.1:PDD:QA:DISSOLVED SPECLES:Actinides Solubility Source Term Look-up 
Tables (WPO 35835). 

I Discussion: 

The solubility of Am (+HI) in Salado brine is a function of pH, CO, fugacity, and other brine 
components as modeled by FMT, a computer code for calculating equilibrium concentrations - .  

that is based on experimentally determined thermodynamic parameters (Novak 1996; Novak 
and Moore 1996; Siegel 1996). The FMT-calculated solubility is 5.82 x 10.' moleslliter (see 
SOLMOD3, SOLSIM in Table PAR-39). The distribution of solubilities was determined by 
Bynum (1996) by comparing modeled solubilities for all oxidation states with the 
experimentally determined solubilities. The parameter is the log,, of the distribution about this 
value, which is plotted in log space as shown in the CDFPDF graph. The log of the solubility 
is obtained by adding this parameter to the log of the FMT model value. 

I Further information on this parameter is provided in Appendix SOTERM and Appendix IRES. 
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Title 40 CFR Part 191 Compliance Certification Application 

1 Parameter 37: Log of the Distribution of Solubility of Am(II1) in Castile Brine 1 
Parameter Description: 

This parameter represents the distribution (log,,) of the uncertainty about the modeled 
solubility value for americium in the +HI oxidation state in Castile brine. The disposal room 
chemical environment is controlled by the Mg(OH),-MgCO, buffer system. 

Material and Parameter Name@): 

SOLAM3 SOLCIM (#3263) I 

Units: None 

Computational Code(s): NUTS 

I Distribution Type: Log cumulative I 
CDFPDF Graph 

SOLAM3 SOLCIM 

mean 

-2.0 1.0 0 0 1 0  
SOLCIM 

median minimum 
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maximum 1 std. deviation 
0.18 1.40 -0.09 I -2.0 0.37 



Title 40 CFR Part 191 Compliance Certification Application 

Parameter 37: Log of the Distribution of Solubility of Am(II1) in Castile Brine 
(Continued) 

Data: Site-Specific Experimental Data and Thermodynamic Calculations 

Solubilities were calculated using the FMT code (Novak 1996). Bynum (1996) compared 150 
modeled and experimentally determined solubilities and provided a distribution of the 
differences between them. The parameter records package associated with this parameter is 
located at: SWCF-A:WBS 1.2.0.7.1; WBS 1.1.10.1.1:PDD:QA:DISSOLVED 
SPEC1ES:Actinides Solubility Source Term Look-up Tables (WPO 35835). 

Discussion: 

The solubility of Am [+III) in Castile brine is a function of pH, CO, fugacity, and other brine 
components as modeled by FMT, a computer code for calculating equilibrium concentrations 
that is based on experimentally determined thermodynamic parameters (Novak 1996; Novak 
and Moore 1996; Siegel 1996). The FMT-calculated solubility is 6.52 x lo-@ molesfiiter (see 
SOLMOD3, SOLCIM in Table PAR-39). The distribution of solubilities was determined by 
Bynum (1996) by comparing modeled solubilities for all oxidation states with the 
experimentally determined solubilities. The parameter is the log,, of the distribution about this 
value, which is plotted in log space as shown in the CDFPDF graph. The log of the solubility 
is obtained by adding this parameter to the log of the FMT model value. 

Further information on this parameter is provided in Appendix SOTERM and Appendix IRES. 
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Title 40 CFR Part 191 Compliance Certification Application 

I Parameter 38: Log of the Distribution of Solubility of Pu(II1) in Salado Brine I 
Parameter Description: 1 
This parameter represents the distribution (log,,) of the uncertainty about the modeled 
solubility value for plutonium in the +I11 oxidation state in Salado brine. The disposal room 
chemical environment is controlled by the Mg(OH),-MgCO, buffer system. 

Material and Parameter Name(s): 

SOLPU3 SOLSIM (#3265) 

-- - - - - - - 

Distribution Type: Log cumulative 

1 Computational Code(s): NUTS 

CDFPDF Graph 
SOLPU3 SOLSIM 

minimum I maximum ( std. deviation mean 

V a W a  Me tin LHS . 

median 
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0.18 

Units: None 

-0.09 1.40 -2.0 0.37 



Parameter 38: Log of the Distribution of Solubility of Pu(II1) in Salado Brine 
(Continued) 

Data: Site-Specific Experimental Data and Thermodynamic Calculations 

Solubilities were calculated using the FMT code (Novak 1996). Bynum (1996) compared 150 
modeled and experimentally determined solubilities and provided a distribution of the 
differences between them. The parameter records package associated with this parameter is 
located at: SWCF-A:WBS 1.2.0.7.1; WBS 1.1.10.1.1:PDD:QA:DISSOLVED 
SPEC1ES:Actinides Solubility Source Term Look-up Tables (WPO 35835). 

Discussion: 

The solubility of Pu (+III) in Salado brine is a function of pH, CO, fugacity, and other brine 
components as modeled by FMT, a computer code for calculating equilibrium concentrations 
that is based on experimentally determined thermodynamic parameters (Novak 1996; Novak 
and Moore 1996; Siegel 1996). The FMT-calculated solubility is 5.82 x 10.' molesniter (see 
SOLMOD3, SOLSIM in Table PAR-39). The distribution of solubilities was determined by 
Bynum (1996) by comparing modeled solubilities for all oxidation states with the 
experimentally determined solubilities. The parameter is the log,, of the distribution about this 
value, which is plotted in log space as shown in the CDFPDF graph. The log of the solubility 
is obtained by adding this parameter to the log of the FMT model value. 

Further information on this parameter is provided in Appendix SOTERM and Appendix IRES. 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 39: Log of the Distribution of Solubility of Pu(II1) in Castile Brine 

Parameter Description: 

This parameter represents the distribution (log,,) of the uncertainty about the modeled 
solubility value for plutonium in the +I11 oxidauon state in Castile brine. The disposal room 
chemical environment is controlled by the Mg(OH),-MgCO, buffer system. 

Material and Parameter Name(s): 

SOLPU3 SOLCIM (#3264) 

Computational Code(s): NUTS 

I Units: None 

mean 

Distribution Type: Log cumulative 

ZDFIPDF Graph 

median 

SOLPU3 SOLCIM 

I CUMULATIVE hsmbufion 

minimum 

/ vanable 39 in LHS 

maximum 1 std. deviation 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 39: Log of the Distribution of Solubility of Pu(II1) in Castile Brine 
(Continued) 

Data: Site-Specific Experimental Data and Thermodynamic Calculations 

Solubilities were calculated using the FMT code (Novak 1996). Bynum (1996) compared 150 
modeled and experimentally determined solubilities and provided a distribution of the 
differences between them. The parameter records package associated with this parameter is 
located at: SWCF-A:WBS 1.2.0.7.1; WBS 1.1.10.1.1:PDD:QA:DISSOLVED 
SPEC1ES:Actinides Solubility Source Term Look-up Tables (WPO 35835). 

Discussion: 

The solubility of Pu (+In) in Castile brine is a function of pH, CO, fugacity, and other brine 
components as modeled by FMT, a computer code for calculating equilibrium concentrations 
that is based on experimentally determined thermodynamic parameters (Novak 1996; Novak 
and Moore 1996; Siegel 1996). The FMT-calculated solubility is 6.52 x 10.' moles~liter (see 
SOLMOD3, SOLCIM in Table PAR-39). The distribution of solubilities was determined by 
Bynum (1996) by comparing modeled solubilities for all oxidation states with the 
experimentally determined solubilities. The parameter is the log,, of the distribution about this 
value, which is plotted in log space as shown in the CDFIPDF graph. The log of the solubility 
is obtained by adding this parameter to the log of the FMT model value. 

Further information on this parameter is provided in Appendix SOTERM and Appendix IRES. 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 40: Log of the Distribution of Solubility of Pu(IV) in Salado Brine 

Parameter Description: 

This parameter represents the distribution (log,,) of the uncertainty about the modeled 
solubility value for plutonium in the +IV oxidation state in Salado brine. The dsposal room 
chemical environment is controlled by the Mg(OH),-MgCO, buffer system. 

Material and Parameter Name(s): 

SOLPU4 SOLSIM (#3266) 

Distribution Type: Log cumulative 

I Computational Code(s): NUTS 

CDFPDF Graph 
SOLPU4 SOLSIM 

mean 
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median minimum maximum I std. deviation 
0.37 0.18 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 40: Log of the Distribution of Solubility of Pu(1V) in Salado Brine 
(Continued) 

Data: Site-Specific Experimental Data and Thermodynamic Calculations 

Solubilities were calculated using the FMT code (Novak 1996). Bynum (1996) compared 150 
modeled and experimentally determined solubilities and provided a distribution of the 
differences between them. The parameter records package associated with this parameter is 
located at: SWCF-A:WBS 1.2.0.7.1; WBS 1.1.10.1.1:PDD:QA:DISSOLVED 
SPEC1ES:Actinides Solubility Source Term Look-up Tables (WPO 35835). 

Discussion: 

The solubility of Pu(+IV) in Salado brine is a function of pH, CO, fugacity, and other brine 
components as modeled by FMT, a computer code for calculating equilibrium concentrations 
that is based on experimentally determined thermodynamic parameters (Novak 1996; Novak 
and Moore 1996; Siegel 1996). The FMT-calculated solubility is 4.4 x 10" molesniter (see 
SOLMOD4, SOLSIM in Table PAR-39). The distribution of solubilities was determined by 
Bynum (1996) by comparing modeled solubilities for all oxidation states with the 
experimentally determined solubilities. The parameter is the log,, of the distribution about this 
value, which is plotted in log space as shown in the CDF/PDF graph. The log of the solubility 
is obtained by adding this parameter to the log of the FMT model value. 

( Further information on this parameter is provided in Appendix SOTERM and Appendix IRES. 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 41: Log of the Distribution of Solubility of Pu(1V) in Castile Brine 

Parameter Description: I 
This parameter represents the distribution (log,,) of the uncertainty about the modeled 
solubility value for plutonium in the +IV oxidation state in Castile brine. The disposal room 
chemical environment is controlled by the Mg(OH),-MgCO, buffer system. 

Material and Parameter Name(s): 

SOLPU4 SOLCIM (#3389) 

I Computational Code(s): NUTS 

I Units: None 

mean 

Distribution Type: Log cumulative I 
CDFPDF Graph 
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SOLPU4 SOLCIM 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 41: Log of the Distribution of Solubility of Pu(IV) in Castile Brine 

Data: Site-Specific Experimental Data and Thermodynamic Calculations 

Solubilities were calculated using the FMT code (Novak 1996). Bynum (1996) compared 150 
modeled and experimentally determined solubilities and provided a distribution of the 
differences between them. The parameter records package associated with this parameter is 
located at: SWCF-A:WBS 1.2.0.7.1; WBS 1.1.10.1.1:PDD:QA:DISSOLVED 
SPEC1ES:Actinides Solubility Source Term Look-up Tables (WPO 35835). 

Discussion: 

The solubility of Pu(+IV) in Castile brine is a function of pH, CO, fugacity, and other brine 
components as modeled by FMT, a computer code for calculating equilibrium concentrations 
that is based on experimentally determined thermodynamic parameters (Novak 1996; Novak 
and Moore 1996; Siegel 1996). The FMT-calculated solubility is 6.0 x molesfliter (see 
SOLMOD4, SOLCIM in Table PAR-39). The distribution of solubilities was determined by 
Bynum (1996) by comparing modeled solubilities for all oxidation states with the 
experimentally determined solubilities. The parameter is the log,, of the distribution about this 
value, which is plotted in log space as shown in the CDFPDF graph. The log of the solubility 
is obtained by adding this parameter to the log of the FMT model value. 

Further information on this parameter is provided in Appendix SOTERM and Appendix IRES. 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 42: Log of the Distribution of Solubility of U(1V) in Salado Brine 

I Parameter Description: 1 
This parameter represents the distribution (log,,) of the uncertainty about the modeled 
solubility value for uranium in the +IV oxidation state in Salado brine. The disposal room 
chemical environment is controlled by the Mg(OH),-MgCO, buffer system. 

Material and Parameter Name(s): 

SOLU4 SOLSIM (#3390) 

I Computational Code(s): NUTS I 

"FIPDF Graph 

I 
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Title 40 CFR Part 191 Compliance Certification Application 

I Parameter 42: Log of the Distribution of Solubility of U(IV) in Salado Brine (Continued) 1 
Data: Site-Specific Experimental Data and Thermodynamic Calculations 

Solubilities were calculated using the FMT code (Novak 1996). Bynum (1996) compared 150 
modeled and experimentally determined solubilities and provided a distribution of the 
differences between them. The parameter records package associated with this parameter is 
located at: SWCF-A:WBS 1.2.0.7.1; WBS 1.1.10.1.1:PDD:QA:DISSOLVED 
SPEC1ES:Actinides Solubility Source Term Look-up Tables (WPO 35835). 

Discussion: 

The solubility of U(+IV) in Salado brine is a function of pH, CO, fugacity, and other brine 
components as modeled by FMT, a computer code for calculating equilibrium concentrations 
that is based on experimentally determined thermodynamic parameters (Novak 1996; Novak 
and Moore 1996; Siegel 1996). The FMT-calculated solubility is 4.4 x molesfliter (see 
SOLMOD4, SOLSIM in Table PAR-39). The distribution of solubilities was determined by 
Bynum (19963 by comparing modeled solubilities for all oxidation states with the 
experimentally determined solubilities. The parameter is the log,, of the distribution about this 
value, which is plotted in log space as shown in the CDFPDF graph. The log of the solubility 
is obtained by adding this parameter to the log of the FMT model value. 

Further information on this parameter is provided in Appendix SOTERM and Appendix IRES. 
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Title 40 CFR Part 191 Compliance Certification Application 

1 Parameter 43: Log of the Distribution of Solubility of Urn)  in Salado Brine 

Parameter Description: 

This parameter represents the distribution (log,,) of the uncertainty about the modeled 
solubility value for uranium in the +VI oxidation state in Salado brine. The disposal room 
chemical environment is controlled by the Mg(OH),-MgCO, buffer system. 

Material and Parameter Name(s): 

SOLU6 SOLSIM (#3391) 

I Computational Code(s): NUTS 

mean median minimum maximum ( std. deviation 1 

1 Units: None I 

I Distribution Type: Log cumulative 

CDFPDF Graph 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 43: Log of the Distribution of Solubility of UNI) in Salado Brine (Continued) 

Data: Site-Specific Experimental Data and Thermodynamic Calculations 

Data on U(+VI) solubility in Salado brine was compiled by Hobart and Moore (1996), both 
from ongoing WIPP-directed research and from published literature. Project experimental 
data was from Reed et al. (1996) (see SOTERM, Section 3.0). Published data was from 
Yamazaki, et a1 (1992) and Pashalidas et al(1993). Based on these data, Hobart and Moore 
recommend a value for U(+VI) for use in performance assessment. The uncertainty in this 
value was bounded by the distribution prepared by Bynum (1996). Bynum (1996) compared 
150 modeled and experimentally determined solubilities and provided a distribution of the 
differences between them. The parameter records package associated with this parameter is 
located at: SWCF-A:WBS 1.2.0.7.1; WBS 1.1.10.l.l:PDD:QA:DISSOLVED 
SPEC1ES:Actinides Solubility Source Term Look-up Tables (WPO 35835). 

Discussion: 

The solubility of U(+VI) in Salado brine is a function of pH, CO, fugacity, and other brine 
components. The solubility provided by Hobart and Moore (1996) is 8.7 x 10" molesfliter 
( S ~ ~ S O L M O D ~ ,  SOLSIM in Table PAR-39). The distribution of solubilities was determined 
by Bynum (1996) by comparing modeled solubilities for all oxidation states with the 
experimentally determined solubilities. The parameter is the log,, of the distribution about this 
value, which is plotted in log space as shown in the CDFIPDF graph. The log of the solubility 
is obtained by adding this parameter to the log of the FMT model value. 

Further information on this parameter is provided in Appendix SOTERM and Appendix IRES. 

1 
WIPP Data Entry Form #464 WPO#: 371 13 
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Title 40 CFR Part 191 Compliance Certification Application - 
I Parameter 43: Log of the Distribution of Solubility of U(V1) in Salado Brine (Continued) I 

References (Continued): 
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Title 40 CFR Part 191 Compliance Certifcation Application 

1 Parameter 44: Log of the Distribution of Solubility of U(V1) in Castile Brine 

Parameter Description: 

This parameter represents the distribution (log,,) of the uncertainty about the modeled 
solubility value for uranium in the +VI oxidation state in Castile brine. The disposal room 
chemical environment is controlled by the Mg(OH),-MgCO, buffer system. 

Material and Parameter Name(s): 

SOLU6 SOLCIM (#3392) 

[ Units: None I 

1 Computational Code(s): NUTS 

[Distribution Type: Log cumulative I 

mean 

CDFRDF Graph 
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Title 40 CFR Part 191 Compliance Certification Application - 
Parameter 44: Log of the Distribution of Solubility of U(V1) in Castile Brine 

(Continued) 

Data: Site-Specific Experimental Data and Thermodynamic Calculations 

Data on U(+VI) solubility in Castile brine was compiled by Hobart and Moore (1996). both 
from ongoing WIPP-directed research and from published literature. Project experimental 
data was from Reed et al. (1996) (see SOTERM, Section 3.0). Published data was from 
Yamazaki, et a1 (1992) and Pashalidas et al(1993). Based on these data, Hobart and Moore 
recommend a value for U(+VI) for use in performance assessment. The uncertainty in this 
value was bounded by the distribution prepared by Bynum (1996). Bynum (1996) compared 
150 modeled and experimentally determined solubilities and provided a distribution of the 
differences between them. The parameter records package associated with this parameter is 
located at: SWCF-A:WBS 1.2.0.7.1; WBS 1.1.10.1.1:PDD:QA:DISSOLVED 
SPEC1ES:Actinides Solubility Source Term Look-up Tables (WPO 35835). 

Discussion: 

The solubility of U(+VI) in Castile brine is a function of pH, CO, fugacity, and other brine 
components. The solubility provided by Hobart and Moore (1996) is 8.8 x molesfliter 
(see SOLMOD6, SOLCIh4 in Table PAR-39). The distribution of solubilities was determined 
by Bynum (1996) by comparing modeled solubilities for all oxidation states with the 
experimentally determined solubilities. The parameter is the log,, of the distribution about this 
value, which is plotted in log space as shown in the CDFPDF graph. The log of the solubility 
is obtained by adding this parameter to the log of the FMT model value. 

Further information on this parameter is provided in Appendix SOTERM and Appendix IRES. 

.- . 
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Parameter 44: Log of the Distribution of Solubility of U(V1) in Castile Brine 
(Continued) 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 45: Log of the Distribution of Solubility of Th(IV) in Salado Brine 

Parameter Description: I 
This parameter represents the distribution (log,,) of the uncertainty about the modeled 
solubility value for thorium in the +IV oxidation state in Salado brine. The disposal room 
chemical environment is controlled by the Mg(OH),-MgCO, buffer system. 

Material and Parameter Name(s): I 
SOLTH4 SOLSIM (#3393) 

I Computational Code(+ NUTS 

I mean median minimum maximum I std. deviation I 

I Units: None 

CDFIPDF Graph 
SOLTH4 SOLSIM 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 45: Log of the Distribution of Solubility of Th(1V) in Salado Brine 
(Continued) 1 

Data: Site-Specific Experimental Data and Thermodynamic Calculations 

Solubilities were calculated using the FMT code (Novak 1996). Bynum (1996) compared 150 
modeled and experimentally determined solubilities and provided a distribution of the 
differences between them. The parameter records package associated with this parameter is 
located at: SWCF-A:WBS 1.2.0.7.1; WBS 1.1.10.1.1:PDD:QA:DISSOLVED 
SPECIES:Actinides Solubility Source Term Look-up Tables (WPO 35835). 

Discussion: 

The solubility of Th(+IV) in Salado brine is a function of pH, CO, fugacity, and other brine 
components as modeled by FMT, a computer code for calculating equilibrium concentrations 
that is based on experimentally determined thermodynamic parameters (Novak 1996; Novak 
and Moore 1996; Siegel 1996). The FMT-calculated solubility is 4.4 x molesfiiter (see 
SOLMOD4, SOLSIM in Table PAR-39). The distribution of solubilities was determined by 
Bynum (1996) by comparing modeled solubilities for all oxidation states with the 
experimentally determined solubilities. The parameter is the log,, of the distribution about this 
value, which is plotted in log space as shown in the CDFPDF graph. The log of the solubility 
is obtained by adding this parameter to the log of the FMT model value. 

I Further information on this parameter is provided in Appendix SOTERM and Appendix IRES. 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 46: Humic Proportionality Constant 

Parameter Description: 

The humic proportionality constant is used to calculate concentrations of actinides associated 
with mobile humic substances for actinide elements with oxidation state of +III, in the Castile 
brine. 

Material and Parameter Name(s): 

PHUMOX3 PHUMCIM (#3429) 

Units: rnoleslrnoles 

Computational Code(s): NUTS 1 

Distribution Type: Log cumulative 

mean 

:DF/PDF Graph 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 46: Humic Proportionality Constant (Continued) 1 
Data: Site-Specific Experimental Data 

Experiments were conducted at Florida State University (Greg R. Choppin) and at SNL (Hans 
W. Papenguth and co-workers). These results, combined with WIPP-specific data on calcium 
and magnesium concentrations, formed the basis for this parameter distribution. The 
parameter records package associated with this parameter is located at: SWCF- 
A:WBS 1.1.10.2.1 .PDD:QA:Mobile Colloidal Actinide Source Term 3: Humic Substances 
(WPO 35855). 

Discussion: 

Humic substances encompass a broad variety of high-molecular-weight organic compounds 
that can mobilize actinides. To determine the concentration of actinides associated with humic 
substances, four pieces of information are required: 1) the concentration of reactive humic 
substance in the aqueous phase (that is, humic solubility); 2) the binding capacity of the humic 
substance; 3) actinide uptake (that is, actinide complexation constants); and 4) concentration 
of actinide ions in the aqueous phase (that is, actinide solubility). Quantification of actinide 
solubilities is described in Novak and Moore (1996). Collection of the other data, 
interpretation of that information, and development of parameter values for performance 
assessment calculations is described in detail in Papenguth and Moore (1996). The humic 
proportionality constant is a combination of information from 1) and 3) above. This constant 
is multiplied by 4). the actinide concentration, to obtain the concentrations of actinides 
mobilized on humic colloids. 

Further information on this parameter is found in Appendix SOTERM. - 
[ WIPP Data Entry Form #464 WPO#: 37683 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 47: Oxidation State Distribution Parameter 

Parameter Description: 

This parameter determines whether the repository environment is more reducing or less 
reducing for a particular realization. 

Material and Parameter Name(s): 

GLOBAL OXSTAT (#3417) 

I Computational Code(s): NUTS 

( Units: None I 

mean 

I Distribution Type: Uniform 1 
CDFJPDF Graph 

median 
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1 Parameter 47: Oxidation State Distribution Parameter (Continued) 

Data: Site-Specific Experimental Data and Literature Research 

Experimental results from LANL, PNL, and Argonne National Laboratories-East were used, 
as well as data from an extensive literature search. The parameter records package associated 
with this parameter is located at: SWCF-A:WBSl. 1 .lo. 1.1 :PDD:QA:DISSOLVED 
SPEC1ES:Oxidation State Distribution: Actinides:OX3:OX4:OX5:OX6 (WPO 35194). 

Discussion: 

The oxidation state distribution parameter is used to designate which oxidation states dominate 
the solubility. Actinides addressed are thorium, uranium, neptunium, plutonium, americium, 
and curium. Analysis of literature data demonstrated that certain actinides (that is, Am, Th, 
Cm) will exist only in one oxidation state given the expected WIPP repository conditions. 
Therefore, this distribution is not used with the performance assessment for these actinides. 
Experimental evidence indicated that two oxidation states were possible for Pu, U, and Np 
under the expected WIPP repository conditions. For these actinides, it is assumed that their 
solubilities and kds will be dominated by only one oxidation state, but it is uncertain which of 
two possible states will dominate. Therefore, in half of the realizations employing this 
parameter (if >0.5), the higher oxidation state solubilities and k,s will be used, and in the 
other half of the realizations (if <0.5), the lower oxidation state solubilities and kds will be 
used (Weiner et al. 1996). Further information on this parameter is found in Appendix 
SOTERM. 
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Weiner, Ruth F., Hobart, D.E., Tait, C.D., and Clark, D.L. 1996. Analysis ofActinide 
Oxidation States in the WIPP, WBS 1.1.10.1.1. WPO 35 194. 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 48: Climate Index 1 

( Parameter Description: I 
A change in climate over the next 10,000 years could alter flow rates in the Culebra, thereby 
impacting radionuclide transport. The Climate Index is a multiplication factor to enhance the 
magnitude of flow in each reatization of the Culebra flow field caused by changes in future 
climate. 

Material and Parameter Name@): 

GLOBAL CLIMTIDX (#233) 

I Computational Code(s): SECOTP2D 

Units: None I 

Distribution Type: Cumulative 

ZDFIPDF Graph 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 48: Climate Index (Continued) 1 
Data: General Literature and Professional Judgment 

The parameter distribution was obtained by first surveying the available literature to obtain 
information that can be used to infer the annual precipitation rate since the end of the 
Pleistocene and for the next 10,000 years. Next, numerical simulations were performed to see 
how various assumed rates and temporal patterns of recharge would impact groundwater flow 
velocities in the Culebra within the WIPP site. The parameter records package associated with 
this parameter is located at: SWCF-A:WBS1.2.07.1:PDD:QA:NON-SALAD0:Culebra 
Transrnissivity Zone:CLTMTIDX/GLOBAL (WPO 36425). 

Discussion: 

The following main assumptions were used in the numerical simulations: 

1) the groundwater basin conceptual model is applicable, 
2) the lateral boundaries are flow divides (that is, no-flow boundaries) during the period 

simulated, 
3) flow in the unsaturated zone can be neglected, and 
4) the flow system was equilibrated to a recharge rate sufficient to maintain the water table 

near the land surface at the start of the simulations. 

As described in the Climate Index Record Package (Corbet and Swift 1996), a step recharge 
function, which represents a radical disruption of the climate pattern of the Holocene, is 
unlikely and is assigned a 0.25 probability of occurrence and the Holocene recharge pattern is 
assigned a 0.75 probability of occurrence. 

First, simulations were performed using a step recharge function for the pattern of future 
recharge. The results specify a uniform distribution between 1.5 and 2.25. 

Next, six transient simulations using the Holocene pattern of future recharge were performed. 
The results specify a uniform distribution between 1.0 and 1.25. 

--- 

~ P P  Data Entrv Form #464 G0#:3303  1 
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Title 40 CFR Part 191 Compliance Certification Application 

I Parameter 49: Culebra Half Matrix Block Length 

Parameter Description: 

This parameter is used to describe the half matrix block length (defined as one-half the 
thickness of a matrix slab between two parallel plates of fractures) for the Culebra dolomite. It 
is one of the parameters required in the SECOTP2D code for the double-porosity 
conceptualization of the Culebra (see also: Appendix SECOTP2D). 

Material and Parameter Name(s): 

CULEBRA HMBLKLT (#3485) 

I Distribution Type: Uniform 

I Copputational Code(s): SECOTP2D 

ZDFIPDF Graph 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 49: Culebra Half Matrix Block Length (Continued) 

Data: Professional Judgment - General Engineering Knowledge 

The half matrix block length distribution is derived from numerical simulations of tracer test 
data. The data associated with this parameter are located in the following parameter records 
packages: SWCF-A:WBS 1.2.07.1 :PDD:QA:NON-SALAD0:Culebra Half Matrix Block 
Length (Culebra Transport Parameter) (WPO 37225). Supporting data records packages for 
this parameter include: SWCF-A:l.l.5.2.3:TD:QA:Tracer Test Interpretations, Interim 
Simulations (WPO 37450); SWCF-A: 1.1.5.3.4:TD:QA:Tracer Test Sample Analyses, H-1 1 
Tracer Tests Conducted June 1995 through July 1995 (WPO 37468); SWCF-A:l.1.5.3.4:TD: 
QA:Tracer Test Sample Analyses, H-19 Tracer Tests Conducted December 1995 through 
April 1996 (WPO 37452); and SWCF-A: 1.1.5.3.4:TD:QA:Tracer Test Sample Analyses, H-1 1 
Tracer Tests Conducted February 1996 through March 1996 (WPO 37467). 

The half matrix block length is defined as one-half the thickness of a matrix slab between two 
parallel plates of fractures. Diffusive processes at the WIPP will cause some fraction of 
actinides, which are released from the repository, to diffuse from the advective porosity into 
the diffusive porosity (or matrix), thereby delaying and attenuating discharges at the site 
boundary. The larger the half matrix block length (smaller surface area for diffusion), the 
larger the release because there will be less diffusion and in turn less access to surface area for 
sorption (Meigs and McCord 1996; see Appendix MASS Attachment 15-6). 

The distribution of values for the half matrix block length is uniform, with values ranging from 
0.05 to 0.5 meters (that is, full matrix block length values from 0.1 to 1.0 meters). This 
distribution is based on numerical simulations of tracer test data from the H-3, H-l 1, and H-19 
hydropads (Meigs and McCord 1996). Multiwell convergent flow tracer tests have been 
performed previously at H-3 and H-11 (Stensmd et al. 1989; Hydro Geo Chem, Inc. 1985). 
More recently, additional tracer tests have been performed at H-1 1 and new tests have been 
performed at H-19 (Beauheim et al. 1995). The 1995-96 tests at H-11 and H-19 consisted of 
single-well injection-withdrawal tests and multiwell convergent flow tests. 

The matrix block length and the advective porosity are essentially fitting parameters inferred 
from comparing the results of numerical simulations of the tracer tests to the field data. 
Numerical simulations were performed with double-porosity models with both homogeneous 
and heterogeneous hydraulic conductivity fields. For the homogeneous approach, the field data 
was analyzed using the SWIFT11 transport code, and for the heterogeneous approach, the field 
data was analyzed using the THEMM code. Both modeling approaches yielded consistent 
results for each well-to-well path with regard to matrix block length (Meigs and McCord, 
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Title 40 CFR Part 191 Compliance Certification Application - 
Parameter 49: Culebra Half Matrix Block Length (Continued) 

Discussion (Continued): I 
1996). Additional details on the numerical simulations are contained in a records package 
entitled "Tracer Test Interpretations, Interim Simulations" (WPO 37450). 

WIPP Data Entry Form #464 WPO#: 38356 
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Title 40 CFR Part 191 Compliance Certitication Application 

Parameter 50: Culebra Advective Porosity 

Parameter Description: 

Thls parameter is used to describe the advective porosity (typically referred to as the fracture 
porosity) for the Culebra dolomite. It is one of the parameters required in the SECOTP2D 
code for the double-porosity conceptualization of the Culebra (see also Appendix 
SECOTP2D). 

Material and Parameter Name(s): 

CULEBRA APOROS (#3487) 

I Units: None 1 

[ Computational Code(s): SECOTP2D 1 

L~istribution Type: Loguniform 

mean 

CDFIPDF Graph 
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Title 40 CFR Part 191 Compliance Certification Application - 
Parameter 50: Culebra Advective Porosity (Continued) 

Data: Professional Judgment - General Engineering Knowledge 

This porosity distribution is derived from numerical simulations of tracer test data. The data 
associated with this parameter are located in the following parameter records packages: 
SWCF-A:WBS1.2.07.1:PDD:QA:NON-SALAD0:Culebra Advective Porosity (Culebra 
Transport Parameter) (WPO 37227). Supporting data records packages for this parameter 
include: SWCF-A: 1.1.5.2.3:TD:QA: Tracer Test Interpretations, Interim Simulations 
(WPO 37450); SWCF-A:1.1.5.3.4:TD:QA: Tracer Test Sample Analyses, H-19 Tracer Tests 
Conducted December 1995 through April 1996 (WPO 37452); and SWCF- 
A:1.1.5.3.4:TD:QA:Tracer Test Sample Analyses, H-1 1 Tracer Tests Conducted February 
1996 through March 1996 (WPO 37467). ,* .- 

kJ * 

The Culebra is a fractured dolomite with nonuniform properties and multiple scales of 
porosity, including fractures ranging from microscale to large, vuggy zones, inter-particle and 
inter-crystalline porosity. When the permeability contrast is significant between different 
scales of connected porosity, the total porosity of the system can be modeled by dividing it into 
the advective (for example, fractures, and to some extent vugs connected by fractures, and 
interparticle porosity) porosity and the diffusive (or matrix) porosity. The advective porosity 
refers to porosity through which most of the flow occurs (for example, fractures), while the 
diffusive porosity includes features such as intercrystalline porosity, and to some extent 
microfractures, vugs, and interparticle porosity, accessible to solutes only through diffusion. 
The advective porosity used for the performance assessment simulations has been determined 
from evaluation of tracer test data (Meigs and McCord 1996). The diffusive porosity has been 
determined from laboratory measurements of core plugs, which do not contain large fractures 
(Meigs .md McCord 1996; see Appendix MASS Attachment 15-6). 

The distribution for the advective porosity is based on numerical simulations of tracer test data 
from the H-3, H-1 I, and H-19 hydropads (Meigs and McCord 1996). Multiwell convergent 
flow tests have been performed previously at H-3 and H-11 (Stensmd et al. 1989; Hydro Geo 
Chem, Inc. 1985). More recently, additional tracer tests have been performed at H-1 1 and new 
tests have been performed at H-19 (Beauheim et al. 1995). The recent tests at H-11 and H-19 
consisted of single-well injection-withdrawal tests and multiwell convergent flow tests. 

The advective porosity and the matrix block length are essentially fitting parameters inferred 
from comparing the results of numerical simulations of the tracer tests to the field data. 
Numerical simulations were performed with double-porosity models with both homogeneous 
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Parameter 50: Culebra Advective Porosity (Continued) I 
Discussion (Continued): 

and heterogeneous hydraulic conductivity fields. For the homogeneous approach, the field 
data was analyzed using the SWIFT-II transport code, and for the heterogeneous approach, the 
field data was analyzed using the THEMM code. Both modeling approaches yielded 
consistent results for each well-to-well path with regard to advective porosity (Meigs and 
McCord 1996). Additional details on the numerical simulations are contained in a records 
package entitled "Tracer Test Interpretations, Interim Simulations" (WPO 37450). 

WIPP Data Entry Form #464 WPO#: 38358 
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Title 40 CFR Part 191 Compliance Certification Application 

1 Parameter 51: Culebra Diffusive Porosity 

Parameter Description: 

This parameter is used to describe the diffusive porosity (typically referred to as the matrix 
porosity) for the Culebra dolomite. It is one of the parameters required in the SECOTP2D 
code for the double-porosity conceptualization of the Culebra (see also A ~ ~ e n d i x  

Material and Parameter Name(s): 

CULEBRA DPOROS (#3486) 

[ Units: None 

Distribution Type: Cumulative 

L~om~utational Code(s): SECOTP2D 

ZDFIPDF Graph 
CULEBRA DPOROS 

mean I median 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 51: Culebra Diffusive Porosity (Continued) 

Data: Site-Specific Experimental Data and Professional Judgment - General 
Engineering Knowledge 

This porosity distribution is derived from laboratory measurements. The data associated with 
this parameter are located in the following parameter records packages: SWCF- 
A:WBS 1.2.07.1:PDD:QA:NON-SALAD0:Culebra Diffusive Porosity (Culebra Transport 
Parameter) (WPO 37228). Supporting data records packages for this parameter include: 
SWCF-A: 1.1.5.3 A:TD:QA:Non-Salado Core Analyses Performed by Terra Tek (AA-2896) 
( W O  38234). 

Discussion: 

The Culebra is a fractured dolomite with nonuniform properties and multiple scales of 
porosity, including fractures ranging from microscale to large, vuggy zones and inter-particle 
and inter-crystalline porosity. When the permeability contrast is significant between different 
scales of connected porosity, the total porosity of the system can be modeled by dividing it into 
the advective (for example, fractures and, to some extent, vugs connected by fractures, and 
interparticle porosity) porosity and the diffusive (or matrix) porosity. The advective porosity 
refers to porosity through which most of the flow occurs, while the diffusive porosity includes 
features such as intercrystalline porosity and, to some extent, microfractures, vugs, and 
interparticle porosity accessible to solutes only through diffusion. The advective porosity to be 
used for the performance assessment simulations has been determined from evaluation of 
tracer test data. The diffusive porosity has been determined from laboratory measurement of 
core plugs, which do not contain large fractures (Meigs and McCord 1996; see Appendix 
MASS Attachment 15-6). 

Thls diffusive porosity distribution is derived from laboratory measurements. Boyle's Law 
helium porosity measurements have been made from 103 Culebra core plugs from 17 locations 
as reported in Kelley and Saulnier (1990) as well as additional porosity measurements recently 
completed by Terra Tek (WPO 38234). The methodology used for porosity measurements are 
described in Kelley and Saulnier (1990). To account for areal averaging, individual porosity 
measurements from a borehole andlor hydropad were averaged to yield a boreholehydropad 
average porosity. The averaged values were used to construct the distribution (Meigs and 
McCord 1996). 

WIPP Data Entry Form #464 WPO#: 38357 
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Parameter 51: Culebra Diusive Porosity (Continued) 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 52: Matrix Distribution Coefficient for U(V1) I 
Parameter Description: 

This parameter describes the matrix distribution coefficient (K,) for uranium in the +VI 
oxidation state. K, is the equilibrium ratio of the mass of U adsorbed on the solid phase(s) per 
unit mass of solid divided by the concentration of that element in the aqueous phase. 

Material and Parameter Name(s): 

U+6 M K W  (#3475) 

Distribution Type: Uniform 1 

I Computational Code(s): SECOTP2D, NUTS 

2DFIPDF Graph 

mean 

U+6 MKD U 

UNIFORM DlrMbution 

Cumulalve Pmballity 

+ Sampled Dab 

Vanale 52 in LHS 

median 
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Title 40 CFR Part 191 Compliance Certification Application - 
Parameter 52: Matrix Distribution Coefficient for ~ ( ~ ~ ) ' ( ~ o n t i n u e d )  

( Data: Site-Specific Experimental Data I 
The data associated with this parameter are located in the following parameter records 
package: SWCF-A:WBS 1.1.10.3.l:PDD:QA:Culebra Dissolved Actinide Distribution 
Coefficients (Kds) (WPO 3823 1). i .  

Discussion: '. 1 x 

Brush (1996) describes the laboratory sorption studies used to determine matrix K,,s for 
dissolved U. The experimental data do not include Kds for the clay-rich rock associated with 
fracture surfaces and dispersed in the matrix of the Culebra. Brush (1996) believes that this is 
a more conservative approach. Further, the fracture-surface Kd (actually, KJ for U in the 
Culebra is set to zero, which is also conservative. The laboratory sorption studies are 
summarized below. 

Triay at Los Alamos National Laboratory (LANL) studied the sorption of Pu(V), Am(III), 
U(VI), Th(IV), and Np(V) by dolomite-rich Culebra rock. These experiments yielded sorption 
isotherms, plots of the quantity of radionuclide sorbed by the solid phase(s) versus the final 
dissolved radionuclide concentration, or plots of Kds versus the final dissolved radionuclide 
concentration. The samples which Triay used contained a lower concentration of clay minerals 
than the Culebra as a whole and therefore, Triay's Kds are conservative (Brush 1996). 

P. V. Brady at SNL studied the sorption of Pu(V), Am(III), Np(III) (a nonradioactive analog of 
Am(1II) and Pu(III)), U(VI), Th(IV), and Np(V) from synthetic NaCl solutions by samples of 
pure dolomite from Norway. Although this study did not yield Kds for actual samples of 
Culebra rock or Culebra fluids, it did yield results useful for interpreting the results of Triay's 
study and for extending Triay's data to the pH conditions (about 9 to 10) expected from an 
MgO backfill in WIPP disposal rooms (Brush 1996). 

D. A. Lucero at SNL studied actinide transport through intact core samples from the Culebra 
in the WIPP Air Intake Shaft (AIS). This study did not yield Kds directly; U was moderately 
retarded by sorption and discrete values for the retardation factor were obtained which were 
then used, along with the porosity determined from the nonsorbing tracer test, to calculate K,s 
(Brush 1996). 

H. W. Stockman at SNL performed a modeling study of the oxidation states of Pu and U in the 
Culebra. This study showed that Culebra fluids have limited capacity to either oxidize or 
reduce actinide elements. Therefore, it is reasonable to use the oxidation-state distributions of 
Pu and U predicted for WIPP disposal rooms to specify the oxidation states in the Culebra and 
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Parameter 52: Matrix Distribution Coeficient for U(V1) (Continued) 

I Discussion (Continued): 

to assume that these oxidation states will be maintained along the entire off-site transport 
pathway (Brush 1996). 

The range and probability distribution of matrix K,s for deep (Castile and Salado) or Culebra 
brines that resulted in less retardation for each element or elemental oxidation state was used 

, in the calculations. Since there are uncertainties about the extent to which deep (Castile and 
Salado) and Culebra brines will mix, there are uncertainties as to the probability distributions 
of these factors (especially brine type, the partial pressure of CO,, and the resulting pH) in the 
Culebra. Therefore, the matrix K,s were specified as a uniform distribution rather than a 

1 Student's-t distribution. 

1 WIPP Data Entrv Form #464 WPOk 38346 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 53: Matrix Distribution Coefficient for U(IV) 

Parameter Description: 

This parameter describes the matrix distribution coefficient (KJ for uranium in the +IV 
oxidation state. K,, is the equilibrium ratio of the mass of U adsorbed on the solid phase(s) per 
unit mass of solid divided by the concentration of that element in the aqueous phase. 

Material and Parameter Name@): 

U+4 MKD-U (#3479) 

I Computational Code(~): SECOTP2D, NUTS 

Units: cubic meters per kilogram 

mean 

Distribution Type: Uniform 

CDFlPDF Graph 

median 
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minimum 
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maximum I std. deviation 
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- - 

Parameter 53: Matrix Distribution Coefficient for U(N)  (Continued) 1 
Data: Site-Specific Experimental Data I 

- 
Discussion: 

The data associated with this parameter are located in the following parameter records 
package: SWCF-A:WBS 1.1.10.3.l:PDD:QA:Culebra Dissolved Actinide Distribution 
Coefficients (Ks)  (WPO 3823 1). 

Brush (1996) describes the laboratory sorption studies used to determine matrix &s for 
dissolved U. The experimental data do not include K,s for the clay-rich rock associated with 
fracture surfaces and dispersed in the matrix of the Culebra. Brush (1996) believes that this is 
a more conservative approach. Further, the fracture-surface K, (actually, KJ for U in the 
Culebra is set to zero, which is also conservative. The laboratoq sorption studies are 
summarized below. 

Triay at LANL studied the sorption of Pu(V), Am(III), U(VI), Th(IV), and Np(V) by dolomite- 
rich Culebra rock. These experiments yielded sorption isotherms, plots of the quantity of 
radionuclide sorbed by the solid phase(s) versus the final dissolved radionuclide concentration, 
or plots of K,s versus the final dissolved radionuclide concentration. The samples which Triay 
used contained a lower concentration of clay minerals than the Culebra as a whole and 
therefore, Triay's K,s are conservative (Brush 1996). 

P. V. Brady at SNL studied the sorption of Pu(V), Am(III), Np(III) (a nonradioactive analog of 
Am(II1) and Pu(ILI)), U(VI), Th(IV), and Np(V) from synthetic NaCl solutions by samples of 
pure dolomite from Norway. Although this study did not yield &s for actual samples of 
Culebra rockICulebra fluids, it did yield results useful for interpreting the results of Triay's 
study and for extending Triay's data to the pH conditions (about 9 to 10) expected from an 
MgO backfill in WIPP disposal rooms (Brush 1996). 

D. A. Lucero at SNL studied actinide transport through intact core samples from the Culebra 
in the WIPP AIS. This study did not yield K,s directly; U was moderately retarded by sorption 
and discrete values for the retardation factor were obtained which were then used, along with 
the porosity determined from the nonsorbing tracer test, to calculate K,s (Brush 1996). 

H. W. Stockman at SNL performed a modeling study of the oxidation states of Pu and U in the 
Culebra. This study showed that Culebra fluids have limited capacity to either oxidize or 
reduce actinide elements. Therefore, it is reasonable to use the oxidation-state distributions of 
Pu and U predicted for WIPP disposal rooms to specify the oxidation states in the Culebra and 
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Title 40 CFR Part 191 Compliance Certification Application 
A 

1 Parameter 53: Matrix Distribution Coefficient for U(IV) (Continued) 

Discussion (Continued): 

to assume that these oxidation states will be maintained along the entire off-site transport 
pathway (Brush 1996). 

The range and probability distribution of matrix K,s for deep (Castile and Salado) or Culebra 
brines that resulted in less retardation for each element or elemental oxidation state was used 
in the calculations. Since there are uncertainties about the extent to which deep (Castile and 
Salado) and Culebra brines will mix, there are uncertainties as to the probability distributions 
of these factors (especially brine type, the partial pressure of CO,, and the resulting pH) in the 
Culebra. Therefore, the matrix %s were specified as a uniform distribution rather than a 
Student's-t distribution. 

I WIPP Data Entrv Form #464 WPO#: 38350 
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Parameter 54: Matrix Distribution CoeEcient for Pu(II1) 1 
Parameter Description: I 
This parameter describes the matrix distribution coefficient (K,) for plutonium in the +I11 
oxidation state. Kd is the equilibrium ratio of the mass of Pu adsorbed on the solid phaseis) 
per unit mass of solid divided by the concentration of that element in the aqueous phase. 

Material and Parameter Name(s): 

PU+3 MKD-PU (#3480) 

I Computational Code(s): SECOTP2D. NUTS 1 

- - - - 

Units: cubic meters per kilogram J 
Distribution Type: Uniform 

mean 

CDFPDF Graph 

median minimum 

UNIFORM Dlftnblon 

Cumulatm PMabl8ty 

+ Sampled Data 

Vanable 54 m LHS 

maximum I std. deviation 
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Title 40 CFR Part 191 Compliance Certification Application - 
Parameter 54: Matrix Distribution Coefficient for Pu(II1) (Continued) 

I Dafn: Site-Specific Experimental Data I 
The data associated with this parameter are located in the following parameter records 
package: SWCF-A:WBS 1.1.10.3.1:PDD:QA:Culebra Dissolved Actinide Distributign . 
Coefficients (&s) (WPO 3823 1). , $ 

Discussion: 

Brush (1996) describes the laboratory sorption studies used to determine matrix Kds for 
dissolved Pu. The experimental data do not include Kds for the clay-rich rock associated with 
fracture surfaces and dispersed in the matrix of the Culebra. Brush (1996) believes that this is 
a more conservative approach. Further, the fracture-surface Kd (actually, I&) for Pu in the 
Culebra is set to zero, which is also conservative. The laboratory sorption studies are 
summarized below. 

Triay at LANL studied the sorption of Pu(V), Am(III), U(VI), Th(IV), and Np(V) by dolomite- 
rich Culebra rock. These experiments yielded sorption isotherms, plots of the quantity of 
radionuclide sorbed by the solid phase(s) versus the final dissolved radionuclide concentration, 
or plots of &s vessus the final dissolved radionuclide concentration. The samples which Triay 
used contained a lower concentration of clay minerals than the Culebra as a whole and 
therefore, Triay's &s are conservative (Brush 1996). 

P. V. Brady at SNL studied the sorption of Pu(V), Am(III), Np(II1) (a nonradioactive analog of 
Am(II1) and Pu(III)), U(VI), Th(IV), and Np(V) from synthetic NaCl solutions by samples of 
pure dolomite from Norway. Although this study did not yield Kds for actual samples of 
Culebra rock1Culebra fluids, it did yield results useful for interpreting the results of Triay's 
study and for extending Triay's data to the pH conditions (about 9 to 10) expected from an 
MgO backfill in WIPP disposal rooms (Brush 1996). 

D. A. Lucero at SNL studied actinide transport through intact core samples from the Culebra 
in the WIPP AIS. This study did not yield K,s directly because the experiments never reached 
breakthrough: Lucero was only able to calculate minimum values of retardation (R) and &. 
These minimum values depend on factors such as the initial concentration of each 
radionuclide, the volume of brine pumped through the core, and the analytical detection limit 
for the radionuclide (Brush 1996). 

H. W. Stockman at SNL performed a modeling study of the oxidation states of Pu and U in the 
Culebra. This study showed that Culebra fluids have limited capacity to either oxidize or 
reduce actinide elements. Therefore, it is reasonable to use the oxidation-state distributions of 
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Parameter 54: Matrix Distribution Coeff~cient for Pu(II1) (Continued) 1 
Discussion (Continued): 

Pu and U predicted for WIPP disposal rooms to specify the oxidation states in the Culebra and 
to assume that these oxidation states will be maintained along the entire off-site transport 
pathway (Brush 1996). 

The range and probability distribution of matrix K,s for deep (Castile and Salado) or Culebra 
brines that resulted in less retardation for each element or elemental oxidation state was used 
in the calculations. Since there are uncertainties about the extent to which deep (Castile and 
Salado) and Culebra brines will mix, there are uncertainties as to the probability distributions 
of these factors (especially brine type, the partial pressure of CO,, and the resulting pH) in the 
Culebra. Therefore, the matrix K,s were specified as a uniform distribution rather than a 
Student's-t distribution. 

WIPP Data Entry Form #464 WPO#: 38351 
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Title 40 CFR Part 191 Compliance Certif~cation Application 

Parameter 55: Matrix Distribution Coeff~cient for Pu(1V) 

Parameter Description: 

This parameter describes the matrix distribution coefficient (K,) for plutonium in the +IV 
oxidation state. K, is the equilibrium ratio of the mass of Pu adsorbed on the solid phase(s) 
per unit mass of solid divided by the concentration of that element in the aqueous phase. 

Material and Parameter Name(s): 

PU+4 MKD-PU (#3481) 

I Computational Code(s): SECOTP2D, NUTS 

[ Units: cubic meters per kilogram 

Distribution Type: Uniform 1 

maximum I std. deviation mean I median 

ZDFIPDF Graph 

minimum 
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Parameter 55: Matrix Distribution Coefficient for Pu(1V) (Continued) 

( Data: Site-Specific Experimental Data 1 

Discussion: 

- 
. -.. .. . 

P 

The data associated with this parameter are located in the following parameter records ,/> 
package: SWCF-A:WBS 1.1.10.3.1:PDD:QA:Culebra Dissolved Actinide Distribution ' . ,, 
Coefficients (K,s) (WPO 38231). .\ , . , 

Brush (1996) describes the laboratory sorption studies used to determine matrix &s for 
dissolved Pu. The experimental data do not include &s for the clay-rich rock associated with 
fracture surfaces and dispersed in the matrix of the Culebra. Brush (1996) believes that this is 
a more conservative approach. Further, the fracture-surface K, (actually, KJ for Pu in the 
Culebra is set to zero, which is also conservative. The laboratory sorption studies are 
summarized below. 

k: 

Triay at LANL studied the sorption of Pu(V), Am(III), U(VI), Th(IV), and Np(V) by dolomite- 
rich Culebra rock. These experiments yielded sorption isotherms, plots of the quantity of 
radionuclide sorbed by the solid phase(s) versus the final dissolved radionuclide concentration, 
or plots of K,s versus the final dissolved radionuclide concentration. The samples which Triay 
used contained a lower concentration of clay minerals than the Culebra as a whole and 
therefore, Triay's &s are conservative (Brush 1996). 

P. V. Brady at SNL studied the sorption of Pu(V), Am(III), Np(II1) (a nonradioactive analog of 
Am(m) and Pu(III)), U(VI), Th(IV), and Np(V) from synthetic NaCl solutions by samples of 
pure dolomite from Norway. Although this study did not yield K,s for actual samples of 
Culebra rock1Culebra fluids, it did yield results useful for interpreting the results of Triay's 
study and for extending Triay's data to the pH conditions (about 9 to 10) expected from an 
MgO backfill in WIPP disposal rooms (Brush 1996). 

D. A. Lucero at SNL studied actinide transport through intact core samples from the Culebra 
in the WIPP AIS. This study did not yield K,s directly because the experiments never reached 
breakthrough; Lucero was only able to calculate minimum values of retardation (R) and K,. 
These minimum values depend on factors such as the initial concentration of each 
radionuclide, the volume of brine pumped through the core, and the analytical detection limit 
for the radionuclide (Brush 1996). 

H. W. Stockman at SNL performed a modeling study of the oxidation states of Pu and U in the 
Culebra. This study showed that Culebra fluids have limited capacity to either oxidize or 
reduce actinide elements. Therefore, it is reasonable to use the oxidation-state distributions of 
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I Parameter 55: Matrix Distribution Coefficient for Pu(1V) (Continued) 

Discussion (Continued): 

Pu and U predicted for WIPP disposal rooms to specify the oxidation states in the Culebra and 
to assume that these oxidation states will be maintained along the entire off-site transport 
pathway (Brush 1996). 

The range and probability distribution of matrix 6 s  for deep (Castile and Salado) or Culebra 
brines that resulted in less retardation for each element or elemental oxidation state was used 
in the calculations. Since there are uncertainties about the extent to which deep (Castile and 
Salado) and Culebra brines will mix, there are uncertainties as to the probability distributions 
of these factors (especially brine type, the partial pressure of CO,, and the resulting pH) in the 
Culebra. Therefore, the matrix K,s were specified as a uniform distribution rather than a 
Student's-t distribution. 

I WIPP Data Entry Form #464 WPO#: 38352 I 

Brush, L. H. 1996. Memo to M. S. Tierney, RE: Ranges and Probability Distributions of &s 
for Dissolved Pu, Am, U, Th, and Np in the Culebra for the PA Calculations to Support the 
WIPP CCA, June 10, 1996. WPO 38801. 
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Parameter 56: Matrix Distribution Coefficient for Th(1V) 

Parameter Description: 

This parameter describes the matrix distribution coefficient (KJ for thorium in the +IV 
oxidation state. I& is the equilibrium ratio of the mass of Th adsorbed on the solid phase(s) 
per unit mass of solid divided by the concentration of that element in the aqueous phase. 

Material and Parameter Name(s): 

TH+4 MKD-TH (#3478) 

I Computational Code(s): SECOTP2D, NUTS 

I Units: cubic meters per kilogram 

mean 

Distribution Type: Uniform 

EDFIPDF Graph 

median 
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Title 40 CFR Part 191 Compliance Certification Application - 
Parameter 56: Matrix Distribution Coefficient for Th(IV) (Continued) 

Data: Site-Specific Experimental Data 

The data associated with this parameter are located in the following parameter records 
package: SWCF-A:WBS 1.1.10.3.l:PDD:QA:Culebra Dissolved Actinide Distribution 
Coefficients (Kds) (WPO 3823 1). 

Brush (1996) describes the laboratory sorption studies used to determine matrix Kds for 
dissolved Th. The experimental data do not include K,s for the clay-rich rock associated with 
fracture surfaces and dispersed in the matrix of the Culebra. Brush (1996) believes that this is 
a more conservative approach. Further, the fracture-surface Kd (actually, IQ for Th in the 
Culebra is set to zero, which is also conservative. The laboratory sorption studies are 
summarized below. 

Triay at LANL studied the sorption of Pu(V), Am(III), U(VI), Th(IV), and Np(V) by dolomite- 
rich Culebra rock. These experiments yielded sorption isotherms, plots of the quantity of 
radionuclide sorbed by the solid phase(s) versus the final dissolved radionuclide concentration, 
or plots of Kds versus the final dissolved radionuclide concentration. The samples which Triay 
used contained a lower concentration of clay minerals than the Culebra as a whole and 
therefore, Triay's K,s are conservative (Brush 1996). 

P. V. Brady at SNL studied the sorption of Pu(V), Am(III), Np(1II) (a nonradioactive analog of 
Am(1II) and Pu(III)), U(VI), Th(IV), and Np(V) from synthetic NaCl solutions by samples of 
pure dolomite from Nonvay. Although this study did not yield &s for actual samples of 
Culebra rockKulebra fluids, it did yield results useful for interpreting the results of Triay's 
study and for extending Triay's data to the pH conditions (about 9 to 10) expected from an 
MgO backfill in WIPP disposal rooms (Brush 1996). 

D. A. Lucero at SNL studied actinide transport through intact core samples from the Culebra 
in the WIPP AIS. This study did not yield K,s directly because the experiments never reached 
breakthrough; Lucero was only able to calculate minimum values of retardation (R) and &. 
These minimum values depend on factors such as the initial concentration of each 
radionuclide, the volume of brine pumped through the core, and the analytical detection limit 
for the radionuclide (Brush 1996). 

The range and probability distribution of matrix K,s for deep (Castile and Salado) or Culebra 
brines that resulted in less retardation for each element or elemental oxidation state was used 
in the calculations. Since there are uncertainties about the extent to which deep (Castile and 
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Title 40 CFR Part 191 Compliance Certification Application 

Parameter 56: Matrix Distribution Coefficient for Th(1V) (Continued) 

Discussion (Continued): 

Salado) and Culebra brines will mix, there are uncertainties as to the probability distributions 
of these factors (especially brine type, the partial pressure of CO,, and the resulting pH) in the 
Culebra. Therefore, the matrix 6 s  were specified as a uniform distribution rather than a 
Student's-t distribution. 

WIPP Data Entry Form 4464 WPO#: 38349 

References: 

Brush, L. H. 1996. Memo to M. S. Tierney, RE: Ranges and Probability Distributions of K,s 
for Dissolved Pu, Am, U, Th, and Np in the Culebra for the PA Calculations to Support the 
WIPP CCA, June 10,1996. WPO 38801 
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Title 40 CFR Part 191 Compliance Certiikation Application 

Parameter 57: Matrix Distribution Coefficient for Am(II1) 1 
Parameter Description: 1 
This parameter describes the matrix distribution coefficient (K,) for americium in the +I11 
oxidation state. K, is the equilibrium ratio of the mass of Am adsorbed on the solid phase(s) 
per unit mass of solid divided by the concentration of that element in the aqueous phase. 

Material and Parameter Name@): 

AM+3 MKD-Ah4 (#3482) 

[ Computational Code(s): SECOTP2D, NUTS 

I Units: cubic meters per kilogram 1 

I 

I Distribution Type: Uniform 

3DFIPDF Graph 

maximum ( std. deviation mean 

AM+3 MKD-AM 

October 1996 PAR- 176 DOEICAO 1996-2 184 

median minimum 



Title 40 CFR Part 191 Compliance Certification Application 

Parameter 57: Matrix Distribution Coefficient for Am(II1) (Continued) 

Data: Site-Specific Experimental Data I 
The data associated with this parameter are located in the following parameter records 
package: SWCF-A:WBS 1.1.10.3.1:PDD:QA:Culehra Dissolved Actinide Distribution 
Coefficients (Kds) (WPO 3823 1). 

Discussion: \ 

Brush (1996) describes the laboratory sorption studies used to determine matrix &s for 
dissolved Am. The experimental data do not include Kds for the clay-rich rock associated with 
fracture surfaces and dispersed in the matrix of the Culebra. Brush (1996) believes that this is 
a more conservative approach. Further, the fracture-surface K, (actually, &) for Am in the 
Culebra is set to zero, which is also conservative. The laboratory sorption studies are 
summarized below. 

Triay at LANL studied the sorption of Pu(V), Am(III), U(VI), Th(IV), and Np(V) by dolornite- 
rich Culebra rock. These experiments yielded sorption isotherms, plots of the quantity of 
radionuclide sorbed by the solid phase(s) versus the final dissolved radionuclide concentration, 
or plots of Kds versus the final dissolved radionuclide concentration. The samples which Triay 
used contained a lower concentration of clay minerals than the Culebra as a whole and 
therefore, Triay's &s are conservative (Brush 1996). 

P. V. Brady at SNL studied the sorption of Pu(V), Am(III), Np(II1) (a nonradioactive analog of 
Am(III) and Pu(III)), U(VI), Th(IV), and Np(V) from synthetic NaCl solutions by samples of 
pure dolomite from Norway. Although this study did not yield Kds for actual samples of 
Culebra rocklculebra fluids, it did yield results useful for interpreting the results of Triay's 
study and for extending Triay's data to the pH conditions (about 9 to 10) expected from an 
MgO backfill in WIPP disposal rooms (Brush 1996). 

D. A. Lucero at SNL studied actinide transport through intact core samples from the Culebra 
in the WIPP AIS. This study did not yield K,s directly because the experiments never reached 
breakthrough; Lucero was only able to calculate minimum values of retardation (R) and Kd. 
These minimum values depend on factors such as the initial concentration of each 
radionuclide, the volume of brine pumped through the core, and the analytical detection limit 
for the radionuclide (Brush 1996). 

The range and probability distribution of matrix K,s for deep (Castile and Salado) or Culebra 
brines that resulted in less retardation for each element or elemental oxidation state was used 
in the calculations. Since there are uncertainties about the extent to which deep (Castile and 
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Title 40 CFR Part 191 Compliance Certification Application -. 

Parameter 57: Matrix Distribution Coefficient for Am(II1) (Continued) 

Discussion (Continued): 

Salado) and Culebra brines will mix, there are uncertainties as to the probability distributions 
of these factors (especially brine type, the partial pressure of C02,  and the resulting pH) in the 
Culebra. Therefore, the matrix K,s were specified as a uniform distribution rather than a 
Student's-t distribution. 

References: I 

5 

Brush, L. H. 1996. Memo to M. S. Tiemey, RE: Ranges and Probability Distributions of K,s 
for Dissolved Pu, Am, U, Th, and Np in the Culebra for the PA Calculations to Support the 
WIPP CCA, June 10, 1996. WPO 38801. 
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1 1 I 

I Table PAR-10. Parameters Sampled in LHS Code (and parameters to which sampled values were applied) 
tr 2 

3 LHS Id Distribution 
0 4 # X Material Material De&plion Paremeter ParmeterDesrri~tion TvPe Units 
P 
0 5 1 2907 STEEL Generic steel in waste CORRMCO2 Inundated corrasion rate UNIFORM d s  - for steel without C02 
rD w 
m 
tL 6 - 
E 

7 

8 

9 

; lo 

? 511 
outside of Panel region microbial, humid 

conditions relative to 

12 

13 

14 

15 

16 

17 

3 18 ., - 
$19 
m 

20 

2 1 'For parameters with a lriangular distribulion, the value provided for the median is actually the mode. 

Standard WPO 
fiean Median' Low Hieh Deviation 11 
7.9370E-15 7.937013.15 0 1.58703-34 0 34357 

ma. n.8. 0 2 ".a. 34881 

n a n a 0 2 n a 33264 



I Table PAR-10. Parameters Sampled in LHS Code (and parameters to which sampled values were applied) (Continued) 

25 'For ~arameters with atrianwlardistribution, the vahe provided for the median is actually the mode. X 



Table PAR-10. Parameters Sampled in LHS Code (and parameters to which sampled values were applied) (Continued) 

Malerkl Dacriptlon Median Low Hiah 

Uooer Salado clay 25 to 7 ~ + 0 1  1 -1 8301~+0 l l  2 1 0 0 0 ~ t 0 1 ~ - 1  7 3 0 1 ~ t 0 1 ~  . . . . 
150 years 1 Ipenneability, Y-direclion I I I I I I I I 

(9) 2421 CL-hLT3 Upper Salndo clay: 25 lo PRMLLOG Log of inlrinsic TRIANGULAR log(rnA2) -1.8867Et01 -1.8301Et01 -2.1000E+01 -1.7301Et01 0.78 32157 
SO years permeability, 2-direction 

20 
2 
5 21 

,Z 22 
+j 
01 

23 

24 

11 

( 1  1 )  

( 1  11 

25 h r  paranlclers with a triangular distribulion, the value provided for the medim is actually the mode. 

12 

13 

2283 

2284 

2285 

3133 

2939 

ASPHALT 

ASPHALT 

ASPHALT 

SHET-DRZ 

SALT-T1 

Asphallcolumn 

Asphalt column 

Asphalt column 

Shaft disturbed Rock 
Zanc 

Shafl salt column 
compacted: time 0 to 
10 wars  

PRMX-LOG 

PRMYLOG 

PRMZ-LOG 

PRMX-LOG 

CUMPROB 

Log of intrinsic 
permeability, X-direction 

Log of inuinsic 
oermeabilitv. Y-direction 

Log of intrinsic 
permeability. Z-direclion 

Log of intrinsic 
permeability, X-direction 

Cumulative Probability 

TRIANGULAR 

TRIANGULAR 

TRIANGULAR 

TRIANGULAR 

UNIFORM 

log(mAZ) 

log(mA2) 

lag(mA2) 

log(m"2) 

NONE 

-1.9667E+01 

-19667Et01 

-1.9667Et01 

-1.5333Et01 

5.0000E-01 

-2.0000E+01 

-2.0000Et01 

-2.0000E+OI 

-1.5000~+01 

5.0000E-01 

-2.1000Et01 

-2IWOEtOl 

-Z.IOOOE+OI 

-1.7000E+OL 

0 

-1.8000Et01 

-I.8WOEtOl 

-1.8000Et01 

-1.4000E+01 

1.0000E+00 

0.62 

0.62 

0.62 

31390 

31391 

31392 

0.62 

0.29 

36563 

33361 



I Table PAR-10. Parameters Sampled in LHS Code (and parameters to which sampled values were applied) (Continued) 

;P - 
E l l  

1 2  

1 3  

14 

15 

16 a 17 

g l 8  

2 19 
? 
N 20 
m 
4. 

2 1  

22 (14) 12326  CLAY ROT IShaft Bottom Clav ISAT RGAS IResidual Gas Saturation IUNIFORM INONE I 2WOOE-011 2.W00E-011 . * -- PI 4WOOE-011 0.12 131815 1 
23 !For parameters with a triangular distribution, the value provided forthe median is acmally the mode. 
7.4 

Median 

2.0000E-01 

2.0000E-01 

2WOOE-01 

2.WWE-01 

2.WWE-01 

9 
Distribution 
Typt 
UNIFORM 

UNIFORM 

UNIFORM 

UNIFORM 

UNIFORM 

OarameierhcrlpUon 
. , 

Residual Gas Saturation 

Residual Gas Sawration 

Residual Gas Saturation 

Residual Gas Saturation 

Residual Gas Saturation 

Units 

NONE 

NONE 

NONE 

NONE 

NONE 

Low 
0 

0 

0 

0 

0 

Parameter 

SAT-RGAS 

SAT-RGAS 

SAT-RGAS 

SAT-RGAS 

SAT-RGAS 

6 3 
8 4 

5 
w 
01 

6  

7 

8 

9 

M& 
2.0000E.01 

2.W00E-01 

2.WOOE-01 

2WM)E-01 

2,WOOE-01 

High 
4.00OOE-01 

4WOOE-01 

4.W00E~01 

4WWE-01 

4.W00E-01 

Standard 
Deviation 

0.12 

0.12 

0.12 

0.12 

0.12 

WPO 
f 

33420 

- 
33393 

33447 

33565 

33628 

Malerial Description 

ShsR salt column 
compacted: lime 0 to 
10 years 

Shaft salt column 
compacted: time 10 to 
25 years 

Shaft salt column 
compacted: rime 25 to 
50 years 

Shaft salt column 
compacted: time 50 to 
I00 years 

ShaRsaltcolumn 
compacted: time 100 to 

LHS 
W 

14 

(14) 

(14) 

(14) 

(14) 

1d 
# 
2529 

2546 

2563 

2580 

2597 

Material 

SALT-TI 

SALT-R 

SALT-73 

SALT_T4 

SALT-TS 



1 Table PAR-10. Parameters Sampled in LHS Code (and parameters to which sampled values were applied) (Continued) 

g 19 
6 
X 20 - 
+.. 
w 
'g 2 1 

22 'For parameters with atriangular disvibution, the value providcd for thc $median i s  actually the mode. 
23 
24 
25 

(15) 

(Is) 

(15) 

2376 

3082 

2393 

CL-L-T? 

CL-L_T4 

CL-M-TI 

25 years 

Lower Salado clay: 25 to 
50 years 

Lower Salado clay: Soto 
IOK years 

Upper Salado clay: 0 lo 
I 0  years 

SAT-RBRN 

SAT-RBRN 

SAT-RBRN 

Residual Brine Saturation 

Residual Brine Saturation 

Residual Rrinc Saturation 

CUMULATIVE 

CUMULATIVE 

CUMULATIVE 

NONE 

NONE 

NONE 

25000E-01 

2.5000E-01 

2.5000E-01 

2.0000E-01 

2.00WE-01 

2.WOOE-01 

0 

0 

0 

60000E-01 

6.WWE~OI 

6.WOOE-01 

0.18 

018 

018 

32004 

32025 

32061 



1 Table PAR-10. Parameters Sampled in LHS Code (and parameters to which sampled values were applied) (Continued) 

16 

17 

18 u 
% 
$ 19 
n 

(16) 

(16) 

2567 

2533 

(16) 

(16) 

SALT-T5 

SALTTT6 

2809 

2989 

SALT_T4 

SALT-TZ 

Shaft salt column 
compacled: time 100 to 
200 yews 

Shattssll column 
cornoacted: time 200 to 

Shaft salt column 
compacted: time 50 to 
100 yem 

Shaft salt column 
commeled: lime 10 to 

POR-DIS 

POR-DIS 

POR-DIS 

POR-DIS 

Brooks-Corey pore 
dist"bu1ion parmncter 

Brooks-Corey pore 
distribukm parameler 

Brooks-Carey pore 
distribution parameler 

Brooks-Corey pore 
dist"butian paramelet 

CUMULATIVE 

CUMULATIVE 

CUMULATIVE 

CUMULATIVE 

NONE 

NONE 

NONE 

NONE 

2.5200Et00 

25200EtW 

25200Et00 

2.5200E100 

94WOE-01 

9.4WOE~OI 

94000E-01 

940WE~OI 

1.1000E-01 

1.1000E~OI 

IIOWE-01 

1.1000E-01 

8.l000E+00 

8.1000Et00 

8.IWOE+00 

8.1000Et00 

2.48 

2.48 

2.48 

2.48 

33588 

33655 

33465 

33355 



1 Table PAR-10. Parameters Sampled in LHS Code (and parameters to which sampled values were applied) (Continued) 

+ 

$23 19 
541 S-HALITE Sslado halite, intact COMP-RCK Bulk Compressibility UNIFORM PaA-] 9.75003.-11 9.7500E-11 2.94008-I2 1.9200E-10 0 34210 

24 20 591 S-MB139 Salado MB139, inlsct PRMX-LOG Log of intrinsic STUDENT'S-T log(mA2) -1.8890E+01 -1.8890&+01 -2.1000E+01 -1.7100E+01 1.20 34865 
and fractured permeability, X.direction 

25 'Pox parmeters with a triangular distribution. the value provided for the median is achlally the mode. l a  . ? 
26 . .~~ .. 

3 
4 

k 5 

LHS 
# 
116) 12347 ICL L TZ lhwer~aladoclay I O ~ O ~ P O K U X S  l~rooks-Corcy pore ICUMULATIVE INONE 1 2 5200Et001 94000E-011 I IOOOE-011 8 i000~+001 248 1 31931 

Id 
# Mptcrial Material Dec;crlplion Panmeter 

DistribuUon Slandard WPO 
P~rnmeler Desctiption Mean Type Unils Rigb Deviation # 



1 Table PAR-10. Parameters Sampled in LHS Code (and parameters to which sampled values were applied) (Continued) 



1 Table PAR-10. Parameters Sampled in LHS Code (and parameters to which sampled values were applied) (Continued) 

23 'For parameters with atrimgulardist"butian, the value provided for the median is acmally the mode 
?A 



I Table PAR-10. Parameters Sampled in LHS Code (and parameters to which sampled values were applied) (Continued) 

in oxidation slate IV brine, inorganic 

> chemislry eontrollcd by 

0 - the Mg(OH)2-MgCO3 

;, 15 43 3391 SOLU6 Solubility of Uranium SOLSIM Solubility in Sslado CUMULATIVE NONE 
v3 in oxidation state VI brine, inorganic 
? chemistry controlled by 
C1 
m the Mg(OEl)2.MgCO3 

16 'Far parameters with a triangular distribution, the value provided far the median i s  actually the mode. 
1 7  e 

Standard WPO 
dear1 Medlan Low Rich DeviaUon 8 
5.0300E+00 5.0300E+00 5.0000E-02 1.000OE+01 2.90 31536 



I Table PAR-10. Parameters Sampled in LHS Code (and parameters to which sampled values were applied) (Continued) 
0 2  

,. 
p 5 
0 - 
i~ 
iD 
0' 
N 6 
m 

8 

9 

10 

r 11 
% 

12 

13 

14 

15 

16 55 3481 PU+4 Plutonium IV MKD-PU Mslrix Distribulion UNIFORM rnA3/kg 1.0000E+01 I.OOOOE+01 9.0000E-01 2.0000Et01 5.50 38352 
Coefficient far Plutonium 

Standard Distribution 0 3 
- -  

44 

45 

17 

18 
2 
3 

WPO 

P 

LHS 

3392 

3393 
in oxidation slate IV 

w 
9 19 'For parameters with atrianguiar distribution, the value provided for the median is acmally the mode. 

20 
O\21 

56 

57 

Type Unils C 4 
Id 

brine, inorganic 

Low n M e n  Median' 

SOLU6 

SOLTI14 

ehemislry controlled by 
the Mp(OH)2.M&03 

7 46 3429 PHUMOX3 Proportionality PHUMClM Proportionalityeons(ant CUMULATIVE molediler 1.1000E+00 1.3700E+00 6.5000E.02 1.6000E+00 0.47 37683 

I l l  leans!anl with Fmic .  I laf actinids ineastile I collowls for act~mde in brine wl humic coilaids, I I I I I I I 

3478 

3482 

HI* Parameter Description 

Solubility of Uranium 
in oxidation state VI 

Solubility of Thorium 

THtd 

AMt3 

Parameter Deviation Material Dacriplion # 
SOLClM 

SOLSIM 

Thorium 1V 

Americium 111 

# # 
Solubility in Castile brine 
inorganic with chemistry 
controlled by Mg(0H)Z- 
MgC03 

Solubility in Salado 

MKD-TH 

MKD-AM 

Material 
CUMULATIVE 

CUMULATIVE 

Malrix Distribulion 
Coefficienl far Thorium 

Matrix Distribulian 
Coefficient for 
Amwirium 

NONE 

NONE 

UNIFORM 

UNIFORM 

1.8000E-01 

1.8000E-01 

mA3/kg 

mA31kg 

-9.0000E-02 

-9.0000E-02 

1.0000E+01 

2.6000E.01 

.2.0000E+00 

-2.0000E+00 

1.0000Et01 

2.6000E-01 

1.4000E+00 

1.4000Et00 

9.0000E-01 

2.000OE-02 

0.37 

0.37 

2.0000E+01 

5.0000E-01 

37114A 

37115A 

5.50 

0.14 

38349 

38353 



Table PAR-11. Borehole, Blowout, and Drill Mud Parameters 

3243 BOREHOLE Borehole and Fil l  L2 Drill pipe length whcn repository penctratcd. CUTTINGS CONSTANT ni 4.7212Et02 37085 
model 

291 BOREHOLE lBorehole and Fill ~PC-MAX ]Maximum allowable capillary pressure ICONSTANT I P ~  lOU00Et08131514 

27 

I 

I 

\ 2 1  

361 BOREHOLE I~orehole and Fill ~PRMZ-LOG l ~ o g  of intrinsic permeability. Z-direction (NORMAL (log(m"2) I -1.2500Et01131528 

381 BOREHOLE IBorehole and Fil l  ~PTINDEX Index for computing uncerlainly in  threshold displacement UNIFORM NONE 5.WOOE-01 31530 

Uvrch~le m J  Fall 

I l l  I I 

l l h 1 : d  I 

I lorel~olemJF~l l  

IIOKIWOLE 

l 0 K l 1 l . l  

l i 0 R E l 0 .  

I1OHb.llOl.l:, 

3241 

32 

30 

401 BOKEHOLE lBorehole and Fill IRELP-MOD i ~ c d e l  number, relative permeability rnodcl ICONSTANT (NONE I 40000~+00l  31532 

3261 1 BOREHOLE l~orehole and Fill IRHW-AR lThe total area of the remote-handled waste in the CONSTANT m"2 1.5760E+04 37104 

1 32591 BLOWOUT ~BRAGFLO Direct 1 APORO lwaste permeability in CUTTINGS model ICONSTANT Im"2 1 1.7~-13137102 1 

D0hlkC.A 

INV AR 

KI'I' 

L I  

BOREHOLE l~orehole and Fill  PIPED IDri l l  pipe diameter in CUTTINGS model ICONSTANT lrn I 1.1430E-01137083 

BOREHOLE I~orehole and Fil l  

h l l  anng ;mgtll:s % t l o ~ ) .  (Or 

The ar.tofrhc tepwlur) I" lhr. CI I I I INGS IIWJ~I 

I:Iag for pcnnnhhry d n e n t m d  thrr?hold 

lht11 collar lrnglh IN CUTTIUGS 111~*15l 

PO-MIN IMinimum brine pressure for capillvry model KPC=3 ICONSTANT I P ~  1.0133~+05131523 

p- ~- 

3245 

3420 

BOREHOLE BO ore hole and Fil l  (PORE_DIS (~rcaks-Corey pore distribution parameler (CONSTANT (NONE I 9.4000~-01131521 

CIJh(UI.ATI\'E 

CONSTAN I' 
CONSI,\NT 

CONSTAN I' 

'COMP-RCK, in this case, refen lo pare compressibilily rather!han bulk compressibility and pore compressibilily i s  equivalent lo bulk cornprcssibility divided by the effective 
porosity. . .  , .' 

BLOWOUT 

BLOWOUT 

rab.; 

111~2 

NONli 

111 

BRAGFLO Direct 
Brine Releases 

BRAGFLODirect 
Brine Releases 

7 hOUl,E~11t1 

1.1 lS2l:+ll5 

I1 ldLHlE+lrU 

I X2X8Et02 

CEMENT 

FCE 

X I S  I ?  

3711kI 

3hj61 

370Rh 

Waste Cemcnlation Slrenglh 

Cementation Scaling Factor 

CONSTANT 

CONSTANT 

Pa 

NONE 

6895 

1 

37087 

37668 



Table PAR-11. Borehole, Blowout, and Drill Mud Parameters (Continued) 

Materinl DIslribulion WPO 
Id # hfaterial Description Pentmeter Peramrter Deseripflon TYPe Units Value t 

32561 BLOWOUT IBRAGFLODII~C~ ~FGE IGnvny effrctweness factor in CUTTINGS model CONSTANT NONE 18 1 37098 

3255 BLOWOUT BRAGFLO Direct FSE Stress effectiveness factor in CUTTINGS model CONSTANT NONE 0 37097 
Brine Releases 

34701 BLOWOUT IBRAGFLO Direct  GAS MlN lGas n te  cul-off ICONSTANT ~mrcflday 1 1001 38209 
I IBrine Releases 1 I I I I I 

32501 BLOWOUT ~BRACFLO Dimcl ~ H R E P O  Height of repsitory at burial lime in CUTTINGS model CONSTANT Im 3.96 37092 

3260 BLOWOUT BRAGFLO Direct INPORO Default value for initial repository porosily in CUTTINGS CONSTANT NONE 0.849 37103 
Brine Releaqes model 

3254 BLOWOUT BRAGFL0l)ircct KGAS Ratio of specific hcats for Hydrogen in CUTTINGS model CONSTANT NONE 1.41 37096 
Brine Releaws 

3471 BLOWOUT BRAGFLO Direct MAXFLOW Maximum blowout flow CONSTANT s 950400 38210 

3472 BLOWOUT BRAGFLO Direct MINFLOW Minimum blowout flow CONSTANT s 259200 38211 
Brine Releaces 

3246 BLOWOUT BRAGFLO Direct PARTDIA Lagxithrn of waste panicle diameter in CUTTINGS model LOFUNIFORM m 0.0028 37088 
Brine Releases 

3251 BLOWOUT BRAGFLO Duect PSUF Surface atmospheric pressure at elevation 1.039 meters in CONSTANT Pa 89465 37093 
Brine Relemes CUTTINGS model 

3456 BLOWOUT BRAGFLO Direct RE-CAST External drainage radius for the Castile fonnation CONSTANT m 114 38208 
Brine Releases 

3253 BLOWOUT BRAGFLO Direct RGAS Gas Constant for Hydrogen CONSTANT NbnJkgldegK 4116 37095 

3 2 4 7  1 BLOWOUT (BRAGFLO Diiect !RHOS (Waslo Panicle Density in CUTTINGS Model ICONSTANT )kglm"3 1 26501 37089 1 
3248 BLOWOUT BRAGFLO Direct ROOM Equivalent radius of one rwm in CUTTINGS model CONSTANT m 17.1 37090 

Brine Releases 

32491 BLOWOUT IBKAGFLO Direct ~RPANEL l~quivalcnl radius of one "and in CUTTINGS model ICONSTANT im I 60.871 37091 
I /Brine Releaqes I I I I I I 

32571 BLOWOUT ~BRAGFLO Direct ISUFTEN Surface tension of brine in CUlTINGS model ICONSTANT IN/," 0.08 37100 

34731 BLOWOUT ~BRAGFLO Direct ITHCK-CAS l~hickness of the Castile formation ]CONSTANT lm I 12.341 38213 1 
Brine Releases 

3258 BLOWOUT BRAGFLO Direct TREPO Temperature of repository in CUTTINGS model CONSTANT K 3CO 37101 
Brine Releases 



Table PAR-12. Borehole (Concrete Plug) Parameters 

ICOMP_RCK, in this case, refers to pore compressibility rather than bulk conqxessibility and pore compressibility is equivalent to bulk compressibility divided by the effective porosity. 



Table PAR-13. Borehole (Open) Parameters 

Petameler Decriplion 

lCOMp_RCK, in this case, relen to p r e  compressibilily rather than bulk carnpressibilily and pore compressibility is equivalent la bulk compressibility divided by 
the effective prosily. 



Table PAR-14. Borehole (Silty Sand) Parameters 

31601 BH-SAND l~urehole filled with silly sand ICOMP_RCK' [Pore Compressibility (CONSTANT I ~ a " - l  ] 0.0000~t00136610 

3424) BH-SAND lBorehole filled with silly sand ~CUMPROBI [Distributed Sampling Parameler I ]UNIFORM INONE I S.OO0OE-01137677 

1 34271 BH-SAND IBorehale filled with silty sand ICUMPROB~ l~is l r ibuled Sampling Parameter4  UNIFORM INONE I 50000E-01137680 1 

1 31701 BH-SAND l~orehole fillcd with silty sand IPCT-EXP l~hreshold pressure exponential parameter ICONSTANT INONE 1 00000~t001 36621 

U2X 

l lhH 

1163 

I 

~ 

Ilurcnule lilled -0th 41) culJ I~h l l . lK .111 Il'cnnr.ah111t) I )~r l r~hu l~uu - Ihgh ICONSTANT I . ' ?  I 
31221 1lII.SANI) 1R.lrrhulc lilled udth 4) cwld ]l 'hl l .~i. l .O I l ' m ~ r a h ~ l ~ l )  I)~stnhulnm Ldu 

HH-S.4NI) 

llll.SANI) 

HHFANI)  

I \ N  

3167 

3166 

3159 

31651 BH-SAND l~orehole filled with silty sand ISAT-RGAS I~esidual  Gas Saluralion ICONSTANT INONE 
ICOMP-RCK, in  this case, refers to pore compressibility rather than bulk comprcssibility and pore compressibility i s  equivalent to bulk compressibility divided by the 
effeclive porosity. 

Ihu:hulc 6lCJ w l h  4 l y  \and 

Ror<hulc fillczl uolh rdty cmd 

Iltweholc filled ul lh d y  \.ml 

h e  i l l  I I t  a n  

3161 1 I{tl.S,\hl) Ilh>reholr. tilled ulth v l t )  innd IHIW' MOI) I h l t l ~ r l  nunlkr, rcl.slvr. pw~trnhl l~t)  model ICONSI ANT INOW I 4 IIIHHIE,I~)I 1601 l 

BH-SAND 

RH-SAND 

BH-SAND 

('lIhII'KOR5 

K I T  

PC hlAX 

I'CT A 

Borehole filled with silty sand IPO-MIN IMinirnum brine pressure forcapillvry model KPC=3 ~CDNSTANT I P ~  I 1.0133~+0~I 36617 

Borehole filled with silty sand (PORE-DIS ]Brooks-curey pore distribution parameter ICONSTANT INONE I 9.4WOE-01136616 

(:ONSIAN r SA'..Kt)RN IKrvdud Bnne S4mlam l t l S \ N l J  

h l n b u l c d  Cs#upl#ng Par3lltcle! 7 

1.1;~ h)r ptrmmhiltl) Jc t rnu~n~J  l hwhdd  

\I:Ixw~~ dI.~u.ihlr ~3pt l lu )  ~ ~ C % J I C  

Thw~hold prccsurc llnzat puan!etcr 

Borehole filled with silty sand  POROSITY l~f fect ive porosity ICONSTANT INONE 

NONI: UWWE.IIIII 36614 o h  I I I I 

I.'NIbOKhl 

CONSTANT 

CONSI'ANT 

CONSTANT 

32WOE-01 36605 

NONE 

NONE 

Pa 

Pa 

5 WOUE-01 

00000Et00 

I tltklllF+~!H 

38781 

3h619 

36613 

IIIIOOOE+II.I 366211 



Table PAR-15. Borehole (Creep) Parameters 

Distribution WPO 
Id# Material Materlal Description Parameter Parameter Dcsuiption Type Units Value W 

31791 RHCREEP Icreep Borehole Fill IMinimum brine pressure for capi l lq  model KPC=3  CONSTANT [pa I 1.0133E+OS 36634 

31781 RHCREEP l~recpBoreholeFill  PORE-DIS /Brwks-Carey pore dislribulion parmeter CONSTANT I N O N E  I 9.4WOE-01 36633 

3171 BH-CREEP l ~ r e e p  Borehole Fill B POROSITY Effective porosily ICONSTANT I N O N E  I 3.2WOE-01 36624 

1 31771 BH-CREEP IcreepBorehole Fill I SAT-RGAS l~esidual  GE Saturation ICONSTANT INONE 1 0 .0000~+00~ 36631 1 
'COMP-RCK, in lhis case, refers to pore compressibility rather lhan bulk cornpressibilily and pore compressibility is equivalent lo bulk camprcssibility divided by the 
elkclive porosity. 



Table PAR-16. Earthen Fill Shaft Material Parameters 

Vis l~bu t i on  WPO 
Id X Msferisl MstCrlal Dpscription Parameter Parameter Deseriptien Type Unib Value # 

24971 EARTH Isanhen F ~ l l  ICOMP-RCK' ]pore Comprewb~l~ty ICONSTANT I I 3 1 ~ 0 ~ 0 8 1 3 2 9 1 8  

3033) EARTH IEanhenFill IRSH-SAL Is~I-handling shaft radius (1.8 m) ICONSTANT l m  I 1.80~~+00132957 

30341 EARTH l~arthen Fil l  IKSH WAS !waste-handling shalt radius (3.5 m) ICONSTANT Irn 1 3 . 5 0 0 0 ~ + ~ I  32959 

'COMPUKK, in this case, refers to pore colnpressibility ralher lhan hulk cornprcssibility and pore cornprcssibility is equivalenl lo hulk compressibility divided by (he 
effective porosity. 



I Table PAR-17. Rustler Compacted Clay Shaft Material Parameters 

Dislr ibu~ion WPO 
I d t  Material Material Dmr ip t ion  Parsmeter Parameter Description Type Unit# Value t 

3001 CLAY-RUS Clay seals in Rustler fornation COMP_RCK1 Pare Compressibilily CONSTANT PaA-] 196OOE-09 31878 

3002 CLAY-RUS Clay seals in Rustler formation KFT Flag far permeability determined threshold CONSTANT NONE 0.0000E+00 3 1879 

3003 CLAY-RUS Clay seds in Rustler formation PC-MAX Maximum allowable capillary pressure CONSTANT Pa I .OOOOE+08 3 1882 

29961 CLAY-RUS Clay seals in Rusller formation RSH-AIR Air-supply shaft radius (3.09 m) CONSTANT rn 30900Et00 31890 

29991 CLAY-RUS Clay seals in Rustler formation RSH-EXH Air-exhaust shaft radius (2.3 m) CONSTANT m 23000E+00 31891 

29971 CLAYRUS Clay seals in Rustler formation RSH-SAL Salt-handling shaft radius (1.8 rn) CONSTANT m 1.80WEt00 31892 

29981 CLAY RUS Clay seals in Rustler farmalion RSH WAS Waste-handling shaft radius (3.5 m) CONSTANT m 3.5000E+00 31893 

'COMP-RCK, in this cme. refers to pore compressibiliry rather than hulk compressibility and pore compressibility is equivalent lo bulk compressibility dividcd by the 
effective porosity. 



Table PAR-18. Asphalt Shaft Material Parameters 

Distribution Wl'O 
Mstelial Dercription Parameter Parsmew Description Type Unib Value t 

2929 ASPHALT Asphall column RSH-AIR Air-supply shaft radius (3.09 rn) CONSTANT nl 3.0900E+00 31399 

2932 ASPHALT Asphall column RSH-EXH Air-exhaust shaft radius (2.3 m) CONSTANT ~n 23000E+00 31400 

2930 ASPHALT Asphall column RSH-SAL Sall-handling shaft radius (1.8 m) CONSTANT m 1.8000Et00 31401 

2911 ASPHALT Asphall column RSH-WAS Wasle-handling shaft radius (3.5 in) CONSTANT rn 3.5000Et00 31402 

2290 ASPHALT Asnhall column SAT IBRN lnilial Brine Salumlion CONSTANT NONE OOOOOEtW 31403 

'COMP-RCK, in  [his case, refers to pare compressibility rather than bulk compressibility and pore compressibility is equivalent la bulk compressibility divided by the 
effcclive porosity. 



1 

Table PAR-19. Concrete Shaft Material Parameters 

'COMP-RCK, in this cae ,  rcfers to pore comprcsdhility rather than hulk compresaihility and pore compressibility i~ equivalent to hulk cornprcssibility divided hy the 
effective porosity. 

n 
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Table PAR-20. Compacted Salt Shaft Material Parameter 

e 36 
37 
39 
40 l C ~ ~ ~ _ ~ C K ,  in this case, refers to pore compressibility rather than bulk compressibility and pore compressibility is equivalent to bulk compressibility divided by the 
4 1 effective porosity. 

2549 

2958 

2957 

SALT_T3 Ishaft sslt column compacted: time 25 to 50  years IPC-MAX I ~ a x i m u m  allowable capillary pressure ICONSTANT I pa 1 1.0000~+08133408 

S A L L T 3  l ~ h ~ f i  salt column compacted: time 25 to 50  years IPMLT_HI l ~ o g  triangular distribution high value for penneahilily I CONSTANT llag(nP2) I -1.2265~t01133409 

SALT T3 I ~ h a n  salt column comnacled: time 25 to 50  vearr ~ P M L T  LO I ~ o e  trianrmlar distribution law value for wrmeahilitv I CONSTANT lloeSm"2) / -1.7301E+01~33412 



7 
8 
9 

10 
1 1  
12 
13 
14 
15 
161 25661 SALLT4 ].Shaft salt column compacted: time 50 to 100 years ~PC-MAX \Maximum allowable capillary pressure (CONSTANT (pa 1 l.WWEt08(33459 1 

c b .  

1 % , .  i Table PAR-20. Compacted Salt Shaft Material Parameter (Continued) 
2 

' , ;.i@s?$~ .- 

2 1 2568 SALT_T4 Shaft salt column compacted: time 50 to IW years ~POROSITY I~ffective parosity ICONSTANT lm"3/m"3 I 5 .~00~-02133467  

22 2963 SALT_T4 Shaft salt column compacted: time 50 to I00 years I R A D N _ D R Z  ~ D R Z  outer radius at each shaft ICONSTANT lmlm I 1.0000Et00~ 33540 

23 2577 SALT_T4 ShaR salt column compacted: lime 50 lo IW years IRELP_MOD l ~ o d e l  number, relalive permeability model ICONSTANT I N O N E  4.0000~+00133553 

WPO Dlstrlbulion 3 

26 
27 
28 

v 

3 1 
32 
33 

42 effective porosity. 

2960 

2961 

2582 

29741 SALT-T5 (Shahsalt column compacted: time I00 to200 years (PMLT-HI ( l a g  triangular distribution highvalue for permeabilily (CONSTANT (lag(m"2) ( -1.542bE+01(33581 

29731 SALLTS Ishaft salt column compacted: time IOl) to 200 years IPMLT-LO l ~ a g  l"angulvrdir1ribulion low value for permeability  CONSTANT jlog(m"2) ( -2.2876E+01(33583 

29721 SALT T5 l ~ h a ~  sall column compacted: time 100 to 200 years ~ P M L T  MD l ~ o e  trianeular dislribution mode for rremeahility  CONSTANT lloe(ma21 I -1.9278Et01133585 

38 
28 

T ~ p e  Parameter Description Parameter 

29671 SALT_T5 l ~ h a h  salt column compacted: time 100 to 200 years IRSH_AIR IAir-supply shait radius (3.09 m) [CONSTANT im 1 3.0900~+00(33616 

29701 SALT T5 Ishaft salt column comnacted: time 100 to 200 years I R S H  EXH IAir-exhaust shafl radius (2.3 ml ICONSTANT lm I 2.3000~+00133618 

Material Dgctiptian 4 Id # 

SALT_T4 

SALT_T4 

SALT-T5 

41 'COMP-RCK, in this cace, refers to pore compressibility rather than bulk compressibilily and pore compressibility is equivalent to bulk compressibility divided by the 

Units Material 

Shaft salt column compacted: time 50 to 100 years 

Shaft salt column compacted: time 50 to 100 years 

Shaft salt column compacted: time 100 to 200 years 

Value I 

RSHSAL ISalt-handling shaft radius (1.8 m) ICONSTANT lm I 1 . 8 0 W E t ~ I  33560 

RSH-WAS I~aste-handling shaft radius (3.5 m) ICONSTANT lm 

COMP-RCK' l ~ o r e  Compressibility CONSTANT IPa"-l I 1.6000~-09133572 



1 Table PAR-20. Compacted Salt Shaft Material Parameter (Continued) 

I I 
12 
13 
14 
15 
16 
17 

2 18 
?d I0 
N 
E 20 

3% 
23 'COMP-RCK, in this case, refers to pore compressibility rather than bulk compressibility and pore compressibility is equivalent to bulk compressibility divided by the 
24 effective porosity. 

25 



1 Table PAR-21. Upper Clay Shaft Material Parameters 

3 Ditributian 
4 Material Description ' : Parameter Dwriplio. Type 

15 1 30851 CL-M-TI [upper Salado clay: 0 lo 10 years IRSH_SAL (Salt-handling shaft radius (1.8 m) ICONSTANT lrn I 18000~t00132058 1 

8 
9 

10 

30 24141 CL_M_T3 I ~ p p e r  Salado clay: 25 to 50 years IPC-MAX I ~ a x i m u m  allowable capillary pressure ICONSTANT Ira 1.00~Et08132145 

31 Upper Salada clay: 25 to 50 years Minimum brine pressure for capillary model KPC=3 1.0133~+05~32150 

32 24161 CL_M_T3 I ~ p p e r  Salado clay: 25 to 50 years  POROSITY l~ f fec l ive  porosity 2.4000E~Oll32148 

5 23791 CL-M-TI ]upper Salada clay: 0 to I 0  years ICOMERCK' ]pare Compressibilily ICONSTANT I ~ a " - l  I 1.8100~-09132039 

Unh 

23831 CL-M_TI lupper Salado clay: 0 to 10 years IPO_MIN 1 ~ i n i m u m  brine pressure for capillary model KPCr3  CONSTANT Ira I 1.0133~+05] 32046 

23821 CL_M..TI lIJpper Salado clay: 0 lo 10 years  POROSITY l~f fect ive porosity ICONSTANT lm"3/m"3 I 2.4000E-01132045 

V&e 

23841 CL-M_TI IIJpper Salado clay: 0 to 10 years  PRESSURE l ~ r i n e  far-field pare pressure 

3 7  

39 

Wpg 
I 

30951 C L  M T3 l ~ p p e r  Sdado clav: 25 la 50 years ~ R S H  SAL I~alt-handlina shaft radius (1.8 m) ICONSTANT lrn I 1 .80~~ t00132165  

30961 C L  M T3 IuDper Salado clay: 25 to 50 years ~ R S H  WAS ]waste-handline shaft radius (3.5 rn) ICONSTANT im I 3.5000Et00132166 

CONSTANT I P ~  I 1.0133Et05 

40 'COMP-UCK, in this exe ,  refers to pore compressibility rather than bulk compressibility and pore compressibility i s  equivalent to bulk compressibility divided by the 
4 1 effective porosity. 
4 2  

32047 



Table PAR-21. Upper Clay Shaft Material Parameters (Continued) 

Id # 
2430 

2671 

1 24421 CL_M_T4 ( ~ p p e r  Salado clay: 50 to I W  years ~KELLMOD IModel number, rclalive permeability model ICONSTANT INONE I 4.0000~+00132209 1 

2.131 

2.11.I 

2.113 

2423 

Material 

CL-M_T4 

CL-M_T4 

Cl.hl.T4 

Cl..>l T4 

( L h l  T? 

1:L 5I'I.I 

Ma@M Description 

Upper Salado clay 50 to 100 years 

Upper Salado clay 50 to 100 years 

2q14 

2'122 

2~21. 

2 r 2 l  

2~~271 CL 1 4  TS 1~'ppzr S a l l h  h ) :  I W l u  IUK )car\ IRSH..EXH IAtr-rxhaurl ch~ f t  ~ ~ J I U S  (2 3 rnl 

2E51 CL, hl.TS 1 1 ' ~ ~ ~  Saladu CIA) I W t u  IUK )uh IRSII SAI. I~allh:mJlmg h h  fadim I 1  X 1111 ('ONSTANI ##I  

ilppzr S~ ldo. l l y  5Utu 100 ycalr 

IIpwr F .d~. loc l~y  501.1 1110)d31r 

Upper Sd;doclav 5tllo 1ldl)ran 

Uppzr SaIducLy 5Otu llfll)cnrr 

- - 

I1pp.r Slladorlzy ((110 1110 )c.m 

V p p ~  S.>13doil>y Sttto I I H I ) ~ ~  

ilppzr S.11adochy SOt., ltK) )can 

Uppa SII.IJOCI~Y 5010 IlHl)ea~, 

( l._lrl. I 4  

('I. h1.l 1 

C'L. hI.I.4 

CL-hI I 4  

207(, 

24.l~ 

2.151 

24511 

2928 

2459 

2924 

-- -~ ~ r 29261 CL M T5 I ~ o o e r  Salado clay: l W  to IOK vears ~ R S H  WAS I~aste-handlinn shaft radius (3.5 rn) ICONSTANT i m  1 3.5000~+00132252 1 
~COMP~RCK, in this case, refers lo pore cornpresribility rather than bulk compressibility and pore compressibility is equivalent to bulk compressibility divided by the 
effective porosity. 

PameIer 
COMP-RCK' 

KPT 

Vpwr S.lldh ;lay Itffltn l l lK y e a <  

I l pp1  S311J.1 ;I>) l W  lo l l lK yrNC 

llppet Sa13docIa) IU(l!.> IIIK y r m  

('DI*.~ SJ3llclil.1). 1 0 0 ~  IUK y?.m 

('I..\l.T5 

CI..\l.TS 

CI..\lTS 

C1. Zl TS 

PC.hlAX 

I'O.hllN 

PORO5ITY 

KAIW1)HZ 

KStl AIK 

KSll..l<Xll 

KSH SAL 

KSH-WAS 

CL-M-TS 

CL-M-TS 

CL-M_T5 

Parameter DeseripWan 

Porc Compress~bhty 

Flag for permeabtl~ly delermmed lhreshold 

K I T  

PC MAX 

PO hl lN 

I'OKOSITY 

,\~.wpply 4uf1 whu< ,709 m, 

hl#e\hau<t shaft ra.Iw\ (2 3 11)) 

Salt-hndlmg <ban radtuc r l  R ln l  

Waste hmdl~np, <hall #a.llu\ (3 5 all 

Upper Sdado clay: l W  to IOK years IRADN-DRZ 
Upper Salado clay: l W  to IOK years IRELP_MOD ---- 
Upper Salado clay: l W  to IOK years IRSH_AIR 

Distribution 
TYDe 

CONSTANT 

CONSTANT 

hIz\tmum alluuabls c:glll:lr) prewnc C I . A  

hlinlmun, htmc prerwz fm ap~ll:t!) 11,,dr.1 KI'C-! /C(INSTANI. 

I:lw for pemeahdity delc~rnwd Il1rc411l.I 

h l i l ~ ~ r ~ ~ ~ ~ ~ ~ a I I o w : , h l c  r i l p l l l q  prc4ure 

MI~IWUW brine prrsruru f~rcdpt l l .q m d c l  Kl'C=I 

~fle.lvcwrusfty 

1'3 

1 ' ~  

m'3h1'3 

llUlll 

E f i e ~ t t e  p m ~ t y  

CONSTANT 

CONSIANr 

CONSTANT 

CONSTANI' 

DRZ outer radius at each shaft  CONSTANT 
Model number, relalive permeability model (CONSTANT 

Air-supply shaft radius (3.09 rn) ICONSTANT 

Unit3 

PaA-1 

NONE 

CONSTANT 

m 1 3 O W E t 0 0  32212 

m I 2 ltl01lli+110 32213 

~n I Xla~llF+Uu 32214 

~n 3 50011E+tKI 322 15 

CONSI',\NT 

('ONS1 ANT 

(:ONSTANT 

('UNSTANT 

I (hULll<rllX 

10133E+05 

2 4tHfflE.lll 

I I U ~ U E ~ ~ ~ I  I)KZ ou1r.r rd . lu<  31 e.3.h *hm ICONSI.%N I. 

NONE O OtMUtrllll 32231 

P:t I IhllHlli-08 32234 

P:, I I1131Etl!S 3?237 

m'3 nPl 2 11llN~FOl 3223h 

d m  

NONE 

rn 

Vdue 
I 8100E-09 

00000EtW 

321Y7 

32200 

32199 

322117 

WPO 
I 
32193 

32194 

I.OoOOEt00 

4.W00Et00 

3.0900Et00 

32245 

32248 

32249 



L 
L I h l i  I l ~ P ~ i 0 ~ 1 O i  7 U. .I NV I SNOJ t o  i I n 1 I IIY:J-HSH . m ( f ~ l  0111 ( c p q  CI'S nw'l I I 'I I.) OZOi 

91611' lU+3lhlhO i 1~ 1 N b  1SNO.I I 6 n I d ~ l t .  1 1 ~ 8  m a L U 1  "11) \PI>L'I L'IUS J.'nO.l 11 1 '13 . I J i  

S I h l l  t l l l * ~ M f I  v i l V O X  I S V l S N O 3  I J I ~ U ~  i ~ q q c a u u x l  JWCIJI . I + U ~ U  I.I~HIM (1138 l n ~ i  (11 010 (VIJ L)IIL.II'S 1 . x ~  I 11 'I -13 L ~ L :  

f l b l i  OO*'4bx,U I "1P" J.%V 1 9 4  1.) U V ~ ,  lqm lc ,nqw !JI~OZH(I ~H( IN( IC  ~ J L o ~  0111 (#:I" liqlrs m w l  l l ~ l ~ ' 1 . )  121,~ 



Table PAR-22. Lower Clay Shaft Material Parameters (Continued) 

'COMP-RCK, in this case, refers to pare compressibility rather than bulk compressibility and pore compressibility is equivalent to bulk compressibility divided by the 
effective porosity. 



1 

Table PAR-23. Bottom Clay Shaft Material Parameters 

3 
4 
5 
6 6 " 

13 'COhlP_RCK, in this care, refers lo pare compressibility rather than bulk compressibility and pore compressibility is equivalent to bulk compressibility divided by the 
14 effective porosity. 
15 

" 8 
9 

O' 10 N 
$ It 

Id# 
231 1 

2636 

2312 

2315 

2314 

2316 

2323 

Material 

CLAY-BOT 

CLAY-BOT 

CLAY-BOT 

CLAY-ROT 

CLAY-BOT 

CLAY-BOT 

CLAY BOT 

Material Descripiion 

Shaft Bonorn Clay 

Shaft Bonom Clay 

Shaft Bottom Clay 

b haft Bottom Clay 

Shaft Bottom Clay 

Shalt Bunom Clay 

Shaft Bottom Clay 

Psnmeler  

COMP_RCK1 

KIT 

PC-MAX 

PO-MIN 

POROSITY 

PRESSURE 

KELP MOD 

Parameter Description 

PareCornpressibility 

Flag for permeability determined threshold 

Maximum allowable capi l lq  pressure 

Minimum brine pressure for cnpill.uy model KPC=3 

Effective porosity 

Brine far-field pore pressure 

Model number, relative wmeabilitv model 

Distribution 
T m  

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

Uniia 
Pa"-l 

NONE 

Pa 

Pa 

mA3/m"3 

Pa 

NONE 

~ 

Value 

15900E-09 

O.OWOE+OO 

1.0000E+08 

-- 
WPO 
# 

31857 

31858 

31861 
~ ~ 

1.0133Et05 

24000E-01 

1.0133E+05 

4.0OOOEt00 

31864 

31863 

31865 

31872 



I Table PAR-24. Concrete Monolith Shaft Material Parameters 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I I 
12 
13 
14 
15 
16 
17 
18 

L@ 
2 1 'COMP_RCK, in this case, refers la pore compressibility rather than bulk compressibility and pore compressibilily is equivalent lo  bulk compressibility divided by the 
22 effective porosity. 
23 
24 



Table PAR-25. Santa Rosa Formation Parameters 

~ ~ ~~~ ~~~~ .. 
I d  Y I Material I hlslcriel Dewription I Parameter I Parameter Description Type I tlnils I Value I Y 

336 FAN1 AKOS Sml:, Ko.a Toun~tmn \ I . h i O l  hloclrl n ~ ~ n k r ,  capnllag p r e w r e  inl.hfel C'ONFTANT NOSL< I IYIII(IF~~!~ 314d5 

1 27701 SANTAROS l ~ a n t a  Rosa Formation 1 PCT-EXP l~hreshold pressure exponenlial parameter [CONSTANT INONE [ 0 .0~0~+00133529  I 

341 

343 

344 

349 

350 

351 

352 

SANTAROS I~anta  Rosa Formation  POROSITY l~ f fec l ive  porosity ICONSTANT INONE I i.7500E-01 

SANTAKOS I~an ta  Rosa Formation  PRESSURE l ~ r i n e  far-field pore pressure ICONSTANT I P ~  I 1.0133Et05 

SANTAROS Isanla Rosa Formation IPRMX-LOG lImg of intrinsic permeability. X-direction ICONSTANT lloK(m"2) I -1.0000~+01 

33542 

33544 

33545 

SANTAROS 

SANTAROS 

SANTAKOS 

SANTAROS 

Sanla Rosa Forn~ation 

Santa Rosa Formation 

Santa Rosa Formation 

Santa Rosa Formation 

RELP-MOD 

SAT-IBRN 

SAT-RBRN 

SAT-RGAS 

Model number, relative permeability model 

Initial Brine Samnlion 

Residual Brine Saluration 

Residual Gas Saturation 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

NONE 

NONE 

NONE 

NONE 

4.0WOE+00 

8.3630E-02 

8.36308-02 

7.71 10E-02 

33550 

33552 

33554 

33557 



Table PAR-26. Dewey Lake Formation Parameters 

I I61 (DEWYLAKE l ~ e w e y  Lake Red Beds IPRMX-LOG l ~ o g  of inlrinric penneabilily, x-direction IFONSTANT Ilog(nn'4) I -16300Et01132734 1 

Parameler MateriaIDcscripUon Id P 

168 

I69 

170 

Material 
1541 DEWYLAKE IDewey Lake Red Beds ICOMP_RCK 

Parameter Deperiptlon 
BulkCompress~b~ltly ICONSTANT Ipan-l 

DEWYLAKEIDewey Lake Red Beds ISAT_IBRN llnitial Brine Saturation ICONSTANT 

Distribution 
Tppe 

1 0000E-08132802 

NONE 

NONE 

NONE 

DEWYLAKE 

Unils 

I.OOOOEtO0 

8.36308-02 

7.71 10E-02 DEWYLAKE Dewey Lake Red Beds ISAT-RGAS ]Residual Gas Sammlion ICONSTANT 
SAT-RBRN Dewey Lake Red Beds 

32741 

32742 

32743 

Value 

Residual Brine Saturarion 

Wl'o 
# 

CONSTANT 



Table PAR-27. Forty-Niner Member of the Rustler Formation Parameters 



Table PAR-28. Magenta Member of the Rustler Formation Parameters 

Diittiblion 
Material Deretiption Peramefer Dmeription ' m e  Units 

2097 MAGENTA Magenta Member CAP-MOD i ~ o d e l  number, caplllaty pressure model ICONSTANT JNONE 



Table PAR-29. Tamarisk Member of the Rustler Formation Parameters 

Id# 
21x31 TahlARISK ('l'nu!;a~?k Mrnrber [CAP %101) Ih1.15d m ~ n k r .  r ap$ l l q  prccws model ICONSTANT ( N I I N ~  I I 110011~~!11~~ 31524 

Material DcsmnMlon Matetial 

?!1> 

2793) TAMARISK (Tamarisk Member 1 KPT.  lag for permeability determined threshold ICONSTANT 

21851 TAMARISK I~amarisk Member IPORE-DIS (Elrooks-Corey pore disl"bu1ion parameter 

21861 TAMARISK l~amarisk Member 

29141 TAMARISK l~amarisk Member ~ P R M X L O C  ~ L O K  of intrinsic permeability, x-direction 

Parameter 

IAVAKISK 

2244 

2191 1 TAMARISK l~wnarisk Member IRELP-MOD (Model number, relative penneabiliry model ICONSTANT (NONE 

22451 TAMARISK Tamarisk Member ISAT-RBRN IResidual Brine Saturalion ICONSTANT ]NONE 

2192 TAMARISK Tamarisk Member ISAT_RGAS IRcsidual Gas Saturation (CONSTANT INONE 

34558 

34563 

34560 

TAMARISK I'ramarisk Member PC-MAX i ~ a x i n ~ u m  allowable capillary pressurc ICONSTANT 
NONE I O.OOOOE+OO 

pa I IOOOUEt08 

CONSTANT 

STUDENT'S-T 

CONSTANT 

Distribution 
Parameter Description Tnre 

Tam.!n*k Mcmkr  ((.U%II'.KCK 1 tlulk C m ~ p r ~ w b ~ l ~ )  

27941 TAMARISK ]Tamarisk Member [PCT-A l~hreshald pressure linear parameter ICONSTANT NONE 

4.0000Et00 

2WWE-01 

20WOE-01 

0.0000E+00 

NONE I 7.WOOE~OI 

NONE 1 6.40WE-02 

log(mY) I -3.50WEt01 

34588 

34589 

34591 

Unifs 

CONS l'AN I 

34565 

34568 

34580 

Value 

Ps" I 11 1rlln1E~lb 

W W  
# 

3$12') 



1 Table PAR-30. Culebra Member of the Rustler Formation Parameters 
2 f 3 '  Dislribulion WPO 

o 4 
2 

5 
6 m 
7 
8 

2 18 inimum brine pressure for capillary model 

19 + 
20 
2 1 
22 
23 
24 

13 
14 
15 

I20 

3483 

3484 

Id# Malerial 

2691 

3418 

137 

27 
28 ' 29 

1191 CULEBRA lculebra member of the Rustler formatmn ICAP_MOU IModel number, eaplllay pressure model ICONSI'ANT NONE 1 2 OOOOE+OO~ 32686 

Material Daeripl lon Parameter Parameler Descripllon Type Units Value 

CULEBRA 

CULEBRA 

CULEBRA 

150) CULEBRA Iculebra member of the Rustler formation ISAT-RBRN l~es idua l  Brine Saturation ICONSTANT ]NONE 1 8.3630~-02132782 

151 1 CULEBRA l ~ u l e b r a  member of the Rusller formation ISAT-RGAS l~es idua l  Gas Sahlration ICONSTANT I N O N E  1 7.71 10~-02132783 

14691 CULEBRA Iculebra member of the Rusder formation ISKIN RES Iskin Resistance ICONSTANT INONE I 0.0000~+00137735 

# 

CULEBRA 

CULEBRA 

CULEBRA 

$ 30 
3 31 s'" 

32 ' <  

0 - / \O 
\O 
? 'i \ 
C! 
m 
P 

Culcbra member of the Rustler formation 

Culebrn member of the Rustler formation 

Culebra member of the Rustler formation 

Culebm member of the Rustler formatian JKPT  la^ for permeability determined threshold ICONSTANT INONE I O.OOOOE+OO~ 32555 

Culebra member of the Rustler formation ~ M E A ~ S T O R  I ~ e a w r e d  Storativity ICONSTANT .INONE I 1 . ~ 0 ~ - 0 5 1 3 7 6 6 4  

Culcbra member of the Rustler formation IPC-MAX ]Maximum allowable capillav pressure ICONSTANT ]pa I 1 . 0 0 0 0 ~ + 0 8 ~  32755 

COMP-RCK l ~ u l k  Compressibility 

DISP-L Ihngitudinvl dispersivity 

DISPT-L ITransverse dispersivity 

CONSTANT 

CONSTANT 

CONSANT 

32688 

38354 

38355 

PaA-1 I 1.WOOE-I0 

m 0.0000Et00 

m I 0.0000Et00 



I Table PAR-31. Unnamed Lower Member of the Rustler Formation Parameters 

3 Distribution WPO 
4 Id# Material Ma le t i d  Descriplion Parameler Description Type Units Value # 

- 
$ 1 1  ( 28021 UNNAMED IUnnalncdLower  ember of Rusller ~onnalian IPO-MIN l ~ i n i m u m  brine pressure for capillary nlodel  CONSTANT IPa I 1.0133~t05134693 1 

12 
13 
14 
15 

18 
19 

2219 

2220 

291 1 

29 12 

22481 UNNAMED IUnnamed Lower Member of Rustler Formation ISAT-RBRN l~esidual Brine Saturalion ICONSTANT INONE I 2.0000E-01134702 

22261 UNNAMED ]Unnamed Lowcr Member of Rustler Formation ISAT-RGAS IResidual Fa? Salunlion CONSTANT NONE I 20000E-01134703 

2 20 
;P 21 
N 
VI 

UNNAMED 

UNNAMED 

UNNAMED 

UNNAMED 

Unnamed Lower Member of Rustler Formation 

Unnamed Lower Member of Rusller Formalion 

Unnamcd Lower Member of Rustler Formation 

Unnamed Lower Member of Rustler Formation 

PORE-DlS 

POROSITY 

PRMX-LOG 

PRMY-LOG 

KPC=3 

Brwks-Corey pore disrribulion parameter 

Effeclive porosity 

Log of intrinsic permeability, x-direction 

Log of intnnsie permeability, y-direction 

CONSTANT 

STUDENT'S-T 

CONSTANT 

CONSTANT 

NONE 

NONE 

log(mA2) 

log(mA2) 

7.00OE-01 

1.8100E-01 

-3.5000EtOl 

-3.5000E+01 

34691 

34692 

34695 

34697 



Table PAR-32. Salado Formation - Intact Halite - Parameters 



Table PAR-33. Salado Formation - Brine - Parameters 



Table PAR-34. Salado Formation - Marker Bed 138 - Parameters 

Mslerlal Darrlplion Parameter Deswlptim Type 

.i 29011 S hlI(13h I ~ A a d o  htHl lR. mlart and fr3cturrJ UKLINK IKlmkunlxrg hit,nr.s~~.m plramrlrn f .>r 112 g . ~  ICONSTANT .? 7111011-111 3.1429 

% 6 
7 ... 
8 

14 1 27831 S-MB138 Isdado MB138. intact and fraclured !Flag far permeability determined threshold ICONSTANT I N O N E  1 O.OOOOE+OO) 34479 1 

10 
11 
12 
13 

559 

1743 

2169 

2810 

2813 

2816 

2170 

17 

- 18 

S-MB138 

S-MB138 

S-MB138 

27851 S-MB138 Isdado MB138, intact and fractured (PCT_EXP 1Thrcshold pressure exponenlial pmmeter ICONSTANT INONE I -1.48WE-01134507 

5631 S-MB138 l ~ a l a d a  MB138, intact and fractured [PF-DELTA llncremental pressure for full fracture development  CONSTANT (Pa 

19 
?C 20 
N 

21 
22 

S-MB138 

S-MB138 

S-MB138 

S-MBl30 

Salado MB138, intact and frachlred 

Salado MBl38. intact and fraelured 

Salada MB138, intact and fractured 

23 

565 

568 

567 

576 

Salada MB138, intact and fractured 

Salado MBI38, intact and fractured 

Salado MB138, intact and fractured 

Salad0 MBI38. intact and fractured 

CAP-MOD 

DNSGRAIN 

VPHIMAX 

S-MR138 

S-MB138 

S-MR138 

S ME138 

IFRX 

IFRY 

IFRZ 

KMAXLOG 

Model number, capillw pressure model ICONSTANT 
Material Grain Densily  CONSTANT 
Incremental increstc in porosity relative to intact CONSTANT 

Sdado MB138, inlact and fractured 

Salado MB 138, intact and fractured 

Salado MB 138, intact and fractured 

Salado hlBl38. intact and fmchrred 

Index for fracture pem.enh&cement in X-direction 

Index for fracture perm. enhanccnxnr in Y-direction 

lndcx for fracmreperm. &hancement in Z-direction 

Log of mmimum permeability in altered anhydrite flow 

NONE 

kglmA3 

NONE 

PILDELTA 

PO-MIN 

POROSITY 

SAT lBRN 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

2.0000EtW 

27500Et03 

8.900OE-02 

Fracture iniliation pressure increment 

Minimum brine pressure for capillary model KPC=3 

Effective parosily 

Initial Brine Satuntion 

34430 

34441 

34442 

NONE 

NONE 

NONE 

log (m"2) 

CONSTANT 

CONSTANT 

STUDENT'S-T 

CONSTANT 

I W E t 0 0  

I.OOOOE+W 

0.0000EtW 

- 9 . W E t W  

34465 

34466 

34471 

34476 

Pa 

Pa 

NONE 

NONE 

2.0000Et05 

1.0133E+05 

11000E-02 

I .0000E+W 

34523 

34531 

34530 

34544 



1 Table PAR-35. Salado Formation - Marker Bed 139 - Parameters 

3 
4 ' 5 

@ 6 
7 

O 8 

Id # 

2905 

579 
17841 S - M B I ~ ~ S N ~ A O  MB139. inlwtand fractured ~ D N S G R A I N  l~.alerial Groin Density ICONSTANT lkgim"3 I 2.7500Et03134579 

21771 S ME139 Isdado MB139. intacl and iraclurcd ~DPHIMAX llncrelncntal increase in porosily relative to inlacl ICONSTANT I N O N E  1 3.9000~-02134582 

?=' 20 
N 

;; 21 
22 

Materlal 

S-ME139 

S-MI3139 

23 
24 

- 589 

588 

597 

~ a l e r h l  Dercription 

Salado MB139, intact and fractured 

Salado MB139, intact and fractured 

S-ME139 

S-MB 139 

S-ME139 

Panmeter  

BKLINK 

CAP-MOD 

Salado MB139. intact and fractured IPO-MIN (Minimum brine pressure for capillary model KPC=3 ICONSTANT !Pa I 1.01 33Et05 1 34862 

Salado MBl39, intact and fractured  POROSITY I~ffefective porosity 

Parameter Dgcription 

Klinkenberp, b correction parmeters far H2 eas 

Model number, capillary pressure model 

Salado MB139, intact and fractured ISAT-IBRN llnitial Brine Saturation CONSTANT NONE I I . o o w E + ~ ~ ~  34503 

STUDENT'S-T 

D'strlbution 
Type 

CONSTANT 

CONSTANT 

NONE I 1.1000~-02134860 

Unils 

Pa 

NONE 

Value 

2.7100E-01 

2.0000Et00 

WPg 
W 
34557 

34559 



I Table PAR-36. Salado Formation - Anhydrite Beds a & b, Intact and Fractured - Parameters 
" 
L 

DiPtribuUon WPO 
Id t Material Meteriel k c r i p t i o n  Paramefor Parameter Dcreriplion Type Udtr Value # - - 

+.I,] F-ANII AH T~dladu mhydnle bcdc a & b, lnldil and imctured IBKI.INK Klmlu4xrp h cow.lwn p x x n e l w  far I12 gx. ( 2 71uWUl1 34129 

521, S-ANH AH S.>lnlo 3nL)dm lwdq a &  h. m a i l  and i ra~lurrd \ I 1  Model IIIIIII~WI, cnpollq prewm ~ w h l ~ l  2 MKI~IE~U(I( 141111 

16611 S-ANH-AB (~alado anhydritebeds a&  b, intact and fractured (DNSGRAIN  ateri rial Grain Density  CONSTANT (kglm"3 ( 2.7500~+03(34137 

1581 S-ANH-AB I~a lado anhydrite beds a & b, intact and fractured IDPHIMAX llncremental increaqe in porosity relative to intact (CONSTANT INONE 2.39008-01 34138 

I I I lconditions 1 I I I 
28201 S-ANH-AB I~a lado anhydritebeds a & b, intaft and fractured ~EXPKLINK l~liokenberp bcorreclion parameter5 for HZ pas NONE 1 -3.4100~-01134139 

2818) SLANH-AB (~alada anhydrite beds a & b, intact and fractured )IFRZ Ilndex for fracture perm. enhancement in 2-direction [CONSTANT INONE I 0.~00~+00(34160 

21591 S-ANH-AB h a d o  anhydrite beds a & b, intact and fractured ~KMAXLOG  LO^ of rnaxicnurn permeability in altered anhydrite   CONSTANT ]log (rn-2) 1 -9.0000~+00~34163 

Id 16851 S-ANH-AB I~a lado anhydrite beds a & b, intact and fracNreSa IMDISP_T l~ransvene Matrix Dispersivity ICONSTANT irn 

17 
I X 

I Y 
21 

,J 

I 
22 
23 
24 

$& 

522 

277.1 

?775 

524 

27 
28 

526 

529 

528 

537 

1702 

I A 

PC l .A 

PCT-EXP 

PF.ilEI.TA 

S.AW AH 

S.ANH.AR 

F ANH AH 

F_ANII.,\lI 

S-ANH-AB 

s-ANH-AB 

S-ANH-AB 

S-ANH-AB 

S-ANH-AB 

h l ~ ~ l n l u m  nllou3hlecapolim przswre 

Thfcdluld plrsurc l inu~r  p mnlclr.r 

Thrc~hold p r c w m  rxpolrnual p a w w k r  

lncremrnld pr l 'wm lclr full fr:~aurl'de\elop~~cnl 

S: thd~mh)dnw k d .  3 & h. ~nI:>tl mrl fractu1r.d 

S.rh.l.> snh).lrllr h d ,  n & h. ~ n l x l  and ~,;Q:IIIICJ 

S a h h  anh\dnle he& a & Ir. inlacr and frailurerl 

S;~I.alu unh).lnlr ~ J I  s & b. ml;c'I id hcl l l rcd 

Salado anhydrite beds a & b, inlact and fractured 

Salado anhydritebeds a & b, i n t x l  and lraclured 

Salado anhydrite beds a & b. intact and fractured 

Salado anhydrite beds a & b, inlact and fractured 

Salado anhydrite beds a & b, intact and fractured 

('ONSTAN I' 

CON? I A N 1  

CONSI'\NT 

('OUSTANT 

PI-DELTA 

PO-MIN 

POROSITY 

SAT-IBKN 

TORTUSTY 

I'd 

Po 

NONll 

I,.) 

Fracture initiation pressure incrernenl 

Minimum brine pressure for capillary model KPC=3 

Effectiveporosity 

Initial Brine Saturation 

Matrix Tanuosity 

I OulHlfir08 

2 bU(X8E-Ill 

-3480OE-Ul 

1 R0tHltir(m 

341x5 

U l d 3  

341XJ 

14 187 

CONSTANT 

CONSTANT 

STUDENT'S-T 

CONSTANT 

CONSTANT 

Pa 

Pa 

NONE 

NONE 

NONE 

2WOOE+05134190 

1.0133E+05 

1.1000E-02 

10000E+O0 

I.OOOOE+OI 

34194 

34193 

34202 

34207 



Table PAR-37. Disturbed Rock Zone Parameters 
- 

Id#  Material 

I 1 y w s  I I I I I I 
2701 1 DRZ-0 I~isturbed rock zone; time period -5 to 0 for permeability determined threshold (CONSTANT (NONE ( O.OOWE+OO( 32801 

I years I I I I I I 

Materisi Deseriotion 

944 

945 

176 

Pameter  

PaA-l 175 

2702 

NONE 

COMP-RCK Dm-0 Disturbed rock zone; time period -5 to 0 

Dm-0 

DRZ-0 

DRZ-U 

I l y w s  I I I I I I 

P~mmeter Dacriplion 

CAP-MOD Model number, capdlay pressure model Dnmrbed rock zone, tme  penod -5 to 0 174 

7.4100E-I0 

DRZ-0 

177 

CONSTANT 10000E+W DRi-0 

BulkCompressibility 32758 

Disturbed rock zanc; time period -5 to 0 
years 

Disturbed rock zone; time period -5 to 0 
years 

Disturbed rock zone; time period 5 to 0 

1791 DRZ-0 l~isturbed rock zone; time period -5 to 0 PO-MIN I ~ i n i m u m  brine pressure for capillary 

Dktrlbution 
Type 

32754 

CONSTANT 

Disturbed rock zone; time period -5 to 0 
years 

NONE 

CONSTANT Pa 

181 1 DRZ 0 l~ir turbed rock zone; time period -5 to 0 IPRMX-LOG l h g  of intrinsic penneability, X-direclion ICONSTANT ilog(m"2) I 
DRZ-0 

- 

182 

183 

186 

187 

188 

189 

MDISP-L 

MDISP-T 

PC-MAX 

2703 

Disturbed rock zone; time period -5 to 0 
y w s  

Dislurbed rock zone; time period -5 to 0 
years 

Disturbed rock zone; time period -5 to 0 

-~ 
DRL-0 

DRi-0 

UU_O 

Units 

PCT-A 

PCT-EXP 

1.0133Et05 

Disturbed rock zone; time period -5 to 0 
y w s  

Dm-0 

DRZ-0 

DRZJ 

Longitudinal Matrix Dispersivity 

Transverse Matrix Dispersivity 

Maximum allowable capillary pressure 

DRZ-0 

32844 

PRMY-LOG 

PRMZ-LOG 

RELILMOD 

Value 

7hreshald pressure linear parameter 

Threshold pressure exponential parameter Dismrbed rock zone; time period -5 to 0 

PORE-DlS 

Disturbed rock zone; time period -5 to 0 
years 

Disturbed rock zone; time period -5 to 0 
y w s  

Disturbed rock zone; time period -5 to 0 

W O  
X 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

Log of intrinsic permeability, Y-direction 

Log of intrinsic permeability. Z-direction 

Model numher, relative permeability model 

CONSTANT 

Bruoks-Corey pore distribution parameter 

SAT-IBRN 

SAT-RBRN 

SAT-RGAS 

m 

rn 

Pa 

CONSTANT 

CONSTANT 

DELTA 

NONE 

CONSTANT 

Initial Brine Saturalion 

Residual Brine Soturntion 

Residual Gas Saturation 

I.OOOOEt02 

5.0000E+00 

IMHMEt08 

O.OOWE+OO 32832 

log(rnn2) 

log(mA2) 

NONE 

32804 

32805 

32834 

NONE 

CONSTANT 

CONSTANT 

CONSTANT 

70WOE-01 32837 

-1.7WOE+OI 

-1.7000EtOI 

4.0000Et00 

32849 

32850 

32856 

NONE 

NONE 

NONE 

I.OOOOE+OO 

0.000OE+00 

0.0000Et00 

32857 

32860 

32862 



Table PAR-37. Disturbed Rock Zone Parameters (Continued) 

1 9621 DRZ-0 1Dismrbed rock zone; time period -5 to 0 ~TORTUSTY l ~ a t r i x  Tortuosity  CONSTANT I N O N E  I l W 0 0 ~ t 0 1  132868 1 

Id# Material 

t I years I I I I I 
191) D R L I  I~isturhed rock zanc: time period 0 to 1000 ICOMP-RCK l ~ u l k  Compressibility ICONSTANT ]pa"-l 1 7.4100~-10I32871 

1 

20721 DRZ-0 / ~ , ~ t ~ r n c d  rock zone, t~me penod -5 to 0 ~SPSLOG 1~0ganthm ofspeclfic storage ICONSTANT 1 -5 0 0 0 0 ~ + ~ ( 3 2 8 6 6  

Units 

t I years I I I I I I 

I 31161 DRZ-I I~isturbed rock zone; time period Oto IWO I K W  l ~ l a g  for permeability determined threshold ICONSTANT I N O N E  I 0 . ~ 0 0 ~ t 0 0 1  32870 I 

WOO 
Vshe #~ Material Description Parameter 

Ditribution 
Parnmetet Descttption Type 

190 

I years I I I I I I 

CAP-MOD DRZ-I 

I years I I I I I I 

CONSTANT Model number, capillary pressure model Disturbed rock mnc; time period 0 to 1000 

31281 DRZ-l I~isturbed rock zone; time period Ota IWO IPCT-A l~hreshold pressure linear parameter 

3129 

196 

194 

CONSTANT 193 

CONSTANT INONE I 0 . 0 0 ~ ~ + 0 0 1  36559 

198 

1 2031 DRZ-I IDisarbed rock zone; timc period 0 to 1000 IRELP-MOD I ~ o d e l  number, relative permeability model IDELTA I N O N E  I 4.0000~+00132910 I 

NONE 

PC-MAX 

DRZ-I 

DR2-I 

DRZ-I 

I l y w s  I I I I I I 

Pa Maximum allowable capillary pressure DRZ-l 

DRZ-I 

2001 DRZ-I IDisturbed rock zone; time period 0 to 1000 IPRMZ_I.OG ]Log of intrinsic permeability. 2-direction ICONSTANT Ilog(m"2) I -1.SWOEt01 

1.0000E+00 

Disturbed rock zone; time period 0 to IWO 

Disturbed rack zone; time period 0 to lWO 
years 

Disturbed rock zone; time period 0 to 1000 

years 
Disturbed rock zone; time period 0 to 1000 

1991 DRZ-I l~isturbed rock zone; time period Oto 1000 Lag of intrinsic permeability, Y-direction CONSTANT 

32907 

205 

206 

32869 

I.OOWEt08 

Disturbed rock zone; time period 0 to 1WO PRMXLOG Log of intrinsic permeability. X-direction CONSTANT 
years 

log(mh2) 

32899 

PCT-EXP 

PO-MIN 

POREDIS 

log(mY) -1.5000E+OI 32905 

DRZ-l 

DRZ-I 

Threshold pressure exponential panmeter 

Minimutn brine pressure for capillary 
model KPC=3 

Brmks-Corey pore disuibution parameler 

years 

Dimrbed rock zone; time period 0 to 1000 
years 

Disturbed rock zone; time period Oto 1OOO 

CONSTANT 

CONSTANT 

CONSTANT 

SAT-RBRN 

SAT-RGAS 

NONE 

Pa 

NONE 

Residual Brine Saturation 

Residual Gas Saturation 

O.WOOEt00 

10133Et05 

7WOOE-01 

CONSTANT 

CONSTANT 

36560 

32903 

32901 

NONE 

NONE 

OOOOOEtW 

0.00OOEt00 

32912 

3291 3 



1 Table PAR-38. Waste Area and Waste Material Parameters 
2 
3 
4 
5 

10 
11 
12 
13 

14 

15 
16 

24 ( 28051 WAS-AREA 1 waste emplacement area and wmte IPCT-A /Threshold pressure linear purxneler ICONSTANT Jpa I O.OOOOE+OO~ 34983 ) 

2274 

1992 

1993 

2040 

19 
20 
2 1 

Id ll 

2044 

1994 

2043 

Parameter DwcripMon Materfal Msterial De~eriplion Pmmeter 

WAS-AREA 

WAS-AREA 

WAS-AREA 

WAS-AREA 

22281 WAS-AREA l ~ a s t e  emplacement area and waste [DPLSCRHW (Bulk density of plaslic liners, RH-TRU wme (CONSTANT 

20421 WAS-AREA l ~ a s t e  emplacement area and waste ~DRUBBCHW l ~ v e r a ~ e  density of rubber in  CH-TRU waqte CONSTANT 

20461 WAS-AREA ]waste emplacement area and waste IDRUBBRHW l ~ v c r a ~ e  density of tubher in  RH-TRU waste ICONSTANT 

2 7 
2X 

31 1 6641 WAS-AREA l ~ a s l e  emplacement area and waste ~PRMYLOG ILog of intrinsic prmeability, y-direelion ICONSTANT lloR(m"2) 1 -12769Et01134878 1 

Dar ibu t ion  W O  
Type Unlfs Value li 

651 I WAS-AREA l ~ a s t e  emplacement area and waste ~ABSROUGH l~bso lu te  roughness of rnatenal 

WAS-AREA 

WAS-AREA 

WAS-AREA 

kgimA3 I 3.1000~tW132480 

kglmA3 I 1.0000E+OI I32481 

kdrnA3 I 3.3000~+00132483 

65'11 WA5.ARF.A I ~ 3 4 r .  enylr;emenl and u h l c  (I'OKE Dl$ (Bnx>k--('o~u) p.w ~IIWI~UIK~ pa~;tmr.lct (CU~IULAIIVE  NUN^ 1 ? 8~tL~+ll0(3491(', 

h6lll WAS ,\Rl(A I\vnae anpla:r.m<nl arcs and u a w  IKIROSI I Y  lF.ffecuiC p m w y  ICONSTAN T INONE I X IRIH,E.UI 13.1871 

29 
30 

669 WAS-AREA Wasle emplacement area and waste SAT-IBRN Initial Brine Saturalion CONSTANT NONE 15WUE-02 34894 

2232 WAS-AREA Waste emplacement area and waste VOLCHW BIR total volume of CH-TRU waste CONSTANT mA3 1.6900E+05 32484 

2233 WAS-AREA Wasle emplacement area and waste VOLRHW BIR total volume of RH-TRU waste CONSTANT m"3 708WEt03 32485 

Waste emplacement area and waste 

Wasle emplacement area and waste 

Waste empluccmcnt m a  and waste 

Waslc emplacement area and waste 

662) WAS-AREA 1 waste emplacement area and waste  PRESSURE IBrine far-field pore pressure ICONSTANT I P ~  I 1.0133~t05134876 

6631 WAS-AREA (waste emplacement area and waste (PRMX-LOG J~oEofintrinsic penneebility, x-diredim ICONSTANT )log(m"2) 1 -12769E+01)34877 

UNIFORM 

Wasle emplacement area and waste 

Waste ernplacenast area and waste 

Waste emplacement area and waste 

m 1 2 5000~-02134980 

DCELLRHW 

DIRNCCHW 

DIRNCRHW 

DIRONCHW 

DIRONRHW 

DNSGRAIN 

DPLASCHW 

Average density of cellulosics in RH-TRU wale 

B u L  density of  iron conlainers. CH-TRU waste 

Rulkdensity o f  iron containers. RH-TRU waste 

Avenge density of iron-baed material in  CH-TRU 

Avenge density of iron-bmed material in RII-TRU 
waste 

Material Grain Density 

Avemse density of plastics in  CH-TRU waste 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

kglm"3 

kp,lmA3 

kg/mA3 

kgimY 

kgim"3 

kgimA3 

kg/mn3 

1.7000Et01 

13900E+02 

25910Et03 

1.7000E+02 

32465 

32466 

32467 

32468 

lOOOOE+O2 

O.WOOE+OO 

3.4WOE+OI 

32469 

36967 

32474 



Table PAR-39. Waste Chemistry Parameters 

l~srsmeter I~armeter k l p t i o n  bishibulion Type l ~ n i t s  b l u e  M'w) 
CAPHUM Maximum concenuauon of actmde wtth mablle humx CONSTANT ImoleVltter 1 1 10008-05137721 - 

s 6 
o\ 

7 

8 

5 I (colloids I I I I 
6 33121 NP !NeDlunium ( CONCINT (~c t in ide  concenuallon wilh mobile actinide intrinsic (CONSTANT \molefliler I 0 . ~ 0 0 ~ + 0 0 ~ 3 6 8 5 9  

CAPMIC 

CONCINT 

9 

E I 1 .  I lcolloids I I I I 
P 

34391 NP l~eptunium I CONCMIN l~ct inide concentration with mobile mineral fragment ICONSTANT rnolcsniler 26000E-08 37700 

3447 

3310 
I I I leollaids I 1 I I 
I I I lcolloids I I I I 

33111 AM l~mericium I PROPMIC I ~ o l e s  of actinide mobilized on micrnhe colloids per ICONSTANT Imoledmoles 1 3.6000~+00136858 

I I I lcolloids I I I I 
1 8  33141 NP l~eptunium I PROPMIC l ~ o l e s  of aclinide mobilized an microbe colloids per ICONSTANT 

colloids 

Maximum concenlratian of nclinide on microbe 
colloids 

Actinide concenlration with mobile actinide intrinsic 

3 I (fur x~tntdr .  III o r d a ~ m n  s t a t  ill I I I I I C 
rn 21  3.111,) I'HUhlOX4 i l~r . ,~m~.malt tv  x m t r n t  u ~ l l ,  hunw il,llnul? I I ' I~U\ ITI \ I  il'a~p.lnllmllly con\l:ml ~ i d ~ l m J e \  lnclr l l l~ bnnc ul  ONST ST ANT 

AM 

AM 

34411 AM ]Americium 

A 
& 25 - 
s 26 c 

27 nstant with humlc co 01 

28 

29 

CONSTANT 

CONSTANT 

Americium 

Americium 

CONSTANT CONCMIN 

n~olediler 

tnulefliter 

Actinide concenlretion with mobile mineral fragment molediter 2.M100E-08137704 

1.0000Et00 

000OUEt00 

377 12 

36857 



Table PAR-39. Waste Chemistry Parameters (Continued) 

controlled by Mg(OH)2-MgC03 

22 3409 SOLMOD6 Oxidation state V1 model SOLSIM Solubility in Salado brine, inorganic chemistry CUMULATIVE moledlitcr 8.70008-06 37132 
controlled by the Mg(OH)2-MgC03 

23 3264 SOLPU3 Solubility of Plutonium in oxidation state Ill SOLCIM Solubility in Castile brine inorganic with chemistry CUMULATIVE NONE -90WOE-02 37108A 
contrnlled by Mg(OH)2-MgC03 

24 3265 SOLPU3 Solubilitv of Plutonium in oxidation slate Ill SOLSIM Solubility in Sdado brine, inorganic chemistry CUMULATIVE NONE -900WE-02 37109A 

-- 

389 SOLPU4 Solubility of Plutonium in oxidation state IV SOLCIM Solubility in Catile brine inorganic with chemistry CUMULATIVE NONE -90000E-02 37 11 1A 
controlled by Mg(0H)Z-MgC03 

661 SOLPU4 l~olubi l i t~  of Plutonium in oxidation stale IV I SOLSIM l ~ d u b i l i t ~  in Sdado brine, inorganic chemistry  CUMULATIVE INONE I -9 .00~~-02(37110A , 
+ I I I lcontrolled by the Mg(OH)2-MgC03 I I I I w 
\O 27 33931 SOLTH4 ~~olubililv of Thorium in oxidation slate IV I SOLSIM l~olubility in Salado brine, inor~anic chemistry ICUMUI.ATIVE (NONE I -9.0000~-02137115.6 

I lcontrolled by the M ~ ( O H ) Z - M ~ C O ~  I I I I 
90 SOLU4 Solubility of Uranium in oxidation slate IV SOLSIM Solubility in Salado brine, inorganic chemistry CUMULATIVE NONE 

controlled bv the Me(0H)Z-MeCO3 

29 , 



Table PAR-39. Waste Chemistry Parameters (Continued) 

I CAPMIC i ~ a r i m u m  concentration of actinide an microbe ICONSTANT lrnolcditer 1 1.9000~-03136865 1 
I I lcolloids I I I I 

9 33191 TH l~hor ium I CONCINT l~c t in ide  concentration with mobile actinide intrinsic  CONSTANT Imolediter I 0.00~~+W136866 
I 1 1 (colloids I 1 I 1 

34371 TH l~hor ium I CONCMIN I~c t in ide  concentration with lnobile mineral fragment [CONSTANT Imolewliter 1 2.60008-08137697 

11 

12 
13 
14 

9 I5 

I 1 I lcolloids I I I I 
18 33091 U l~ran ium I PROPMIC l ~ o l e s  o f  actinide mobilized on microbe colloids per ICONSTANT lmoleslmoles 1 2.1000~-03136856 

I I I lcolloids I I I 1 
33081 U (uranium 1 CAPMIC IMi~, imum concentration o f  actinide on microbe ICONSTANT lmoleslliter 1 2. IOOOE-03136855 

P 
F 
8 16 
0. 

17 

3320 

3449 

3478 

3460 

Thonum 

Thorium I V  
Thorium I V  

Uranium 

- 

TH 

TH+4 
TH+4 

U 

3307 

3438 

19 
20 
21 
22 

PROPMIC 

MDO 

MKD-TH 
CAPHUM 

U 

U 

23 

3446 

3479 
3448 

3475 

Moles of actinide mobilized on microbe colloids per 
moles dissolved 

Molecular diffusion in pure fluid 
Matrix Distribution Coefficient for Thanum 
Maximum concentration of actinide with mobile hurnic 

Uranium 

Uranium 

Uranium I V  
Uranium I V  
UnniumVI 

Unnium V I  

U+4 
U+4 

U+6 
U+6 

CONSTANT 

CONSTANT 

UNIFORM 
CONSTANT 

CONClNT 

CONCMIN 

MDO 

MKD-U 
MDO 

M K D  U 

mleslmoles 

m"2k 

mA3ikg 
moledliter 

colloids 
Actinidc concentration with mobile actinide intrinsic 
colloids 
Aclinide concentration with mobile mineral fragment 

Molecular diffusion in pure fluid 
Matrix Dislribulion Coefficient for Uranium 

Malecular diffusion in pure fluid 
Matrix Distribution Coefficient for Uranium 

3.IWOE+00 

1.5300E-I0 
l.OOOE+OI 

I.IWOE-05 

CONSTANT 

CONSTANT 

CONSTANT 
UNIFORM 

CONSTANT 
UNIFORM 

36861 

37715 
38349 

37725 

molesiliter 

molesniter 

m"2ls 

mA3kg 
mA21s 

rnA3ike 

O.WWE+W 

26UOOE-08 

15300E-I0 
I.(MWE+Ol 
4.2MX1E-I0 

1.5WOE-02 

36854 

37698 

37711 

38350 
37714 

38346 



Table PAR-40. Radionuclide Parameters 

3225 BA137 Barium I37 ATWEIGH? Atomic Weight in kghole CONSTANT kgimole 1.36918-01 36743 

3324 BA137 Barium 137 EPAREL EPA Release Limit CONSTANT Cilwuf 00000E+00 36871 

3271 BA137 Barium 137 HALWIFE Halflife CONSTANT s IOWOEt38 36800 

3226 BA137M Barium 137 Metastable ATWEIGHT Atomic Weight in kgimole CONSTANT ke/mole 13691E-01 36744 

3325 BA137M Barium 137 Metastable EPAREL EPA Releue Limit CONSTANT Ciwuf OWWEtW 36872 



Table PAR-40. Radionuclide Parameters (Continued) 

32821 PA233 IProtactinium 233 I HALFLIFE I Halflife [CONSTANT 1s 1 2.33308+06136828 

31971 PA234M )Protactinium 234 Melmtable 1 ATWEIGHT ]Atomic Weight in kglmole 1 CONSTANT 1 kdmole 1 234048-01 1 36660 

33361 PA234M l~rotactiniurn 234 Metastable ~EPAREL IEPA Release Limit ICONSTANT h w u f  I 0.0000~+00136881 

? ? ) 



Table PAR-40. Radionuclide Parameters (Continued) 

DLrtribulion WPO 
Malerid Deseriptlon Psnuneler Parameter Descrlption T m  Vnils Value t 

32831 PA234M l~rotactmum 234 Metastable ~HALF'LIFE l~alfltfe ICONSTANT 1s 1 7 OZOOEtOl136829 

32051 PO214 (~olonium214 IATWEIGHT (Atomic Weight in kglmale ICONSTANT lkglmole 1 2.1400~-01136710 

33441 PO214 l~oloniurn214 ICONSTANT l ~ ~ w ~ f  I O.OOOOE+OO) 36893 

- 

3347) PO218 l~alaniurn 218 ~EPAREL ~EPA Release Limit ICONSTANT l ~ ~ w u f  I O.WWE+OO~ 36896 

32931 PO218 Ipoloniurn 218  HALFL LIFE l~alflife ICONSTANT 1s I 18300~t02136839 



Table PAR-40. Radionuclide Parameters (Continued) 



Table PAR-40. Radionuclide Parameters (Continued) 

Distributi~n WPO 
Id Y Material M~lerialDescriptfon P-eler Parameter Description Type Units Value X 

33541 RN220 I ~ a d a n  220 1 EPAREL ~ E P A  Release Llmt ICONSTANT Icdwuf I 0 oooo~too]  36906 

5151 SM147 (Samarium 147 ICONSTANT i s  1 3.3770~+18134350 

32151 SR90 lstrontium90 Atomic Weight in kg/mole  CONSTANT 1 kglmole 1 8.99088-021 36733 

M)3( TH229 I ~ h o n u m 2 2 9  ( ATWEIGHT \Atomic Weight in kglmalc ICONSTANT 1kgimole 1 2.2903E-01) 34594 

338 11 TH229 l~horiurn 229 ~EPAREL ~ E P A  Release Limit ICONSTANT I ~ i l w u f  1 I .OOOOE+O~~ 36943 

604(~~229 ( ~ h o r i u m  229 (HALFLEE (~a l f l i fe  (CONSTANT Is ( 2.3160Et11(34595 

6071 TH230 IThorium 230 1 ATWEIGHT I Atomic Weight in kg/mole  CONSTANT 1 kg/mole 1 2.30038-01 134600 

- - 

33581 TH231 lThonum231 IEPAREL ~ E P A  Release Limtt 1 CONSTANT 1 Ciwuf I 0 . 0 0 0 0 ~ + ~ ) ~ 3 6 9 1 1  

33021 TH231 l ~ h o r i u m  231 1 HALFLIFE 1 ~a l f l t fe  ICONSTANT I s  1 9.1870Et04136848 

3382 

608 

3218 

61 1 TH232 Thorium232 ATWEIGHT Atomic Weight in kglmale CONSTANT kpjmole 2.32048-01 32458 

3383 TH232 Thorium 232 EPAREL EPA Release Limit CONSTANT Ciwui 1.0000E+01 36945 

612 TH232 Thorium 232 HALFLIFE Halflife CONSTANT s 44340Et17 34605 

3219 TH234 Thorium 234 ATWEIGHT Atomic Weight in kdmole CONSTANT kpjmale 234048-01 36737 

3359 TH234 Thorium 234 EPAREL EPA Release Limit CONSTANT CVwuf O.WOOEt00 36921 

TH230 

TH230 

TH231 

Thorium 230 ~EPAREL IEPA Release Limit ICONSTANT Icilwuf I I .OOOOE+OI 136944 

Thorium 230  HALFL LEE l ~ a l l l i f e  ICONSTANT I s  1 2 . 4 3 ~ ~ + 1 2 1 3 4 6 0 1  

Thorium 231  ATW WEIGHT l ~ t a m i c  Weight in kg/mole I CONSTANT 1 kpjmole 1 2.31048-01 136736 



Table PAR-40. Radionuclide Parameters (Continued) 

Distribution WPO 
Material Description Parameter Parameter Description Type Units Value # 



: , 7 dL:--~&y. 

',, ".; .>-. :::--,' 
*Q. . -- ,: , Table PAR-41. Isotope Inventory 

*-A- 

Distribution WPO 
Material D e s c r l ~ ~ i o n  P a r m e l e t  De-scriplion Type Units Value t 

3415 AM243 Americium 243 INVCHD lnventary a f  contacl handled design CONSTANT Ci 32600Et01 37138 

3416 AM243 Americium 243 INVKHD Inventory ofremote handled design CONSTANT Ci 2.2800E-04 37139 

108 CF252 Californillm 252 INVCHD lnvenlnry of cnntscl handled design CONSTANT Ci 2 3900E+02 31830 

109 CF252 Californium 252 INVRHD Inventory of remote handled design CONSTANT Ci 1.29WE+00 31831 

3410 CM243 Curium 243 INVCHD Inventory of contact handled design CONSTANT Ci 2.720OE+OO 37133 

293 PU238 Plutonium 238 INVCHD lnvenlory of conlact handled design CONSTANT Ci 2.6100E+06 33247 

294 PU238 Plutonium 238 INVRHD Inventory of remote handled design CONSTANT Ci 1.4500E+03 33251 

297 PU239 Plutonium 239 INVCHD Inventory of contact handled design CONSTANT Ci 7.8SWEt05 33260 

298 PU239 Plutonium 239 INVRHD Inventory of remote handled design CONSTANT Ci 1.0300E+04 33262 

301 PU240 Plutonium 240 INVCHD lnvenlory of conlact handled design CONSTANT Ci 2.IWOEtOS 33267 

2267 

2268 

285 

286 

PA231 

PA231 

PB210 

PB210 

310 

2269 

2270 

Protactinium 231 

Protaclinium 231 

Lead210 

Lead210 

PU242 

PU244 

PU244 

Plutonium 242 I INVRHD llnventory of remote handled design ICONSTANT I ~i I 1.5000E-01133272 

Plutonium 244 I INVCHD 1 lnventaly of contact handled design CONSTANT I c ~  1.5000E-06 33450 

Plulonium 244 I INVRHD llnventorv of remote handled desim 1 CONSTANT I ~i I 2.2100E-I I I33452 

INVCHD 

lNVRHD 

INVCHD 

INVRHD 

Inventory of cantacl handled design 

Inventory of remote handled design 

Inventory of conract handled design 

Inventory of remote handled design 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

Ci 

Ci 

Ci 

Ci 

4.51WE-01 

1.9100E-03 

2.5500EtW 

7.16008-06 

32930 

32931 

33221 

33223 



Table PAR-41. Isotope Inventory (Continued) 

2019 

S I R  

6bS 

600 

609 

610 

613 

614 

634 

I INVRHD llnventory of remote handled desim (CONSTANT I c~  I 4.63W~tW134674 I 

SHY0 

SK90 

T1122Y 

Tt122'J 

- -  

035 

hlR 

639 

h4L 

TH230 

TH230 

TH232 

TH232 

U233 

~ t c m i t m Y U  

Strunlium 90 

I h~~rw !n  229 

I hor~um 229 

11233 

U231 

U?14 

U235 

Thorium230 

Thorium 230 

Thorium232 

Thorium232 

Uranium 233 

INV('IlI) 

INVKHI) 

INV('III) 

INVHHIJ 

Urwtu!n 233 

Ur.ln1~!1?34 

llrmiuun 234 

U~dniwn 235 

INVCHD 

INVRHD 

INVCHD 

INVRHD 

INVCHD 

In\cntog ufcontd;t hmdlr.l Jc.~gn 

Imentury of remte hl#!dlcd dcitgn 

Inrcntul) ~fcuntait h m d M  .Iwgn 

In\rntug uf rsm8llc hmlled Jcvgn 

INVRl ln  

INW'I I I )  

INVHHI) 

INV(:IiI) 

Inventory of contacl handled design 

Inventory of remote handled design 

Inventory of contact handled design 

Inventory of remote handled design 

Inventory of contact handled design 

CONSIAN I 

CONSTANT 

(.'ONSI'AhI 

CONSTANT 

ln$mtog of t emw h3ndlr.d dr.\ien 
Invmtwq ofcunl:ct hm.llrd ~ l ~ g n  

Invr.nlug ulrstwte hmJlcJJe.~@n 

Invmtug i,fcunl:#cl hmlled d ~ g n  

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

CONSTANT 

Ct 

Ci 

CI 

CI 

VIISSTANT 

CONSTANT 

CONSTANT 

CONSIANT 

Ci 

Ci 

Ci 

Ci 

Ci 

6R5WEt03 

2 U400EtUS 

?.R800E+.Hl 

I 17(lnE-Ol 

('I 

CI 

CI 

Ci 

34354 

34355 

34590 

14597 

806WE-02 

7.56WE-03 

9.13WE-01 

9.25008-02 

1.79WE+03 

34602 

34603 

34606 

34607 

34663 

I SRlhlli+l!2 

.I 65lKlF1U2 

4 ?700E+OI 

I 28tXllIrlll 

31MI 

3400K 

346bcJ 

34072 



1 Table PAR-42. Waste Container Parameters 
2 
3 
4 
5 
6 
7 

Penmeter 
ASDRUM 

DRROOM 

Material Dcreriptioo 
Reference Constant 

Reference Constanl 

Id d 
3106 

3 132 

Msterial 
REFCON 

REFCON 

Parameter Dc~eription 

Surface area of corrodable metal per dlum 

Number of dturns, per room, in !deal packmg 

DislributiOn 
Type 

CONSTANT 

CONSTANT 

Uoils 
m"2 

NONE 

Value 
6 OOOOEtOO 

6 8040Et03 

WO 
# 

36170 

32372 



I Table PAR-43. Stoichiometric Gas Generation Model Parameters 

Dilributian WPO 
Id # Material Material Description Pmmeler Panmeter Dercription Type Unils Value # 

~VISCO l ~ ~ o s ~ t v  of HZ gas at 27 degrees Celitus and ICONSTANT 1 ~ a . s  1 8 93398-061 32334A 



1 Table PAR-44. Repository (Outside of Panel Region) Parameters 

I I I 

25 21291 REPOSIT 1 ~epasitory regions outside of Panel region IPORE-DIS I~rwks-corey  pore distribution parameter  CUMULATIVE INONE 1 2.8900~+00133248 

26 21301 REYOSIT l ~ ~ ~ ~ ~ i t ~ ~ ~  rcgions outside of Panel region POROSITY l~flective plrasily ICONSTANT INONE 8.4800E-01133250 

29 
30 

33 21421 REPOSIT RE POS it^^ regions outside of Panel region ~VOLRHW I B I R  total volume of RH-TRU waste ICONSTANT lm"3 I 7.0800Et03132453 1 

4.0000E+00 

~p~ 

21331 REYOSIT l~eoosilorv regions oulside of Panel reeion ~ P R M Z  LOG l ~ o a o f  intrinsic wrmeabilitv. Z-direction ICONSTANT iloelrn"2) 1 -1.2769E+OIl33259 

34 .\ 
\. 

33275 Repository regions outside of Panel region 2135 NONE REPOSIT CONSTANT RELP-MOD Model number, relative permeability rnodcl 



Table PAR-45. Predisposal Cavities (Waste Area) Parameters 

Distribution WPO 
Id U Material Msterisl Description Panuneter Tvpe Units Value # 

I 801 CAVITY-l ICavity for Waste Areas IPOROSITY l~ffect ive porosity ICONSTANT !NONE I 1.0000~+00~31677 

89 CAVITY-I Cavily for Waste Areas SAT-RBRN Residual Brine Saturation CONSTANT NONE O.WWE+OO 31687 

90 CAVITY-I Cavily far Waste Area SAT-RGAS Residual G a  Samrstion CONSTANT NONE OWWEtOO 31688 

91 CAVITY-2 Cavity for Nan-waqte Areas CAP-MOD Model number, capillary pressure model CONSTANT NONE IOOWEtW 31692 

92 CAVITY-2 Cavity far Non-waste Areas COMP-RCK Bulk Compressibility CONSTANT PaA-l OWWEtOO 31694 

2616 CAVITY-2 Cavity far Non-wale Areas K P I  Flag for penneabilily detern~ined lhreshold CONSTANT NONE O.MWUE+OO 31716 

1 26181 CAVITYl l ~ a v i t y  for Non-waste Arras IPCT_EXP IThreshold pressure exponential parameter ICONSTANT INONE 
4 0  CAVI I Y.2 ICmItl In! N.m.ulr4c Arear 11'11 .>llN Ihlmimlrnt hnnu p r r i m r  f u r ~ s p ~ l l x y  im>drl KPC -3  I('ONFTAN I [Pa I 0133Ft05 3171') 

W I  C;\\'ITY 2 C%AI, for NOR-uole ,\rr.rs IWHC VIS l ~ r w A 4 c r c y  pule I I I ~ I I I ~ . ~ ~ ~  I~~I~ I I IC IC~  1 t N S N  INONI< 7 1IIII.UF-011 31716 



1 Table PAR-45. Predisposal Cavities (Waste Area) Parameters (Continued) - 

2 
3 DLslribution WPO 
4 Id X Malehl Matehl besctiption Pwmeter Parameter DclerlpUon Tme Unlm Value X 
5 2620 CAVITY-3 I ~ a v l t y  for Shaft K r I  flag for permeabdity detemuned threshold CONSTANT NONE 0 0000~+00131770 -- 

6 223r CA\'ITY.3 (',ntt) 1.n Shdl ~PC-MAX l>lullnuln ollou~blr. capdl;u) p m w e  ICUNSTA~T I P ~  
7 21,211 CAVITY.? I('L\II) h r  S h ~ h  K T - A  Thwshold pw(,.w Itwx pn#l#wl:r ICONSTAN I I'n 

2 3 221hl CAVITY 4 IC,WI) fur Rurrhde 

24 26261 CAVITY 4 ICaull) fur Rwehtd~ IPCT .!\ 'Thrr.shnld p w w m  Imrm pmlnrlcr ICONSTANT II OIHJIIK~Uu 31797 

32 211h71 CAVITY.4 I~a \ ! t )  for llorchole ICONSIANT Ilug(rn"21 I -I UUUUE41131819 

3 3 206~1 CAVITY.4 I ~ 3 t t t )  for Rurrhulc HELP.XlOIJ Ihlwlel n u w k r ,  rcklltvc wnuabd~ l )  IIIOJCI IC(JNSTANT ISONE I 4 0000~+0l l l  11621 

34 3104 CAVITY3  Cavity for Barehale SAT-IBRN Ilnitial Brine Saturation ICONSTANT INONE 1 0.0000~+00~ 31822 

35 2237 CAVITYA Cavity far Borehole SAT-RBRN Residual Brine SaNration (CONSTANT NONE 1 0.0000~tOO~ 31823 

36 2070 CAVITY-4 Cavity for Borehole SAT..RGAS 1 Residual Gas Soturalion CONSTANT INONE I O.WOOE+OO~ 31824 
37 



Table PAR-46. Panel Closure Parameters 

'cOMP-RCK, in this case, refers to pare compressibility rather than bulk compressibility and pure compressibility is equivalent to bulk compressibility divided by the effective 
porosity. 



Table PAR-47. Operations Region Parameters 

I 101 OPS-AREA loperalions Region [PORE-DIS ~ B r o o k s ~ a r e y  pore distribution paramerer ICONSTANT ]NONE 1 7.0000E-01132624 1 

16 

19 

20 

OPS-AREA loperalions Region ~PRMZ-LOG l ~ a g  of inrrinsic permeability. 2-direction ICONSTANT Ilog(m"2) 

OPS-AREA loperations Region IRELP_MOD l ~ o d e l  number, relalive permeability model ICONSTANT INONE 
OPS-AREA loperalions Region ISAT_IBRN Ilnitid Brine Saturation (CONSTANT I N O N E  

-1.1000Et01 

4.0000Et00 

O.(H1WEt00 

32633 

32634 

32637 



Table PAR-48. Experimental Area Parameters 

Distribution W O  
Id X Material Material Dacri~tion Parsmeter Drscriptiw Type Units Value X 

207 1 EXP-AREA I Expenmental Area ICAP-MOD IModei number, capdlav presrure model CONSTANT INONE 10000EtM) 32969 

1 2101 EXP-AREA I~xperimentai Area IPORE_DIS IBrooks-Corey pore distribulion parameter ICONSTANT INONE I 7.M)OOE-01) 33045 1 

2161 EXP-AREA I~xperimenlal Area IPRMZ_LOG [Log of intrinsic wmeubility. 2-direction  CONSTANT llog(m"2) I -I.IOWE+OI 132955 ] 

2 1 1  

?I> 

211 

215 

221 1 EXP-AREA I~xperimenlal Area ISAT_RBRN 1 Residual Brine Saturation ICONSTANT INONE 1 0.00~Et00132967 

2221 EXP-AREA I~xperimenlal ~ r e a  ISAT-RGAS 1 Residual Gas Samration ICONSTANT INONE I 0 . 0 0 ~ ~ + 0 0 1  32968 

I IKEL.~'.MOI) IMadrl nwnlrr, r rh lnc  p-rmc~btlt~) ~nmlcl I('ONSIANI' IN ON^ I I OOUUE+O(I~ 1 2 W  

EXt'..&KEA 

F X P  AKL \ 

FYYAHEA 

EXI'.AKEA 

ISAT. II~HN Ilnl lrd ~ n n ~ . ~ s l u r n l ~ w  

POROSITY 

PRl3SllRE 

PRh1X.l 

PRhlY.LO(i 

Fxpr~rmenlal Arc2 

I:xpl'n~trntal A m  

Fvprlmcnlal Are;$ 

krpcn~nrnlal Area 

('ONSTAN I' 

k'flzalvc plnlrtl) 

lhwe l?rl icld pdrc p r r \ . m  

1 . o ~  of ! n l r l n ~ l ~ ~ n ~ ~ ~ ; ~ ~ ~ l ~ l ) ,  X . I IWLI~~ 

Lag of tnlrtnw pmc: lbh~) .  Y-,lmc~,an 

NONE 11 llt~tHlE+00 

('ONSTAN I 

('ONSTAN r 
('ONSTANI' 

CONSTAN I 

32965 

NONE 

PA 

I<>gtm'2, 

togt11P21 

I hlUnlk.lll 

I l r 1 3 3 ~ + l l ~  

I llnlt!krOl 

1 IIItIOEtlll 

321145 

3 2 ~  

32951 

3 2 9 0  



Table PAR-49. Castile Formation Parameters 

Distribution WPO 
Id # Meterial Materid Dacription PammeIer Deser'ition T ypc Units Value # 

2291 IMPERMZ llmpenneablc Z o m  ICAP-MOD I ~ o d e l  number, capdlary pressure model ]CONSTANT NONE I OOOOEt00 33059 

I 237 1 IMPERM-Z llmpeneable Zones IPRMY-LOG l ~ o g  af inlrinsic permeability. Y-direction 

231 

2721 

2722 

2431 IMPERM-Z Ilmpemeable Zones ISAT-RBRN l~esidual  Brine Saturnlion ICONSTANT INONE 1 0.0000~+00133226 

IMPEKM-Z IlmpermeableZones IPc-MAX (~ax i rnurn  allowable capillay pressure ICONSTANT I P ~  

2441 IMPERM-Z I lmpenneable Zones 

10000Et08 

0.0OOOEt00 

0.000OEtOO 

IMPERM-Z Ilmpern~eable Zones IPCT-A 

SAT-RGAS I Residual Gac Saturation ICONSTANT INONE I O.OWOE+~O~ 33230 

33 177 

33172 

33174 

meshold pressure linear parameter ICONSTANT INONE 
IMPERMZ llmpern~eable Zones IPCT-EXP l~hreshold pressure exponential parameter ICONSTANT INONE 



Table PARJO. Castile Brine Reservoir Parameters 

Id W 

htl 

h b  

(r2 

581 CASTILER l~ast t le  Bnne Reservoir  AREA FRC l h e a  fractlon of Panel that has Bnne reservoir ~CUMULATIVE INONE 1 40104~01131554 

Material 

2609 

2610 

65 

I 741 CASTILER l~ast i le  Brine Reservoir ISAT-RBKN l~esidual  Brine Saturation ICONSTANT INONE 

~ ~ 

('ASTILER 

CASI II.I:K 

('AFI'ILLR 

- p - ~ ~  

63 

114 

72 

73  

Material Darcriptlon 

CASTILER 

CASTILER 

CASTlLER 

C n d e  Ilnnc K ? \ r n w  

(:nule Bnnr R s c r \ w  

C.i\l~lc Ilnne Kescn.nr 

CASI'ILER 

CASl II.I:K 

( 'AFl l l . tK 

('ASllLER 

p~ ~ 

CASTILER 

Parameter 

Caslile Brine Reservoir 

Castile Brine Reservoir 

Castile Brine Reservoir 

Castile Brine Reservoir ISAT-RGAS l ~ e s i d u d  Gas Saturation ICONSTANT INONE 

CAP h101) 

KPI  

PC-hlAX 

Cild~lc. l l t m  K ~ w n w r  

('awlc Hnnc KCIC~OU 

C . t4c  lhuw Hewr$wr 

Cd,lllr. llrmc K t w r v w  

Dblributiow 
Parsmeter Dareription Type 

PCT-A 

PCT-EXP 

PO-MIN 

CASTILER 

.~nJemealh 

hlndsl numkr. c:,pll lq pprewre modd 

1:hg f<,r jrr~ur.:lh~l~t) Jclun~wr.l t lm4uIJ 

hf~xt~nu~nal lou~nlecap~l le )  prcwu#e 

PORE l)lS 

I'OKOFI I'Y 

KCLP hIOIJ 

SAT IRHN 

Cmlile Brine Reservoir VOLUME I ~ o l a l  Reservoir Volunle ICONSTANT lm"3 I 40WOEt06 31625A 

Units 

Threshold pressure linear parameter ICONSTANT INONE I 5.MX)OE-01 

Threshold pressure expanenlid parameter ICONSTANT INONE -3.46OOE-01 

Minimum brine pressure far capillary model KPC=3 M CONSTANT I P ~  I 1.0133Et05 

CONSIAN 1 

CONST,\NT 

CONSI,\NT 

31605 

31606 

31611 

H ~ w k K o r c )  p ~ r ~ d ~ i l n h u l ~ ~ m  p i m m e l ~ ~  

E f i ec t~ ,~  p x w t )  

l a l e l  "urnher, relane penm?nhdtt) tnt>del 

IIIIII~I Illme Sllutllmn 

Value 
WPO 
0 

SOYli  

NONE 

P- 

CONSr,\NT 

STUUEFiT'S-T 

('ONSIANT 

(:ONSIANI' 

2 lJ11OllF.~IJll 

U I.UllOE40 

I U(KIUErU8 

NUNE 

NOSE 

NOUE 

NONE 

31 556 

31583 

31007 

7 MKIUE-OI 

H 71H10E.03 

4 OlIOlIF4O 

I OIKklErOO 

31OU'l 

31hlll 

311n19 

31021, 



I Table PARJI.  Castile Brine Fluid Parameters 
L 

3 
4 
5 8 6 

Id X 
43 

44 
0 

Painrneler Description 
BnneCarnpress~btl~ly 

Bnne Dens~ly 12150E+03 

Material 
BRINECST 

BRINECST 31578 

Distribution 
T w  

CONSTANT 

CONSTANT - 
MateM Dwcription 

CilrtileBnne 

Cast~leBnne 

Parameter 
COMPRES 

DNSFLUID 

Unih 
PaA-1 

k%mA3 

Value 
9 WINE-I0 

WPO 
U 
31537 



Table PAR-52. Reference Constants 

D'wlribu(ion WPO 
Id # Material Materfsl Description Panmeter Pnrameler Deser$tion Type Uniu Value O 



1 Table PAR-52. Reference Constants (Continued) 

2880 REFCON Reference Constant PASCP IConversion from Pa's lo cP ICONSTANT l e ~ / ~ a * s  1 1.0000E+03 32414 

2839 REFCON Reference Constant PC-CH4 l~ri t ical  Pressure of CH4 ICONSTANT I P ~  I 4.6170Et06 32415 

2878 KEFCON Reference Constant PC-CO2 l~r i t i ca l  Pressure of ~ 0 2  (CONSTANT (pa 7.3760Et06 32416 

3 
4 
5 

2840 REFCON Rcfcrcnce Constant PC.N2 Critical Pressure of N2 CONSTANT Pa 3.3940Et06 32419 

2842 REFCON Reference Constant PC 0 2  Critical Pressure o f 0 2  CONSTANT Pa 50800Et06 32420 , 

2896 REFCON Reference Constant PI Mathematical constant: PI CONSTANT NONE 3.1416Et00 32422 

2892 REFCON Reference Constant PSIPA Convesion from psi lo pascal CONSTANT Pa'inWlb 68948Et03 32423 

2893 REFCON Reference Constant R Ga.. eonslant R CONSTANT JImol'K 83145Et00 32424 

1 28271 REFCON l~eference Constant [TC-CH~ l~ri t ical  temperature: Methane (CH4) ICONSTANT I K  1 1.90638+02132427 1 

fd  U Mp!dal  Material Description Parameter Deseriotion 
2861 1 REFCON l~eference Constant I M W - N ~  I Molecular Welght - N2  CONSTANT kglmol 

Parameler 
Distribution 

Tylre U n b  
2 8013~-02132409 

Value 
WPO 
# 



1 Table PAR-53. Intrusion Parameters 

6 ( 34941 GLOBAL llnforn~alion that applies globally   LAMB DAD l~r i l l ing  rate per unit area (CONSTANT 1(kmfi- 1 4 .6800~-03) 38733 1 

2 
3 
4 
5 

15 
16 

17 

18 

19 

34961 REFCON l~efercnce Constant I AREA-RH IArea for RH-TRU waste disposal in CCDFGF model  CONSTANT 1 mA2 I 15760Et04138735 

Paramaer 

tl'lCU 

Fl'l('\l 

Material Derriptioo 

I t ,  h I b 

Infonwl~on !hat ipplw< glohlll) 

, I d  I 

3501 

W H I  

20 

3492 

3502 

, 3490 

Matorlal 

; . , L  

t l A l  

Area in waste panels not used for disposal (CCDFGF  CONSTANT I m"2 1 4.1330~+03138727 

Pn'srampcer Decripliap. 

PIC RcJu:rm I'actor fdr I IJmrn lnlrucwo by DnHtng 

I'IC R L . ~ I I ; I I . ~  Fxtor 1111 1l.lob.m lnlruwn h) hlmm& 

Reference Constant !AREA-ZRO 3488 

REFCON 

REFCON 

REFCON 

REFCON 

Diilribulion Type 

CONSI;\N I' 

CONSTAhT 

Reference Constant 

Refcrcnce Constant 

Reference Constanl 

Units 

NONC. 

VONI:, 

FVW 

HRH 

VOLWP 

Value 

I ~XXKtJ2  

I WINE-02 

Fraction of repository volumc occupied by waste in 
CCDFGF modcl 

Emplaced Height of Remote Handled Waste in 
CCDFGF Model 

Uncompaeted volume of waste panels in CCDFGF 
model 

WPOY 

38743 

1h742 

CONSTANT 

CONSTANT 

CONSTANT 

NONE 

m 

mA3 

4.0300E-01 

50900E-01 

4.3600Et05 

18731 

38744 

38729 
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1 Table PAR-54. Listing of Parameters Used in BRAGFLO Which Differ From the WIPP 1 &~ieri$liance Certification Application 
u 2 Parameter Database K ~ .  /..' 

3 
$ 4  
0 5 
2 6 
? 7 
C l 8  
m 
P 9  

10 
I I 
12 
I3 
14 
15 
16 
17 

7 18 
19 

k' 20 
'0 

2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

9 32 
0" 33 
B 34 
5 35 
36 

)PCT-EXP 1 0.00 ICONSTANT 1 -3.460008~01 none 132042 1 
38 NOTES: 
39 1 .  Further infarnmion and explanation ofthe dilfcrence in parameter values between the Pe'erformance Assessment Database and the HRACFLO calculations may be found in the "Analysis Package for the Salado n o w  
40 Calculatiolls (TASK I) of the Pcrfamancc Asscssrnent Analysis Supporting the Cornplinnce Certification Application." SNL, 1996. 
4 1 2. Pressure is specified in the Salado Halite at the horizon of ME139 and other pressures in the Salado are calculated, msuming a hydrostatic pressure gradient. 



1 Table PAR-54. Listing of Parameters Used in BRAGFLO Which Differ from the WIPP 1996 Compliance Certification Application 
0 2 Parameter Database (Continued) 

8 4 
5 5 

6 
7 
8 
9 

10 
I I 
12 
13 
14 
15 
16 

2 17 
? 18 

19 
20 
21 
22 
23 
24 
25 
26 

u 27 
0 28 
$29 > 
0 30 

5 3 1  
m 32 NOTES: 
& 33 I .  Further information and explanation of the difference in parameter values between the Performance Assessment Database and the BRAGFLO calculations may be found in the "Analysis Packago for the Salado Flow 

5 34 
Calculations (TASK I) of the Perfomlance Assessment Analysis Supporting the Compliance Certification Application.' SNL. 1996. 

35 2. Pressure is specified in the Salado Halite at the horizon of MH139 and other pressures in the Salado are calculated, assuming a hydrostatic pressure gradient. *. 
36 - .. :4 \, 



I Table PAR-55. Listing of Parameters Used in PANEL Which Differ From the WIPP 1996 Compliance Certification f i  
Database 
material 

SR-90 

CS-137 

PR.210 
KA-226 

RA-228 

TH-229 
TII-230 

TH-232 

PA-231 
U -233 
U -234 

U -235 
U -236 

U -238 
NP-237 

PU-238 
PU-239 

PU-240 
PU-241 

PU-242 
PU-244 

AM-241 

CM-244 
CM-248 

CP-252 

PM-147 
SM-I47 

AM-243 

CM-243 

Application Parameter Database 

Database 
parameter 

HALFLIFE 
HALFLIFE 

HALFLIFE 

HALFLIFE 

HALFLIFE 

HALFLIFE 

HALFLIFE 
HALFLIE 
HALFLIFE 

HALFLIFE 
HALFLIFE 
HALFLIFE 

HALFLIFE 
HALFLIFE 

HALFLIFE 

HALFLIFE 
HALFLIFE 
HALFLIFE 

HALFLIFE 

HALFLIFE 
HALFLIFE 

HALFLIFE 

HALFLIFE 
HALFLIFE 

HALFLIFE 

HALFLIFE 
HALFLIFE 

HALFLIFE 

HALFLIFE 
HALFLIFE 35 L cr 36 N( - 37 1 

38 2. 
39 3. The dirference columnsbere added to show the variation of the value; for hall& and atomic weieht 

PANOL halflife 
Wrs) 

The variables for PANELcan be found in block data GE-CHAR7 , taken fromul:~wgame.panel]cpanel.for;99 dated 10-may-1996 I0:56 
PANEL uses halflife in years. The value is converted to seconds using the seclyr stored in the databae. 

Database baltlite 
(see) 

PANEL 
yr to eec 

918938Ee08 

946708EtOR 

703720Et08 

5.0491 lE t10  

1.81452E108 

231628E+11 
242988Et12 

4.433758+17 
103381E+12 

500177Et12 
7.715678+12 

222098E+16 

7.39063Et14 
140996Et17 
6.75318Etl3 

2.76881E+09 
759575E+I I 

206288E+l l 

454420E+08 
118749Et13 

260660E+15 

1.36389Et10 
571496EtO8 
106978Erl3 

832472Et07 

827865Et07 
3.34503EtlR 

2.32575E+Il 

9.18307E+08 
2.69181E+11 

PANEL 
rtomic w e i ~ h  

90 

137 

210 
226 

228 

229 

230 
232 

23 1 

233 
234 

235 
236 

238 
237 

238 
239 
240 

24 1 
242 
244 

241 

244 
248 

252 

147 
I47 

243 

243 
245 

Database 
(s&r) 

Database 
:omie weight 

89908OE-02 

136907E-01 

2.09984E-01 

226025E~01 
228031E-01 

229032E-01 

23W33E-01 
232038E-01 

2.3103bE-01 

2330408-01 
2.34041E-01 
2.35044E-01 

2360468-01 
2.38051E-01 
2370488-01 

2380SOE-01 
239052E-01 

2.4W54E-01 

241057E-01 
242059E~Ol 

2.440648-01 

2.410578~01 
2440638-01 
2480728-01 

2.52082E-01 
146915E-01 

1.46915E-01 

2.43061E.01 

243061E-01 

2450658-01 

Halllite 
% diN 

0.01% 

0.00% 

0.00% 
0.00% 

14.18% 

0.01% 

0.00% 
0.01% 
0.02% 

0.00% 
0.00% 

0.00% 
0.02% 
0.00% 

0.00% 

0.01% 
0.02% 

0.01% 

OW% 
2.74% 
0.02% 

0.01% 

0.00% 
0.02% 

0.00% 

0.00% 
0.95% 

014% 

2.10% 
0.37% 

Atomic Database 
p e r m e t e r  

ATWEIGHT 

ATWEIGHT 

ATWEIGHT 

ATWEIGHT 

ATWEIGHT 
ATWEIGHT 

ATWEIGHT 
ATWEIGHT 

ATWEIGHT 

ATWEIGHT 
ATWEIGRT 
ATWEIGHT 

ATWEIGHT 
ATWEIGHT 
ATWEIGHT 

ATWEIGHT 
ATWEIGHT 

ATWEIGHT 

ATWEIGHT 
ATWEIGHT 

ATWEIGHT 

ATWEIGHT 
ATWEIGHT 
A W I G H T  

ATWEIGHT 

ATWEIGHT 

ATWEIGHT 

ATWEIGHT 

ATWEIGHT 
ATWEIGHT 

-~~~~~~ 

40 4. Further information and explanation of the difference in parameter values between the ~erfonnanci  Assessment Database and thc PANEL calculations may be found in the "Analysis Package for the Salado Transport 
4 1 (TASK 2) of thc Performance Assessment Analysis Suppaning the Compliance Cenification Application,' SNL, 1996. 
42 



1 Table PAR-56. Listing of Parameters Used In SWIFT I1 for GRASP-INVERSE Which Differ From the WIPP 1996 
2 Compliance Certification Application Parameter Database 
2 

. - . . - - . . ., . 
13 1. Fuiunher information and explanation of the parameter values may bc found in the "Analysis of the Generation of Trmsrnissiviry Fields for [he Culebn Dolornite."SNL. 19%. 
14 2. SWIFT I I  for GRASP-INVERSE parameters und values arc not stored or read from the database. The d n t a b w  equivalent column was used la show corn~arablc paametcrs and values stored. 
15 



1 Table PAR-57. Reference Thicknesses for Hydrostratigraphic Units in BRAGFLO 

18 1 
19 'Thicknesses of supra-Dewey Lake hydrassatigmphic unit relates to the ranges of total thickness of geologic units as determined for the following quadrants of  the land withdrawal area: 
20 Nonhwcst - 6.0 meters (H-6) - 22 meters (WIPP-13) 
2 1 Southwest - 6.0 meters (P-6) - I2 meters (H-14) 
22 Southeast - 11.3 meters (ERDA-9) - 47 meters (H-15) 
23 Northeast - 21 meters (WIPP-21) - 67 meters (H-5) 

u 2 

8 n 4 
5 
6 

w 
? 
N 
m 
P 7 

8 
9 

10 
11 
12 
13 
14 
15 
16 

N 
17 

24 Source: Sanchez and ~ c ~ a r l a n d ;  1994. ~ & e s m e n t  of ~ o l i d  Waste Management Units: NMED/DOUAIP-9411, New Mexico Environment Depattmenf, Snnta Fe, New Mexico. p. 4-1 - 4-28. 
25 'Mcscalero caliche engulfs local kdrock; thickness ofunit is accounted for in bedrock unit thickness of geologic units above Dewcy Lake. 
26 'Garuna thickness is vanable: generally thickest an west half of land withdrawal area and absent on eavt side. Range includes AIS shaft (2.7 meters) and H-I4 (9.0 meters). 
27 'Santa Rosa is generally absent on west half of land withdrawal area; thickens toeast. Range includes AIS shalt (0.6 meters) and H-5 (64 meters). 
28 

Total Hydrostraiigraphic Geologic Units 
Unit Thlc'knw . .  , Combine as Units Above Geologic Unit Thickness 

Hydrostratigraphic Unit (mete&) Dewey Lake (meters) 
Units above Dewey Lake 15.76' Surficial Sediments 0 - 3  

Mescalem Calichc 0 4.6' 
Gatuiia 0 - 12.7 - 901' 
Santa Rosa 0 - I 0 6  - 64.01' 

Dewey Lake 149.3 

Forty-niner 17.3 

Magenta 8.5 

Tamarisk 24.8 

Culebra 7.7 

Unnamed lower Member 36.0 

Impure Halite 600.3 

Marker Bed 138 0 1 8  

Anhydrite Layers a & b 0.27 

Marker Bed 139 0.85 

Castile 78.1 
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