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1. introduction

The Waste isolation Pilot Plant (WIPP) is iocated in southeastern New Mexico and is being developed by the
U.S. Department of Energy (DOE) as a disposal facility for transuranic (TRU) waste.!> The WIPP must comply
with vartous environmental reguiations, inciuding 40 CFR 191, Subpart B, Environmenta!l Radiation Protection
Standards for the Management and Disposal of Spent Nuclear Fuel, High-Level and Transuranic Radioactive
Wastes,3 and 40 CFR 268.6, Petitions to Allow Land Disposal of a Waste Prohibited Under Subpart C of Part 268.¢
As part of the development process for the WIPP, a sequence of performance assessments (PAs) has been carried out
by Sandia National Laboratories (SNL) to organize knowledge currently available about the WIPP and to provide
guidance for future research and development efforts>® The next iteration of these PAs is currently underway at
SNL and will form the basis for an application by the DOE to the U.S. Environmental Protection Agency (EPA) in
late 1996 for the cettification of the WIPP for the disposal of TRU waste.

An important part of the compliance certification application (CCA) for the WIPP is the complementary
cumulative distribution function (CCDF) for comparison with the release limits specified in 40 CFR 191.13. In the
1991 and 1992 WIPP PAs, this CCDF was constructed with a procedure based on importance sampling.” To
provide greater flexibility and improved use of available information, the CCA will use a Monte Carlo procedure for

CCDF construction.? A similar procedure was aiso used in the systems prioritization methodology.®

This document describes the program CCDFGF that will be written to implement a Monte Carlo CCDF
construction in the CCA. The purpose of CCDFGF will be to assemble resuits obtained from calculations performed
with a number of different programs (e.g., BRAGFLO, PANEL, NUTS, SECO-FLOW, SECO-TRANSPORT,
CUTTINGS, BLOWOUT) into the CCDF specified in 40 CFR 191.13.

The theoretical basis for CCDFGF is presented in Chapter 2. As described there, three basic entities underhe
CCDFGF: (1) a probability space that characterizes the likelthood of different disruptions that could occur at the
WIPP site over the next 10,000 yr, (2) a probability space that characterizes the uncertainty in the required inputs to
the CCA, and (3) a function f that estimates consequences (e.g., the EPA normalized release} conditional on a

specific set of disruptions and a specific set of input values.

The manner in which the probability space for different futures is defined and sampled from is described in
Chapter 3. The manner in which the probability space for uncertain parameters is defined and sampied from is
outside the scope of CCDFGF and not treated in this presentation, although Chapter 2 does give a high-level

overview of how this sampling fits into the overall analysis.

The function £, in concept, is the outcome of the combined operation of the previously indicated programs.

However, it is not possible to directly evaluate f with these programs for all possible sets of values that must be



considered in CCDF construction. As a result, CCDFGF must use a relatively small number of mechanistic
calculations to evaluate, i.e., approximate, f for the large number of different futures that must be considered in

CCDF construction.

Two options are supplied within CCDFGF for evaluation of /1 The first option, designated Option A for
algebraic construction, involves algebra manipulation of mechanistic results to produce normalized releases to the
accessible environment for specific, randomly selected futures. The construction of funder Option A is described in
Chapter 4. The second option, designated Option GF as a mnemonic for GRIDFLO, differs from Option A in the
use of a2 more sophisticated procedure (i.e., the GRIDFLO submoduie of CCDFGF) to estimate reieases from the
repository to the Culebra Dolomite in the presence of two or more drilling intrusions of which at least one penetrates
pressurized brine (i.e., a brine pocket) in the Castile Formation. Option GF is intended for use in situations that
involve large, slowly depressurizing brine pockets in the Castile Formation, The determination of radionuclide

releases from the repository to the Culebra under Option GF is described in Chapter 5.

The report then ends with a sequence of chapters that describe the structure of the program (i.e., CCDFGF) that

will implement the computational procedures described in Chapters 2, 3, 4 and 5.



2. Theoretical Overview
When viewed at a high-level, three basic entities underlie the PAs conducted by SNL for the WIPP,

EN1:  a probabilistic characterization of the likelihood of different futures occurring at the WIPP site over the next
10,000 yr,

EN2:  a procedure for estimating the radionuclide releases to the accessible environment associated with each of

the possible futures that couid occur at the WIPP site over the next 10,000 yr,
EN3:  aprobabilistic characterization of the uncertainty in the parameters used in the definition of EN1 and EN2.

Together, EN1 and EN2 give rise to the CCDF specified in 40 CFR 191 (Fig. 2.1), and EN3 gives rise to an

assessment of the confidence with which the location of this CCDF can be estimated.

The preceding entities arise from an attempt to answer three questions about the WIPP,

Boundary Line:
191.13 (a)

1.0 +—

10t b
102
[R, prob (Rel > R)]

(10, 0.001)
103 - R, | OR [f (x5 )ldgr (X gy )V gt ] ™~

prob (Rel > R): Probabllity of Release > R

Sst
104 - Density Function _
where )>R
- 1 if f(Xsr >
10 [ Onlf(xst)] = {0 otherwise -
8 CCDF Specitied
10 in 191.13(a) .

JN DE_,\/J_ | 1 I ! ! ; P

! . 0 105 104 103 4102 4107 100 107 102
: R: Release to Accessible Environment
TRI-6342-730-14

Figure 2.1. Boundary line and associated CCDF specified in 40 CFR 191, Subpart B.



Ql: What occurrences could take place at the WIPP site over the next 10,0600 yr?
Q2: How likely are the different occurrences that could take place at the WIPP site over the next 10,000 yr?

Q3: What are the consequences of the different occurrences that could take place at the WIPP site over the next
10,000 yr?

and one question about the WIPP PA,
Q4: How much confidence should be placed in answers to the first three questions?

In the WIPP PA, EN1 provides answers to Q1 and Q2, EN2 provides an answer to (O3, and EN3 provides an answer
to Q4.

2.1 EN1: Probabilistic Characterization of Different Futures

The entity EN1 is the outcome of the scenario development process for the WIPP and provides a probabilistic
characterization of the likelihood of different futures that could occur at the WIPP site over the next 10,000 yr, with
the period of 10,000 yr specified in 40 CFR 191. When viewed formally, EN1 is defined by a probability space {5,
A4, by, with the sample space S, given by |

8= {Xs: Xy is a possible 10,000 yr sequence of occurrences at the WIPP). 2.1)

The subscript st refers to stochastic (i.e., aleatory) uncertainty and is used because (&, J_,,, Pst) 15 providing a

probabilistic characterization of occurrences that may take place in the future.

As a reminder, a probability space (S, £ p) consists of three components: a set S that contains everything that
could occur for the particular "universe” under consideration, a suitably restricted set . of subsets of S and a
function p defined for elements of . that actually defines probability. In the terminology of probability theory, §is
the sample space, the elements of S are elementary events, and the subsets of S contained in . are events. In most
applied problems, the function p defined on . is replaced by a probability density function (PDF) d (e.g., d, in
Fig. 2.1).

The scenario development process for the WIPP identified exploratory drilling for natural resources as the oniy
disruption with sufficient likelihood and consequence for inclusion in the definition of EN1. In addition, 40 CFR
194 specifies that the occurrence of mining within the land withdrawal boundary must be included in the analysis.
As a result, the elements Xy, of o, are anticipated to be vectors of the form

xst =[‘l: Pl’ Ils als d]a k]; b]a 123 sz 12, a2s dz, kZ, b)_, CEETY Mpp ln: ana dn! kn: bn‘s t}m‘n] (2'2)
14 L

1’ intrusion intrusion intrusion



in the 1996 WIPP PA, where n is the number of drilling intrusions, ¢, p;, /,, a;, d;, k; and 4, correspond to the time
(yr), plugging (i.e., sealing) pattern, location, activity level (Ci/m?), diameter (m), permeability (m?), and possible
penetration of pressurized brine in the Castile Formation of the M drilling intrusion, and 1y, is the time at which
potash mining occurs within the land withdrawal boundary. In the development of (S, Ay pso). the probabiiistic
characterization of #, t; and /; will derive from the assumption that drilling intrusions occur randomly in time and
space (i.e., follow a Poisson process), the probabilistic characterization of a; will derive from the properties of the
waste to be emplaced at the WIPP, and the probabilistic characterization of p,, d; and &; will derive from current
drilling practices in the sedimentary basin (i.e., the Delaware Basin} in which the WIPP is located, and the
probabilistic characterization of b; will derive from assumed properties of brine pockets. Further, the probabilistic
characterization for 1y, follows from the guidance in 40 CFR 19410 that the occurrence of potash mining within the
land withdrawal boundary should be assumed to occur randomly in time (i.e., follow a Poisson process with a rate

constant of A, = 10~% yr~1).

With respect to the previously indicated questions, S, provides an answer to Q1, while 4, and p,, provide an
answer to Q2. In practiee, Q2 will be answered by specifying distributions for n, ¢, p,, I, a,, d;, k; and b; which in
turn lead to definitions for £, and ps- The CCDF in 40 CFR 191 will be obtained by evaluating an integral
involving (S, 4y, psr) (Fig. 2.1).

2.2 EN2: Estimation of Releases

The entity EN2 is the outcome of the model development process for the WIPP and provides a way to estimate
radionuclide reieases to the accessible environment for the different futures (i.e., elements X, of ;) that could occur
at the WIPP. Estimation of environmental releases corresponds to evaluation of the function fin Fig. 2.1. Release
mechanisms associated with f include direct removal to the surface at the time of a drilling intrusion (i.e., cuttings,
spallings, brine flow) and release subsequent to a drilling intrusion due to brine flow up a borehole with a degraded

plug (i.e., groundwater transport).

The primary computational models intended for use in the 1996 WIPP PA are illustrated in Fig. 2.2. Most of
these models involve the numerical solution of partial differential equations used to represent material deformation,
fluid flow and radionuclide transport. It is the models indicated in Fig. 2.2 that acmally define the function f in
Fig. 2.1.

The models in Fig. 2.2 are too complex to permit a closed form evaluation of the integral in Fig. 2.1 that defines
the CCDF specified in 40 CFR 191. Rather, a Monte Carlo procedute will be used. Specifically, elements Xy, ;,
i=1,2, ..., S, will be randomly sampled from & in consistency with the definition of (S,,, i, ps). Then, the
integral in Fig. 2.1, and hence the associated CCDF, will be approximated by
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Figure 2.2. Models used in 1996 WIPP PA.
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The models in Fig. 2.2 are too computationally intensive to permit their evaluation for every element X, ; of &, in
Eqg. {2.3). Due to this constraint, the models in Fig. 2.2 will be evaluated for representative elements of &, and then
the results of these evaluations will be used to construct values of f for the large number of Xy ; (e.g., 1000 < nS <

10,000) in Eq. (2.3).

With respect to the previously indicated questions, the models in Fig. 2.2 are providing an answer to Q3.

2.3 EN3: Probabilistic Characterization of Parameter Uncertainty

The entity EN3 is the outcome of the data development effort for the WIPP and provides a probabilistic
characterization of the uncertainty in the parameters that underlie the WIPP PA. When viewed formally, EN3 is

defined by a probability space (S, 4, pw), With the sample space S, given by
Sew = {Xg: Xsy is possibly the correct vector of parameter values to use in the WIPP PA}. 2.4)

The subscript su refers to subjective (i.e., epistemic) uncertainty and is used because (Sg,, iy, pr) is providing a
probabilistic characterization of where the appropriate inputs to use in the WIPP PA are believed to be located. In

practice, some elements of X, affect the definition of (S, £y, ps) (6.2, the rate constant A used to define the



Poisson process for drilling intrusions or the mode of the distribution of borehole permeabilities) and other elements
relate to the modeis in Fig. 2.2 that determine the function fin Fig. 2.1 and Eq. (2.3) (e.g., radionuclide solubiiities in

Castile brine or fracture spacing in the Culebra Dolomite).

If the value for X, was precisely known, then the CCDF in Fig. 2.1 couid be determined with certainty and
compared with the boundary line specified in 40 CFR 191. However, given the complexity of the WIPP site and the
10,000 yr time period under consideration, Xg, can never be known with certainty. Rather, uncertainty in Xg, as
characterized by (S, 2, Psy) Will lead to a distribution of CCDFs (Fig. 2.3). The proximity of this distribution to
the boundary line in Fig. 2.1 provides an indication of the confidence with which 40 CFR 191 will be met.

The distribution of CCDFs in Fig. 2.3 can be summarized by distributions of exceedance probabilities
conditional on individual release values (Fig. 2.4). This distribution is defined by a double integral over &, and &,
In practice, this integral is too complex to permit a closed-form evaluation. Instead, the WIPP PA uses Latin
hypercube sampling’ to evaluate the integral over S, and, as indicated in Eq. (2.3), simple random sampling to
evaluate the integral over_S,,. Specjfically, a Latin hypercube sample X, 4. £ = 1, 2, ..., nLHS, is generated from Seu
in consistency with the definition of (S, L, P and a random sample X ;, i = 1, 2, ..., nS, is generated from &,

in consistency with the definition of (S, 4, ps). The probability prob(p < PR) in Fig. 2.4 is then approximated by

nlLHS n§
prob(p < PIRY=1= 3 8,1 > 8 p[f(xsrso Xeur )|/ nS |/ nLHS. 2.5)

k=1 i=1
The result of the preceding calculation is typically displayed by plotting percentile vaiues (e.g., Py 1, Po.5, Po¢ from
Fig. 2.4) and also mean values for exceedance probabilities above the corresponding release values (i.e., R) and then
connecting these points to form continuous curves (Fig. 2.5). The proximity of these curves to the indicated

boundary line provides an indication of the confidence with which 40 CFR 191 will be met.

With respect to the previously indicated questions, (Sy,, i, ps) and results derived from (Sq, o, P (€8
the distributions in Figs. 2.3, 2.4 and 2.5) are providing an answer to Q4.
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3. Sampling of Futures

3.1 Probability Space (S,, 4., p.) for Stochastic Uncertainty

The probability space (S, &.1, D) provides a probabilistic characterization of the events that could occur at
the WIPP over the next 10,000 yr. As indicated in Eq. (2.1), the sample space S, consists of all possibie 10,000 yr
futures that could occur at the WIPP subsequent to decommissioning. The final defmition of (S, J,,, ps) for the
1996 WIPP PA can only be made after the Features, Events, and Processes (FEPs) screening process is complete.
Past reviews have concluded that exploratory drilling for natural resources constitutes the only type of future
occurrence with sufficient likelihood and potential for initiating releases to the accessible environment to merit
inclusion in the definition of (S, y, ps). Further, 40 CFR 194 requires that the occurrence of potash mining
within the land withdrawal boundary must be included in the analysis. Therefore, this discussion will proceed under
the assumption that drilling intrusions and the occurrence of potash mining within the land withdrawal boundary are
the only events that require incorporation into (S, J, ps). However, the conceptual structure in use and its
associated computational implementation should be sufficiently general to allow the incorporation of other types of

events into (S, A;,, Psy) shouid this be required (although possibly with some additional programming required).
The following assumptions will underlie the definition of (S, J,,, Pst):

(1) Drilling intrusions occur randomly in time and space (i.e., follow a Poisson process). This process will be
defined by a rate term Ay (units: yr-1), with A4 defined by the drilling rate (e.g., 48 boreholes/’km?/10% yr) and the
area of the repository (or possibly some larger area if the depletion of pressurized brine pockets in the Castile

Formation or the penetration of disturbed rock zones around the repository are deemed to be significant).

(2) Different sealing (i.e., plugging) patterns are used for different drilling intrusions. At present, three potential
sealing patterns are anticipated for the 1996 WIPP PA: (a) full concrete plug through Salado Formation to Bell
Canyon Formation with a permeability of 5 x 10~17 m2, (b) two plug configuration with plugs at Rustler/Satado and
Castile/Bell Canyon interfaces, and (c) three plug configuration with plugs at Rustler/Salado, Salado/Castile and

Castile/Bell Canyon interfaces. Specifically, the variation in plugging patterns will be defined by a distribution Dp; .

(3) There is a distribution of waste concentration (Ci/m?) within the repository. In past WIPP PAs, this
distribution has been implemented by discretizing the waste into five activity levels with a probability pA4,, i=1,
2, ..., 5, that a randomly placed borehole through the repositor}" will pass through waste of activity level i. For the
definition of (S, Ly, ps). activity level will be assumed to follow a distribution D4, where D, can be either
continuous or discrete. For the 1996 WIPP PA, it is anticipated that D4 will be based on the distinction between
penetrating contact handled (CH) and remote handied (RH) waste and the individual waste streams associated with

each of these waste types.

1



{4) There is a distribution of drillbit diameters in use (i.e., different drilling intrusions will use different drillbit
diameters). The 1991 and 1992 WIPP PAs assumed that all drilling intrusions would use the same drillbit diameter
but that the correct value for this diameter was not known; in contrast, the SPM analyses assumed a distribution of
drillbit diameters across different drilling intrusions. Specifically, the variation of drillbit diameters across different

drilling intrusions will be assumed to follow a distribution Dpg, where Dpg can be either continuous or discrete.

(5) Different drilling intrusions can result in boreholes with different permeabilities. Past analyses for the WIPP
have assumed that a// boreholes rapidly evolve to the same permeability, although there was assumed to be large
uncertainty in what this asymptotic (i.e._, long term) permeability was. This does not seem to be reasonable as
different boreholes will be plugged in different ways and thus can be reasonably anticipated to have different
asymptotic permeabilities. This variability across drilling intrusions is specifically recognized by the EPA in the
following statement (Ref. 10, p. 5776):

For the specific case of borehole seals, EPA is further proposing that boreholes shall be
assumed to be sealed at the rate boreholes have been sealed over the past 50 years in the Delaware
Basin and that natural processes will degrade or otherwise affect the permeability of boreholes
over the regulatory time frame.
In consistency with the preceding guidance, the variation in permeability across different drilling intrusions will be
assumed to follow a distribution Dp, where Dp can be ¢ither continuous or discrete. A further option will be to
define time-dependent distributions for permeabilities above and below the repository, possibly with a specified
correlation between these two permeabilities. The distinction between permeability above and below the repository
is potentially important due to the role that such permeabilities might play in diverting brine fiow from a pressurized

brine pocket through the repository.

(6) For the purpose of initiating groundwater transport calculations, the repository (and possibly an adjacent
area) will be discretized into a finite number of locations (i.e., nodes) at which drilling intrusions can occur
(Fig. 3.1). A discrete probability distribution D; will define the probability that a randomly placed intrusion into the
repository (or possibly an adjacent area if such areas are included in the analysis) will occur at a given location.
Specifically, D; will consist of a sequence of probabilities pL;, i = 1, 2, ..., nL, where pL; is the probability that a
randomly placed drilling intrusion will occur at location L; and #L is the number of discretized locations in use. Due
to the assumption that drilling intrusions occur randomly in space, pL; will derive from the area associated with
location L;. Further, each lecation L; can be identified as either being above or not above pressurized brine in the
Castile Formation. Thus, L; will play an important role in the definition of El, E2 and E1E2 scenarios, where an E1
scenario designates a subset of &, in which a single drilling intrusion passes through the repository and penetrates
pressurized brine, an E2 scenario designates a subset of S, in which a single drilling intrusion passes through the
repository and does not penetrate pressurized brine, and an E1E2 scenario designates a subset of Sy, in which two or
more driliing intrusions pass through the repository, with at least one of these intrusions penetrating pressurized

brine.
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(7) A given drilling intrusion may or may not penetrate pressurized brine in the Castile Formation. If the
pressurized brine is present in large contiguous areas, then the location of the drilling intrusion (see (6) above) is
sufficient to determine whether or not pressurized brine is penetrated. However, if variation in the location of
pressurized brine occurs on a finer scale than the specification of the hodes in (6) above, then an additional
determination must be made to specify whether or not a given drilling intrusion penetrates pressurized brine.
Specifically, a discrete probability distribution Dg can be used to characterize the likelihood that a randomiy placed
drilling intrusion through the Castile Formation in the vicinity of the waste panels will encounter pressurized brine.
Possibilities for Dp include a single probability for encountering pressurized brine anywhere in the vicinity of the

WIPP and a different probability for intrusions in the vicinity of each of the nodes in (6) above.

(8) The occurrence of potash mining within the land withdrawal boundary occurs randomiy in time (i.e., follows
a Poisson process). This process will be defined by a rate term A, (units: yr~!). Guidance in 40 CFR 194 specifies
R =1 % 104 yr-1,

The probability space (S, 2, ps) will be defined by the rate terms A and A,,, which can be constant or time
dependent, and the distributions Dpy, D4, Dpg, Dp, D; and Dg. Specifically, the elements of X, of &, will be

vectors of the form

Xer = [t1s 1 b, G1s Ay Ky B 12, Pas by G2, s 2, By v by P s s s Ko Bops Zmins 0,0,0,0,0,...], 1)

where
t; = time (yr) of A drilling intrusion,
pi = plugging pattern used for A" drilling intrusion,
{, = location (dimensioniess) of # drilling intrusion (i.e., node associated with # drilling intrusion),
a; = activity level of waste penetrated by M drilling intrusion,
d, = drillbit diameter (m) used in #P drilting intrusion,

k; = permeability (m?) for # drilling intrusion (Note: if permeabilities above and below the repository are
assumed to be different, then two permeabilities will be required for each drilling intrusion; a time

dependence for borehole permeability is also possible),

b, = designator (dimensionless) for penetration of pressurized brine in the Castile Formation (ie., ;= 0, |

implies nonpenetration and penetration, respectively, of pressurized brine),

n = number of drilling intrusions in the 10,000 yr future defined by X, f

14



L = time of occurrence (yr) of potash mining within the land withdrawal boundary,

the 1, are assumed to be ordered so that 1; < t;4) fori= 1,2, ..., n~1, and the trailing 0’s in Eq. (3.1) are place holders

to bring X, up to the dimensionality assumed for S, (and in general will be omitted for notational simplicity).

In concept, n could be any positive integer, with the result that S, is a subset of R®. As a reminder, R* denotes
the set of all real-valued vectors of infinite length. In practice, the probability of a large number of drilling intrusions
(e.g., > 15) will be small (e.g., < 10~%) (Table 3.1). Thus, S, wouid effectively be a subset of R!6 if the occurrence
of more than 15 drilling intrusions over 10,000 yr was probabilisticaliy insignificant given the definition of A ; (i.e.,
106 =7 * 15 + 1, where 7 is the number of real-valued quantities associated with each drilling intrusion in Eq. (3.1)
and the number 1 derives from 1,,,). For perspective, the probabilities of different numbers of drilling intrusions

that result for different A 4's are shown in Table 3.1.

Given A4, A,, and the distributions Dp;, D4, Dpp, Dp, D; and Dg, the set 4y and the function P can be
formally developed.!! However, this is not necessary for the computational implementation of the 1996 WIPP PA
and therefore will not be done. Rather, random sampling defined by Az, Am» Dpi, D4, Dpg, Dp, D; and Dg will be
used to select elements X, of &, in the numerical approximation of the integral in Eq. (2.8) with the summation. in

Eq. (2.11).

3.2 Generation of Individual Futures

The random sampling to generate an element X;, of §;, will operate in the following manner. The drilling rate
Ay will be used to generate the times at which drilling intrusions occur. For a Poisson process with a constant Ay
{i.e., a stationary process), the cumuliative distribution function (CDF) for the time At between the successive events

is given by (Ref. 12, p. 113):

prob(t < Af)=1- g, {3.2)
A uniformly distributed random number can be selected from [0, 1]. Then, solution of

n=1-e Ml (3.3)

for 1) gives the time of the first drilling intrusion (Fig. 3.2). If 100 yr of administrative control is assumed, then
100 yr would be added to the ¢; obtained in Eq. (3.3) to obtain the time of the first drilling intrusion. Seiection of a

second random number r; and solution of

w=1 _e—i\dml | (34)
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Table 3.1. Probability of Different Numbers of Drilling Intrusions over 9900 yrs for Different Drilling Rates

n: No. BHs? prob(n)t: Probability of n BHs
25 BHs/10* yr km? 30 BHs/10% yr km? 48 BHs/104 yrkm?  62.5 BH5/10% yr km?
Ag=3.14TE-04 yri¢  3,=3.776E-04 yr! A ;=6.050E-04 yr~!  2,=7.868E-04 yr!

0 4.435E-02 2.379E-02 2.505E-03 4.143E-04
1 1.382E-01 8.893E-02 1.500E-02 3.227E-03
2 2.153E-01 '1.662E-01 4.493E-02 1.257E-02
3 2.236E-01 2.072E-01 8.970E-02 3.263E-02
4 1.741E-01 1.936E-01 1.343E-01 6.354E-02
5 1.085E-01 1.448E-01 1.609E-01 9.898E-02
6 5.634E-02 9.021E-02 1.606E-01 1.285E-01
7 2._5075—02— 4.818E-02 1.374E-01 1.430E~0]
8 9,765E-03 2.252E-02 1.029E-01 1.392E-01
9 3.380E—03 9.354E-03 6.848E-02 1.205E-01
10 1.053E—-03 3.497E-03 4.101E-02 9.382E-02
1 2.983E-04 1.189E-03 2.233E-02 6.643E-02
12 7.744E-05 3.703E-04 1.115E-02 4.312E-02
13 1.856E—05 1.065E-04 5.136E-03 2.584E-02
14 4,130E-06 2.844E-05 2.197E-03 1.437E-02
15 8.579E-07 7.088E-06 8.773E-04 7.463E-03

1.000E~+00 1.000E+00 9.995E-01 9.935E-01

a BHs~ Boreholes

b prob(n)= [(99001,,)" / n!]exp (-99004.,)

¢ Ag=(25/10% yr km2) (0.1259 km?2), where 0.1259 km? is the waste disposal area used in the 1992 WIPP PA.
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for Ary gives the time interval between the first and second drilling intrusions, with the outcome that £ =1} + Afy.
This process can be continued until a time ¢,+ is generated that exceeds 10,000 yr. The times 1y, t2, ..., 1, then
constitute the drilling times in X,, in Eq. (3.1). The mining time {,,,, is sampled in a similar manner. An additional
6n uniformly distributed random numbers from [0, 1] can then be used to generate the elements p;, {,, a;, 4,, k.. b, i =
1, 2, ..., n, of X, from the distributions Dp;, D4, Dpg, Dp, Dy, Dg. A detailed description of the aigorithm for
generating individual futures is given in Table 3.2. Further, a hypothetical example of the specification of node

properties is given in Fig, 3.3,

The discussion in this section has assumed that drilling intrusions and potash mining within the land withdrawal
boundary are the only events involved in the definition of X, in Eq. (3.1) and hence in the sample space &,, for
stochastic uncertainty. If the FEPs screening process identifies additional potentiali occurrences that should be
included in the definition of (S, .. ps), this should present no conceptual problem. Such occurrences will be
incorporated into the definition of X, and their associated probabilities used in the sampling process described in the
preceding paragraph. For example, if deemed sufficiently important to the calculation of normalized releases,

climatic change could be-incorporated into the definition of X, and hence (S, 4, p<p).

Time Between Drilling intrusions
1.0

0.9 4

0.8 ] AN
CDF: 1 - exp(-At)

a
v 074 A =3.28x10"* yr?
3]
S 061
= Yo L -l _________
> 1 . .
s 0.5 - ! Intrusion Time:
g 04 | :I ti=ti ¢+ AL
-g i
i H
.§ 0.3 !
2 0.2 :
|
0.1 - l
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0-0 T = T T T
0. 2000. 4000. 6000. 8000. 10000.

At. Time Between Intrusions (yr)

Figure 3.2. Sampling of time intervals between drilling intrusions from cumulative distribution function (CDF)
associated with driliing rate A = 4.
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Table 3.2. Required Input and Associated Calculations to Generate Single Future X, of Form Shown in Egs. {2.2)
and (3.1)

Required Input

Ad

nPL

PPL()

nR

PR(G)

PW(LK)

nN()
PNG. &)

PE(j.K)

PB(, k)

nBP

nD(p)

iB(j, k)

nP

drilling rate (yr—1), which is a function of a drilling rate per unit area (e.g., 48 drilling intrusions/
km? 10? yr) and the area encompassed by the nodalization in Fig. 3.1

mining rate (yr~!), which is specified to be 1 x 10~% yr~! in 40 CFR 194

number of plugging patterns in use in vicinity of the WIPP (e.g., 3)

probability that a drilling intrusion will be sealed with plugging pattern j, /= 1, 2, ..., nPL (e.g.. 1
~ full concrete plug through Salado Formation to Bell Canyon Formation with a permeability of
5x 1017 m2, 2~ two plug configuration with concrete plugs at Rustler/Salado interface and
Castile/Bell Canyon interfaces, 3~ three plug configuration with concrete plugs at Rustler/Salado,
Salado/Castile and Castile/Bell Canyon interfaces). The effects of these three plugging patterns on
release modes from the repository will be written into the code for use with Option A (see
Table 3.2).

number of regions in repository (e.g., nR = 3 if the experimental area, operations area and waste
disposal area are identified as separate regions)

probability that a random drilling intrusion into the nR regions will occur in region j, j = 1, 2, ...,
nR (i.e., pR(f) is the ratio of the area of region ; to the total area of all regions)

probability that a random drilling mtrusion into the excavated area of region j wilt encounter waste
of type k, k=1, 2, 3, where 1~ no waste, 2~ CH waste, 3~ RH waste

number of nodes used in nodalization of region j

probability that a random drilling intrusten into region j will occur atnode &, k=1, 2, ..., aNE())
probability that a random drilling intrusion into region j ai node & will encounter an excavated area
of the repository (i.e., 1 — pE(j) is the probability that a random drilling intrusion into region f at

node k will not encounter an excavated area)

probability that a drilling intrusion assigned to node k of region j will encounter pressurized brine
in the Castile Formation :

number of brine pockets
number of drilling intrusions required to deplete brine pocketp,p=1,2, ..., nBP

integer identifier indicating brine pocket associated with node & of region j (i.e., iB(j, k) is an
integer between 0 and nBP)

number of waste panels (e.g., 10)
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Table 3.2. Continued

iP(, k) =

iL(7)

4 =

{PICD =

fPICD =

tPICM =

fPICM =

M =

integer identifier indicating waste panel associated with node £ of region j (i.e., iP(j, k) is an
integer between 0 and »nP with iP(j, ) = 0 implying node not contained in a waste panel and
iP(j, k) = p implying that node contained in waste panel p). Allows identification of /; with specific
waste panels.

integer identifier that indicates whether panel j is to be considered a lower panel (i.e.. iL{j} = 1) or
an upper panel (i.e., iL{f) = 2) for purpose of implementing blowout and spallings releases, j = 1. 2,
..., nP (e.g., iL(j) = 1 for Panels 4, 5 and Southern Equivalent Panel in Fig. 3.1 and iL{j) = 2 for
Panels 1, 2, 3, 6, 7, 8 and Northern Equivalent Panel in Fig, 3.1)

time period (e.g., 100 yr) over which active institutional controls are effective

length of time (yr) subsequent to end of active institutional controls over which passive
institutional controls (PICs) are effective in reducing the rate of inadvertent human intrusion due to
exploratory drilling (e.g., 700 yr)

reduction fraction for rate of inadvertent human intrusion due to exploratory drilling in the
presence of PICs (i.e., the drilling rate is fPICD A, in the presence of PICs)

length of time (yr) subsequent to end of active institutional controls over which passive
institutional controls (PICs) are effective in reducing the rate of inadvertent human intrusion due to
potash mining (e.g., 700 yr)

reduction fraction for rate of inadvertent human intrusion due to potash mining in the presence of
PICs (i.e., the mining rate is f/PICM A, in the presence of PICs)

length of time period {yr) over which the #; and &,,,,, are defined (i.e., 10,000 vr in analyses to show
compliance with 40 CFR 191.13)

distribution of drillbit diameters. Supplied by user-defined subroutine; initially define as a
triangular distribution with user-specified minimum, mode and maximum above and befow
repository; may be degenerate in 1996 WIPP PA (i.c., only one drillbit diameter in use)

distribution of borehole permeability. Supplied by user-defined subroutine; initially define as a log
triangular distribution with user specified minimum, mode and maximum above and below
repaository; may be degenerate (i.e., oniy one borehole permeability in use). In concept, ; could be
a time-dependent function with different vailues above and below the repository. See Tabie 3.3.

Generation of X, = [l,, pLisa,d kb, g b aa da kg, By ot Pas b Ons Gs Koy B t,,,,,,]

l.

Sample ¢ with a time dependent A4 given by

rgq (1)

0 if0<r<d A

JPICD »y iftd <t<t4+¢PICD

= Ay if > 14 + tPICD
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Table 3.2. Continued

The actual generation of r; and subsequent intrusion times is based on sampling the elapsed time between
intrusions as indicated in conjunction with Fig. 3.2 (see Table 3.4).

2. Sample p; with pPL(j)

3. Sample /; and b

31

iz

33

34

3.5

Use pR(f) to determine region in which intrusion occurs

Use pN(j,k) to determine node at which intrusion occurs

Use pB(j.k) to determine if intrusion penetrates pressurized brine

Increment counter nH{(iB(j, k)) if pressurized brine is penetrated and p; = 2 to provide count of number of

penetrations into each brine pocket (counter not incremented for p; = 1, 3, because of limited potential

for brine depletion with these plugging patterns)

Use pE(j,k) to determine if intrusion penetrates excavated area

3.5.1 Case l: Intrusion does not penetrate excavated area. Return to Step 1, generate new ¢; by using A4
() to sample elapsed time from initial #) 10 new # and repeat Step 2 (i.e., the initial ¢ is dropped
from consideration because it did not penetrate an excavated area in the repository)

3.5.2 Case 2: Intrusion penetrates excavated area

3.5.2.1 Assign /) integer identifier for node penetrated by drilling intrusion

3.5.2.2 Assign by as follows:

by 0 if p; = 1 (i.e., an intrusion that involves no iong term brine flow from the

repository to the Culebra due to iow borehole permeability)

It

1 if py =2, drilling intrusion penetrates brine pocket p, and nH{(p) < nDX(p) (i.e., an
E1 intrusion into brine pocket p that can resuit in brine flow to the repository)

2 if (1) py = 2, drilling intrusion penetrates brine pocket p, and nH(p) > nD(p), (2)
p1 = 2 and drilling intrusion does not penetrate brine pocket, or (3) p; = 3 (i.e.,
an E2 intrusion}

4. Sample a; with use of p#(j, k)

5. Sample d| with use of Dpp

6. Sample k; with use of Dp
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Table 3.2. Continued

7. Repeat Steps 1 - 6 to determine properties (i.e., t3, P2, I3, a2, da, ko, by) of 2M drilling intrusion

8. Continue until #;,; > M (e, 10,000 yr in analyses to show compliance with 40 CFR 191.13); the 15! n
intrusions define the drilling intrusions associated with X,

9. Sample 1,,;,; (see Table 3.4) with a time dependent A, given by
An () = 0 HO<t<IA

JPICM A, if1A <r<tA + tPICM

. iftA + tPICM < ¢

Notes

1. Include an option where t,;, is set to the largest integer multiple of 100 yr that is less than or equal to the
sampled value of 1,,,. That s, t,;, =100* AINT (zm,-,, / 100) as a FORTRAN assignment, where AINT is the

greatest integer functicn.

2. Check to see how hard it is to develop the input so that k; is always specified as a vector k; of time-dependent
values above and below the repository as indicated in the discussion for Dp above.

3. The distribution Dpy indicated in the text is defined by pPL(); Dy is defined by pR(j), pE()), pNE(j, k),
PNN(j, k); D4 is defined by pW{j, k); Dy is defined by pBE(j, k).

Table 3.3. Anticipated Definition of Dp for Use in 1996 WIPP PA. Under Option A in CCDFGF, the implications
of borehole permeability will be accounted for directly from the values assigned to p; (i.e., &; will not be
used). However, the permeability assignments indicated in this table will influence the details of the
BRAGFLO calculations performed to support the use of CCDFGF.

distribution of plug life expectancy at the Rustler/Salado interface (e.g., degenerate with a single

DPLp_s =
value of 200 yr)
DPLgs_¢ = distribution of plug life expectancy at the Salado/Castile interface (e.g., log triangular from 500 to
50000 yr with a2 mode at 5000 yr)
BHP = permeability (m?) of a sand-filled borehole
Algorithm to define Dp:

1. Use pPL{j) to define plugging pattern p; used with itb drilling intrusion (see Table 3.2 for definition of pPL(j))
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Table 3.3. Continued.

2. Assignment for p; = 1

3.

1x10°m? above Rustler/Salado interface for #; < 7 < t; + Atg_s, where Atg_g is randomly sampled
according to DFLg_¢

ki

= BHP above Rustler/Salado interface for t; + Atp_g < ¢

L

5% 10" m? below Rustler/Salado interface for 1; < ¢
Assignment for p; =2

1 x10%m? above and below seal at Rustler/Salado interface for f; < 7 < 1; + Atgp_g, where Afp_g is
randomly sampled according to DPLg_g

k;

1l

5% 1077 m?2 in seal at Rustler/Salado interface for; St < 1; + Atg_g

= BHP in entire borehole for r; + Afg_g <1< 1; + Atg_s + 1000 yr
= BHP above bottom of waste panel for ; + Atp_g + 1000 yr< ¢
= BHP/10 below bottom of waste panel for #; + Atg_g+ 1000 yr < ¢

4. Assignment for p; = 3. Same as in Step 3 but seal at Salado/Castile interface is assigned a value of 5 x 10717 m?

and assumed to last for a time period Arg_o, which is randomly sampled according to DPLg_» (with the
restriction that Atg_s < Atg )

Determination of Releases:

1.

p; = 1: Cuttings, blowout and spallings releases caiculated. Permeability in borehole is assumed to be
sufficiently low to prevent releases to the Culebra due to brine flow and also to affect the releases associated
with any subsequent intrusions (i.e., is same as no intrusion except for cuttings, blowout and spallings releases).

p; = 2: Standard case for which BRAGFLO calculations will be performed. All release modes considered.

p; = 3: Define to be same as E2 intrusion at time #;. Rationale is that the dominant character of an E1 intrusion
is the open borehole between the brine pocket and the waste panel for ¢; <t <1; + Arg_g; this condition will not
occur for p; = 3 because Atp_g < Atg_.
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Figure 3.3. Hypothetical example of specification of node properties.
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Table 3.4. Algorithm to Sample Time of a Drilling Intrusion with

W= fPICL fortd<i<td+(PIC

A=
“ {l fortd + tPIC <1

Sampile random number » from uniform distribution on [0, 1J. Then,
r=1—exp{—pAn)= An =[-In(i-r)}/ n
Two cases:
1.1 Iftd + At <A+ (PIC, then t; = 14 + A1y.
1.2 14 + Aty > 14 + tPIC, then sample new random r and determine new Az|:
r=1—exp(-AAfy )= At =[-In(l-r)]/ L.
Then, t; = td + tPIC + At;.

Repeat process to obtain fo. Two cases:

2.1 If#) <A +tPIC, then identical Step | except that ¢4 is replaced by ¢;, and the two cases are based on the

inequalities
H+ AL S4 +tPICand t + Aty > 1y + 1PIC.

2.2 If#y > t4 + tPIC, then identical to Step 1.2 except that 14 + tPIC is replaced by ¢

Repeat Step 2 to obtain 13, 44, ..., tp+]. Where 2,4 is the first time to exceed tM (=10000 yr). Then, t;, #5, ...

are the desired timnes.
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4. Construction of Releases to Accessible Environment for individual Futures

4.1 Mechanistic Results for Specific Futures

Each sampied future of the form indicated in Eqs. (2.2) and (3.1) will require the determination of a normalized

release to the accessible environment. Determination of this release corresponds to evaluation of the function 1 in

Eq. (2.3), which in tum requires evaluation of the programs in Fig. 2.2. Specifically, fis given by

f(xsr) = fC(x.ﬂ) + fBL[xst’ fB(xs.r)] * fSP[xs!s fB(xst )]
+ fueg[Xs fB(xst)] + fDL[xsn fa(Xse)]+ fs[xm fB(x.r:)]

+ fS—T{xsr,O’ Ss-r{Xs00 ) Snop-G{Xse f3(Xsr )]} @.1)

where

X

X510
fC (xsr )

¥/ B (xsr)

§/:%3 [x_g;, /B (xst )]

fSP[xsrv fB(xsl )]

JSus [xsr: /B (xsl )]

Toe[Xee S5 (Xs0))

f:?[xs! » fB(xsr )]

!

H

t

particular future under consideration,
future involving no drilling intrusions but a mining event at the same time £,,,,,, as in Xy,
cuttings release to accessible environment for X, calculated with CUTTINGS,

results calculated for X, with BRAGFLQ; in practice, fB(xﬂ) would be a vector

containing a large amount of information,

blowout release to accessible environment for X, calculated with a modified version of

BRAGFLO designated BLOWOUT; this calculation requires BRAGFLO resuits {i.e.,
F(%er)) s impu,

spailings release to accessible environment for X, calculated with the spallings model
contained in CUTTINGS; this calculation requires BRAGFLO results (i.e., fz(Xy)) as
input,

release through anhydrite marker beds to accessible environment for X, calculated with
NUTS; this calculation requires BRAGFLO results (i.e., fp(Xy)) as input,

release through Dewey Lakes Red Beds to accessible environment for X, calculated with

NUTS; this calculation requires BRAGFLO results (i.e., f3(Xs)) as input,

release to land surface due to brine flow up a plugged borehole for x,, calculated with

NUTS or PANEL; this calcuiation requires BRAGFLO results (i.e., fp(X,,))as input,
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fs-F(Xs0) ~ flow field calculated for X, o with SECO-FLOW,

Sx—p-G[Rst> fB(x,,)] ~ release to Culebra for X calcuiated with NUTS, PANEL and/or GRIDFLO as

appropriate; this calculation requires BRAGFLO results (i.e., f3 (x,,)) as input,

_f:g_]'{xs,’g, f:s'__}:‘(x“'o), fN_p_G[x,,, fB(xs,)]} ~ groundwater transport release through Culebra to accessible
environment calculated with SECO-TRANSPORT,; this calculation requires SECO-

FLOW results (ie., fS-F‘(xst,O)) and NUTS, PANEL and/or GRIDFLO results (i.e.,

fN_p_G[x_,.,, fB(xsr)]) as input; Xz is used as an argument to fg r because drilling

intrusions are assumed to cause nio perturbations to the flow field in the Culebra.

At present, releases to the accessible environment due to flow through the Dewey Lakes Red Beds (i.e.,
foL [x,,, Sa(Xss )]) and also long-term flow up an abandoned borehole (i.e., f_g[xﬂ, Tp(Xs )]) are anticipated to be

zero in the 1996 WIPP PA (i.e., there is no upward flow in a2 plugged and abandoned borehole above the Culebra).

Based on experience-from the SPM analyses, the Monte Carlo CCDF construction procedure indicated in
Eq. (2.3) and to be implemented by CCDFGF will require a sample size between 1000 and 10,000 (i.e., 1000 £ n§S <
10,000 in Eq. (2.3)). The individual programs in Fig. 2.2 do not run fast enough to allow this number of evaluations
of £ As aresult, it will be necessary to evaluate the programs in Fig, 2.2 for a limited number of futures and then to
use this limited number of evaluations to construct the releases for the large number of futures that must be

considered in Eq. (2.3).

Until the final assumptions for the 1996 WIPP PA are decided upon and preliminary calculations with these
assumptions are performed and analyzed, it is difficult to select an appropriate set of futures for evaluation with the
models in Fig. 2.2 and also to decide on appropriate ways to use these results to estimate the releases for additional
futures. However, to build and test the structure of CCDFGF, some assumptions have to be made about the
calculations that will be performed with the modeis in Fig. 2.2. Therefore, this chapter will assume that certain
calculated results with the models in Fig. 2.2 are available and then describe a way to use these results in the
evaluation of the function fin Eqgs. (2.3) and (4.1). Unfortunately, the possibility cannot be avoided that last minute
recoding of the manipulations described in this chapter may be required to make the most appropriate use of the

necessarily limited number of mechanistic calculations that will be performed.

For notational simplicity at later points in this presentation, the functions on the right hand side of Eq. (4.1) will
typically be written with only X, an argument (e.g., fpr (xs,) will be used instead of fBL[x,,, Ta(xy ] ). However,

the underlying dependency on the other arguments will still be present.
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4.2 Construction of Cuttings Releases

Cuttings releases will be constructed with results from the CUTTINGS program. Specifically, CUTTINGS will
provide the cross-sectional areas of drilling intrusions through CH- and RH-waste. These areas will then be
combined with the effective height of the waste and the concentration in individual waste streams to obtain cuttings

releases.

The information being supplied to CCDFGF for use in the calculation of cuftings releases is given in Table 4.1.

Further, the computational formulas used to determine the cuttings release (i.e., f(X,)) are given in Table 4.2.

4.3 Construction of Blowout Releases

Blowout releases will be constructed from brine releases (m>) to the surface obtained from a specialized
formulation of BRAGFLO, designated by the name BLOWOQUT, and radionuclide concentrations (EPA units/m3) in
brine calculated by PANEL. The results transferred to CCDFGF from BLOWOUT and PANEL are summarized in
Tables 4.3 and 4.4. Further, the computational formulas used to determine the blowout release (i.c., fp; (X, }) are

given in Table 4.5.

In practice, it may not be possible to perform BLOWOUT calculations for all the cases indicated in Table 4.3.
In this case, the calculations that are performed will have to be extended to give results for the cases for which

calculations are not performed. The manner in which this can be done is described in Table 4.6 and Fig. 4.1.

4.4 Construction of Spallings Releases

The construction of the spallings release f5p(X,,) is identical to that described in Sect. 4.3 for the calculation of
blowout releases except that volumes of solid material released will be used rather than volumes of brine. These

solid releases will be calculated with the spallings submodel of the CUTTINGS program.

The table of input values for spallings releases will be identical in structure to that shown in Table 4.3 for
blowout releases (i.e., to obtain the table of input values for the spallings calculation, simply modify Table 4.3 by
replacing the letters "BL" in the variable names with the letters "SP," replacing the word "blowout" with the word
"spallings"), and changing the release units from “m3 brine” to “m3 solids.” Further, similar modifications hold for
the computational formulas in Table 4.5 with the additional requirement that the dissoived concentrations (i.e.,
CAVGEOD(¢; ), CAVGE2D({(¢; ), CAVGEID(¢; )) be replaced by a concentration per unit volume of solid waste (i.e.,
CAVG(t; ) e DWS, where CAVG(s; ) is concentration in waste at time ¢, EPA units’kg, and DWS is the density of

the solid components of the waste, kg/m>; see Table 4.4).
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Table 4.1 Resulis from Baseline Inventory (BIR) and Calculations with CUTTINGS Transferred to CCDFGF for
Use in Determination of Releases Due to Cuttings Removal. The information in this table will repeat for
each element in a sample.

Results Transferred to CCDFGF

DBDIAM: Drillbit diameter (m) used in calculation of cuttings releases (e.g., 0.311 m ~ 12.25 in.)
NCH: Number of waste streams for CH waste (e.g., 569)

ACH: Cross-sectional area (m?) of waste removed by drilling intrusion through CH waste (calculated by
CUTTINGS)

HCH: Emplaced height (m} of CH waste (i.e., ACH « HCH equals volume of original (uncompacted) waste
removed by a drilling intrusion) (e.g., 3.96 m)

FCH: Fraction of volume removed by drilling intrusion through portion of repository containing CH waste that is
actually CH waste (e.g., 0.4; see Sect. 3.1.1, SAND92-0700/3)

PCH (ICH): Probability that a randomly sampled unit (i.e., drum) of CH waste will come from waste stream ICH,
ICH=1,2,...,NCH (Note: £, PCH(i}=1)

NTMCH: Number of times at which radionuciide concentrations are czleulated for CH waste (e.g,, 9)

TMCH (ITMCH): Times (yr) at which radionuclide concentrations are calculated for CH waste, ITMCH =1, 2, ...,
NTMCH (e.g., 100, 125, 175, 350, 1000, 3000, 5000, 7500, 10000 yr)

CCH (ICH, ITMCH): Radionuclide concentration (EPA units/m3, where EPA unit refers to the normalized
radionuclide unit defined in 40 CFR 1943) in CH waste stream ICH at time TMCH (ITMCH), ICH = 1, 2, ..., NCH
and ITMCH =1, 2, ..., NTMCH

NSMPCH: Number of waste streams intersected by a single drilling intrusion through CH waste (e.g., 3)

NRH, ARH, HRH, FRH, PRH (IRH), NTMRH, TMRH (ITMRH), CRH (IRH, ITMRH, NSMPRH): Same as
NCH, ACH, HCH, PCH (ICH), NTMCH, TMCH (ITMCH), CCH (ICH, ITMCH), NSMPCH but for RH waste

Conceptual Structure of Transfer File for One Sample Element

DBDIAM (e.g., 0.311 m)

NCH (e.g., 569)

ACH

HCH (e.g., 3.96 m)

FCH (e.g., 0.4)

PCH(ICH): ICH=1,...,NCH

NTMCH (e.g.. 9)
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Table 4.1 Continued

TMCH (ITMCH): ITMCH =1, ..., NTMCH (e.g., 100, 125, 175, 350, 1000, 3000, 5000, 7500, 10000)
CCH (ICH, ITMCH): (dITMCH =1, ..., NTMCH),ICH =1, ..., NCH

NRH (e.g., 1)

ARH (e.g., DBDIAM)

HRH (e.g., )

FRH (e.g.. 1)

PRH (IRH): [RH=1, ..., NRH

NTMRH (e.g., 9)

TMRH (ITMRH). ITMRH =1, ..., NTMRH (e.g., 100, 125, 175, 350, 1000, 3000, 5000, 7500, 10000)

CRH (IRH, ITMRH): (ITMRH=1, ..., NTMRH),IRH=1, ..., NRH

Table 4.2. Calculation of Cuttings Release f for an Arbitrary Future X,

Arbitrary future:
Xy = [tphoandy ki bty po, b, Gy, dy, kg, by, s by, Pas by Gy Dy Kons By i
Notation.c#,, = concentration (EPA units/m>) in waste stream ; at time t
_ |CCH{j. ) if @ ~ CHwaste
) {CRH(J‘, ;) if a; ~ RHwaste
v; = volume (m3) of waste removed by /# drilling intrusion

ACHHCH if a; ~ CH waste
~ |ARHHRH if a, ~ RH waste

JW, = fraction of removed volume that is waste ’ "\
FCH if g ~ CHwaste ‘\ }f;; \!
FRH if g, ~ RH waste \\-..__./

8 = drillbit diameter (m)
= DBDIAM
m({) = number of waste streams intersected by A drilling intrusion

NSMPCH if g; ~ CHwaste
NSMPRH  if a;, ~ RH waste
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Table 4.2. Continued

n{i) = number of waste streams associated with waste class (i.e., CH or RH) intersected by 7t drilling
intrusion
NCH if q; ~ CH waste
= |NRH if a; ~ RH waste

n; = probability of waste stream j for waste class (i.e., CH or RH) intersected by i drilling intrusion
PCH(j) if a; ~ CH waste
PRH(j) if a; ~ RH waste

integer randomly selected from 1, 2, ..., n(i) according to probabilities m;, j = 1, 2, ..., ng, for
r=1,2,....m(i)

Hir)

Evaluation of fo(X,):

cWi® =0 if a; ~ no waste
m(i) -
= z W jin |/ m@) if a; ~ CH or RH waste
r=l
fo(xgy) = 2 (¢; /5 W, v; cW;

2 Interpolation is impiied when a real value appears in an array rather than an integer. Thus,

. ) t; — TMCH() . .

CCH{j,1;)=CCH(j, 1)+ : CCH{j, 1+1}- CCH{J, )],

G-5) (1) [TMCH(!+1)-TMCH(I)][ (n1+1) G0
where [ is the largest integer such that TMCH({) < 1;. 'This notational convention will be used repeatedly to
simplify the description of computational procedures that require interpolation.

b Technically, j(i, r) is r.hc outcome of stochastic uncertainty (i.e., variation in the cuttings release due to random
variation in where the i* drilling intrusion occurs). Thus, j (i, 7) is actually part of the definition of a; discussed

in Chapt. 3. When viewed in this manner, a; becomes a vector of the form a; = [ai, jhryr=12, .., m(:)] .
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Table 4.3. Results from Calculations with BLOWQUT Transferred 10 CCDFGF for Use in Determination of
Releases Due to Blowout. The information in this table will repeat for each sample element.

Results Transferred to CCDFGF

NTMBLEOL: Number of times at which blowout releases are calculated with BLOWOUT for an EO (i.e., initial)
intrusion into the jower waste panel (e.g., 12)

TMBLEOL (ITM): Times (yr) at which blowout releases are calculated for an EO intrusion into the lower waste
panel, ITM =1, 2, ..., NTMBLEOQL (e.g., 100, 350, 1000, 2000, 3000, ..., 10000 yr)

RBLEOL (ITM): Blowout release (m? brine) for an EQ intrusion into the lower waste pane! at time TMBLEOL
(ITM), ITM =1, 2, ..., NTMBLEOL

NTMBLEOU, TMBLEOU, RBLEOU (ITM): Same as NTMBLEOL, TMBLEOL, RBLEOL (ITM) but for intrusion
into the upper waste panels

NTMBLE!S: Number of times at which initial E] intrusions (i.e., into pressurized brine in the Castiie Formation)
occur for use in calculation of blowout releases for second and subsequent intrusions into the same waste panel
(e.g., 7). See Fig. 4.1 for temporal structure of calculations for second intrusions into the repository.

TMBLEI1S (ITM1): Times (yr) at which initial E! intrusions occur for use in calculation of blowout releases for
second and subsequent intrusions into same waste panel, ITM1 =1, 2, ..., NTMBLEI!S (e.g., 100, 350, 1000, 3600,
5000, 7500, 10000 yr)

NTBLE1S2 (ITM1): Number of times at which a second intrusion into a waste panel occurs following an initial E1
intrusion into that panel at time TMBLE1S (ITM1), ITM1 =1,2, ..., NTMBLEIS (e.g., 13, 13,12,9,7,3, 1)

TMBLE1S2 (ITM1, ITM2). Times (yr} at which a2 second intrusion into a waste panel occurs following an initial
El intrusion into that panel at time TMBLE1S (ITM1), ITM2 =1, 2, ..., NTBLEIS2 (ITM1) and ITM1 =1, 2, ...,
NTMBLEIS (e.g., TMBLEIS(I) = 100 yr: 100, 300, 500, 1000, 2000, ..., 10000 yr; TMBLE1S(2) = 350 yr: 350,
550, 750, 1000, 3000, ..., 10000 yr; TMBLE1S(3) = 1000 yr: 1000, 1200, 1400, 2000, 3000, ..., 10000 yr;
TMBLEIS(4) = 3000 yr: 3000, 3200, 3400, 4000, 5000, ..., 10000 yr; TMBLE1S(5) = 7500 yr: 7500, 7700,
7900, 9000, 10000 yr; TMBLEIS(6) = 10000 yr: 10000 yr)

RBLE1S2 (ITM1 ITM2): Blowout release (m? brine) for a second intrusion into a waste panel at time TMBLE1S2
(ITM2, ITM1) that previously experienced an initial E1 intrusion at time TMBLE1S (ITM1), iITM2 =1, 2, ...,
NTBLE1S2 (ITM1) and ITM1 =1, 2, ..., NTMBLE1S

NTMBLE1D, TMBLEID (ITM1), NTBLEIDZ (ITM1), TMBLE1D2 (ITM1, ITM2), RBLEID2 (ITM1, ITM2):
Same as NTMBLE1S, TMBLEIS, NTBLE1S2 (ITM1), TMBLE1S2 (ITM1, ITM2), RBLE1S2 (ITM1, 1TM2)
except that the second intrusion is into a different waste panel than the first intrusion

NTMBLE2S, TMBLE2S (ITM1), NTBLE2582 (ITM1), TMBLE2S2 (ITM1, ITM2), RBLE2S2 (ITM1, ITM2),
NTMBLE2D, TMBLE2D (ITM1), NTBLE2D2 (ITM1), TMBLE2D2 (ITM1, 1TM2), RBLE2D2 (ITM1, ITM2):
Same as NTMBLE1S, TMBLEL1S (ITM1), NTBLE1S2 (ITM1), TMBLE1S2 (ITM1, ITM2), RBLE1S2 (ITMI1,
ITM2), NTMBLEID, TMBLEID (ITM1), NTBLEID (ITM1), TMBLE1ID2 (ITM1, ITM2), RBLEID2 (ITMI,
ITM2) except for an initial E2 intrusion (i.e., an intrusion that does not penetrate pressurized brine in the Castile
Formation) rather than an initial E1 intrusion
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Table 4.3. Continued

Conceptual Structure of Transfer File for One Sample Element

NTMBLEOL (e.g., 12)

TMBLEOL (ITM): ITM = 1, ..., NTMBLEGL (e.g., 100, 350, 1000, 2000, 3000, ..., 10000 yr)

RBLEOL (ITM): ITM =1, ..., NTMBLEOL

NTMBLEOU (e.g., 12)

TMBLEOU (ITM): ITM =1, ..., NTMBLEOU (e.g., 100, 350, 1000, 2000, 3000, ..., 10000 yr)

RBLEOU (ITM): ITM = 1, ..., NTMBLEOU

NTMBLEIS (e.g., 7)

TMBLE!S (ITM1): ITM1 =1, ..., NTMBLEIS (e.g., 100, 350, 1000, 3000, 5000, 7500, 10000 yr)

NTBLE1S2 (ITM1): ITM1 =1, ..., NTMBLEIS (e.g., 13, 13, 12,9, 7, 5, 1)

TMBLE1S2 (ITM1, ITME2): (ITM2 = 1, ..., NTBLEIS2 (ITM1), ITM] = 1, ..., NTMBLEIS (e.g., 100, 300,
500, 1000, 2000, ..., 10000 ; 350, 550, 750, 1000, 2000, ..., 10000; 1000, 1200, 1400, 2000, 3000, ..., 10000;
3000, 3200, 3400, 4000, 5000, ..., 10000; 5000, 5200, 5400, 6000, 7000, ..., 10000; 7500, 7700, 7900, 9000,
10000; 10000)

RBLE1S2 (ITMI, ITM2): (ITM2 = 1, ..., NTBLE1S2 (ITM1)), ITM1 = 1, ..., NTMBLEIS

NTMBLEID (e.g., 7)

TMBLEID (ITM1): ITM1 =1, ..., NTMBLEID (e.g., 100, 350, 1000, 3000, 5000, 7500, 10000 yr)

NTBLEID2 (ITM1): ITM1 =1, ..., NTMBLEID (e.g., 13, 13, 12,9, 7, 5, 1)

TMBLEID2 (ITM1, ITM2): (ITM2 = 1, ..., NTBLEID2 (ITM1), ITM1 = 1, ..., NTMBLEID (e.g., 100, 300,
500, 1000, 2000, ..., 10000 ; 350, 550, 750, 1000, 2000, ..., 10000; 1000, 1200, 1400, 2000, 3000, ..., 10000;
3000, 3200, 3400, 4000, 5000, ..., 10000; 5000, 5200, 5400, 6000, 7000, ..., 10000; 7500, 7700, 7900, 9000,
10000; 10000)

RBLE1D2 (ITM1, ITM2): (ITM2 = 1, ..., NTBLEID2 (ITM1)), ITM1 = 1, ..., NTMBLEID

NTMBLEZS (e.g., 7)

TMBLE2S (ITM1): ITMI = 1, ..., NTMBLE2S (e.g., 100, 350, 1000, 3000, 5000, 7500, 10000 yr)

NTBLE2S2 (ITM1): ITM1 =1, ..., NTMBLE2S (e.g., 13, 13,12,9,7,5, 1)
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Tabie 4.3. Continued

TMB-LEZSZ (ITM1,ITM2): (ITM2 =1, ..., NTBLE2S2 (ITM1), ITM1 = 1, ..., NTMBLE2S (e.g., 100, 300, 500,
1000, 2000, ..., 10000 ; 350, 550, 750, 1000, 2000, ..., 10000; 1000, 1200, 1400, 2000, 3000, ..., 10000; 3000.
3200, 3400, 4000, 5000, ..., 10000; 5000, 5200, 5400, 6000, 7000, ..., 10000; 7500, 7700, 7900, 9000, 10000,
10000}

RBLE2S2 (ITM1, ITM2): (ITM2 = 1, ..., NTBLE2S2 (ITM1)), ITM1 = I, ..., NTMBLE2S
NTMBLE2D (e.g., 7)

TMBLE2D (ITM1): ITM1 = 1, ..., NTMBLE2D (e.g., 100, 350, 1000, 3000, 5000, 7500, 10000 yr)

NTBLE2D2 (ITM1): ITMI =1, ..., NTMBLE2D (e.g,, 13, 13, 12,9, 7, 5, 1)

TMBLE2D2 (ITM1, ITM2): (ITM2 = 1, ..., NTBLE2D2 (ITM1), ITMI = 1, ..., NTMBLE2D (e.g., 100, 300,
500, 1000, 2000, ..., 10000 ; 350, 550, 750, 1000, 2000, ..., 10000; 1000, 1200, 1400, 2000, 3000, ..., 10000;
3000, 3200, 3400, 4000, 5000, ..., 10000; 5000, 5200, 5400, 6000, 7000, ..., 10000; 7500, 7700, 7900, 9600,
10000; 10000)

RBLE2D2 (ITMI, ITM2): (ITM2=1, ..., NTBLE2D2 (ITM1)), ITMI1 =1, ..., NTMBLE2D
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Pairs of drilling intrusions used in the calculation of biowout releases. Solid points (@) represent
calculations perforrned with BLOWOUT; open points (O) represent results constructed from BLOWOUT
calculations. Points in table correspond to pairs of times at which RBLE1S (ITM1, ITM2), RBLEID
{ITM1, ITTM2), RBLE2S (ITM1, ITM2) and RBLE2D (ITM1, ITM2) will be generated for use in CCDF
constructions.
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Table 4.4. Results from Calculations with PANEL Transferred to CCDFGF for Use in Determination of Releases
Due to Blowout and Spallings. The information in this table will repeat for each sample element.

Resuits Transferred to CCDFGF

NTMAVG: Number of times at which average radionuclide concentrations over the entire repository are calculated
(eg.,. 9

TMAVG (ITMA): Times (yr) at which average radionuclide concentrations are calculated, ITMA =1, 2, ...,
NTMAVG (e.g., 100, 125, 175, 350, 1000, 3000, 5000, 7500, 10000 yr)

CAVG (ITMA): Radionuclide concentration (EPA units/kg) in repository averaged over all waste streams at time
TMAVG (ITMA), ITMA = 1, 2, ..., NTMAVG

DWS: Density (kg/m?) of the solid components of the waste. Product of CAVG (ITMA) and DWS gives
radionuclide concentration (EPA units/m3) in solid material removed in a spaliings release at time TMAVG (ITMA)

CAVGEOD (ITMA): Dissolved radionuclide concentration (EPA units/m3) in repository averaged over all waste
streams under EQ (i.e., undisturbed) conditions at time TMAVG (ITMA), ITMA =1, 2, ..., NTMAVG

CAVGEID (ITMA): Dissolved radionuclide concentration (EPA units/m?) in repository averaged over all waste
streams at time TMAVG (ITMA) subsequent to an E1 intrusion, ITMA =1, 2, ..., NTMAVG

CAVGE2D (ITMA): Same as CAVGEILD but for an E2 intrusion

Conceptual Structure of Transfer File for One Sample Element

NTMAVG (e.g.. 9)

TMAVG (ITMA): ITMA = 1, ..., NTMAVG (e.g., 100, 125, 175, 350, 1000, 3000, 5000, 7500, 10000)
CAVG (ITMA): ITMA = 1, ..., NTMAVG

CAVGEOD (ITMA): ITMA =1, ..., NTMAVG

CAVGEID (ITMA): ITMA = 1, ..., NTMAVG

CAVGE2D (ITMA): ITMA = 1, ..., NTMAVG

35



Table 4.5. Calculation of Blowout Release fgy for an Arbitrary Future X,

Arbitrary future:
X, = [ftaP]-Zi»ai,dl-kl-bl'fz-Pz-lz'az-dz-kzsbz- ""‘tn’pn'[n-an-dn’kmbn’tmin]

Release rBL, for intrusion into a pressurized repository (i.e,i=lorb;=0forj=1,2, .., i- 1)

rBL; = 0 if ; not in waste panel or g; ~ no or RH waste
= VBLEOU(;,} CAVGEOD(y;) if /; in upper waste panels
= VBLEOL(f;) CAVGEOD(r;) if ;; in lower waste panels

Release rBL; for M intrusion into a depressurized repository with no E1 intrusion in first i~1 intrusions (i.e., by = 0

fork=1,2,....j-Lbj=2 b= lfork=j+1,j+2,..,i-1)

rBL; = O if ; not in a waste panel or a; ~ no or RH waste

VBLE2S2(1;. 1 )b CAVGE2D(1;)  ifl;,I; in same waste panel

VBLE2D2(: i r,-) CAVGE2D(;;) if I, I; in different waste panels

Release rBL; for # intrusion into a depressurized repository with first E1 intrusion at time #; <7; (i.e., b = 1 for
k=1,2,..,j=-1.b=1)

rBL; = 0 if I; not in a waste panel or g; ~ no or RH waste

VBLE1S2(1;.;) CAVGEID(;)  ifl;,; in same waste panel

VBLEID2(t;, ;) CAVGEID(;)  ifl;; in different waste panels

Set criterion for terminating blowout release:

nMX = n No termination criterion, use blowout releases from all intrusions

min {nBL, n} Terminate after first nBL intrusions

min {nE1 + nBL,n} Terminate after first nBL intrusions following initial E1 intrusion at time
thEl

min {nP, n} Terminate after first intrusion time ¢,p at which the borehole permeability
k,p exceeds a specified value

Evaluation of fp; (X, ): P
nMXx

fBL(xst) = z rBL;

i=]

3 Here and eisewhere, appearance of a real quantity as an array subscript implies interpolation (see Table 4.2).
b Here and elsewhere, appearance of two real quantities as array subscripts implies two dimensional interpolation.
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Table 4.6. Extension of Limited Number of BLOWOUT Calculations to Obtain Results in Table 4.3.

Anticipated Blowout Calculations for 1996 WIPP PA

Initial (i.e., EO) intrusion into lower waste panel at 100, 350, 1000, 2000, 3000, ..., 10000 yr. Defines RBLEOL
(ITM), ITM=1,2, ..., 12

Initial (i.e., EO) intrusion into upper waste panel at 100, 350, 1000, 2000, 3000, ..., 10000 yr. Defines RBLEOU
(ITM), ITM=1,2,..., 12

Initial E1 intrusion at 350 yr foliowed by infrusion into same waste panel at 550, 750, 1000, 2000, 3000, ...,
10000 yr. Defines RBLEI1S (2, ITM2), I[TM2=2,3, ..., 13

Initial E1 intrusion at 350 yr followed by intrusions into different waste panel at 550, 750, 1000, 2000, 3000, ...,
10000 yr. Defines RBLE2D (2, ITM2), ITM2=2,3, ..., 13

Initial E1 intrusion at 1000 yr followed by intrusion into same waste panel at 1200, 1400, 2000, 3000, ..., 10000 yr.
Defines RBLEIS (3, ITM2), ITM2=2,3, ..., 12

Initial E1 intrusion at 1000 yr foliowed by intrusion into different waste panel at 1200, 1400, 2000, 3000, ...,
10000 yr. Defines RBLEID (3, ITM2), ITM2=2,3, ..., 12

Same results calcuiated for intrusions subsequent to an E2 intrusion (i.e., RBLE2S (2, ITM2), RBLE2D (2, ITM2),
RBLE2S (3, ITM2), RBLE2D (3, ITM2))

Extension of Calculated Results (See Fig. 4.1)

1. For initial intrusions at 350 and 1000 yr, assign same value for second intrusion at Ar = 0 yr as for second
intrusion at Af = 200 yr.

2. For initial intrusion at 100 yr, assign value for second intrusion by interpolating on At for initial intrusion at
350 yr; value for Ar= 9900 yr requires extrapolation.

3. For initial intrusion at 3000, 5000, 7500 and 10000 yr, assign value for second intrusion by interpolating on At
for initial intrusion at 1000 yr.

As for blowout calculations, the number of cases for which calculations can be performed will be less than the
number of cases indicated in Table 4.3. Thus, it wili be necessary to use the extension procedures described in

Table 4.6 and Fig. 4.1.

4.5 Radionuclide Transport Away from Repository by Flowing Brine

The information from calculations with NUTS and PANEL that will be transferred to CCDFGF for use in the

estimation of radionuclide transport away from the repository by flowing brine is listed in Table 4.7.

ya
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Table 4.7. Results from Calculations with NUTS and PANEL Related to Radionuclide Transport Away from the
Repository by Flowing Brine Transferred to CCDFGF. The information in this tabie will repeat for each
sample element

Results Transferred to CCDFGF

NDCHAIN: Number of decay chains (e.g., 3)
NMBR (ICH): Number of elements in decay chain ICH, ICH =1, 2, ..., NDCHAIN (e.g., I, 1, 2)

RDECAY (ICH, IMBR): Decay constant (yr~!) for element IMBR of decay chain ICH, IMBR = 1, 2, ..., NMBR
(ICH)and ICH=1,2, ..., NDCHAIN (e.g., _,_ .,_,_) :

CNVRTCM (ICH, IMBR): Conversion factor from curies to moles (mole/Ci) for element IMBR of decay chain
ICH,IMBR=1,2, .., NMBR(ICH)and ICH=1,2,...,NDCHAIN (e.g., _,_, ., )

CNVRTKM (ICH, IMBR): Conversion factor from kilograms to moles {mole/kg) for element IMBR of decay
chain ICH, IMBR = 1,2, .., NMBR (ICH}and ICH=1,2, ..., NDCHAIN(e.g., _, ,_ . )

NMDCMBR (ICH, IMBR}: Name of member IMBR of decay chain ICH, IMBR = 1, 2, ..., NMBR (ICH) and ICH
=1,2,...,NDCHAIN (e.g., Pu-239, Am-241, U-234, Th-230)

RLIMIT (ICH, IMBR): EPA release iimit (Ci) for element IMBR of decay chain ICH, IMBR =1, 2, ..., NMBR
(ICHYand ICH =1, 2, ..., NDCHAIN (e.g., 100, 100, 100, 10 Ci)

TOTINV: Total inventory (Ci) of a-emitting radienuclides placed in repository with halflives greater than 20 yr
(e.g., 4.07 x 106 Ci)

NCOLSP: Number of colloid species (e.g., 4)

FRDCLEO (ICOL, ICH, IMBR): Fraction of element IMBR of decay chain ICH attached to colloid specie ICOL
for undisturbed (i.e., E0O) conditions, IMBR = 1,2, ..., NMBR (ICH), ICH =1, 2, ..., NDCHAIN and ICOL = 1, 2,
..., NCOLSP

FRDCLEI! (ICOL, ICH, IMBR), FRDCLE2 (ICOL, ICH, IMBR): Same as FRDCLEO (ICOL, ICH, IMBR) except
for E1 and E2 intrusions, respectively

NTMRELEC: Number of times used to define intervals over which releases from the repository under undisturbed
(i.e., E0) conditions due to brine flow are recorded (e.g., 198)

TMGWRPEQ (ITM): Times (yr) used to define intervals over which releases from the repository under undisturbed
(i.e., EO) conditions due to brine flow are recorded, ITM = 1, 2, ..., NTMRELEO (e.g., 100, 150, 200, ..., 9950,
10000)

RCGWRPEQ (ICH, IMBR, ITM): Cumulative release (kg) of element IMBR of decay chain ICH from the
repository to the Culebra under undisturbed (i.e., EQ) conditions through time TMGWRPEQ (ITM) due to brine
flow, ITM=1,2, ..., NTMRELEO, IMBR =1, 2, ..., NMBR (ICH) and ICH = 1, 2, ..., NDCHAIN

RAGWRPEO (ITM): Cumulative release (EPA units) of all radioactive species from the repository to the accessible
environment under undisturbed (i.e., E0) conditions through time TMGWRPEO (ITM)} due to brine flow in the
anhydrite marker beds, ITM =1, 2, ..., NTMRELEO
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Table 4.7. Continued

NTME!: Number of times at which calculations for E] intrusions are performed (e.g., 7)

TME! (ITME1): Times (yr) at which calculations for El intrusions are performed, ITMEI =1, 2, ..., NTME]
(e.g., 100, 350, 1000, 3000, 5000, 7000, 9000 yr)

NTMRELE1 (ITME1): Number of times used to define intervals over which releases from the repository are
recorded for an E1 intrusion at time TME1 (ITME1), ITME1 =1, 2, ..., NTME! (e.g., 198, 193, 180, 140, 100, 60,
20)

TMGWRPE1 (ITMEL, ITM):. Times (yr) used‘ to define intervals over which releases from the repository due to
brine transport are recorded for an E1 intrusion at time TME] (ITME1), ITME1 =1, 2, ..., NTME1 and ITM = 1,
2, ..., NTMRELEI (ITME1)}

RGWRPEI] (ITME1, ICH, IMBR, ITM): Cumulative release (kg) of element IMBR of decay chain ICH from the
repository to the Culebra through time TMGWRPE1 (ITMEL, ITM) due to brine flow for an El intrusion at time
TME1 (ITME1}, ITM = 1, 2, ..., NTMRELE] (ITMEIl), IMBR = 1, 2, ..., NMBR (ICH), ICH = I, 2, ...,
NDCHAIN, and ITMEl =1, 2, ..., NTME]

RAGWRPE] (ITMEL, ITM): Cumulative release (EPA units) from the repository to the accessible environment
through time TMGWRPE] (ITME1, ITM) due to brine flow in the anhydrite marker beds for an El intrusion at
time TME1 (ITME1), ITME1=1,2, ..., NTMEl and ITM = 1, 2, ..., NTMRELE1 (ITME )

NTME2, TME2 (ITME2), NTMRELE2 (ITME2), TMGWRPE2 (ITME2, ITM)}, RCGWRPE2 (ITME2, ICH,
IMBR, ITM), RAGWRPE2 (ITME2, ITM): Same as NTME!, TME1 (ITME1l), NTMRELE1 (ITME}),
TMGWRPE! (ITME{, ITM), RCGWRPEI {ITME]I, ICH, IMBR, ITM}), RAGWRPE1 (ITME1, ITM) but for an
E2 intrusion in place at time TME2 (ITME2)

NTME!2, TMEI12 (ITME12), NTMRELE12 (ITME12), TMGWRPE12 (ITME12, ITM), RCGWRPE12 (ITME12,
ICH, IMBR, ITM), RAGWRPE12 (ITMEI2, ITM): Same as NTMEI, TME] (ITME1), NTMRELE1 (ITME1),
TMGWRPEI (ITME!, ITM), RCGWRPE] (ITMEI, ICH, IMBR, ITM), RAGWRPEI (ITME1, ITM) but for an
E1E2 intrusion in place at time TME12 (ITME12)

Conceptual Structure of Transfer File for One Sample Element

NDCHAIN (e.g., 3)
NMBR (ICH): ICH=1, ..., NDCHAIN (e.g., 1, 1,2)

NMDCMBR (ICH, IMBR): (IMBR = 1, ..., NMBR (ICH)), ICH = 1, ..., NDCHAIN (e.g., Pu-239, Am-241,
U-234, Th-230)

RDECAY (ICH, IMBR): (IMBR =1, ...,NMBR (ICH)), ICH=1,..,NDCHAIN (e.g., __,__, ., )
CNVRTCM (ICH, IMBR): (IMBR = 1, ..., NMBR (ICH)), ICH=1, ..., NDCHAIN (¢.g., __,__, ., )

RLIMIT (ICH, IMBR): (IMBR =1, ..., NMBR (ICH)), ICH = 1, ..., NDCHAIN (e.g., 100, 100, 100, 100 Ci)

39



Table 4.7. Continued

TOTINV (e.g., 4.07 x 108 Ci)
NCOLSP (e.g., 4)

FRDCLEG (ICOL, ICH, IMBR): ((]MBR =1, ..., NMBR (ICH)), ICH
NCOLSP

1, ..., NDCHAIN), ICOL = 1, ..,

FRDCLE] (1COL, ICH, IMBR). ((IMBR = 1, ..., NMBR (ICH)), ICH
NCOLSP

1, ..., NDCHAIN), ICOL =1, ...,
FRDCLE2 (ICOL, ICH, IMBR): ((IMBR = 1, ..., NMBR (ICH)), ICH = 1, ..., NDCHAIN}, ICOL = I, ..,
NCOLSP

NTMRELED {(c.g., 198)

TMGWRPEQ (ITM): ITM = 1, ..., NTMRELE( (e.g., 180, 150, 200, ..., 9950, 10000)

RCGWRP (ICH, IMBR, ITM): ((ITM = 1, ..., NTMRELE®O), IMBR = 1, ..., NMBR (ICH), ICH = 1, ..,
NDCHAIN - -

RAGWRPEO (ITM): ITM =1, ..., NTMRELEO

NTMEI (e.g., 7)

TMEI1 (ITME1): ITME] =1, ..., NTMEI (e.g., 100, 350, 1000, 3000, 5000, 7000, 9000)

NTMRELE] (!TMEI1): ITME1 =1, ..., NTME1 (e.g., 198, 193, 180, 140, 100, 60, 20)

TMGWRPEL (ITMEL, ITM): (ITM =1, ..., NTMRELEI (ITME1), ITME1 =1, ..., NTMEI {(e.g.,, TTMEl =1 ~
100 yr: 100, 150, 200, ..., 9950, 10000; ITME1 =2 ~ 350 yr: 350, 400, 450, ..., 9950, 10000, ...; ITME1 =7 ~
9000 yr: 9000, 9050, 9100, ..., 10000}

RCGWRPEI (ITME1, ICH, IMBR, ITM): (({(ITM =1, ..., NTMRELEI (ITME1)), IMBR = 1, ..., NMBR (ICH)),
ICH =1, ..., NDCHAIN), ITMEIi =1, ..., NTME]

RAGWRPEI (ITMEI, ITM). (ITM = 1, ..., NTMRELEI (ITME1)), ITMEI = 1, ..., NTMEI
NTME2 (e.g., 7)

TME2 (ITME2): ITME2 = 1, ..., NTME2 (e.g., 100, 350, 1000, 3000, 5000, 7000, 9000)
NTMRELE2 (ITME2): ITME2 = 1, ..., NTME2 (e.g., 198, 193, 180, 140, 100, 60, 20)

TMGWRPE2 (ITMEZ2, ITM): (ITM = 1, ..., NTMRELE2 (ITME2)), ITME2 = 1, ..., NTME2 (e.g., see
TMGWRPEI)
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Table 4.7. Continued

RCGWRPE2 (ITME2, ICH, IMBR, ITM): (((ITM = 1, ..., NTMRELE2 (ITME2)), IMBR = 1, ..., NMBR (ICH)),
ICH =1, ..., NDCHAIN), ITME2 = 1, ..., NTME2

RAGWRPE2 (ITME2, ITM): (ITM = 1, ..., NTMRELE2 (ITME2)), ITME2 = 1, ..., NTME2
NTMEi2 (e.g., 7)

TME12 (ITMEI2): ITME2 = 1, ..., NTMEI2 {e.g., 100, 350, 1000, 3000, 5000, 7000, 9000)
NTMRELEI2 (ITMEI2): ITME2 = 1, ..., NTMEI2 (e.g., 198, 193, 180, 140, 100, 60, 20)

TMGWRPEIZ (ITME2, ITM): (ITM = 1, ..., NTMRELEIZ (ITME2)), ITMEIZ = 1, ..., NTMEI2 (e.g., see
TMGWRPEI)

RCGWRPEI2 (ITME12, ICH, IMBR, ITM): ((ITM =1, ..., NTMRELEI2 (ITME12)), IMBR = 1, ..., NMBR
(ICH)), ICH = 1, ..., NDCHAIN), ITME12 =1, ..., NTME12

RAGWRPEI2 (ITME12, ITM): (ITM =1, ..., NTMRELE12 (ITME12)), ITME12 = 1, ..., NTMEI2

Two options will be availabie for the construction of releases from the repository to the Culebra by flowing
brine. The first option, Option A, is based on algebraic manipulation of results from NUTS and/or PANEL for all

patterns of drilling intrusions, including E1E2 intrusions. This construction procedure is described in Table 4.8.

The second option, Option GF, will invoive the use of the GRIDFLO model to caiculate brine flow and
radionuclide transport in the repository and to the Culebra in the presence of E1E2 intrusions. The GRIDFLO
option is intended for use when the repository is brine saturated and a constant or slowly changing potential is
present that controls brine flow. Such conditions could exist subsequent to the penetration of a large, slowly
depressurizing brine pocket or possibly in the presence of conditions that involve U-tube flow from the Culebra, to
the repository, and then back to the Culebra. When the GRIDFLO option is selected, rE12(tE12,,,, j, &, #) in
Table 4.8, which estimates radionuclide release in the presence of an E1E2 intrusion, is replaced by a calcuiated
release obtained from use of GRIDFLO. Otherwise, the overail computational structure in Table 4.8 remains
unchanged. The details of GRIDFLO are described in Chapt. 5.

4.6 Radionuclide Transport Through Anhydrite Marker Beds

Release through the anhydrite marker beds is based on calculations performed with NUTS. The relevant
transport results calculated by NUTS are listed in Table 4.7. Then, the actual release for an arbitrary future X, is

constructed with the procedure described in Table 4.9.
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Table 4.8. Construction of Radionuciide Releases into the Culebra Dolomite Without Use of GRIDFLO for an

Arbitrary Future X,
Arbitrary future:
Xy = (oo ha,d, kb0, P b gy dy, ky, by, by Pyl Gy s Ry B )
Notation:
nP = number of waste panels
ni(p) = number of drilling intrusions into waste panel p, p=1, 2, ..., nP
t,; = time (yr) of M drilling intrusion into waste panel p, i=1,2, ..., nl(p), p= 1,2, ..., nP
nEIl(p) = number of El intrusions into waste panel p (i.e., intrusions for which 4,= 1)
nE2(p) = number of E2 intrusions into waste panel p (i.e., intrusions for which 5; = 2)
nE12(p) = number of E1E2 mtrusions into waste panel p, (see t£12,, below)
tEl, = time (yr) of A" El intrusion into waste panel p, j = 1,2, ..., nE1(p)
1E2,; = time (yr) of /M E2 intrusion into waste panel p, j =1, 2, ..., nE2(p)
tE12,; = time (yr) of 15t E1E2 intrusion into waste panel p (i.c., time when two or more drilling intrusions
have penetrated waste panel p, of which at jeast one encounters pressurized brine in the Castile
Formaticn; the relevant intrusions must have b; = 1 or 2; intrusions for which b; = 0 are not
considered for detenmining long term releases from the repository to the Culebra)
1E12,; = time (y7) of each El intrusion (i.e., b; = 1) into waste panel p subsequent to ¢tE12,,, /=2, 3, ...,
nE12(p) (ie., tEly;, j=2,3, ..., nEX(p) if 1E12,) <tElp; and tEl,, j =3, 4, ..., nE1(p) if tE12p;
=tEl;)
rEO(, k, ) = cumulative release (kg) of element k of decay chain j from the repository to the Culebra under

rEV(i, j, kD

rE2(i, j, k, )

rE12(i, j, k, D)

nC

undisturbed (i.e., EQ) conditions through time / due to brine flow (= RCGWRPED (j, £, 1)

cumulative release (kg) of element k of decay chain j from the repository to the Culebra from time
i to time { due to brine flow with an E1 intrusion occurring at time  (FRGWRPE1 (i, j, k, ))

cumuiative release (kg) of element £ of decay chain j from the repository to the Culebra from time
i to time / due to brine flow with an E2 intrusion occurring at time i (=RGWRPE2 (i, j, k, I))

cumulative release (kg) of eiement & of decay chain j from the repository to the Culebra from time
i to time / due to brine flow with an E1E2 intrusion occurring at time / (=RGWRPEI2 (i, j, k. 1))

number of colloid species (= NCOLSP)
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Table 4.8. Continued

SCEO(s, j, k) = fraction of element k of decay chain ;j attached to colloid specie s under undisturbed (i.e., E0)
conditions

JCEI(s, j, ®), fCE2(s, j, k): same as fCEOQ(s, j, k) but for conditions subsequent to E1 and E2 intrusions, respectively
Cumulative release to Culebra:

cRDp(j, k,t) = cumulative dissolved release (kg) to Culebra through time ¢ of element & of decay chain j from

waste panel p

0 iftSIpl

nC
= [1- Z FCEN(s, j, k)} rEl(tp], ik, x) if tElyy =ty <1< 85

s=1

nC
= 1= fCE2As;, k)} rE2(tp1, s k. 1) if 1E25) = tp) <1< (El

s=1

nC
= 1= fCENs. ), k)] PE\2(E12 pm, jo ki t) i 1E12pm <t SE12p ety m = 1,2, ..., E12(p)

s=1

cRD{j, k, ) = cumulative dissolved release (Ci) from repository to Culebra through time ¢ of element % of decay

chain j

n

nC
[1 = fCENs, ), k)] rEO(j, k, f) ift<z

5=l

nP
Y, eRD,(j, k. 1) if1> 1

p=l

cRCy(s, J, k, 1) = cumuiative release (kg) from waste panel p to Culebra through time # of element k of decay

chain / sorbed to colloid specie 5

=0 ifrse,

JCEA(s, j, k) rENtp, j, k. 1) if tElp = tp) <1<ty

(M
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Table 4.8. Continued

fCE2(s, j, k) rE2(t,, j. k. 1) if tE2,) = 1) <t <1Elp,

SCEN(s, j, k) rE12((E12 p, . Ky 1) Af1E12pm <t <UE12p may, m= 1,2, ..., nE12(p)

cRC(s, j, k, f) = cumulative release (kg) from repository to Culebra through time ¢ of element & of decay chain
J sorbed to colloid specie s

= fCEO(s,j, k) rEOG, k1) ift<y
nP

= Y cRCy(s. j, k,1) ift>1
p=1

Table 4.9. Calculation of Anhydrite Marker Bed Reiease fy;z for an Arbitrary Future X,

Arbitrary future:

Xy = [hprdandi kb, t, prh.ao.dy ko, by by, s bs Gy Ay Fog bs foun]

Notation:
tEl = time (yr) of first El intrusion (i.e., first intrusion for which &, = 1)
tE2 = time (yr) of first E2 intrusion (i.e., first intrusion for which &; = 2)
rAE0(7y = cumulative release (EPA units) of all radioactive species from the repository to the accessible
environment under undisturbed (i.e., E0) conditions through time / due to brine flow in the
anhydrite marker beds (= RAGWRPEGX()))
rAE1(i, ) = cumulative release (EPA units) of all radioactive species from the repository to the accessible

environment between time [ and time / with an E1 intrusion at time i due to brine flow in the
anhydrite marker beds (= RAGWRPEI(i, /))

rAE2(i,Iy.  same as rAE1(i, 7) but for an E2 intrusion (= RAGWRPE2(;, /)

Evaluation of fMB(xs:)'- ff" .
Jus(Xs) = rAE0 @)

+ rAE2(1E2, min {tE1, tM}) if tE2 < (E1

+rAE1(EL, (M) iftE1 <M




4.7 Radionuclide Transport Through Dewey Lakes Red Beds

At present, it is anticipated that there will be no significant transport through the Dewey Lakes Red Beds to the
accessible environment. If such transport is observed to occur, it can be estimated as described in Sect. 4.6 or 4.9

depending on the level of resolution at which the modeling is done (i.e., with NUTS or SECO-TRANSPORT).

4.8 Radionuclide Transport Through Abandoned Borehole to Surface

At present, it is anticipated that there will be no radionuclide transport through abandoned boreholes to the
surface. The transport referred to here is due to long-term brine flow through an abandoned (typicaliy plugged)
borehote, and is distinct from the blowout release considered in Sect. 4.3, which occurs through an open borehole at
the time of drilling. If transport through abandoned bereholes is observed to occur, it can be estimated as described

in Sect. 4.6 with results obtzined from NUTS.

4.9 Radionuclide Transport Through Culebra Dolomite

Release through the Culebra Dolomite is based on caiculations performed with the SECO-TRANSPORT model.
Due to the linearity of the system of partial differential equations that underlies SECO-TRANSPORT (see Apps. A
and B), it is possible to evaluate transport results for unit releases into the Culebra and then use these results to

censtruct transport releases for arbitrary time-dependent releases into the Culebra.

The information transferred to CCDFGF for use in the construction of Culebra transport results is listed in

Table 4.10. Further, the actual construction procedures are given in Table 4.11.

4.10 CCDF Construction

A sequence Xy ,, i = 1, 2, ..., nS of futures will be sampled as indicated in Table 3.2. At present, it is anticipated
that a sample size between »S = 1000 and nS = 10000 will be adequate to construct a CCDF for comparison with the
boundary line specified in 40 CFR 191.13. A normalized release f{x,,,) for each future will then be constructed as
described in Sects. 4.1 - 49. Once the f(x,,,,) are evaluated, the CCDF in Fig. 2.1 can be approximated as
indicated in Eq. {(2.3). In practice, a binning technique can be used to construct the desired CCDF (i, the
consequence axis is divided into a sequence of bins and the number of values for f| (X,,,,‘) falting in each bin is

accumuiated); this avoids having to save and subsequently order 2l values for f (x_,,_,-).

In addition to the CCDF in Fig. 2.1 over all release modes (see Eq. (4.1)), it will be possible to obtain CCDFs
for individual release modes (e.g., cuttings, spallings, blowout, to Culebra, through marker beds, through Culebra).
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Table 4.10. Results from Calculations with SECO-TRANSPORT Transferred to CCDFGF for Use in Determination
of Releases Due to Groundwater Transport in the Culebra Dolomite. The information in this table will
repeat for each sample element

Results Transferred to CCDFGF

NDCHAIN: Number of decay chains (e.g., 3)
NMBR, (ICH): Number of elements in decay chain ICH, ICH=1, 2, ..., NDCHAIN (e.g, 1, 1, 2)

RDECAY (ICH, IMBR): Decay constant {yr—V) for element IMBR of decay chain ICH, IMBR = 1, 2, ..., NMBR
(ICH)and ICH=1,2, ..., NDCHAIN(e.g., _, ,_,_)

CNVRTKM (ICH, IMBR): Conversion factor from kg to moles (mole/kg) for element IMBR of decay chain ICH,
IMBR=1,2,...,NMBR(ICH)and ICH= 1, 2, ..., NDCHAIN (e.g., _, ,_ . )

CNVRTKC (ICH, IMBR): Conversion factor from kg to Ci (Ci’kg) for element IMBR of decay chain ICH, IMBR
=12,.. ., NMBR{ICHyand ICH=1,2, ..., NDCHAIN(e.g., . _, ., )

NMDCMBR (ICH, IMBR): Name of member IMBR of decay chain ICH, IMBR = 1, 2, ..., NMBR (ICH) and ICH
=1, 2, ..., NDCHAIN (e.g., Pu-239, Am-241, U-234, Th-230)

RLIMIT (ICH, IMBR): EPA release limit (Ci) for element IMBR of decay chain ICH, IMBR =1, 2, ..., NMBR
(ICH) (e.g., 100, 100, 100, 100 Ci)

TOTINV: Total inventory (Ci) of a-emitting radionuclides placed in repository with halflives greater than 20 yr
(e.g., 4.07 x 106 Ci)

NCOLSP: Number of colloid species (e.g., 4)

NTMGWTP: Number of times used to define intervals over which result of unit radionuclide release to the Culebra
Doloruite is calculated (e.g., 198)

TMGWTR (ITM}: Times that define intervais over which result of unit radionuclide reiease to the Culebra
Dolomite is calcuiated (e.g., 100, 150, 200, ..., 9950, 10000 yr)

RRADAEU (ICH, IMBR, IDCND, ITM): Release (kg) to accessible environment for element IDCND of decay
chain ICH due to a 1 kg dissolved release of element IMBR of decay chain ICH into the Culebra at the repository
during time interval ITM (ie., from TMGWTR (ITM) to TMGWTR (ITM + 1)) and subsequent transport under
undisturbed (i.e., unmined) conditions, ITM = 1, 2, ..., NTMGWTP, IDCND = IMBR, IMBR + |, ..., NMBR
(ICH), IMBR =1, 2, ..., NMBR (ICH), and ICH =1, 2, ..., NDCHAIN (Note: IDCND counts over element IMBR
of decay chain ICH and all of its daughters, i.e., to the end of decay chain ICH)

RRADAEM (ICH, IMBR, IDCND, ITM}: Same as RRADAEU (ICH, IMBR, IDCND, ITM) but for radionuclide
transport in the Culebra under disturbed (i.e., mined) conditions rather than undisturbed conditions

RCOLAEU (ICOL, ITM): Cumulative release (kg) to accessible environment through time TMGWTR (ITM) of
colioid specie ICOL due to a 1 kg release of colloid specie ICOL into the Culebra at time TMGWTR (1) and
subsequent transport under undisturbed conditions, ITM =1, 2, ..., NTMGWTR and ICOL =1, 2, ..., NCOLSP
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Table 4.10. Continued

RCOLAEM (ICOL, ITM): Same as RCOLAEU (ICOL, ITM) but for colloid transport in the Culebra under
disturbed (i.e., mined ) conditions rather than undisturbed conditions

Conceptual Structure of Transfer File for One Sample Element

NDCHAIN (e.g., 3)
NMBR (ICH): ICH =1, ..., NDCHAIN (e.g., 1, 1,2)

NMDCMBR (ICH, IMBR): (IMBR = 1, ..., NMBR (ICH)), ICH = 1, ..., NDCHAIN (¢.g., Pu-239, Am-241,
U-234, Th-230)

RDECAY (ICH, IMBR): (IMBR =1, ..., NMBR (ICH)), ICH=1, ..., NDCHAIN (e.g., . ., __. )
CNVRTKM (ICH, IMBR). (IMBR=1, ..., NMBR (ICH), ICH=1, .., NDCHAIN(eg.. . ,_ .
CNVRTKC (ICH, IMBR): (IMBR =1, ..., NMBR (ICH)), ICH=1, ..., NDCHAIN (e.g.. ., , ., )

RLIMIT (ICH, IMBR): (IMBR = 1, ..., NMBR (ICH)), ICH = 1, ..., NDCHAIN (e.g., 100, 100, 100, 100 Ci)
TOTINV (e.g., 4.06 x 106 Ci)

NCOLSP (e.g., 4)

NTMGWTP (e.g., 198)

TMGWTR (ITM): ITM = 1, ..., NTMGWTP (e.g., 100, 150, 200, ..., 9950, 10000 yr)

RRADAEU (ICH, IMBR, IDCND, ITM): (((ITM = 1, ..., NTMGWTP), IDCND = IMBR, ..., NMBR (ICH)),
IMBR =1, ..., NMBR (ICH)), ICH =1, ..., NDCHAIN

RRADAEM (ICH, IMBR, IDCND, ITM): (((ITM = 1, ..., NTMGWTP), IDCND = IMBR, ..., NMBR (ICH)),
IMBR = 1, ..., NMBR (ICH)), ICH = 1, ..., NDCHAIN

RCOLAEU (ICOL, ITM): (ITM =1, ..., NTMGWTP), ICOL = 1, ..., NCOLSF

RCOLAEM (ICOL, ITM): (ITM =1, ..., NTMGWTP), ICOL =1, ..., NCOLSP
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Table 4.11. Calculation of Groundwater Transport Release for through the Culebra Dolomite for an Arbimary

Future X,,
Arbitrary future:
Xo = [0 P koo d by, i, 02 by @y da Koy By, sty Pyl Gy s Ky B Dan )
Notation:
1,, = times (yr) used to record results of unit release calculations with SECO-TRANSPORT for the
Culebra [ = TMGWTR (m)], m= 1,2, ..., aTI™ 1 (=NTMGWTP-1)
nTI = number of time intervals [1:,,,, tm+|], m=1,2, .., nTl, defined by tpp,, m = 1, 2, ..., 07T + 1
(=NTMGWTP - 1)
cKM(j, k) = conversion factor from kg to moles {mole/kg) ft‘bl' element k of decay chainj [= CNVRTCM (j, k)]
cMK(j, k) = conversion factor from moles to kg (kg/moie) for element & of decay chain 7 [=1/cKM(j, k)]
cKC(j, k) = conversion factor.from kg to Ci (Ci/kg} for element k of decay chain j {= CNVRTKC(j, &)]
A, k) = decay constant (yr~!) for element & of decay chain j [= RDECAY (j, 4)]

nDC = number of decay chains [= NDCHAIN]

nM(7) number of members in decay chain j [= NMBR (j}]

rli{j, k) EPA release limit (Ci) for element & of decay chain j [= RLIMIT (j, k)]

t/ = 1total inventory (Ci) of a-emitting radionuclides placed in repository with haiflives that exceed 20
yr [= TOTINV]

nC = number of colloid species [= NCOLSP]
Dissolved release »D(j, k) of element & of decay chain j:

uR(j, k, I, m) = release (kg) to accessible environment of element / of decay chain ; resulting from a 1 kg
dissolved release of element k of decay chain j to the Culebra over time interval

[trm tm+]]

_ [RRADAEUG, &, 1, m) i Tpy) <ty
RRADAEMG;, &, I, m) if Ty 2 onin

dRID{j, k, Ty, Tms1) = dissolved release (kg) to Culebra of element k of decay chain j over time interval

[Tm’ 1m+l]

CRD(j, k, Tppyy )~ cRD(j, k. Ty
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Table 4.11. Continued

rD(j, k) = release (kg) to accessible environment of element & of decay chain j resulting from
dissolved releases into the Culebra

aT! k
= 2 Z dRD(j, p. Trms Tm+1) #R(j, P, k, m)
m=l p=l

Colloidal reiease rC{f, k) of element k of decay chain

uC(s, I, m) release (kg) to accessible envirenment of colloid specie s over time interval [‘c,,,,, T ,,,,.H]
resulting from a 1 kg release of colloid specie s to the Culebra over time interval

[Tz, ‘51+1]

RCOLAEU(s, m+1-1)— RCOLAEU(s, m~1}  if tpme1 < Lyam
RCOLAEM(s, m +1—1)— RCOLAEM(s, m =1} if Tomet 2 Lyuam

dRC(s, j, k. ) = amount (kg) of element k of decay chain j attached to colloid specie s released to Culebra
over time interval [‘c,, ‘c,_,,l]

cRC(s, j. k, T4y )—cRC(s, j, k. 7)

aCl(s, j, k, I, m) = amount (kg) of element % of decay chain j attached 1o colloid specie s over time interval
[t 1:,,,+|] due to releases over time interval [, TM]

k k I_ﬁll(j”') /lU’k)
=) 2 2 ';_p 2 * exp [-l(j, q)[t"' +21:,,,+, 1 +2'51+1 )]
p=1|q=p H [l(j, s}= A, q)]

s=p
| S#q

* dRC(s, j, p, 1) cKM(j, p)r cMK(j, k)

rCIKs, j, k, m) = amount (kg) of element k of decay chain ; attached to colloid specie s released to
accessible environment over time interval [1:,,,, t,,H_,]
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Table 4.11. Continued

Z aCl(s, j, k, 1, m)uC(s, 1, m)
I=1

rC(j, k) = release (kg) to accessible environment of element k of decay chain j resulting from
colloidal releases into the Culebra

nC nT!
= 2 z rCI(s, j, k, m)
s=l m=i

Evaluation of for(Xg):

n M) ([.o(i. K+ rC(; . _ |
Sr(Xst) = f 3 {[D(”") ) KC(;,k)Hm"c}

rL{j, k) i
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The CCDF construction indicated in this section is for a single sample element X, ; of the form indicated in
conjunction with Eq. (2.5). Repeated generation of CCDFs for individual sample elements X, ; will lead to

distributions of CCDFs of the form illustrated in Figs. 2.3 - 2.5.

4.11 Data Assembly

The initial component of CCDFGF will be a sequence of subroutines that collects and assembles the information
indicated in Tables 4.1, 4.3 (and the equivalent table for spallings releases), 4.4, 4.6, 4.7 and 4.10. In general, this

information will repeat for each sample element X, ; indicated in conjunction with Eq. (2.5).
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5. Fluid Flow and Radionuclide Transport for E1E2 Intrusions

5.1 Rationale for GRIDFLO

In past PAs for the WIPP, groundwater releases to the Culebra have been dominated by E1E2 intrusicns in
which the repository is penetrated by two or more drilling intrusions, of which at least one penetrates pressurized
brine and at least one does not penetrate pressurized brine. The potential for large releases results from the diversion
of brine flow from the drilling intrusion that penetrated pressurized brine through the repository to the drilling
intrusion that did not penetrate pressurized brine. In the context of the representation for X,; in Eq. (2.2), an E1E2

intrusion occurs when n = 2 and at least one of the locations /; is above pressurized brine.

The modeling of this important intrusion event has been conservative in past PAs. In particular, all flow from
the drilling intrusion that penetrates pressurized brine has been assumed to divert to the drilling intrusion that did not
penetrate pressurized brine. This is a very conservative assumption because it is equivalent to assuming a perfect
plug above the drilling i~trusion that penetrates pressurized brine and no plug above the intrusion that does not
penetrate pressurized brine. In rer;lity, the amount of diverted brine should depend on the permeability of the two
boreholes, the elevation of the two boreholes within the repository (as a reminder, the repository is built on a dip),

the permeability of the material within the repository, and the length of the flow path between the two boreholes.

in addition, conservative assumptions have been made about the extent of the waste inventory that would be
contacted by the brine diverting between the two boreholes. The 1991 and 1992 WIPP PAs assumed perfect panel
seals and that an E1E2 type intrusion will produce a brine flow that contacted the entire inventory of a waste panel.
The SPM anatlysis assumed no panel seals, with the result that an equivalent assumption would have implied that an
E1E2 intrusion couid contact the entire inventory of the repository. This did not seem reasonable and an ad hoc
procedure based on the flow paths between the borehoies associated with an E1E2 intrusion was used to reduce the

amount of contacted inventory.

In past analyses, BRAGFLO calculations have not been performed for E1E2 intrusions. Rather, BRAGFLO
calcuiations have been performed for E intrusions (i.e., a single intrusion that penetrates both the repository and
pressurized brine) and then the assumptions indicated in the two preceding paragraphs have been used in

conjunction with PANEL to estimate E1E2 releases from E1 flow results.

Given both the potential importance of E1E2 intrusions and the many different occurrence patterns by which
two or more drilling intrusions could give rise to an E1E2 intrusion, a modeling approach with more resolution was
desirable. Desirable capabilities for such an appreach include (1) representation of the geometry of the repository
(Fig. 3.1), (2) treatment of multiple drilling intrusions (i.e., =2), (3) incorporation of location of each drilling

intrusion, (4) specification of different properties (i.e., diameter, permeability) for different boreholes,
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(5) specification of local properties within the repository (e.g., permeabilities), (6) specification of solubilities or
distribution coefficients within the repository, (7) flexibility in the assignment of brine pocket locations and

properties, and (8) numerical stability and rapid computation.

In general, it would be hard to meet the preceding desiderata. However, the E1E2 intrusions that are to be
modeled are very special situations. In such intrusions, the repository fills with brine. Once the repository is filled
with brine, the flow through the repository then depends on the pressure in the brine pocket(s), the permeabilities in
the boreholes and the flow paths between boreholes in the repository, and the pressure in the Culebra. Past analyses
have indicated that the pressures in brine pocke‘ts and in the Culebra tend to remain fixed. Because of this, Darcy's
law can be used to describe the resultant constant flow system. Once this flow system is determined, the
implementation of a radionuclide transport model within the repository and to the Culebra is relatively simple. The
approach is now described in more detail. For convenience, the model being described will be referred to as the

GRIDFLO model.

5.2 Mathematical Structure of GRIDFLO

The basic idea in GRIDFLO is to have a system of nodes in the repository defined on a rectilinear grid, with
flow between these nodes taking place in the grid (Fig. 3.1). In addition, each node in the repository will have

corresponding nodes in the Castile and Culebra that are directly below and above the repository node.

In setting up the problem, grid elements are assumed to run south (-) to north (+), east {-) to west (+) and down
{-) to up (+). See Fig. 5.1. Further, the possible flow paths and data associated with a single node are shown in

Fig. 5.2. For many nodes, ali of the flow paths (i.e., legs) in Fig. 5.2 will not be used.
In setting up the mass balance equation at a node in the repository, flows

(1) from the node to the north, west or up are assumed to remove brine and thus are negative; similarly, flows to

the node from the north, west or up are assumed to add brine and thus are positive,

(2) to the node from the south, east or down are assumed to add brine and thus are positive; similarly, flows

from the node to the south, east or down are assumed to remove brine and thus are negative;
or, stated in an equivalent form with respect to Fig. 5.2,

(1) Flow in a positive direction in legs 1, 3 or 5 removes brine and flow in a negative direction in legs 1,3 or §

adds brine,
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Plane of the
Repository

TRI-6334-206-21

Figure 5.1. Coordinate system for calcuiation of flow within the experimental, operations and waste disposal
regions of the WIPP.
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TRI-BM2-4044-0

Figure 5.2. Flow paths associated with a single node in the repository.
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(2) Fiow in a positive direction in legs 2, 4 or 6 adds brine and flow in 2 negative direction in legs 2, 4 or 6

removes brine.

From the preceding conventions and Darcy's Law, net brine flow at a given node in the repository must be 0 and

results in the following equation (see Fig. 5.2 for notation):

6
0= Z (flow in leg )

1=]

0 < = flow towards node (i.e., 1o south)
0 > = flow away from node (i.e., to north)

=3 (%)(Zi+f’t:zo—Po)

0 < = flow towards node (i.e., to north)
0 > = fiow away from node (i.e., to south)

+38; [kﬁzJ(Zz +.P2;Zo ~-BR)

0 < = flow towards node (i.e., to east)
0 > = flow away from node (i.e., to west)

0 < = flow towards node (i.e., to west)
0 > = flow away from node (i.e., to east)

kaAy | 7 -
+64[ 14J(Z4+})4'—'20—P0)

4

0 < = flow towards node (i.e., down)
0 > = flow away from node (i.e., up)

0 < = flow towards node (i.e., up)
0 > = flow away from node (i.e., down)

+66(’%“’-] s+ B -20-Bo) (5-1)

where // o

fleg i is defined

= 5.2
* l0if leg i is undefined ©2)

Thus,
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The unknowns in Eq. (5.5) are the pressures at the nodes in the repository. Once these pressures are obtained by
solving Eq. (5.5), Darcy’s taw can be used to define brine flow rates between the individual nodes. Once the brine

flow rates are known, radionuclide transport calculations can be performed.

The transport calculation can be performed by treating each leg between two nodes (Fig. 3.1) as a "bucket” that
contains a certain amount of brine, with this amount deriving from the porosity, cross-sectional area and length of the
leg and the assumption that the leg is brine saturated. The brine concentration of each radionuclide within the leg is
then set on the basis of an assumed solubility or K; value. The amount of radionuclide exiting a leg in a given period
of time and the legs 1o which this radionuclide is transported depends on the flows predicted by Darcy's law. in
essence, Darcy's law tells how much brine is to be poured out of the ieg (i.e., bucket) for a given interval of time.
Dynamic control of time-step size can be used to select appropriate tme steps. Further, the numerical

implementation must account for radioactive decay and inventory limits.

5.3 Implementation of GRIDFLO

The GRIDFLO model provides an alternative to the use of BRAGFLO/NUTS/PANEL results to define the
expression rE12(tE12py, j, k, 1) in Table 4.8. OGther than this substitwtion, the CCDF construction procedures in
CCDFGF remain the same whether GRIDFLO or interpolation procedures as described in Table 4.8 are used to

estimate releases from the repository to the Culebra for E1E2 intrusions.

The operation of GRIDFLO should be set up with two options. In Option 1, GRIDFLO operates on a single
waste panel basis as described in Table 4.8 (i.e., E1E2 intrusions are considered only when the relevant drilling
intrusions occur within the same waste panel}. In Option 2, GRIDFLO operates over the entire repository (i.e.. E1IE2

intrusions can invoive drilling intrusions anywhere in the repository).
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6. Code Architecture
6.1 Control Flow

6.1.1 Initialization

The following input parameters define analysis initialization:

1. Run control parameters
2. Repository inventory parameters
3. Repository grid nodalization parameters
4. Repository region and panel parameters
5. Release parameter tables for:

a. cuttings

b. spallings

c. biowouts

d. Marker Beds
Dewey Lakes

o

h

surface
g. flows to the Culebra
h. transport through the Culebra

6. Pre-defined individual borehole intrusion parameters (optional)

Grid leg (internode) properties are defined based on the grid nodalization properties. The intersections of the
nodal specification lines correspond 10 the nodes. All node definitions are processed first. All area definitions are
processed after all node definitions have been processed. The final specification for a given area takes precedence

over all previous specifications for the same area.

6.1.2 Caiculation Structure
Three run execution options are available:

1. Normal execution
2. Preprocessing execution

3. Intermediate execution

Option 1 is the normal execution option but must be preceded by an Option 2 execution. Option 2 must be executed

prior to Optons 1 or 3 10 create release summary ables from previously calculated results from other analysis codes.
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Option 3 is used for creating intermediate release results for analysis of release summary tables and is not required

for normal execution.

A three-level looping structure is used as the basic calculation structure. The outer calculation loop corresponds
to an observation loop, such as in Latin hypercube sampling. The next calculation loop corresponds to a ime future
loop. The inner calculation loop corresponds to individual timesteps for a single time future. The number of
observations and the number of tume futures per observation are specified in the run control parameters. The nme
futures correspond to the tota! length of time over which releases to the accessible environment are caiculated. One

or more time futures can be specified per observation.

6.1.3 Borehole Intrusions

Borehole intrusions occur at randomly selected future times based on a Poisson distribution. The pressure head
at the reposttory node corresponding to a borehole intrusion is aliered depending on the formations the borehole

penetrates outside of the repository, and this in turn affects the pressure heads for all other nodes in the repository.

6.1.4 Releases to Accessible Environment

Curttings. spallings, and blowout releases for each borehole intrusion are interpolated from release tables versus
drilling infrusion time. Releases to the Marker Beds, to the Dewey Lakes, and 1o the surface are interpolated from
release tables versus time. Releases to the Culebra are determined either by interpolation from release tables versus
ume or by calculation of flow and wansport depending on the locations and types of borehole intrusions that have

occurred. Culebra transport releases are calculated based on previous unit release calculations to the Culebra.

6.1.5 Flow to the Culebra

Flow to the Culebra is modeled using four different scenarios depending on the number and type of borehole
intrusions that have occurred. Before any borehole intrusions occur, reteases to the Culebra are interpolated from
release tables for undisturbed conditions. After the first borehole intrusion has occurred. releases are interpolated
from release tables for individual El intrusion scenarios and individual E2 intrusion scenarios. An E1 scenario is an
intrusion that penetrates both the repository and a pressurized brine pocket below the repository. An E2 scenario is
an intrusion that only penetrates the repository. After the first drilling intrusion that results in an E1E2 scenarnio,
releases are calculated based on one of two methods: (1) interpolation of release tables for E1E2 scenarios or (2)
modeling brine flow and associated species transport through the repository (GRIDFLO option). An E1E2 scenano

is two or more borehole intrusions, at least one of which must be an E1 intrusion.
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6.1.6 Repository Flow and Transport (GRIDFLO Option)

Grid leg (internode) flow rates can then be calculated based on the nodat pressure heads. A difference in the
pressure heads between adjacent nodes translates into a flow from the high pressure node to the low pressure node.
An Euler-type solution of a system of differential equations is used to mode} species transport based either on species
solubility limits or on species Ky values. This solution is based on the assumption that species transport is essentially
constant for each timestep. The species mass in the original waste, the brine solution, and the precipitated waste are

reduced due to radioactive decay during each timestep.

6.1.7 Result Distributions

Result distributions for releases from the repository directly to the accessible environment and to the accessible
environment through the Cylebra formation are accumuiated for each species being transported. Each result is based
on the total species mass transported from the repository during a single time future. A series of time futures resuits
in a distribution of releases corresponding to an observation. Result distributions are accumulated over all time

futures for each cbservation for the following releases to the accessible environment:

1. Borehole cuttings

. Borehole spallings

. Borehole blowouts
Marker Beds transport

. Dewey Lakes transport
Transport to the surface

Flows to the Culebra

0 N L s W N

Transport through the Culebra

In addition, flows to the Culebra and transport through the Culebra are quantified according to individual

species and whether species are dissolved or are attached to colloids.
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6.2 Control Logic

Read input parameters for:
- run contro}
- repository Invenory
- repository nodalization
- repository regions and panels

- Intrusions
¥

Read summary release tables for:
- Cuttings
- Spallings
- Blowouts
- Marker Beds
- Dewey Lakes
- Surface
- Flows to Culebra
- Transport thru Culebra

v

If Gridflo. define matrix solver parameters

¥

Define result distribution parameters

S

Observations
.
Initialize result distributions
Read LHS sample vaiues
Time Read release summary tables
Futures
o
'
initialize intrusion parameters
Time If Gridflo. inutialize mawix
Steps

!

1f current intrusion time:
- Define intrusion parameters
- Define next intrusion time
- Interpolate cuttings release
- Interpolate spallings release
- Interpolate blowout release
If Gridflo option and E1E2 scenario:
- Modify Gridfio matrix
- Solve for node pressure heads
- Caleulate internode flow rates

.

Interpolate releases to:
- Marker Beds
- Dewey Lakes
- Surface

v

Accumulate releases to Culebra:
- Interpolate undisturbed release. or
- Interpolate single E1 or E2 releases, or
- Interpolate E1E2 release, or -
- If Gridflo, accumulate E1E2 releases

v

Interpolate transport releases through
Culebra based on incremental releases 1o
Culebra

I

¥

Accumulate result distnbutions for current
time history

T

Y.

Save result distribuuons for current
observation




6.3 Data Structures

6.3.1 Run Control Parameters

The following parameters are defined on the run control parameter file:

—

Number of observations

Number of time futures per observation

Run execution option

Spatial solubility flag indicating spatially constant or variable solubility or Ky
Solubility limit flag indicating maximum solubility limit or K,

Initial and subsequent administrative control times

Flow and transport time parameters

. Brine parameters

I - T L S

. Total solids mass in repository

—
o

. Elevations above mean sea level for Culebra and Castile formations

[y
—

. Pressure heads for Culebra and Castile formations

—
[

. Drilling intrusion rates and parameters

—
)

. Mining intrusion rates

—
I

. Borehole diameter distribution parameters

—
Ln

. Borehole permeability distribution parameters

(o)

. Random number generator seed

6.3.2 Repository Nodalization Parameters

The following parameters are defined on the nodalization file. All x-distances and y-distances are referenced to
a single point which can be either inside or outside the repository. All parameters refer to either nodal or area

specifications:

1. Minimum x-distance
Maximum x-distance

Minimum y-distance

Maximum y-distance ﬂ e
Drift height e N )
e N
Dré wadth Ny

. Hydraulic conductivity

P N

. Porosity (pore fraction}
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9
1
1

6.3.3

. Waste fracuons (0.0=shaft seal. 1.0=waste drift)
0. Elevation above mean sea level

1. Pressure head

Inventory Parameters (GRIDFLO Option)

The following parameters for the repository are read from the inventory file:

1.

N L e W

6.3.4

Species name

Species descendent name

Total species mass in repository

Minimum species solubility limit (kg/m”) or K limit

Maximum species solubility limit (kg/m®) or Kq4 limit
. Species radioactive half-life (if colloid, half-life=0.0)

. Species molecular weight

Accessible Environment Release Parameters

Cuttings, spailings, and blowout releases for each borehole intrusion are interpolated from release tables versus

drilling intrusion time. Releases to the Marker Beds, to the Dewey Lakes, and to the surface are interpolated from

release tables versus time. Releases to the Cuilebra are dependent on the number and types of borehole intrusions

that have occurred and are determined either by interpolation from release tables versus time or by calculation of

flow and mansport. Culebra transport releases are calculated based on unit releases to the Culebra.

6.3.5

Borehole Definition Parameters (Optional)

The following parameters are specified from the borehole parameter file. This file specification is optional. If

this file is specified, borecholes are pre-defined. Each borehoie intrusion is associated with a single repository node

specified by x-node and y-node index specifications.

1.

2
3
4. Hydraulic conductivity
5

x-node index
. y-node index ! T

. Diameter

. Elevation above mean sea level for penetrated formation {Culebra formation for upper borehole segment or

Castile formation for lower borehole segment)



6. Pressure head of penetrated formation (Culebra formation for upper borehole segment or Castile formation
for jower borehole segment)

7. Intrusion time

6.4. Allowable/Prescribed Ranges for Input/Output

Allowable ranges for input values are not restrictive except for validation of positive values and that parameters

are valid relative 1o other input parameter specifications.

6.5 Verifiability

Most of the models involve simple algebraic manipulations. The following rates can be verified by simple

aigebraic manipulations for single intrusions and by probabilistic calculations for thousands of intrusions:

1. Drilling intrusion rate

2. Mining intrusion rate
Interpolation of summary tables for the following releases can be verified by simple algebraic manipulations:

1. Cuttings
a. Contact-handled (CH) waste
b. Remote-handled (RH) waste
2. Spallings
a. Undisturbed conditions
I. Upper waste panels (1.2,3.6.7.8,9)
II. Lower waste panels (4,5,10)
b. Previous E2 intrusion (no E! intrusions})
I. Same waste panel
II. Different waste panel
¢. Previous El intrusion
1. Same waste panel
II. Different waste panel
3. Blowouts
a. Undisturbed conditions
I. Upper waste panels (1,2.3,6,7.8,9)
II. Lower waste panels (4,5,10}
b. Previous E2 intrusion (no E1l intrusions)
I. Same waste panel

[I. Different waste panel
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¢. Previous El intrusion
I. Same waste panel
II. Different waste panel
Marker Beds
Dewey Lakes
Surface

A

Flows to the Culebra
a. Undisturbed conditions
b. Singie E2 intrusions (no El intrusions)
c. Single E1 intrusions
d. E1E2 intrusion scenario
8. Transport through the Culebra
a. No mining intrusions
I. Dissolved species
) 1L Collpid species
b. Mining intrusions '“*
1. Dissolved species
II. Colloid species

The GRIDFLO models requiring verification include:

1. Nodal pressure head calculations

2. Transport based on flows due 1o pressure/elevation head differences

Both of the above models can be verified by comparison to a two-node analytical solution to simulate one-
dimensional flow. A four-node analytical solution can then be used to verify two-dimensional flow between two

nodes having two intermediate (alternate path) nodes.

6.6 Consistency/Traceability

All software will be constructed using modular coding techmiques 1o facilitate the consistency of coded

algonithms and the traceability of program flow in accordance with the Requirements Document for CCDFGF.

6.7 Technical Feasibility

The feasibility for implementing a banded matrix solver for the determination of node pressure heads has
already been demonstrated. The implementation of the transport model has been demonstrated using the Euler-type

solution for single species transport. All other models involve linear interpolation of release tabies and verification

of intrusion rates.
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6.8 Implementation

6.8.1 Input Parameter Definitions

Run control parameters and associated input data are read first. The repository inventory parameters are read
from the inventory file. Repository node parameter definitions are read from the nodalization file. Repository
region and panel parameter definitions are read from the regions and panels file. If borehole intrusions are to be pre-
defined, borehole intrusion parameters are read from the borehole parameter file. The following release tables are

read from the summary release file for each observation:

1. Cuttings (to accessible environment)

13

Spallings (to accessibie environment)
Blowouts (to accessible environment)
Marker Beds (to accessible environment)
Dewey Lakes (to accessible environment)
Surface (10 accessible environment)

Flows to the Culebra

® =2 W

Transport through the Culebra (to accessible environment)

6.8.2 Repository Nodalization

Grid leg (internode) properties are defined based on the grid nodalization properties. The intersections of the
nodal specification lines correspond to the nodes. All node definitions are processed first. All area definitions are
processed after all node definitions have been processed. The last specification for a given area takes precedence

over previous specifications for the same area.

6.8.3 Leg Property Definitions

All nodes are connected to up to six other nodes by internode legs, excepting those nodes Iying on the outer
border of the two-dimensional horizontal grid formed by all the nodes. Up to four of these six nodes lie in the
horizontal grid representing the repository. The other two nodes are defined when a borehole intrusion occurs: a
single node in the Culebra formation above the repository and a single node in the Castile formation below the

repository. The following properties are initialized for each internode leg:

1. Heizht
2. Width
3. Hydraulic conductivity
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Porosity

Flow rate

Total solids mass

Total pore volume available for brine

Waste fraction (0.O=shaft seal, 1 O=waste drift)

® oo e

6.8.4 Leg Property Modification

Internode leg properties can be redefined or modified by specifying the x-distance and y-distance ranges with
new property values corresponding to an area that is to be redefined. The properties for all legs overlapped by the
specified the x-distance and y-distance ranges are redefined. Succeeding leg property specifications take precedence
over any preceding specifications. A modified area can contain one or more nodes within its boundary but are not

required to contain any nodes to redefine leg properties.

6.8.5 Borehole Intrusion Parameters

Borehole intrusion parameters can be defined either as direct input or as randomiy defined parameters based on
input ranges specified with the nin control parameters. If the borehale intrusion parameters are defined as direct
input, the coefficient matrix and nonhomogenecus vector corresponding to the nodal pressure heads is initialized
based on no intrusions. The coefficient matrix and nonhomogeneous vector are then modified according to the
borehole intrusion parameters. The resulting coefficient matrix and nonhomogeneous vector are solved using a
banded matrix solver 10 determine the resulting nodal pressure heads. Grid leg {(internode) flow rates can then be
calculated based on the nodal pressure heads. A difference in the pressure heads between adjacent nodes transiates

into a flow from the high pressure node 1o the low pressure node.

A single set of parameters is required for the definition of each borehole intrusion which penetrates the Culebra
and the repository. Two sets of parameters are required for a borehole intrusion which penetrates the Culebra
formation, the repository, and the Castile formation. One set comresponds to the penetration from thé Culebra
formation to the repository (upper borehole). The second set corresponds to the penetrations from the repository to
the Castile formation (lower borchole). The elevation and pressure head specifications correspond to either the

Culebra formation or the Castile formation.

Borehole parameters can be specified for 2 borehole that penetrates the repository and the Castile formation but
may not have a second specification corresponding to the borehole that penetrates the Culebra and the repository.
The lower segment of a borehole specification is not required 1o have a corresponding upper segment borehole

specification. When borehole parameters are not pre-defined, borehole parameters are randomly selected for defined
I )
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ranges and distributions. An upper segment borehole is always associated with a lower segment borehole. but a

lower segment porehole is not always associated with an upper segment borehole.

6.8.6 Node Pressure Heads

The banded matrix solver parameters are defined based on the grid nodalization dimenstons. The banded matrix
solver uses a two-dimensional banded matrix and an associated one-dimensional nonhomogeneous vector to relate
nodal pressure heads. The coefficient matrix and associated nonhomogeneous vector are then modified according to
the borehole intrusion parameters at each borehole intrusion time. The resulting coefficient mawix and
nonhomogeneous vector are solved using a back substitution banded matrix solver to determine the resulting nodal

pressure heads.

6.8.7 Repository Flow Rate Calculations

Grid leg (internode) flow rates.can be calculated based on the nodai pressure heads. A difference in the pressure
heads between adjacent nodes translates into a flow from the high pressure node to the low pressure node. Leg flow

rates are caiculated based on the following properties for the leg:

1. Length

Cross-sectional area
Hydrautic conductivity (calculated from permeabitity)
Pore volume

Elevations at each end of leg

e

Pressure heads at each end of leg

A positive flow rate indicates flow in the positive x-direction or positive y-direction. A negative flow rate indicates
flow in the negative x-direction or negative y-direction. The magnitude of the flow rate determines the maximum
timestep aliowed for the transport calculations. The minimum ratio of each leg pore volume to the leg flow rate

determines this maximum timestep for the transport calculations.

6.8.8 Repository Species Transport

Two basic transport models are used for the transport of species based on brine flow: (1) species solubility
limits or (2) species Ky values determined as the ratio of concentration of the species in solid form to the
concentra: "~ of the spz.-2s in the brine. For the case of species solubility limits, the species is present in three
physical forms: (1) original waste, (2) brine solution, and (3) precipitated waste. For the case of species K4 values,
the species is present in two forms: (1) original waste and (2) brine solution. A range of either solubility limits or K4

values is specified for the entire repository gnd and these solubility limits or Ky values can be applied as either
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spatially constant or spatialiy variable. A value chosen at random from this range based on a loguniform distribution
may be used to specify either the solubility lmit or K4 value for the entire grid or for a single leg within the grid. 1If
the value is used for the enure grid, each leg is assigned the same value, resulting in a spatially constant solubility
limit or Kq value. For a spatially variable solubility limit or K, value, different values are randomly selected for each

leg in the gnid.

An Euler-type solution of a system of differential equations is used to model species transport based on either
species solubility limits or species Ky values. This is based on the assumption that species transport is essentially
constant for each timestep. The timestep must therefore be small enough to minimize inaccuracies due to this
assumption. The maximum timestep allowed is based on the fact that the entire brine volume within 2 single leg
cannot flow completely into adjacent legs during a single timestep. Total brine solution inflow and outflow for each
leg are calculated based on the brine solution concentration of each leg at the beginning of the timestep. The species
mass in the original waste, the brine solution, and the precipitated waste are reduced due to radioactive decay
occurring during each timestep. The species mass in the brine solution is then compared to the solubility limit for the
leg. If the brine species mass is greater than the solubility limit for the leg, the species mass in solution is reduced to
the solubility limit and the difference is added to the precipitated waste in the grid cell. If the brine species mass is
less than the soiubility limit, species mass from the precipitated waste is added to the brine species mass to achieve
the solubility limit and the difference is removed from the precipitated waste. If the species mass in the brine
solution is still less than the solubility limit, species mass from the original waste is added to the brine species mass

to achieve the solubility limit and the difference is removed from the original waste.

6.8.9 Releases to Accessible Environment

Cuttings, spallings. and blowout releases for each borehole intrusion are interpolated from release tables versus
drilling intrusion time. Releases to the Marker Beds, Dewey Lakes, and the surface for each timestep are
interpolated from release tables versus time. Releases to the Culebra are determined either by interpolation from
release tables versus time or by calculation of flow and wansport depending on the locations and types of borehole
intrusions that have occurred. Culebra transport releases are calculated based on previous unit release calculations to
the Culebra.

6.8.10 Result Distributions

Result distributions are accumulated for each observation based on an auto-scaling algorithm which stores the

distributions in the form of a histogram. These distributions can then be accumulated to determine a CCDF.

The following types of results are accumuiated for total releases of one or more species to the accessible

environment, summed over all intrusions:
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1. Cuttings
Spallings
Blowouts
Marker Beds
Dewey Lakes
Surface

Flows to the Culebra

e B A i

Transport through the Culebra

Flows to the Culebra and transport through the Culebra are accurmulated separately for each species. Flows to
the Culebra are modeled using four different scenarios depending on the locations and type of borehole intrusions
that have occurred. Before any borehole intrusions occur, releases to the Culebra are interpolated from release tables
for undisturbed conditions. After the first borehole intrusion has occurred, releases are interpolated from release
tables for individual E1 and E2 intrusion scenarios. An El scenario is an intrusion that penetrates the repository and
a pressurized brine pocket below the repository. An E2 scenano is an intrusion that penetrates only the repository.
After the first drilling intrusion that Tesuits in an E1E2 scenario, releases are calculated by modeling brine flow and
associated species ransport through the repository. An EIE2 scenario is two or more borehole intrusions, one of
which must be an El intrusion. All releases to the Culebra and all transport through the Culebra are accumuilated for

individual species and for the total release including all species.
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7. Summary
The Requirements Document for CCDFGF specifies the following conditions to be satisfied:

(1) assemble results calculated with BRAGFLO, NUTS, PANEL, CUTTINGS, BRINEFLO, SECO-
TRANSPORT and possibly other WIPP PA codes to produce the CCDF specified in 40 CFR 191 (Fig. 2.1).

(2) allow brine pocket location in the Castile Formation to be specified as an input,

(3) construct the distribution of CCDFs that results from subjective uncertainty as indicated in Eq. (2.5) and
Figs. 2.3,2.4 and 2.5,

(4) be quick running (~ 5-10 min CPU time per individual CCDF construction on a VAS Alpha.

(5) have transparent, easily medified coding to facilitate the incorporation of changed assumptions into CCDF

construction, and

(6) meet all applicable WIPP QA requirements.

In addition, CCDFGF shall contain a subroutine, to be called GRIDFLO (Fig. 2.2), that calculates releases based
on Darcy fiow for EYE2-type intrusions (i.e., futures of the form indicated in Eq. (2) that invoive two or more

drilling intrusions of which at least one penetrates pressurized brine in the Castile Formation). This subroutine must

(1) determine flow patterns through the repository that result from multiple drilling intrusions of which at least

one penetrates pressurized brine in the Castile Formation,

(2) be based on Darcy's Law for single phase flow and incorporate (a) the location, diameter and permeability of
individual boreholes above and below the repository, (b) the geometric structure of the repository including the
waste handling and experimental regions, (c) the presence or absence of seals within the repository, (d) boundary
pressures in the Castile Formation and the Culebra Dolomite, (e) radionuclide transport within the repository and to
the Culebra Dolomite by flowing brine, including the effects of decay, sorption and solubility, and (f) the penetration

or nonpenetration of pressurized brine in the Castile Formation by individual driliing intrusions,

(3} be fast running as several thousand calls to GRIDFLO will likely be required in each CCDF construction
with CCDFGF (fast-running can be achieved by considering steady-state solutions to the equations that underlie

Darcy's Law, with each solution requiring the evaluation of a single system of linear algebraic equations).
{4) have 2 stand-alone run capability for the analysis of specific patterns of drilling intrusions,

{5) meet all applicable WIPP QA requirements.
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The code described in this document wili satisfy the above requirements.
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