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Executive Summary

This analysis package describes the transport calculations that are part of the “Salado
Flow and Transport Calculations for the Performance Assessment Baseline Calculations
of the Waste Isolation Pilot Plant” as described in Kanney and Leigh (2005).
Specifically, it covers the calculations to determine the mobilization and subsequent
migration of radioisotopes throughout the repository, the shaft system, the Salado
formation, and possible human intrusion boreholes.

Major changes in the CRA-2004 PABC calculations relevant to this Analysis Report can
be found in Analysis Plan AP-122 (Kanney and Leigh, 2005)., and Cotsworth (2005) and
include:

1. Updated TRU waste inventory

2. Updated actinide solubility values

3. Updated actinide solubility uncertainty ranges

4. Changes to the microbial gas generation model

5. Updated versions of the Latin Hypercube Sampling (LHS) code

The PABC calculations presented here are based on the same performance assessment
process as the CRA-2004, but use the updated parameter values listed above.

The screening runs produced 471 ‘screened-in’ vectors out of a possible 1500 (three
replicates of 100 vectors across 5 scenarios). Results of the ISO and TI runs show that
there 1s effectively no reicase out the marker beds or up the shaft. The only release for
either of these two pathways was found in scenario S1, where only a trivial amount of
activity was detected in the marker beds (total activity of 2.89x10"'"° EPA units) and no
activity indicated at the shaft/Culebra interface.

The El intrusions (S2 and S3) produced the highest releases, with a maximum total
activity at the borehole/Culebra intersection of 28.26 EPA units occurring with a 100 year
intrusion time. For perspective, the average for all vectors at the 100 year intrusion time
is 1.42 EPA units and the median is 0.237 EPA units. No releases are predicted in the
marker beds for the E1 intrusions, and a maximum total activity at the shaft/Culebra
intersection was calculated to be 8.74x107 EPA units. As the intrusion time increases,
the maximum total release tends to decrease. For example, at an intrusion time of 5000
years, the maximum total activity for an E1 intrusion is predicted to be 2.89 EPA units.

The E2 intrusions produced somewhat lower maximum total activities at all intrusion
times than the E1 mntrusion. The maximum total activity at the borehole/Culebra
intersection for all intrusion times is predicted to be 2.12 EPA umits (100 year intrusion
time). This too declines with increasing intrusion times, with 0.049 EPA units predicted
at a 5000 year intrusion time. Like the other scenarios, little or no activity is predicted in
the marker beds or at the shaft/Culebra intersection.
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1. Introduction

1.1, Background

The Waste Isolation Pilot Plant (WIPP) is located in southeastern New Mexico and has
been developed by the U.S. Department of Energy (DOE) for the geologic (deep
underground) disposal of transuranic (TRU) waste. Containment of TRU waste at the
WIPP is regulated by the U.S. Environmental Protection Agency (EPA) according to the
regulations set forth in Title 40 of the Code of Federal Regulations (CFR), Parts 191 and
194. The DOE demonstrates compliance with the containment requirements in the
regulations by means of a performance assessment (PA), which estimates releases from
the repository for the regulatory period of 10,000 years after closure. The results of the
most recent WIPP PA conducted by Sandia National Laboratories (SNL) have been
included in DOE’s 2004 WIPP Compliance Recertification Application (CRA-2004)
(U.S. DOE 2004), which is currently being reviewed by the EPA.

The EPA has recently sent a letter to DOE regarding a performance assessment baseline
calculation (Cotsworth 2005), henceforth referred to as the CRA-2004 PABC. In the
letter, the EPA notes that a number of modeling assumptions used in the CRA-2004 have
not been sufficiently justified and that alternative modeling assumptions must be used.

Major changes in the CRA-2004 PABC calculations relevant to this Analysis Report can
be found in Analysis Plan AP-122 (Kanney and Leigh, 2005)., and Cotsworth (2005) and
include:

6. Updated TRU waste inventory

7. Updated actinide solubility values

8. Updated actinide solubility uncertainty ranges

9. Changes to the microbial gas generation model

10. Updated versions of the Latin Hypercube Sampling (LHS) code

The PABC calculattons presented here are based on the same performance assessment
process as the CRA-2004, but use the updated parameter values listed above.

1.2. Purpose

This analysis package describes the transport calculations that are part of the “Salado
Flow and Transport Calculations for the Performance Assessment Baseline Calculations
of the Waste Isolation Pilot Plant” as described in Kanney and Leigh (2005).

Specifically, it covers the calculations to determine the mobilization and subsequent
migration of radioisotopes throughout the repository, the shaft system, the Salado
formation, and possible human intrusion boreholes. Much of the background information
for the PABC is based on the CRA-2004. This document presents only the changes and
updates in the PABC that differ from the CRA-2004 and thus the reader is advised to
review Lowry (2004) prior to reading this document.

1.3. Qutline

The rest of this document is organized as follows: Section 2 presents the methodology of
the analysis covering the computational aspects such as software, modeling grid, and
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computational environment, as well as conceptual aspects such as modeling scenarios and
uncertainty. Section 3 presents the major assumptions and data inclusions that are
separate from the methodology but are in integral part of the analysis. Section 4 presents
the results. Section 5 provides a summary of the information detailed in Sections 1 to 4.
The reader 1s reminded that this report covers only those items that are different from
those used in the CRA-2004 calculations. Where it is appropriate, some detail of the
CRA-2004 calculations, as well as pertinent background information, is presented to
provide a better context to the current analyses.

2. Methodology

21. Modeling Scenarios

The repository is excavated from bedded salt approximately 650 m below the land
surface in the Salado formation. It is connected to the surface by four shafts, which will
be sealed after waste emplacement is complete. The geologic formations directly above
and below the Salado are the Rustler and Castile formations, respectively. The Rustler is
of higher transmissivity than the surrounding formations with the Rustler sub-unit, the
Culebra Dolomite Member, being the most transmissive. The Castile formation lies
below the repository and contains areas of pressurized brine. It is not known if any of
these pressurized pockets are located undemeath the repository itself.

To represent possible future states of the repository and to predict possible releases
through the Salado, six modeling scenanos are defined. Five of these scenarios are
modeled using the code NUTS (described below) and the sixth scenario is modeled using
the code PANEL (Garner and Leigh, 2005). The reasoning and methodology
surrounding the choice of these scenarios is contained in the above referenced documents
and will not be described here. The six scenarios are:

e S1:Undisturbed performance (no human intervention or intrusion into the
repository during 10,000 years)

¢ 82: An intrusion borchole at 350 years that penetrates both the repository and
an underlying pressurized brine reservoir in the Castile formation (E1-type
intrusion)

e 83: An intrusion borehole at 1000 years that penetrates both the repository and
an underlying pressurized brine reservoir in the Castile formation (E1-type
intrusion)

¢ 54: An intrusion borehole at 350 years that penetrates the repository but does
not encounter a pressurized brine reservoir (E2-type intrusion)

e S5: An intrusion borehole at 1000 years that penetrates the repository but does
not encounter a pressurized brine reservoir (E2-type intrusion)

e S6: A multiple intrusion scenario, which includes an E2 intrusion followed by
and El intrusion at a later date

WIPP:1.4.1.1:PA:QA-L:540232 Page 9 of 71
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2.2. Uncertainty

To address the uncertainty in many of the input parameters used in performance
assessment calculations, 100 sets of Latin Hypercube sampled parameters (each unigue
set is called a vector) are defined. LHS is a structured Monte Carlo sampling method in
which samples are drawn from bins of equal probability and correlations between
parameters are minimized. Each group of 100 vectors is called a replicate. Three
replicates (R1, R2, and R3) are run in a full PA calculation. This totals to 1500 NUTS
simulations; five scenarios of 100 vectors for three replicates. As will be discussed
below, screening runs are used to substantially reduce this number.

2.3. Software
2.3.1. Nuts

The overall transport and decay of radionuclides for scenarios S1 to S5 are calculated
using the computer code NUTS (NUclide Transport System), version 2.05a. NUTS is a
five-point finite difference code designed to model multi-dimensional, multi-component,
and radioactive-contaminant transport in single-porosity (SP), dual-porosity (DP), and/or
dual-permeability (DPM) porous media, including parent/daughter first-order decay. Any
flow of brine up the shatts, borehole(s), and out the marker beds (see below) is calculated
using the code BRAGFLO and these results are required prior to running NUTS. NUTS
requires as input the BRAGFLO ASCII input file containing the grid specifications,
initialization parameters, and material maps as well as the BRAGFLO post-processed
binary file (CDB) that describes the flow-field. The CDB files are the source for brine
fluxes at the cell interfaces, porosity, saturation, pressure, and the geometric information.
In addition, NUTS uses a CDB file that contains the ‘effective solubilities’, ‘lumped
inventory’ (see below) source terms created by PANEL, and atomic weights and half-
lives of the modeled isotopes. NUTS also uses its own input file that contains the run
parameters and the isotope decay data.

2.3.2. Other Codes

The codes that perform the modeling cailculations are BRAGFLO (calculation of brine
and gas flow), NUTS (radionuclide transport, scenarios S1 to S5), and PANEL
(radionuclide transport, scenario S6). Uncertainty in the input parameters is included
through the use of the Latin hypercube sampler code, LHS. The rest of the codes are
used as data manipulation and/or visualization. More information for each code can be
found in the respective design document and/or user manual. A listing of the codes is
shown in Table 1. For the NUTS calculations, ALGEBRA is run on the output to
calculate the integrated fluxes up the borehole, up the shafts, or out through the marker
beds. SUMMARIZE is then used to provide a summary of the fluxes. The output from
SUMMARIZE is used as input to a plotting/visualization program to view the results.
Here, MATLAB v7.0.4.365 1s used to plot the breakthrough curves for each
replicate/vector/isotope combination.
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2.3.3. Data Flow

As mentioned above, NUTS requires input from BRAGFLOQ, and its own input file. The
NUTS binary output file is used by ALGEBRA, which in turn produces output used by
SUMMARIZE. The output from SUMMARIZE is imported into MATLAB and then

plotted. The flow chart in Figure 1 illustrates the relationship between the major codes
used in this analysis.

Table 1 — List of the major codes vsed in this analysis for the CRA-2004 PABC,

Code Version Code Function
ALGEBRACDB 2.35 Data processor
BRAGFLO 5.00 Brine and gas flow
GENMESH 6.08 Grid generation
ICSET 222 Sets initial conditions
LHS 242 Latin hypercube sampler
MATSET 9.10 Sets material parameters
NUTS 2.05a Salado transport
PANEL 4.02 Salado transport
POSTBRAG 4.00 BRAGFLO postprocessor
POSTLHS 4.07 LHS postprocessor
PREBRAG 7.00 BRAGFLO preprocessor
PRELHS 2.30 LHS preprocessor
SUMMARIZE 2.20 Data interpolation
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Figure 1 — Relationship and data flow for major codes used in the NUTS analysis.

2.4. Type of Model Runs

Three types of model runs are performed using NUTS; screening runs (SCN), isotope
runs (ISO), and time intrusion runs (TI). This section describes cach type of run.

2.4.1. Screening Runs

Full transport calculations are computationally intensive and can consume large amounts
of computer time. The NUTS screening runs are used to filter out those scenario-vector
combinations that have no potential to release radionuclides to the Culebra and/or across
the land withdrawal boundary (LWB), increasing computational efficiency. A screening
run calculates the transport over 10,000 years of a temporally continuous conservative
tracer {constant concentration, Dirichlet boundary condition) with an initial concentration
of 1kg/m’ in all waste disposal areas. A vector is considered “screened-in’ if the
cumulative tracer mass-flux that enters the “accessible environment” (crosses the LWB
or to the Culebra via the borehole and/or shaft) exceeds 107 kg. The magnitude of the
initial condition and the screening cutoff concentration are considered conservative. The
development and assumptions concerning these two values can be found in Stockman et
al. {1996). Vectors that are not screened-in are not included in the ISO or TI calculations,
where specific isotopes and more complicated chemistry are modeled. For this analysis
replicates one, two, and three (R1, R2, and R3) screcned-in 147, 163, and 161 vectors out
of a possible 500 (each), respectively. This is slightly higher than the 134, 146, and 135
vectors screened in for the CRA-2004 calculations, Table 2 lists the screened in vectors
for each replicate/scenario combination. For scenario S1, only one vector {vector 53 of
R1) was screened in based on the 107 kg mass flux criteria. The other listed vectors for
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S1 (shown in italics) are vectors that were run as an S1 to provide the conditions at the
time of intrusion for the ISO and TT runs.

A FORTRAN program called SCREEN.FOR is used to post-process the output from the
SUMMARIZE screening runs and to list which runs violate the screening criteria and
where the breach occurs (borehole, markerbeds, shaft). It also totals the number of
‘screened in” vectors for each scenario. SCREEN.FOR and the verfication
documentation is reproduced in Appendix A.

Table 2 - Screened-in vectors for each scenario/replicate combination. The vectors shown in italics

are vectors that were run as an S1 to provide the conditions at the time of intrusion for the ISO and
TI runs. The only vector to be screened-in under 51 was vector 53 (non-italicized).

Replicate | Scenario Vector Number
2,3,7.8 90 1012, 13 14, 16, 17, 20,22, 23, 24, 25, 26, 27, 28, 29, 30, 34, 15, 36, 38, 41, 43,
S1 45,46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 58, 59, 60, 61, 62, 63, 64, 66, 67, 69, 70, 71, 72, 73, 74,
76, 78, 79, 80, 82, 83, 84, 86, 88, 89, 90, 92, 93, 94. 98
2.3,7,8,9,10, 12, 13, 14, 16, 17, 20, 22, 23, 24, 25, 26, 27, 28, 29, 30, 34, 35, 36, 38, 41, 43,
S2 45, 46, 47, 48, 49, 50, 51, 52, 54, 55, 58, 59, 60, 61, 62, 63, 64, 66, 67, 69, 70, 71,72, 73, 74, 76,
78,79, 80, 82, 83, 84, 86, 88, 89, 90, 92, 93, 94, 98
RI 2,3,7,8,9,10,12,13, 14, 16, 17, 20, 22, 23, 25, 27, 28,29, 30, 34, 35, 36, 41, 43, 45, 46, 47,
S3 49, 50, 54, 55, 58, 59, 60, 61, 62, 63, 66, 67, 70, 71, 76, 78, 79, 80, 82, 83, 84, 86, 89, 99, 92, 93,
94,98
S4 7.9,12,16, 17, 27, 36, 45, 50, 55, 76, 7%
S5 7.9,12,16, 17,27, 36, 45, 50, 55, 76, 78
23,4689 10 11 12 14 16 17,18 19.20, 21, 24, 25, 26, 27, 28,29, 30, 31, 32, 33, 34, 35,
S1 36,37 38 39, 40, 41, 43, 44, 45, 48, 49, 50, 51, 52, 53, 54, 35, 56, 59. 61, 62, 63, 64, 65, 66, 67,
68,69, 71,72, 74, 75, 77, 79, 80, 81, §3, 84, 87, 89, 90, 91, 92, 93, 96, 98, 99
2,3,4,6,89,10, 11,12, 14, 16, 17, 18, t9, 20, 21, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
S2 36,17, 38, 39, 40, 41, 43, 44, 45, 48, 49, 50, 51, 52, 53, 54, 55, 56, 59, 61, 62, 63, 64, 63, 66, 67,
R2 68, 69,71,72, 74, 75, 77, 79, 80, 81, 83, 84, 87, 89, 90, 91, 92, 95, 96, 98, 99, 100
3,4, 6,8 0, 12, 14, t6, 17, I8, 20, 21, 24, 25, 26, 28, 29, 30, 31, 32, 33, 34, 35,
S3 36, 37, 39, 40, 41, 44, 48, 50, 51, 52, 53, 54, 55, 56, 59, 63, 65, 66, 67, 68, 71, 72,
74, 75, 77, 79, 80, 84, 87, 89, 00, 91, 92, 93, 96, 98, 99
Q4 4,17, 24, 28, 34, 36, 40, 55, 63, 68, 79, 92, 95, 98
g5 4, 17,24, 28, 34, 40, 55, 63, 68, 79, 92, 95, 98
23,4 10 11,13, 14, 15,1718 21,22 24, 25,26, 27, 28, 29, 30, 32, 33, 34, 35, 37, 38, 39, 40,
S1 41,42 43,44, 45, 46,47, 49, 50, 52, 53, 56, 56, 59, 60, 61, 52, 63, 64, 65, 66, 67, 68, 69, 70, 71,
73,74, 76, 77, 78, 79, 84, 85, 86, 85, §9, 90, 91, 93, 94, 95, 96, 97, 95, 99
2,3,4,10,11, 13, 14, 15, 17, 18, 21,22, 24, 25, 26, 27, 28, 29, 30, 32, 33, 34, 35, 37, 38, 39,40,
S2 41,42,43, 44, 45, 46, 47, 49, 50, 52, 53, 56, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,
R3 73,74, 76,77, 78, 79, 84, &5, 86, 88, 89, 00, 91, 93, 94, 05, 96, 97, 98, 99, 100
2,10, 11, 14, 15, 18, 21,24, 25, 27, 28, 29, 30, 32, 33, 34, 35, 37, 38, 39, 40, 42, 43, 44, 45, 46,
S3 47,49, 50, 53, 56, 58, 59, 60, 61, 63, 64, 65, 66, 67, 68, 69, 73, 74, 77, 78, 79, 84, 86, §8, 89, 91,
93, 94, 95, 96, 97, 98
94 30, 35, 42, 44, 47, 49, 53, 59, 66, 69, 77, 86, 91, 93, 96
g5 30, 15, 37,42, 47, 49, 53, 59, 66, 69, 77, 86, 93, 96
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2.4.2. Isotope (ISO) Runs

Because NUTS is a computationally intensive code that requires long run times, and
because decreasing the number of isotopes it mobilizes can substantially decrease its run
time, the possible isotopes and decay chains were examined to determine the minimum
number of isotopes required to describe the compliance behavior of the WIPP (Stockman
et al., 1996). Isotopes having similar decay behaviors and transport characteristics are

combined in ways that would introduce little or no loss of release information in terms of
normalized “EPA units”. Combinations of similar isotopes are referred to as ‘lumped
isotopes’. EPA units are a measure of normalized releases, nR, calculated as:

6 .
nR:Z%—[leO éurrlesJ a

!

where (J;is the 10,000-year cumulative release in curries of radionuclide 7, L;is the
release limit for radionuclide 7 (as specified by CFR 40, Part 194), and C is the total
transuranic inventory in the WIPP in curries. All values of EPA units quoted and used in
this report are calculated by the ALGEBRA code and are contained in the appropriate
ALGEBRA output files stored in the CMS (see Table 3, Page 17, below). The final
conclusion of the decay chain analysis is that five “lumped” isotopes are modeled based
on the following simplified decay chains:

2415
Py > Bdry = Doy
29p,,

These are the same isotopes modeled for the CRA-2004 and the CCA, justified by the
fact that the available isotopes in the waste packages have not changed since that time. A
complete justification for the use of these five isotopes can be found in Stockman et al.
(1996).

For this analysis, only 21 Am, *°Pu, 2*U, and *°Th are examined individually in the
output since the half-life of ***Pu is 87.7 years and will have decayed to negligible
amounts in the time frames of interest. Total activity releases presented below do include
the contribution from **Pu. The ISO runs consist of modeling each isotope for each
scenario and calculating the time-integrated flux laterally across the LWB and vertically
to the Culebra (via boreholes or shaft) in EPA units. The NUTS ISO runs consist of the
undisturbed scenario (S1) as well as the 350 and 1000-year intrusion scenarios (S2-55) as
calculated by BRAGFLO.

2.4.3. Time Intrusion (T1) Runs

The NUTS TI runs are for simulating intrusion times that are earlier and later than the
350 and 1000 year intrusions modeled in the ISO runs. This is done by shifting the initial
conditions from the BRAGFLQO runs to the appropriate time. For instance, the
BRAGFLO results for E1 and E2 at 350 years are used as input to NUTS at both 100 and
at 350 years. For the 100 year intrusion, the flow pattern used in NUTS subsequent to the
intrusion is assumed to be the same as the flow pattern predicted by BRAGFLO
subsequent to an intrusion at 350 years. Transport calculations are also done with

WIPP:1.4.1.1:PA:QA-1.:540232 Page 14 of 71



Analysis Package for Salado Transport Calculations: CRA-2004 PA Baseline Calculaticn Revision 0

intrusion times of 3000, 5000, 7000, and 9000 yrs. For times greater then 1000 years,
‘shifted intrusion-time’ calculations are performed that assume an undisturbed scenario
until the time of intrusion and then the 1000-year intrusion flow-field after the intrusion.

This approach is justified by the fact that previous BRAGFLO simulations for intrusion
times greater then 1000 years have shown that undisturbed conditions reach steady-state
prior to the intrusion time. In addition, repository performance is most sensitive to gas-
pressure relief and brine inflow (from the high-pressure brine pocket and/or marker beds)
that occurs at or soon after intrusion. However, it is not sensitive to the kinds of changes
(e.g. fracturing) that occur prior to intrusion (Stockman et al., 1996; Stein and Zelinski,
2003). Thus, the flow-field after intrusion is much more dependent on an intrusion event
occurring rather than the conditions before the intrusion.

2.5. Modeling Grid

The grid used for the NUTS calculations is the same as used for the BRAGFLO
calculations. The extent of the modeling domain is 46,630 m in the horizontal (x)
direction by 940 m in the vertical (y) direction, which is the same as for the CCA
calculations. The domain is discretized into 68 x 33 (x,y) non-uniform grid cells with
higher resolution in the repository area and lower resolution towards the edges of the
modeling domain. The grid is more refined and includes a more detailed representation
of the panel closures and waste regions than was used for the CCA calculations. The
changes made to the grid were accepted by the Salado Flow Peer Review panel in
February 2003 (Caporuscio et al., 2003). The grid is illustrated in Figure 2. A full
description of the grid can be found in Stein and Zelinski (2003).

2.6. Computational Environment

Calculations for the Salado Flow and Transport simulations are performed on ES-40,
and/or ES-45, running Open VMS Version 7.3-1 (WIPP PA, 2003a,b). Each job is
executed using scripts, with run-time input files and output files residing in an access
controlled environment on the cluster. The runs utilized the WIPP PA Software
Configuration Management System (SCMS) to assure control of the various PA codes
and associated files. The SCMS in turn is implemented by the Compaq Corporation
Code Management System (CMS — WIPP PA, 2003c¢).

This section documents the input and output files used for NUTS, ALGEBRA, and
SUMMARIZE for the Salado Flow and Transport simulations as well as the library
locations within the CMS where the final versions are archived. A detailed description of
the run control procedures used for the CRA-2004 PABC, including the NUTS
calculations, is described in Long and Kanney (2005).

There are three sets of input files for all three programs; one each for the SCN, 18O, and
Tlruns. Each set of input files are numbered according to the run type, replicate,
scenario, and vector numbers. The CMS libraries, the included files, and the file
descriptions are shown in Table 3. A sample input file for each program is listed in
Appendix B, C, and D.
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CRA-2004 and CRA-2004 PABC BRAGFLO Grid
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Figure 2 — Computational grid used for the BRAGFLO and NUTS runs for the Salado Flew and
transport calculations. MB refers to the marker beds, DRZ is the disturbed rock zone surrounding
the repository area, SHFTU is the upper shaft area, SHFTL is the lower shaft area. The green area
within the DRZ is the repository area. The grayed cells (light colored) extending from the surface to
the Castile Brine Reservoir shows the location of the borehole,

3. Other Data and Assumptions

This section looks at the major data inputs, modeling factors, and modeling assumptions
for the NUTS PABC model. It is not intended to be a complete documentation of the
inputs and workings of NUTS, but rather to give the reader a sufficient level of

understanding to interpret and understand the results. For more detail, the reader is again
referred to Stockman et al. (1996).

NUTS is designed to model mobilization and decay of the selected isotopes. For
mobilization, the code requires the isotope inventory and element solubility. The isotope
inventory is apportioned using volume or areal fractions, to the computational cell(s) of
NUTS. This approach is equivalent to assuming a homogeneous waste inventory.
Radionuclide release from the repository to the Culebra depends on both the amount of
brine flow, the solubility limit, and the amount of radionuclide available for transport.
Radionuclides are assumed to exist in five states that can be transported from the
repository by flowing groundwater (Helton et al., 1998): dissolved, humic colloids,
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Table 3 - Library locations, file names, and description for the Salado Formation Flow and
Transport simulations for NUTS, ALGEBRA, and SUMMARIZE.

CMS Library

File Name*

Description

LIBCRAIBC NUT

NUT_SCN_CRAIBC_Ss.INP

NUTS screening runs
input

NUT_ISD_CRAIBC_Ss.INP

NUTS ISO runs input

NUT_INT_CRAIBC Ss Triz.INP**

NUTS TI runs input

ALG_NUT_SCN_CRALBC.INP

ALGEBRA screening
runs input

ALG NUT_ISO_CRAIBC_Ss.INP

ALGEBRA ISO runs
input

NUT_SCN_CRAIBC_Rr_Ss_Vyw.CDB

NUTS screening runs

binary output

NUTS ISO runs binary

NUT_ISO_CRALBC_Rr Ss Vww.CDB outputers

NUT_INT_CRAIBC_Rr_Ss_Tuttt_Vvvy.CDB** NUTS Tl runs binary

output***
SCREEN_NUT_SCN_CRAIBC_Rr_Ss.QUT EEREEN-FOR output
: ALGEBRA SCN runs
1B
LIBCRAIBC_NUTRxSy | ALG NUT SCN_CRAIBC_Rr_Ss_Vyw.CDB iy oot
ALGEBRA [SO runs
ALG_NUT_ISO_CRAIBC_Rr_Ss Vwv.CDB binary output*+*
ALG_NUT_INT_CRALBC_Rr_Ss_Ttuti_Vyvv.CDB?* ;‘_LGEBRA Tl runs
~ - - - T inary output
SUM_NUT_SCN_CRAIBC_Rr_Ss.INP SUMMARIZE SCN
- - runs input
SUM_NUT_SCN_CRAIBC Rr S$s.TBL SUMMARIZE SCN
_ _ — runs output

*File naming convention: Rx refers to the replicate number (r=1, 2, or 3), Ss refers to the scenario number (s=1 to 5), Trrtt refers to
the intrusion titne (#=00100, 03000, 05000, 07000, or (90003, Vyvwy refers to the vector number (wwv =001, (02, ... , 099, 100) _

**TI files are only applicable to scenarios 2 to 5

*¥**These files are generated only for vectors that are *screened-in’

microbial colloids, mineral fragment colloids, and actinide intrinsic colloids. The
concentration in each of these states is a function of one or more sampled variables.
Element solubility is defined to be the maximum concentration that the brine can hold
both suspended on colloids and dissolved in the brine. Stockman et al. (1996) and Garmner
(2003) provide a full discussion on effective solubility related to the radionuclide
transport calculations. Mobilization is assumed to be instantaneous at the solubility limit
(up to the inventory limit) meaning the concentration in the brine and on the colloids is
always at equilibrium. However, the isotope inventory changes with time due to decay
and ingrowth, so the equilibrium is not steady-state.

The key processes modeled with NUTS are advective transport, decay, precipitation,
solubility limits, and interior sources, all in a single porosity, continuous matrix. No
dispersion is modeled. The initial condition for each run is to assume no contamination
present within the model domain, with the exception of the source term in the waste panel
area.
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4. Results

This section presents the results from the NUTS simulations for transport of the four
radioisotopes within the Salado formation for scenarios S1 to S5 as discussed above. As
mentioned, there are five isotopes that are modeled but since ***Pu is only a small fraction
of the inventory within the repository and due to its short half-life (87.7 years) it is not
included in the final analysis.

4.1. Summary of Potential Pathways

To provide a more complete picture of the results a conceptualization of the physical
processes is given here. A complete analysis of the BRAGFLO results is given by Nemer
and Stein (2005).

When brine enters the disposal region, gas is generated by anoxic corrosion of iron and
biodegradation of organic materials, resulting in the eventual release of radioisotopes into
the brine from the waste. If sufficient quantities of gas are generated, pressures in the
disposal region will increase, reducing brine flow into the repository. Brine containing
dissolved radioisotopes may be expelled from the repository if pressure in the repository
exceeds the brine pressure in the immediately surrounding formation. Brine saturation in
the waste has to exceed residual brine saturation in order for brine to be expelled from the
repository,

Three potential pathways for migration of radioisotopes in dissolved brine are considered
in this analysis. The first, and as is shown below, the most important pathway is a human
intrusion into and possibly through the repository. Under this scenario, brine may be
released up the borehole toward the Culebra Dolomite member of the Rustler formation.
Once in the Culebra, contaminated brine may then move toward the subsurface land
withdrawal boundary. Direct brine relcases to the surface are modeled and analyzed
separately. In the second pathway, brine may migrate through or around the panel seals
through the disturbed rock zone (DRZ) surrounding the repository to the shaft and then
upward toward the Culebra. In the third pathway, brine may migrate from the repository
through the DRZ and then laterally toward the subsurface land withdrawal boundary
within the anhydrite inter-beds (marker beds 138 and 139, Figure 2).

The dynamics of the brine movement are complex and highly dependent on the
BRAGLO input parameters. Initially, brine may flow into the repository from anyone of
the migration pathways mentioned above. If sufficient brine enters the repository the
radioisotopes become mobilized in both solute and colloidal sorbed forms. Once the
radioisotopes are mobilized, transport away from the repository can only occur if the
head potential within the repository exceeds that outside the repository and if brine
saturation in the waste exceeds residual brine saturation. Brine may be consumed by the
oxidation of ferrous material in the waste containers and the waste itself, which has an
effect on the solubility of the radioisotopes.

42. Screening Runs

The intent of the screening runs was to reduce the total number of ‘complete’ model
simulations necessary by eliminating model vectors that have no possibility of
transporting radionuclides beyond the repository boundary. To do this, a conservative
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tracer is modeled and the cumulative mass is monitored at several key points in the
modeling domain. The key points are the borehole/Culebra intersection, the
shaft/Culebra intersection, and the marker beds at the LWB. Vectors that show a
cumulative mass tracer of 107 kg or more at those key points are deemed ‘screened-in’
and are then passed through to perform the full radionuclide transport simulations. The
full process and results of the screening runs are presented above in section 2.4.1.

4.3. ISO Runs

The ISO runs are for 350 and 1000-year E1 intrusions (scenarios S2 and S3), 350 and
1000-year E2 intrusions (scenarios S4 and S5), as well as the undisturbed case (scenario
S1).

4.3.1. Undisturbed Scenario — 81

For replicates R1, R2, and R3, there are 68, 75, and 73 screened-in runs, respectively.
The screenings detected the conservative contaminant at the LWB through the Marker
Beds. However, none of the vectors had activities greater than 1.00x10”" EPA Units
when modeled for the ISO case. For replicates R1, R2, and R3, the maximum total
integrated activity across the LWB was 1.3 169x 1072, 1.4880x10, and 1.8078x107"°
EPA Units, respectively. As explained in Lowry (2004), these values are most likely due
to numerical dispersion as a result of the NUTS finite-difference solution method.

4.3.2. 350 Year E1 Intrusion — S2

Scenario S2 models an E1 intrusion, which penetrates the repository and the lower
Castile formation, at 350 years. The S2 scenario is highly influenced by the conditions
within the brine pocket. The timing of the 350-year intrusion allows for brine inflow into
the repository, but is not long enough to have secondary processes, such as gas
production, displace the brine. Consequently, S2 shows the highest number of screened
n vectors as well as the highest outward fluxes of brine and radioisotopes. With the
exception of one vector (v053) from R1, all vectors for S2 were screened in due to
contaminant movement up the borehole. The v053 vector from the R1 SCN run showed
contaminant movement through the Marker Beds. However, for the ISO runs, v053/R1
shows a total integrated activity of 2.379x10'2 EPA Units in the Marker Beds at the
LWB, which is five orders of magnitude lower than the 1.0x10”7 EPA Units threshold.
For this reason, the rest of this discussion focuses on the balance of the replicate/vector
combinations that showed contaminant movement only up the borehole. Specifically,
this analysis concentrates on the total activity in EPA units at the point where the
borehole intersects the Culebra. The time series plots for each isotope, vector, and
replicate are shown in Figure 7 to Figure 9. Most vectors result in little or no release due
to limited brine flow. Most of the release occurs over a relatively short period of time,
shortly after the borehole intrusion, and then continues at a reduced rate or stops entirely.
The maximum activity for any isotope occurred in R2S2v031, which showed an
integrated activity of 43.109 EPA units for **Pu. For **' Am, vector R352v066 showed
the maximum with an integrated activity of 36.67 EPA units. Both of these values are
higher than the 21.63 EPA Units for >*' Am and 5.24 EPA Units for **Pu from the CRA-
2004 calculations (Lowry 2004). ***U and *"Th were comparatively minor with
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maximums for each of 0.066813 and 0.14455 EPA units in vectors R382v042 and
R1S2v017, respectively. On the average, **' Am and ***Pu account for 63.6% and 34.8%
of the total activity respectively with ***U and **°Th comprising 1.2% and 0.4% each.
This is similar to the percentages from the CRA-2004, of 68.1%, 31.4% for 24 Am and
2%py, and 0.5% for >*U and *°Th combined. The average percentage is calculated by
summing the percent contribution of each isotope for each vector, and then dividing by
the number of vectors. Mathematically, this is:

% EP. AISO‘
S EP4,
N 51

5 @

where EPA se; 1s the 10,000 year activity for a particular isotope, £PAy; 1s the 10,000 year

total activity (including ***Pu), Ny is the number of screened in vectors, P is the average
percentage of the total, and the ; summation indicates the values are summed across all
screened-in vectors. The releases in EPA units for each isotope and the total release are
shown in Figure 3.

E1 at 350 yrs (R1, R2, R3)

Am-241 X MO XX X WX 200K MBS 0K X OOEDN0: N Sl TS 3O

Pu-239 { xxx X XX X0 BB0CKK K RSOGEE JoHod IR X EEOCEIN BEOMRRMMSHENDNO IO IEICEE: X JOROK X X X

U-234 1eoosd X SEETMOGIE MO 3 SN0, JCINOOCMONE X X IS TN, NEDENOST MM X

The230 | *ooK 300O0MECE 0 EICEE. MENESCWEROSECEN SURREY JHCBC 30X x

Total | x«x o XX A0OK 0 X XK 0C0ROICCC PO M X MOMORCEES JOIE MRARECENEOREERSCONEINDCN O

1.E-08 1.E-07 1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-N1 1E+00 1.E+01 1.E+02
EPA Units

Figure 3 — Normalized Cumulative Release (EPA Units) to the Culebra from the borehole for each
isotope and the total for Scenario 2: Borehole intrusion into the Castile brine pocket at 350 years.

4.3.3. 1000 Year E1 Intrusion — 83

The time difference between S2 and S3 allows more time for chemical and biological
activity to either consume brine or produce gas, both of which reduce the amount of brine
in the repository at the time of intrusion. This in turn reduces the capacity for nuclide
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transport. However, like scenario 82, the results of §3 are highly influenced by the
conditions in the pressurized Castile brine pocket and thus we see that S3 has similar
characteristics to the S2 scenario, although the number of screened-in vectors and the
maximum activities are slightly less.

The only pathway with any activity for S3 is through the borehole with no activity shown
in the marker beds or the shaft for any of the vectors. The time series plots for each
isotope, vector, and replicate are shown in Figure 10 to Figure 12. As can be seen in the
figures, and like the S2 scenario, the releases for the S3 take place over a short period of
time. The maximum activity for any isotope occurred in R183v017, which showed an
integrated activity of 16.244 EPA units for **' Am. For *’Pu, vector R283v019 showed
the maximum with an integrated activity of 30.275 EPA units. **U and ***Th were
comparatively minor with maximums for each of 0.0515 and 0.1346 showing in vector
R3S3v042 and R283v019, respectively. On the average, *' Am and ***Pu account for
37.9% and 60.0% of the total activity respectively with ***U and *°Th comprising 1.8%
and 0.4% each. For the CRA-2004, the percentage contribution for 241Am, 239Pu, By
and “**Th combined was 48.2%, 50.9%, and 0.9%, respectively. The releases in EPA
units for each isotope and the total release are shown in Figure 4.

E1 at 1000 yrs (R9, R2, R3)
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U-234 § MoK X X JD0CR MESRORNE NI X X, X XN O0BEOMK }CICHEC I

Th-230 | X 30t X X XIECERGKX X MG ENEDOENIC I CXEIINO NI x

Total {| = = X X Wl X X MUK N ML X OO HOCOTI SISO AT XX
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Figure 4 — Normalized Cumulative Release (EPA Units) to the Culebra from the borehole for each
isotope and the total for Scenario 3: Borehole intrusion into the Castile brine pocket at 1000 years.

The difference in the activity distribution between the S2 and S3 scenarios is attributed to
the time lag for the S3 intrusion. At early times, the release tends to be dominated by
Am-241, with an additional contribution trom ***Pu at very early times (not shownj).
With increasing time, **' Am is lost due to decay, and the release is dominated by 2py
due to its long half-life.
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4.3.4. 350 Year E2 Intrusion — S4

For most vectors associated with an E2 intrusion, BRAGFLO predicts nonzero or very
little brine flow from the repository to the Culebra. All other pathways are zero or
minimal. Figure 13 to Figure 15 show the time-series plots for each vector across all
replicates. Since the E2 releases are not dominated by a physical process like the brine
pocket pressure release associated with an El intrusion, the plots appear more
‘disorganized’ in that the standard deviation of the release times is much higher. This
also creates a difference in the distribution of the contribution to the total activity. On the
average, 41 Am contributes 18.1% to the total and 2*°Pu contributes 72.8%. The
maximum activities for **' Am, ***Pu, U, and *°Th are 1.4906, 2.9345, 0.8047, and
0.0015 EPA units, respectively. The releases in EPA units for each isotope and the total
release are shown in Figure 5.

E2 at 350 yrs (R1, R2, R3)

Am-241 * x x > x MO0 XX WAMNMIE KX X XXX MX Nx X
Pu-239 X XX X X MWK ROODIOKX X X M X
U-234 OO0 000K M XM X xm X Xx WX M X X X X w
Th-230 x x x X X ICOQDNEKK X000 0L X = X X

Total x ] XX MMNOGK  WCMECHHNXC X MXX X

1.E-08 1E-07 1E-068 1.E05 1.E04 1.E03 1E-Q2 1.E-01 1E+00 1.E+01 1.E+02
EPA Units

Figure 5 — Normalized Cumulative Release (EPA Units) to the Culebra from the borehole for each
isotope and the total for Scenario 4: Borehole intrusion into the repository at 350 years.

4.3.5. 1000 year E2 Intrusion — S5

Like the 350 year E2 intrusion, the 1000 year intrusion shows very few vectors with
significant amounts of radionuclide releases. Over the 1000 years before the intrusion,
gas pressure builds up and brine is consumed through chemical and biological processes.
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This in turn reduces the brine movement through the repository in comparison to the
earlier intrusion times.

Figure 16 to Figure 18 show the time-series plots for each vector across all replicates.
Again, the plots appear more ‘disorganized’ then the E1 intrusion plots. For S5, *'Am
contributes 12.8% to the total and *’Pu contributes 82.2%. The 1000 year intrusion time
allows for more decay of the **' Am and shift to a higher percentage of the total for *°Pu.
The maximum activities for *' Am, P, ***U, and “*Th are 0.3204, 1.5313, 0.0072, and
0.0014 EPA units, respectively. The releases in EPA units for each isotope and the total
release are shown in Figure 6.

E2 at 1000 yrs (R1, R2, R3)

Am-241 M X x A OX OO X OEMXE XIE XECOE X R X X
Pu-239 X XM X MK MOOOMEON ORI OB X XK X
U-234 {x W OKN O XX X N X X X AECACK X
Th-230 ¥ X X x 0 NOMOEEE 000K X x

Tolal o % x X HNOK OB DN X MDD GO X X XK X

1E-08 1E-07 1E-06 1E-05 1.E-04 1.E-03 1E-02 1.E-01 1.E+00 1.E+01 1.E+D2
EPA Units

Figure 6 — Normalized Cumulative Release (EPA Units) to the Culebra from the borehole for each
isotope and the total for Scenario 5: Borehole intrusion into the repository at 1000 years.
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4.4, Tl Runs

The T1 runs show the same pattern in terms of nuclide transport as do the ISO runs in that
the E1 intrusions associated with early time intrusions show the highest activities, while
the E2 intrusions associated with late time intrusions show the lowest. The reasons
behind this are the same as discussed above. Table 4 shows the maximum normalized
release in EPA units for each scenario/intrusion time combination. The time series plots
for each 1sotope at each time/vector/replicate combination are presented in Appendix E.

Table 4 — Maximum normalized release (EPA units) of each isotope at the Borehole/Culebra
interface at each time interval of intrusion. The ‘Total’ maximum release is the maximum for a
single vector whereas the maximum for each isotope for each scenario may be from different vectors.
For this reason, the sum of the maximum for each isotope may not sum to the total maximum.

Am-241 Pu-239 U-234 Th-230 Total
E1-100 yrs 4.24E+01 4.37E+01 6.76E-02 1.46E-01 6.26E+01
3000 yrs 2.14E+01 2.47E+01 5.09E-02 1.16E-01 291E+01
5000 yrs 1.55E-01 1.84E+01 3.84E-02 9.59E-02 1.84E+01
7000 yrs 2.08E-02 1.06E+01 3.13E-02 7A48E-02 1.06E+01
2000 yrs 2.80E-03 4 94E+00 1.83E-02 4.09E-02 4.99E+00
E2 - 100 yrs 2.16E+00 3.06E+00 5.67E-03 1.59E-03 522E+00
3000 yrs 8.34E-03 3.76E-01 3.89E-03 4.08E-04 3.76E-01
5000 yrs 9.18E-04 2.49E-01 2.27E-03 4.08E-04 2.50E-01
7000 yrs 1.15E-04 6.99E-03 1.53E-03 2.39E-05 7.02E-03
9000 yrs 4.37E-06 6.29E-03 1.25E-03 3.14E-06 6.29E-03

2pu shows the highest maximum activity (43.7 EPA units) of ali the isotopes across all

ISO and TI runs for a 100 year, E1 intrusion and is the isotope with the highest release
for 113 of the 217 screened in vectors for the 100 year intrusion time across all replicates.
For a 350 year intrusion, “*Pu is highest in 63 of the 217 vectors. For intrusion times
greater then 350 years, “**Pu shows the highest activity across all replicates. In terms of
the average percentage of total activity, **"Pu provides the highest contribution for all
intrusion times with the exception of an E1 intrusion at 350 years, where 2 Am is the
highest. As mentioned above, this is due to the decay of **' Am combined with the long
half-life of Z*’Pu. For those vectors where brine outflow from the repository was large at
small time, 2 Am is the dominant isotope. This trend is listed numerically in Table 5.

Table 5 — Percentage of total activity after 10,000 years for each isotope.

Am-241 Pu-239 U-234 Th-230
E1-100 yrs 44.79% 52.44% 2.22% 0.54%
350 yrs 63.64% 34.79% 1.21% 0.26%
1000 yrs 37.90% 59.96% 1.76% 0.38%
30040 yrs 16.18% 79.79% 3.46% 0.58%
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5000 yrs 1.61% 97.45% 0.73% 0.21%
70040 yrs 0.29% 95.05% 4.02% 0.64%
2000 yrs 0.16% 95.31% 3.90% 0.63%
E2-1(4} yrs 29.74% 67.30% 2.74% 0.22%
350 yrs 18.12% 72.77% 3.88% 0.23%
1000 yrs 12.78% 82.21% 4.74% 0.26%
3000 yrs 3.08% 51.13% 5.42% 0.37%
5000 yrs 0.58% 93.76% 5.26% 0.40%
7000 yrs 0.20% 03.69% 5.47% 0.64%
9000 yrs 0.14% 83.12% 16.68% 0.06%
5. Summary

This analysis package describes the transport calculations that are part of the “Salado
Flow and Transport Calculations for the Performance Assessment Baseline Calculations
(PABC) of the Waste Isolation Pilot Plant (WIPPY” as described in Analysis Plan AP-122
(Kanney and Leigh, 2005). Specifically, it covers the calculations to determine the
mobilization and subsequent migration of radioisotopes throughout the repository, shaft
system, Salado formation, and possible human intrusion boreholes. These calculations
are part of the Performance Assessment (PA) that estimates releases from the repository
for the regulatory period of 10,000 years after closure, which is required for the CRA-
2004.

To represent possible future states of the repository and to predict possible releases
through the Salado, six modeling scenarios are defined. The six scenarios are:

¢ S1:Undisturbed performance (no human intervention or intrusion into the
repository during 10,000 years)

e S2: An infrusion borehole at 350 years that penetrates both the repository and
an underlying pressurized brine reservoir in the Castile formation (El-type
intrusion)

e 83: An intrusion borehole at 1000 years that penetrates both the repository and

an underlying pressurized brine reservoir in the Castile formation (E1-type
intrusion)

e S4: An intrusion borehole at 350 years that penetrates the repository but does
not encounter a pressurized brine reservoir (E2-type intrusion)

» S5: An intrusion borehole at 1000 years that penetrates the repository but does
not encounter a pressurized brine reservoir (E2-type intrusion)
¢ S6: A muitiple intrusion scenario, which includes an E2 intrusion followed by
and E1 intrusion at a later date
Scenario S6 1s addressed in a separate analysis (Garner and Leigh, 2005) and is not
discussed in this report.

To address the uncertainty in many of the input parameters used in the PA calculations,
three replicates of 100 sets of Latin Hypercube sampled parameters (each unique set is
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called a vector) are defined. The analysis is composed of three types of modeling runs:
the screening runs, the ISO runs, and the TI runs. The screening runs are used to screen
out those vectors that have no possibility of radioactive release to the accessible
environment. This is accomplished by performing transport simulations on all vectors
using a continuous 1 kg/m’ source of a conservative tracer as the contaminant and
calculating the cumulative mass crossing into the accessible environment. Those vectors
that show cumulative mass greater than 1x10” kg are ‘screened-in’ and are used for the
more detailed ISO and TI runs.

Unlike the screening runs, the [SO and T1 runs (ISO refers to isotope runs and TI refers to
time-intrusion runs) model specific isotopes and decay chains. To help reduce
computational overhead the possible isotopes and decay chains were examined to
determine the minimum number of isotopes required to describe the compliance behavior
of the WIPP (Stockman et al., 1996). Isotopes having similar decay behaviors and
transport charactenistics are combined in ways that introduce little or no loss of release
information in terms of normalized “EPA units”. EPA units are a relative unit that is
proportional to the ratio of the cumulative release of an isotope to the release limit for
that isotope. Combinations of similar isotopes are referred to as ‘lumped isotopes’. This
analysis models 5 lumped isotopes: 2 Am, 8Py, 2°Pu, *U, and 2*°Th. ISO runs are
performed on scenarios S1 through S5 and directly utilize the 350 and 1000 year
intrusion time flow-fields from the brine and gas flow code, BRAGFLO (Stein and
Zelinski, 2003). The TI runs are used to examine the sensitivity of the results to different
borehole intrusion times. Intrusion times of 100, 3000, 5000, 7000, and 9000 years are
modeled in the TI runs using ‘time-shifted’ flow-field inputs from BRAGFLO. Time
shifting means applying a flow-field based on one intrusion time to a different intrusion
time by extending or shortening the pre-intrusion condition as necessary. This prevents
the need of re-running the computationally intensive flow model for each intrusion time.
Justification for this approach is discussed in section 2.4.3.

The transport and decay of radionuclides are calculated using the computer code NUTS
(NUgclide Transport System), version 2.05a. NUTS is a five-point finite difference code
designed to model multi-dimensional, multi-component, and radioactive-contaminant
transport. The key processes modeled here are advective transport, decay, precipitation,
solubility limits, and interior sources, all in a single porosity, continuous matrix. No
dispersion is modeled.

Three potential pathways for migration of radioisotopes in dissolved brine are considered
in this analysis. The first, and the most important pathway, is a human intrusion into and
possibly through the repository. Under this scenario, brine may be released up the
borehole toward the Culebra Dolomite member of the Rustler formation. In the second
pathway, brine may migrate through or around the panel seals through the disturbed rock
zone (DRZ) surrounding the repository to the shaft and then upward toward the Culebra.
In the third pathway, brine may migrate from the repository through the DRZ and then
laterally toward the subsurface land withdrawal boundary within the anhydrite inter-beds
(marker beds) of the Salado formation.

The dynamics of the brine movement are complex and highly dependent on the
BRAGFLOQ input parameters. Initially, brine may flow into the repository from anyone
of the migration pathways mentioned above. If sufficient brine enters the repository the
radioisotopes become mobilized in both solute and colloidal sorbed forms. Once the
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radioisotopes are mobilized, transport away from the repository can only occur if the
head potential within the repository exceeds that outside the repository and if brine
saturation in the waste exceeds residual brine saturation. Brine may be consumed by the
oxidation of ferrous material in the waste containers and the waste itself, which has an
effect on the solubility of the radioisotopes.

The screening runs produced 471 ‘screened-in’ vectors out of a possible 1500 (three
replicates of 100 vectors across 5 scenarios). Results of the ISO and T1 runs show that
there is effectively no release out the marker beds or up the shaft. The only release for
either of these two pathways was found in scenario S1, where only a trivial amount of
activity was detected in the marker beds (total activity of 2.89x10™'° EPA units) and no
activity indicated at the shaft/Culebra interface.

The E1 intrusions (S2 and S3) produced the highest releases, with a maximum total
activity at the borehole/Culebra intersection of 28.26 EPA units occurring with a 100 year
intrusion time. For perspective, the average for all vectors at the 100 year intrusion time
1s 1.42 EPA units and the median is 0.237 EPA units. No releases are predicted in the
marker beds for the E1 intrusions, and a maximum total activity at the shaft/Culebra
intersection was calculated to be 8.74x10™ EPA units. As the intrusion time increases,
the maximum total release tends to decrease. For example, at an intrusion time of 5000
years, the maximum total activity for an E1 intrusion is predicted to be 2.89 EPA units.

The E2 intrusions produced somewhat lower maximum total activities at all intrusion
times than the E1 intrusion. The maximum total activity at the borehole/Culebra
intersection for all intrusion times is predicted to be 2.12 EPA units (100 year intrusion
time). This too declines with increasing intrusion times, with 0.049 EPA units predicted
at a 5000 year intrusion time. Like the other scenarios, little or no activity is predicted in
the marker beds or at the shaft/Culebra intersection.
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Figure 7 - Cumulative activity in the borehole at the Culebra in EPA Units for R152,
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Figure 8 - Cumulative activity in the borehole at the Culebra in EPA Units for R252.
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Figure 9 - Cumulative activity in the borehole at the Culebra in EPA Units for R382,

Relewse Up Borenmie (EFA Urits)

Reiesse Up Dorshota (EPA Unils)

Am-241 Tolal Aclivily Up Borahole
Raopiicate 1. Scanario 3; E1 Intrugion @ 1000 yrs

10’ - T “‘T{
=]

1a° —

1w’

iw” =

“]‘3 —. S —

ot -

10° e

w°

[ 2000 4000 eom 2000 10000
Time [yrs)

U-234 Tolal Activiy Up Bonahols
Ragicae 1, canaio 2 E1 bingion i@ 1000 yr5

1 —_—
10" J
10

.

10

Tirne (yrs)

Relesse Lp Borehals {EPA Ursis)

Feipase Up Borehoia (EP4 Unils}

PL-229 Tolal Aclrily Up Borehala
Replicate 1, Scenario 2: E4 Imrusion @ 1000 yre

'

1’

10’

ot

n®

1o

w0®

n® ' —

o 2000 4000 6000 B0 10000
Time (yr$)

Th-Z30 Tolal Actity Lip Borehole
2 Replicaie 1, Scenarc 3. E1 Inusion @ 1000 yrs

10 -
1o } |
1"}

w'

0 200a 4000 [lia 0o 10000
Time (ys)

Figure 10 - Cumulative activity in the borehole at the Culebra in EPA Units for R183.
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Figure 11 - Cumulative activity in the borehole at the Culebra in EPA Units for R2S83.
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Figure 12 - Cumulative activity in the borehole at the Culebra in EPA Units for R353.
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Figure 13 - Cumulative activity in the borehole at the Culebra in EPA Units for RIS84 .,
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Figure 14 - Cumulative activity in the borehole at the Culebra in EPA Units for R2584,
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Figure 15 - Cumulative activity in the borehele at the Culebra in EPA Units for R354,
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Figure 16 - Cumulative activity in the borehole at the Culebra in EPA Units for R155.
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Figure 17 - Cumulative activity in the borehole at the Culebra in EPA Units for R285,
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Figure 18 - Cumulative activity in the borehole at the Culebra in EPA Units for R385,
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Appendix A: Post-processing code and verification documentation for
SCREEN.FOR.

A test case was constructed to demonstrate that SCREEN.FOR performs correctly and to
demonstrate its purpose. The executable in CMS was produced by CCA-MASTER using
the SCREEN_BUILD.COM script. A log file (SCREEN_BUILD.LOG) was produced
and retained in CMS. The test output files in CMS were produced CCA-MASTER using
the SCREEN_TEST.COM script. A log file (SCREEN_TEST.LOG) was produced and
retained in CMS. The CMS library LIBCRA1BC NUT, class SCREEN V1.0, contains
the following files from this test:

SCREEN.FOR - source code

SCREEN BUILD.COM - script to build executable
SCREEN.EXE - executable
SCREEN_BUILD.LOG - log file from build process
SCREEN_TESTI1.INP - input control file

SCREEN_TEST1_S1.TBL - input data file from SUMMARIZE for Scenario Sl
SCREEN_TESTI1_S2.TBL - input data file from SUMMARIZE for Scenario S2
SCREEN _TEST1_S1.0UT - output data file from SCREEN.FOR for Scenario S|
SCREEN_TEST1_S2.0UT - output data file from SCREEN.FOR for Scenario S2
SCREEN_TEST.LOG - log file for test runs

The above listed files are shown below. The input file SCREEN TESTL.INP is shown
below along with a description in italics. The test input data files constructed for this test
each contain twelve vectors. For each vector there is a set of ALGEBRA output variables
describing releases to the land withdrawal boundary through the anhydrite markerbeds
MBI138, MB139, and Anhydrite AB:

SMB38N1C, SMB38S51C, SMBABN1C, SMBABS1C, SMB39N1C, SMB3951¢, and a set of variables
that give releases to the Culebra BHupic through the borehole and suupic through the
shaft. Here n and s denote north or south of the repository.

The test input data files contain various values of the above ALGEGRA output variables.
The Fortran code SCREEN.FOR adds up all the markerbed relecases into one variable and
all releases to the Culebra into another variable, If cither of these variables are greater
than the tolerance set in the input file, the output file will record this vector with the
release size and the type of release (markerbed or borehole). This is contained between
the NONUNION_BEGIN and NONUNION_END sections of the output files. One can see by
looking at the test input data files and the test output data files that the code correctly
sums up the releases.

For Scenario 81, following the NONUNTION BEGIN and NONUNION_END sections of the
output file, there is a list of all vectors from all scenarios that contained releases greater
than the tolerance. This is contained between the UNION_BEGIN and UNION_END
sections of the output file only for Scenario S1. This information is used in the ISO and
T1 runs. Looking at the input data files and the output data files it is clear that this
section has captured all the vectors that had releases in S1 and S2 from this test problem.
Thus the test has shown that the SCREEN.FOR code works correctly.
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CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOCCOCCCCCCCCCCCoCCooeooeceoece

NUTS SCREENING PROGRAM

Purpose: Takes output from the NUTS-screening-run-
summarize-output files and determines whether the releases
trom these runs are large enough to warrant a

complete NUTS run with decay and real inventory parameters

This code was written in June, 2005 by
Martin Nemer, SNL, 505-234-0005 and
Jim Garner

naonNnoaoanoqnn
nnaonnaoaonnoaamn

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCoCCCCCCCCCCQCCCle

program SsScreen
implicit none

integer mxfile
PARARMETER (mxfile = 10)
integer mxscen
PARABMETER (mxscen
integer mxvect
PARAMETER (mxvect = 1000)
integer mxunion

PARAMETER (mxunion = 10*mxvect}

10)

integer nfiles,nfiler., i, icount, scenario,

& replicate,
& totscen, scen(mxscen), indicator,union (mxunion),
& ucount, j,utot, totvect

double precision TIME, SWASTELC,SMB39S1C, SMBABSLC,
& SMB38N1C,SMB385S1C, SMB39N1C, SMBABN1C, SCULBRI1C,

& SHUPI1C, SURFSH1C, SSHM1C, BHUP1C, SURFBHIC, SBHM1C,

& SSALADIC,critical, SUMMB, IVECTORL, SUMBH

CHARACTER*120 filenm{mxfile)}

CHARACTER*120 sumfile({mxscen),outfile (mxscen),
& inpfile,analysis

CHARACTER#*80 filine

CHARACTER *10,CHARL, CHARZ2, DUMMY

nfileg = 1

nfiler = 0

write{*,*) nfiles,nfiler

CALL filemdlin(nfiles,nfiler, filenm)

IF { nfiler .GT. nfiles ) THEN
CALL QAABORT('To0 many command line arguments')
ELSE
IF ( nfiler .LT. nfiles-1 )} THEN
CALL QAABORT('To¢ few command line arguments')
ENDIF
ENDIF

C sumfile, then ocutfile, then scenario, then tolerance
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inpfile = filenm(1)
write(*,*) filenm(l)

if(filenm(1l) .ne. '') then
open{l0,file=inpfile, err=300,status="'0ld',blank='null"')
else
write(*,*) 'error no input file name specified’
endif
indicateor = 0
5 read (10, ' (a80)',end=20) filine

write{*,*) filine

if{(filine(1:5) .eqg. '!Anal') .or.
& (filine(l:6) .eg. '! Anal‘'})) then
read (10, *,end=20) analysis
write{*,*} 'analysis: ', analysis(1:30}
indicator = indicator + 1
endif
if{{filine(l:5) .eqg. '!Repl') .or.
& (filine{l1:6} .eqg. '! Repl'}}) then
read (10, *,end=20) replicate
write(*,*) 'replicate: ',replicate
indicator = indicator + 1
endif

if((filine(1:5) .eq. '!Numb') .or.

& (filine(l:6) .eqg. '! Numb')) then
read (10, *,end=20} totscen
write(*,*) 'number of scenarios: ', totscen
indicator = indicator + 1
endif
if{(filine(1:5) .eq. '!Vect') .or.
& (filine(l:6} .eq. '! Vect')) then
read{10, *,end=20) totvect
write(*,*) 'number of vectors: ', totvect
indicateor = indicator + 1
endif
if((filine(1:5}) .eq. '!Scen') .or.
& (filine{l:6} .eqg. '! Scen'}) then
read {10, *,end=20) (scen(i).i=1.totscen)
write(*,*) 'scenarios: ', (scen(i),i=1,totscen}
indicator = indicator + 1
endif
if(({filine(1:5) .eg. '!Tole') .or.
& {filine(l:6) .eg. '! Tole')) then
read (10, *,end=20) critical
write(*,*) 'tolerance: ',critical
indicator = indicator + 1
endif
if{(filine(l:5) .eq. '!Inpu'}) .or.
& (filine{l:6) .eqg. '! Inpu'}) then
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do i = 1,totscen
read (10, *,end=20) sumfile(i)

write(*,*) 'sumarize file for gcenario ',i,’
', sumfile{i) {(1:50)
enddo
indicator = indicator + 1
endif

if{(filine(1:5) .eg. '!Qutp') .or.
& (filine(l:6}) .eq. '! Outp'}) then

do 1 = 1,totscen
read (10, *,end=20) outfile(i)
write(¥,*] 'output file for scemario ',i,' :',outfile{i}{1:50)
enddoe

indicater = indicator + 1

endif

goto 5

20 if{indicator .ne. 8) then
write{*,*)} 'input file not correct, something isnt defined'
goto 500
endif
close(10)

ucount = 0
do } = totscen,1,-1

scenario = sceni(j)

write{*,*) sumfile{j)(1:30}," ',outfile(j)(1:40),"' ',
& scenario,critical

OPEN {10,FILE=sumfile(]).,err=300, STATUS='0LD",
& BLANK="NULL'}

OPEN (20,FILE=outfile(j)},STATUS='NEW',recl=1024)

CHAR1
CHARZ

1}

'Borehole!
'Markerbeds'

write(20,*} 'analysis: ',analysis(1:4G)

write{20,*) 'replicate: ',replicate
write(20,*}) 'data source: ',sumfile(7F){1:40)
write(20,*} 'scenario: ',scenario

write{20,*) 'nuts tolerance: ', critical
write(20,*} 'NONUNICON_BEGIN'

READ{10, *)
READ (10, *)
READ (10, *)

ICOUNT = 0
DO 100 I = 1,totvect

¢ simple check to make sure correct things are being read in
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IVECTOR1 = 1.d59
TIME = 1.d9

SMB39s1c = 1.d49
SMB39N1C = 1.d59
SMBABSIC = 1.d9
SMB38N1C = 1.d49
SMB38sS1C = 1.d49
SMBAEBN1C = 1.d9

SHUP1C = 1.4%
BHUP1C = 1.4d9

Revision ¢

READ(10, *) IVECTORLl, TIME, SMB38N1C,SMB38581C,
& SMBABNI1C, SMBAERS1C, SMB39N1C, SMB3951C, BHUP1C, SHUPL1C
READ (10, *}
SUMMB = SMB38N1C+SMB38S1C+SMB39N1C+SMB3951C+SMBABN1C+SMBABSIC
SUMBH = SHUP1C+BHUP1C
if((summb .ge. 1.d9} .or. (sumbh .gt. 1.49)) then
goto 400
endif
IF((SUMMB .gt. critical) .and. (SUMBH .gt. critical)}
& then
ICQUNT = ICQUNT + 1
ucount = ucount + 1
union(ucount) = INT{IVECTCR1)

WRITE (20, '(id,al,alz2,al2,2e25.15)")
& CHAR1,CHARZ, SUMBH, SUMMB

ELSEIF (SUMMB .gt. critical) THEN

ICOUNT = ICOUNT + 1

ucount = ucount + 1

union{uccunt) = INT(IVECTCR1)

WRITE (20,'{id,al,al2,le25.15)"') INT{IVECTCR1l},'
& SUMMB

ELSEIF (SUMBH .gt. critical) THEN
ICOUNT = ICOUNT + 1
ucount = ucount + 1

unionf{ucount) = INT(IVECTORL1)
WRITE (20, '(id,al,al2,1le25.15)'} INT(IVECTORL),'
& SUMBH
ENDIF
CONTINUE
write {20, *)

100

'NONUNION_END'
WRITE {(20,*) 'NONUNION_TOTAL
if(scenario .ne. 1) then
WRITE (20,*) 'GRAND_TOQOTAL
close (20)

endif

cleose(10)

enddo

', ICOUNT

', ICOUNT

if{(scenario .eqg. 1) .and. (ucount 0)) then
"call sort(union,uccunt)
write(20,*) 'UNION_BEGIN'

WRITE (20, '{(1i4}') union{(l)
WIPP:1.4.1.1:PA:QA-1.:540232
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utot = 1
ICOUNT = ICOUNT + 1
do i = 2,ucount

if{union{i) .ne. union(i-1)) then

WRITE (20,'{(1i4}') union{i)

ICOUNT = ICOUNT + 1

utot = utot + 1

endif
enddo
write (20,*} 'UNION_END®
write (20,*) 'UNION_TOQTAL ',utot
WRITE (20,*) 'GRAND_TQTAL ', ICOUNT
close(20)
endif

goto 500

300 write(*,*}) 'SCREEN_BL: error opening file’

GOTO 500
400 write(*,*} 'error reading SUM file'
500 END

subroutine sort (a,length)
implicit none

integer a(*),length,i.i,key

do j = 2,length
key = a(3)
i=73-1
do while{(i .gt. 0) .and. (a(i) .gt. key)}
a(i+l) = afi)
i=1i-1
af{i+l) = key
enddo
enddo
end

LEA AL AR R R AR AL R LSRR R E R Y YR R R RS E R R E RS SRR RS RS

SCREEN TEST1.INP

! Some lines of header info

'Analysis ID Gives the analysis name to be

CRALBC printed in the output files
!
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{Replicate

1

1

INumber of Scenarios
2

!

! Scenario list

1,2

!

IVectors (number of)
12

!

ITolerance

1E-10

Revision 0

Gives the replicate number to

be printed in the output files

Number of scenarios to be
processed in input data files

Which scenarios are to be
processed in input data files

Number of vectors in each
input data file

Minimum release to be output
to the ocutput files

! Tnput summarize tables, put scenario 1 first

SCREEN_TEST1_S1.TBL
SCREEN_TEST1_S2.7TBL

f

10utput screened-in vector data files
SCREEN_TEST1_S1.QUT

SCREEN TEST1_S2.0UT

! End of input

Names/locations of
input data files

Names/location of
output data files

o8 s 3¢ s o ok e o o ok e o e s ke b b o o e ole ok Kk i ok ke s e e s sk s o of s e ol o e sk fe ke ke ok ok e Aok s sk s ole e b o 3K ofe ok e vk e o oo R ok e ke e ok ok

SCREEN_TEST1_S1.TBL

vector, time, SMB38N1C, SMB38351C, SMBABN1C, SMBABS1C, SMB39N1C, SMB3951C, BHUP1

C ,SHUPI1C
~ LGl [G], [6], ©G], (G, [G], (G] . [G]

Fr A r Oty

100.0000E-02, 100.0000E+02, 1.000000E+00,
0.000000E+00, 0.00C000E+CO, C.00D00DE+0O0,

*break

200.0000E-02, 100.0000E+02, 0.000000E+0QC,
0.000000E+0D, 0.000000E+00, 0.000000E+00,

*break

300.0000E-02, 100.C000E+02, 0.Q0Q0000E+00,
0.000000E+0C0, 0.00C000E+00, ©.0000COE+00,

*break

400.0000E-02, 100.0000E+02, 0.000000E+0Q,
4.000000E+00, 0.000C0O0E+00, 0.000000E+00Q,

*break

WIPP:1.4.1.1:PA:QA-1.:540232

0.000000E+00, 0.000000E+0Q0,
0.00G000E+QD, 0.000000E+00,

2.000000E+00, 0.0000Q0E+0QO,
0.000000E+0C, 0.000000E+00,

0.0000C0E+0Q0, 3.000000E+00,
0.000000E+00, 0.000CCOE+0QD,

0.000000E+00, 0.000000E+0DO,
0.000000E+00, 0.000000E+00,
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500.0000E-02, 100.0000E+02, 0.000000E+00, 0.000000E+00, 0.000000E+00,
0.000000E+00, 5.000000E+00, 0.000000E+00, 0.000000E+00, 0.000000E+00,

*break

600.0000E-02, 100.0000E+02, 1.000000E+00, 1.000000E+00, 1.000000E+00,
1.000000E+00, 1.000000E+00, 1.000000E+0Q0, 0.000Q000E+00, 0.000CQO0E+00,
*break

700.0000E-02, 100.0000E+02, 0.000000E+00, 0.000000E+00, 0.000000E+00,
0.000000E+00, 0.000000E+00, 0.000000E+00, 1.000000E+00, 0.000000E+00,
*break

800.0000E-02, 100.0000E+02, 0.000000E+00Q, 0.000000E+00, 0.000000E+00,
0.000000E+00, 0.00000CE+C0, O.000000E+00, 0.0CO0COE+00, 1.000000E+00,
*break

500.0000E-02, 100.0000E+02, 0.000000E+00, 0.000000E+00, 0.0000COE+00,
0.000000E+00, 0.000000E+00, 0.000000E+0Q0, 1.000000E+00, 1.0Q00000E+00,
*hreak

100.0000E-01, 100.0000E+02, 0.000000E+00, 0.000000E+0Q0, 0.000000E+00,
1.000000E-11, 0.000000E+0C, 0.000000E+00C, 0.000000E+00, 0.000000E+00,
*break

110.0000E-01, 100.0000E+02, 0.00000Q0E+0Q0, 0.000000E+0Q0, 0.00CO000E+0O0,
0.000000E+0C0D, 0.000000E+00, 0.000000E+00, 0.000000E+00, 1.000000E-11,
*break

120.0000E-01, 100.0000E+02, 0.000000E+00, 0.000000E+00, 0.000000E+00,
0.000000E+00, 0.000000E+00, 0.000000E+00, 0.000000E+00, 0.000000E+00,
*break
le s 3 of ok e 3 ol o s 3 o o s o e oo e Sk ol ok ok oK S ok o o ke e s ok ol ok ode e e e ok ok e ok e o ok ok e ok A ke o s ok o ok ok g ok A o ok ok ke ok ek ok

SCREEN_TEST! S2.TBL

vector, time, SMB3BN1C, SMB38S1C, SMBABNLC, SMBABS1C, SMB39ON1C, SMB3951C, BHUP1
C ,SHUP1C

o Gl [G], [G] . [G], [G], [G],[G], [G]

I NN

100.0000E-02, 100.0000E+02, 1.000000E+00, 0.000000E+00, 0.000000E+00,
0.000000E+00, 0.000000E+00, 0.000000E+00, 0.0000Q00E+00, 0.000000E+0QQ,

*break

200.0000E-02, 100.0000E+02, 0.0000Q00E+0Q0Q0, 2.000000E+00, 0.000000E+00,
0.000000E+00, 0.000000E+00, 0.000000E+00, 0.000000E+00, 0.000000E+00,
*break

300.0000E-02, 100.0000E+02, 0.000000E+0Q0, 0.000000E+00, 3.000000E+00,
0.000000E+00, 0.000000E+00, O.000000E+00, 0.000000E+Q0, 0.000000E+00,
*break

400.0000E-02, 100.0000E+02, 0.000000E+00, 0.000000E+00, 0.000000E+00,
4.000000E+00, 0.000000E+00, 0.00000Q0E+00, 0.000000E+00, 0.000000E+0O0,
*break

500.0000E-02, 100.0000E+02, 0.000000E+00, 0.000000E+00, 0.000000E+00,
0.000000E+00, 5.000000E+00, 0.000000E+00, 0.000000E+00, 0.000C00E+Q0,
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*break

600.0000E-02,
1.000000E+00,

*break

700.0000E-02,
0.000000E+00,

*break

800.0000E-02,
0.000000E+00D,

*break

900.0000E-02,
0.000000E+00,

*hreak

100.0000E-01,
1.000000E-11,

*break

110.0000E-01,
0.000000E+0QD,

*hreak

120.0000E-01,
0.000000E+00,

*hreak

100.0000E+02, 1.000000E+00,
1.000000E+00, 1.000000E+00,

100.0000E+02, 0.000000E+00,
0.000000E+00, 0.000000E+0Q0,

100.0000E+02, 0.000000E+00,
0.000000E+0C, 0.00GO0000E+00,

100.0000E+02, 0.000000E+0Q0,
0.000000E+00C, 0.000000E+00,

100.0000E+02, 0.000000E+00,
0.000000E+00, 0.000000E+00,

100.0000E+02, 0.000000E+00,
0.000G00E+00Q, 0.000000E+00,

100.0000E+02, 1.000000E+0C,
0.000000E+00, C.000000E+00,

1.000000E+00, 1.000000E+00,
0.000000E+00, 0.000000E+00,

0.000000E+00, 0.000G000E+QO,
1.000000E+00, 0.000000E+00,

¢.0G00GOE+00, 0.000000E+00,
0.000000E+CG0O, 1.000000E+00,

¢.000000E+00, 0.000000E+00,
1.000000E+00, 1.000000E+00,

0.000000E+00, 0.000000E+0Q0,
0.000C00E+00, 0.000000E+0Q0Q,

0.000000E+00, 0.000000E+00,
0.000000E+00, 1.000000E-11,

0.0000C0E+QD, 0.CO0000E+0Q,
0.00C00CE+CO, 0.C00000E+0Q0,

¥ o o o 3 o ok 3 o 3K 3R ok oK ok ok oK ok Kk o ok oK oK K oK K o oK ok ok ok sk oKl 3K e oft o ok ool oo o of o o6 o o ok e ok o o o oF 3 SO ok R ok R o ok

SCREEN_TEST1 $1.0UT

analysis: CRALRBC

replicate:
data source:

scenario:

nuts tolerance:

1

SCREEN_TEST1_S1.TBL

NONUNION_BEGIN

LYo T + < I B L S R T - I

NONUNICN_END

Markerbeds
Markerbeds
Markerbeds
Markerbeds
Markerbeds
Markerbeds
Borehole

Borehole

Borehocle

O O O o o0 o o o o

NONUNION_TOTAL

UNION_BEGIN
1
2

1.000000000000000E-010

-100000000000000E+01
.200000000000000E+01
.300000000000000E+01
.40000000000G000E+01
.500000000000000E+01
.600000000000000E+01
.100000000000000E+C1
.10000000C00C00CE+0L
.200000000000000E+01
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=R s RN o ) BT - )

1z
UNION_END
UNION_TOTAL
GRAND_TQOTAL

10
19

Revision 0

e 2k e e 3 ok o e o o o e e ok ok obe ok ke e ok e ok e el ook o sk 3 ok gl o ok e e ok o ok ok o oK o ol ok o s ol o ko ok o ok e e ook o ok o ok R ok ok K R ok

SCREEN_TEST1_S82.0UT

analysis: CRALRC
replicate:

1

data source: SCREEN _TEST1_S2.TBL

scenario:

nuts tolerance:
NONUNION_BEGIN
Markerbeds
Markerbeds
Markerbeds
Markerbeds
Markerbeds
Markerbeds
Borehole
Borehole

V=R I I A S St I

Borehole
Markerbeds
NONUNION_END
NONUNION_TOTAL
GRAND_TOTAL

=
[3%]

2

1.000800000000000E-010

O o O 0O o O o O o O

.100000000000000E+01
.200000000000000E+01
.3000000000C00C0E+01L
.400000000000000E+01
.500000000000000E+01
.600000000000000E+01
.100000000000000E+01
-10000000000000DE+01
.200000000000000E+01
.1060000000000000E+01

10
10
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Appendix B: Sample NUTS screening input file for replicate 1, scenario 1.

** Thomas Lowry., SNL Dept 6115, 13 May 2005 **

'CRA-2004 PA Baseline Calculation, AP-122, SCN_CRAIBC_S1, Screening
Run'’

** 1.4 OF SITES,#% OF MATERIAL, (2,SITE NAME,# COMP. TO BE
MODELED) 1, ..,NSITES **

1,30

'WIPP_SITE' 1

**{1. SITE, 2.COMP., DAUGHTER, PARENT, GROUP NAMES)1,..,NSITES **
'WIPP_SITE'

"TWASTE' 'NONE' 'NONE' ‘WASTE'

** 1.# OF ELEMENT, (2.ELEM. NAME, TEMP. DEPEND., TABLE LOOK-
UP)1,..,NELEMENT **

1

'WASTE' .FALSE. .FALSE.

** COLLOIDAL TRANSPORT FLAG (T/F) **

.FALSE.

** PH DEPENDENT SOLUBILITY(IS PH REQUIRED (Y/N)) **

ey

** ORDER OF THE METHOD **

1

** DEGREE OF IMPLICITNESS **

1.D0

** PRECIPITATE IMPLICITNESS:; 1.T/F,IF IMPLICIT 2.# OF ITERATION,TOL.

* %

.FALSE.

** IS5 MATRIX ADSORPTION REQUIRED (Y/N)} *=*

N

** DO YOU HAVE DISPERSION IN THE MATRIX (Y/N) **
N

** DOES MATRIX HAVE SYMMETRIC DISPERSION {(T/F): ANSWER IF DISPERSION IS
Y**

** DO YOU HAVE INJECTION/PRODUCTION IN THE MATRIX (Y/N) **
IN'

** DO YQU HAVE DIRICHLET B.CS. IN THE MATRIX (F/T} **
.TRUE,

** IS CONCENTRATION INITIALIZED MANUALLY IN THE MATRIX (F/T) **
.FALSE.

** QPEN NUTS UNDISTURBED CDR FOR INTRUSION TIME OTHER THAN 350,1000 YRS

* &

.FALSE.

** PRINT FLAGS OF MATRIX VARIABLES IN A BINARY FILE *¥
0,0,0,0,0,0,1,0,0,0,0,0,0,0

** TEMP. DEPEND. OF K4 (ENTER DATA IF ADSORP. IS (Y) AND TEMP. DEPEND.)

L
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** PRINTING FREQUENCY IN A BINARY FILE **

1,1.p14

** DO YOU HAVE EXTERNAL NUCLIDE SQURCE? (T/F) **

.FALSE.

** MINIMUM LIMITS OF TIME TO BE SET IF ZERO ENCOUNTERED **

1.D-18

** INTRUSION TIME, ITERPOLATED INTRUSION TIME, TOLERANCE **

*+% END MATERIAL MAP AND START NUCLIDES PROPERTIES ***

** IF NOT TEMP. DEPEND. (ELEMENT NAME, SOLUBILITY LIMIT} 1,..,NELEMENT

® &

'WASTE' -2.D0

** (COMP. NAME, MOL. (ATOMIC) WT., INITIAL INVENTS., HALF
LIFE)Ll, .. ,NUCLIDE **

'TWASTE .1D0 0.D0 0.D0 0.D0
** GROUND WATER PH INPUT *~*

** STANDARD BR. DENS. IF NOT BRAGFLO RUN (READ ASCII FILE FOR FLUX
FIELD) **

** MOLECULAR DIFFUSION OF EACH COMPONENT **

** ROCK GRAIN DENSITY INPUT (REQUIRED ONLY IF SORPTION OR SOIL BASE
CONC.) **

** WASTE MATRIX INPUT (l1.# OF IS0,2.NAME, LOC. IN THE INPUT, WASTE SITE
#) * &

1
"TWASTE' 1 1
*¥%** (1.SITE NAME, NUMBER OF GRIDS IN THE SITE 2.INDECES)1l...NSITES ***
'WIPP_SITE' 33

23,10,1 24,10,1 25,10,1 26,10,1 27,10,1 28,10,1 29.,10,1
32,10,1 33,10,1 35,10,1 37,10,1

23,11,1 24,11,1 25,11,1 26,11,1 27,11,1 28,11,1 29,11,1
32,11.1 33.11,1 35,11,1 37,11,1

23,12,1 24,12,1 25,12,1 26,12,1 27,12,1 28,12,1 29,12,1
32,12.,1 33,12,1 35,12,1 37,12,1
** MATRIX ADSORPTION INPUT **
** MATRIX DISPERSION INPUT **
** MATRIX SOURCE INPUT (INJECTED NUCLIDES IF ANY) **
** MATRIX DIR. B.CS. INPUT (REP.='GENERAL',6ANYWHERE= 'NOT_GENERAL') **
1 'NOT_GENERAL'
'TWASTE' 1 33

23,10,1 24,10,1 25,10,1 26,10,1 27,10,1 28,10,1 29,10,1
32,10,1 33,10,1 35,10.,1 37,10,1

23,11.1 24,11,1 25,11.,1 26,11,1 27,11,1 28,11,1 29,11.1
32,11,1 33,11.1 35,11,1 37,11,1

23,12,1 24,12,1 25,12,1 26,12,1 27,12,1 28,12,1 29,12,1
32,12,1 33,12,1 35,12,1 37,12,1
'TWASTE"

1.00 1.0 1.D0 1.D0 1.0 1.0 1.D0 1.D0 1.D0 1.DO 1.DO
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l.0¢ 1.p0 1.p0 1.D0 1.0 1.DO0 1.DO 1.DO 1.DO 1.DO 1.DD
1.00 1.p0 1.p0 1.00 1.D0 1.0 1.D0 1.DO 1.DO0 1.DO 1.D0
** TIME DEPENDENT SOURCE IN THE MATRIX *=*

** MATRIX CONCENTRATION INITIALIZATION **

** COLLOID TRANSPORT VELOCITY SCALING FACTORS IN THE MATRIX **
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Appendix C:
scenario 1.

1Author
{0rganization
'Date

lAnalysis
{Analysis ID
IRemark

ALLTIMES
{FIRST ISUTOP

Sample ALGEBRA screening input file for replicate 1,

: Thomas S. Lowry

: Sandia National Laboratcories (Dept.

:13 May 2005

6115)

:CRA-2004 PA Baseline Calculations (PABC) AP-122
:CRAIBC

:8creening runs,

scenario 1

!MASS FLUXES LEAVING THE WASTE REGION
{ WASTE TOP LAYER

SWASTELl =IFGTO (FLUXJMI[E:1165],FLUXJML(E:11657,0.}

SWASTELl =

SWASTE]1 = SWASTEL +
SWASTE]L = SWASTEL +
SWASTEl = SWASTEl +
SWASTEl1l = SWASTEL +
SWASTEl = SWASTEl +
SWASTEl = SWASTEL +
SWASTE]l = SWASTELl +
SWASTEl1l = SWASTEl +
SWASTEl = SWASTEl +
SWASTEL = SWASTEL +
SWASTE1l = SWASTEl +
SWASTEl = SWASTEL +
SWASTEl1l = SWASTEl +
SWASTElL = SWASTEL +
SWASTE1l = SWASTEl +

!WASTE LOWER LAYER

SWASTELl =

SWASTEL +
SWASTE1l = SWASTEL +
SWASTEl = SWASTEl +
SWASTEL = SWASTEl +
SWASTEl = SWASTELl +
SWASTEl1l = SWASTEL +
SWASTEl = SWASTEl +

SWASTEl1l + IFGTO (FLUXJM1[E:

IFGTO (FLUXJM1 [(E:
IFGTO (FLUXJML [E:
IFGTO (FLUXJMI [E:
IFGTO (FLUXJM1[E:
IFGTO (FLUXJML [E:
IFGTO(FLUXJML [E:
IFGTO (FLUXJML [E:
IFGTO(FLUXJM1[E:
IFGTO (FLUXJML [E:
IFGTO (FLUXJML [E:
IFGTO (FLUXJM1[E:
IFGTO (FLUXJIML [E:
IFGT0 (FLUXJM1 [E:
IFGTO (FLUXJML [E:
IFGTO (FLUXJMLI[E:

IFGTQ (-FLUXJM1 (E:
IFGTO (-FLUXJMI [E:
IFGTO (-FLUXJM1 [E:
IFGTO {-FLUXJMI1 [E:
IFGTO(-FLUXJM1 [E:
IFGTO(-FLUXJM1 [E:
IFGTO(-FLUXJM1 [E:

WIPP:1.4.1.1:PA:QA-L:540232

1166] ,FLUXJML1I[E:
11671, FLUXJMI (E:
:1168],0.

1168], FLUXJML [E

1169],FLUXJIMI (E:
1170) ,FLUXJML[E:
1171] ,FLUXJMIL (E:
1172], FLUXJM1 [E:
14691 ,FLUXIM1 [E:
1197] ,FLUXJML [E:
11981, FLUXJIMIL [E:
1199], FLUXJM1 [E:
1475] , FLUXJML[E:
1203] ,FLUXJMIL [E:
1210],FLUXJML [E:
1211], FLUXJMI [E:
1481] ,FLUXZJIM1 [E:

14071, -FLUXJM1 [E:
1408], -FLUXJM1[E:
1409], -FLUXJML [E:
1410], -FLUXIM1 {E:
14111, -FLUXIML[E:
14127, -FLUXJM1[E:
14131, -FLUXJML [E:

1166]1,0.
11671,0.

11631,0G.
1170],0.
117171,0.
11727,0.
1469]1,0.
12971.,0.
1298],0.
12991,0.
14757,0.
12091,0.
121071,0.
12117, 0.
14811,0.

L o U A . s

14071,0,
1408],0.
1409],0.
1410],0.
14111,0.
14121,0.
14131, 0.

B N
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SWASTE1
SWASTE1
SWASTEL
SWASTEL
SWASTEL
SWASTEL
SWASTEL
SWASTE1
SWASTEL
SWASTEL
1

| WASTE
!

SWASTE1
SWASTEL
SWASTEL
!

! WASTE
!

SWASTEL
SWASTE1

SWASTE]
]

SWASTE1l
SWASTE]
SWASTEL
SWASTE1
SWASTEL
SWASTE1L
SWASTEL
SWASTE1
SWASTEL
SWASTEL

+ o+ + 4+ + + + o+ o+ o+

LEFT LAYER

SWASTE]l +
SWASTE1l +
SWASTE1l +

RIGHT LAYER

SWASTEL +
SWASTE1 +
SWASTE]l +

IFGTO{-FLUXJML[E:
IFGTO (-FLUXJM1 [E:
IFGTO (-FLUXJM1 [E:
IFGTO (-FLUXJM1[E:
IFGTO (-FLUXJML[E:
:1472]
-FLUXJM1 {E:
IPGTO{-FLUXJM1 [E:
IFGTO(-FLUXJM1 [E:

IPGTO (-FLUXJML [E
IFGTO(

IFGTO (-FLUXJMI [E

IFGTO {~-FLUXIM1 [E:
-FLUXIM1[E:

IFGTO (
IFGTO (-FLUXIMIL (E

IFGTO (FLUXIML[E:
IFGTO{(FLUXIM1l {E:
IFGTO (FLUXIM1[E:

1455] , -FLUXJM1 [E:
1466], -FLUXJM1 [E:
, ~FLUXJM1 [E:
14291, -FLUXJML [E:
1458], -FLUXJM1 [E:
, —~FLUXJMI1 [E:
., ~FLUXJIM1 [E:
-FLUXJM1 [E:
1461],-FLUXJM1 [E:
:1478), ~-FLUXJM1 [E:

1428]

1434]
143571,

1455]1,0.)
1466],0.)
14281,0.)
14291,0.)
1458]1,0.)
14727,0

143471,0.)
14357,0.)
14611,0.)
14781.0.)

1421]

114071

1446]
1443],FLUXIML{E

1440), FLUXIM1[E:

IMASS FLUXES REACHING CULEBRA LOWER BOUNDARY

I
SCULBR1
SCULBR1
SCULBR1
SCULBR1
SCULBR1
SCULBR1
SCULBR1
SCULBR1
SCULBR1
SCULBR1
SCULBR1
SCULBR1
SCULBR1
SCULBR1
SCULBR1
SCULBR1
SCULBR1
SCULBR1
SCULBR1
SCULBR1

IFGTO (FLUXJM1[{E:1825]

SCULBR1
SCULBR1
SCULBR1
SCULRBR1
SCULBR1
SCULBR1
SCULBR1
SCULBR1
SCULBR1
SCULER1
SCULBR1
SCULBR1
SCULBR1
SCULBR1
SCULER1
SCULBR1
SCULBR1
SCULBR1
SCULBR1

T S S T e T T S S R S S

, FLUX
IFGTO (FLUXJM1 [E:
IFGTD (FLUXJML [E:
IFGTO {FLUXJIML [E:
IFGTO (FLUXJML [E:
TFGTO {FLUXJML [E:
IFGTO (FLUXJIML [E:
IFGTO (FLUXJML[E:
IFGTO (FLUXJML [E:
IFGTO { FLUXJML [E
IFGTO (FLUXJM1 [E
IFGTO (FLUXJML [E:
IFGTO (FLUXJML [E:
IFGTO (FLUXJML [E:
IFGTO (FLUXJML [E:
IFGTO (FLUXJIML [E:
TFGTO (FLUXJML [E:
IFGTO (FLUXJIML [E
IFGTO (FLUXJML [E:
IFGTO (FLUXJM1 [E:
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JM1[E:18257,0.)
18261

1829]
1830]
1831)

1832],FLUXJMIL [E

1833],FLUXJMI (E:
:1834],FLUXJML [E:
:1835] ,FLUXJM1[E:
1836] ,FLUXJML [E:
1837],FLUXJML [E:
1838], FLUXJML[E:
1839],FLUXJMi [E:
1840] ,FLUXJMI[E:
1841] ,FLUXJML [E:
:1842],FLUAIML [E:
118431,0.)

1843],FLUXJML [E

1844] ,FLUXJM1[E:

, —~FPLUXIM1 [E:
1414), -FLUXIM1[E:
, ~FLUXIM1[E:

,FLUXIMLI[E:
:14431,0.)

,FLUXJM1[E:
18271,FLUXJML(E:
1828] ,FLUXTML[E:
, FLUXJML [E:
, FLUXJM1 [E:
,PLUXJM1[E:
:1832],

14461,0.)

1440],0.)

18261,0.)
18271,0.
18287.0.
182971,
18301
18311,

18341,
1835).
18361,
18371,
18381,0.
1839],0
184071,0.}
18411,0.)
1842]1,0.)

)

)
-
0.
0.}
0.)
1833]1,0.)
0.}
0.}
0.)
0.)
)
N

1844]1,0.})

14211,0.
14143,0.
14071.,0.

)
)
)
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SCULBR1 SCULBR1 + IFGTQ(FLUXJML[E:1845],FLUXJM1[E:1845]1,0.)
SCULBR1 SCULBR1 + IFGTO(FLUXJM1[E:1846],FLUXJMI[E:1846],0.)
SCULBR1 SCULBR1 + IFGTQ(FLUXJM1{E:1847],FLUXJM1[E:1847],0.)
SCULBR1 SCULBR1 + IFGTO(FLUXJM1[E:1848],FLUXJM1[E:1848]},0.}
SCULBR1 SCULBR1 + IFGTQ(FLUXJM1(E:1845%],FLUXJM1{E:1848],0.}
SCULBR1 SCULBR1 + IFGTO(FLUXJM1(E:1850],FLUXJM1[E:1850],0.)
SCULBR1 SCULBR1 + IFGTO(FLUXJM1[E:1851],FLUXJM1{E:1851],0.)
SCULBR1 SCULBR1 + IFGTQ{FLUXJM1[E:1852],FLUXJM1[E:1852],0.)
SCULBR1 SCULBR1 + IFGTO{(FLUXJM1[E:1853],FLUXJM1[E:1853],0.)
SCULBR1 SCULBR1 + IFGTO(FLUXJM1[E:1854],FLUXJM1[E:1854],0.)
SCULBR1 SCULBR1 + IFGTO(FLUXJM1[E:1855],FLUXJM]1[E:1855],0.)
SCULBR1 SCULBR1 + IFGTO0{FLUXJM1[E:1856],FLUXJM1[E:1856],0.}
SCULBR1 SCULBR1 + IFGTO0(FLUXJM1[E:1857],FLUXJM1[E:1857],0.)
SCULBR1 SCULBR1 + IFGTQ(FLUXJM1[E:1858],FLUXJM1[E:1858],0.)
SCULBR1 SCULBR1 + IFGTO(FLUXJM1[E:1859%],FLUXJM1[E:1859],0.)
SCULBR1 SCULBR1 + IFGT(Q(FLUXJM1(E:1860],FLUXJM1(E:1860],0.)
SCULBR1 SCULBR1 + IFGTO(FLUXJM1[E:1861],FLUXJML[E:186171,0.)
SCULBR1 SCULBR1 + IFGTO{FLUXJM1[E:14891, FLUXJM1[E:1489],0.}
SCULBR1 SCULBR1 + IFGTO(FLUXJML[E:1862],FLUXJM1[E:18621,0.)
SCULBR1 SCULBR1 + IFGTO(FLUXJM1[E:1863],FLUXJM1{E:1863],0.)
SCULBR1 SCULBR1 + IFGTO0{FLUXJM1[E:1864],FLUXJM1[E:1864],0.}
SCULBR1 SCULBR1 + IFGTO(FLUXJM1[E:1865],FLUXJM1[E:1865],0.)
SCULBR1 SCULBR1 + IFGTQ{FLUXJM1[E:1866],FLUXJM1[E:1866],0.)
SCULBR1 SCULBR1 + IFGTO(FLUXJM1[E:1867],FLUXJM1[E:1867],0.)
SCULBR1 SCULBR1 + IFGTC{(FLUXJM1[E:1868],FLUXJM1{E:1868].0.)
SCULBRL SCULBR1 + IFGTO(FLUXJM1[E:1869)],FLUXIM1[E:1863],0.}
SCULBR1 SCULBR1 + IFGTQ(FLUXJM1[E:1870],FLUXJM1[E:1870i,0.)
SCULBR1 SCULBR1 + IFGTO(FLUXJM1[E:1871],FLUXJM1[E:1871]1,0.)
SCULBR1 SCULBR1 + IFGTO(FLUXJM1[E:1872],FLUXJM1({E:1872],0.)
SCULBR1 SCULBR1 + IFGTQ(FLUXJIM1[E:1873],FLUXJM1[E:1873],0.)
SCULBR1 SCULBR1 + IFGTO{(FLUXJM1[E:1874],FLUXJM1[E:1874],0.)
SCULBR1 SCULBR1 + IFGTO(FLUXJM1[E:1875},FLUXJM1[E:1875],0.)
SCULBR1 SCULBR1 + IFGTO(FLUXJM1{E:1876] ,FLUXJM1[E:1876],0.)
SCULBR1 SCULBR1 + IFGTO(FLUXJM1[E:1877],FLUXJM1[E:1877],0.)
SCULBR1 SCULBR1 + IFGTO(FLUXJM1[E:1878],FLUXJM1[E:1878].,0.}
SCULBR1 SCULBR1 + IFGTO(FLUXJM1[E:1879],FLUXJM1[E:18751,0.)
SCULBR1 SCULBR1 + IFGTQ(FLUXJM1[E:1880],FLUXJM1[E:1880],0.)
!

IMASS FLUXES INTQ MB139 SOUTH MARKER BED

!

SMB1395S1 = IFGTO(-FLUXJM1[E:278],-FLUXJM1[E:2781,0.)

SMB13951 = SMB13951 + IFGTO(FLUXJM1(E:1246],FLUXJMI[E:1246].,0.)
SMB13951 = SMB139S1 + IFGTO{-FLUXIML[E:1247],-FLUXIM1{E:1247]1,0.)
SMB13951 = SMB139S1 + IFGTO(FLUXIM1[E:1246),FLUXIM1[E:1246},0.)
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!MASS FLUXES INTO MB139 NORTH MARKER BED

SMB139N1

= IFGTO(-FLUXJM1(E:421],-FLUXJM1[E:421],0.)
SMB139N1 = SMB139N1 + IFGTO(FLUXJM1[E:1283),FLUXJM1[E:1283},0.)
SMB139W1 = SMB139N1l + IFGTO(FLUXIM1[E:1283],FLUXIM1[E:1283],0.)
SMB139N1 = SMB139N1 + IFGTO({-FLUXIM1[E:1284],-FLUXIM1[E:12847,0.)

IMASS FLUXES INTO SOUTH MBAAER MARKER BED
!

SMBABS1 = IFGTO(-FLUXJM1(E:548],-FLUXJM1[E:548],0.)

SMBABS1 = SMBABS1 + IFGTO(FLUXJML1[E:1295],FLUXJML{E:1295],0.)
SMBABS1 = SMBABS1 + IFGTO(FLUXIM1[E:1295],FLUXIM1[E:1295],0.}
SMEABS]1 = SMBABS]1 + IFGTO({-FLUXIM1[E:1296),-FLUXIM1[E:1296],0.)

IMASS FLUXES INTO NORTH MBAAB MARKER BED
I

SMBABN1 = IFGTO(-FLUXJIM1[E:603],-FLUXJM1[E:603],0.)

SMBABN1 = SMBABN1 + IFGTO{(FLUXJM1[E:1332],FLUXJM1[E:1332]1,0.)
SMBABN1 = SMBABN1 + IFGTOQ (FLUXIMI[E:1332],FLUXIM1[E:1332],0.}
SMBABN1 = SMBABNl + IFGTO(-FLUXIM1[E:1333],-FLUXIM1([E:1333]1,0.)

f
IMASS FLUXES INTO SOUTH MB138 MARKER BED

SMB138S1

= IFGTO{-FLUXJM1 [E:638],-FLUXJM1[E:638],0.)
SMB13851 = SMB13851 + IFGTO (FLUXIML[E:1344],FLUXJML[E:1344],0.)
SMB138s1 = SMBI3851 + IFGTO(FLUXIML[E:1344],FLUXIM1[E:1344],0.)
SMB13851 = SMB138S1 + IFGTO{-FLUXIM1[E:1345],-FLUXIMI[E:1345],0C.)

i
!MASS FLUXES INTC NORTH MB139 MARKER BED

[

SMB138N1

= IFGTO{-FLUXJM1[E:945], -FLUXJM1(E:945],0.}
SME138N1 = SMB138N1 + IFGTO{(FLUXJIM1[E:1400],FLUXJM1[E:1400],0.}
SMB138N1 = SMB138N1 + IFGTO(FLUXIM1[E:1400],FLUXIM1[E:1400],0.)
SMB138N1 = SMB138Nl1 + IFGTO{-FLUXIM1[E:1401],-FLUXIM1[E:14017,0.)

!
IPOINTS OF INTEREST
f
SHUP1
BHUP1
SURFBH1
SURFSH1
!

!MASS FLUXES REACHING BOREHOLE IN CULEBRA

!BOREHOLE COMMENTED OUT FOR SCENARIO 1 (UNDISTURBED SCENARIO}
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!'T.Lowry 4-18-D3

! SBHM1 = BHUPLl + IFGTO(-FLUXJM1[E:2155],-FLUXIM1(E:2155],0.)
! SBHM1 = SBHM1 + IFGTO{FLUXIM1[E:1845],FLUXIM1[E:1845],0.)
! SBHM1 = SBHM1 + IFGTO(-FLUXIM1[E:1846],-FLUXIM1[E:1846],0.)
! SBHM1 = SBHM1 + IFGTO(FLUXIM1[E:1711],FLUXIM1[E:1711],0.}
! SBHM1 = SBHM1 + IFGTO{-FLUXIM1[E:1712],-FLUXIM1[E:1712]1.0.)
! SBHM1 = SBHM1 + IFGTO({(FLUXIM1[E:1912)] ,FLUXIM1[E:1912],0.}
I SBHM1 = SBHM1 + IFGTO(-FLUXIM1[E:1913],-FLUXIM1[E:1913},0.)
! SBHM1 = SBHM1 + IFGTO(FLUXIM1[E:1778],FLUXIM1[E:1778],0.)
! SBHM1 = SBHM1 + IFGTO0(-FLUXIM1[E:1779),-FLUXIM1[E:1779]1,0.)
! SBHM1 = SBHM1 + IFGTO{FLUXIM1[E:1979],FLUXIM1[E:1979],0.}
I SBHM1 = S5BHM1 + IFGTO(-FLUXIM1[E:1980],-FLUXIM1[E:1980],0.)
! SBHM1 = SBHM1 + IFGTO(FLUXIM1(E:2021],FLUXIM1[E:2021],0.)
! SBHML = 5BHM1 + IFGTO(-FLUXIMI[E:2022],-FLUXIM1(E:2022],0.)
| SBHM1 = SBHM1 + IFGTO{FLUXIM1[E:2113]1,FLUXIM1[E:2113],0.}
{ SERHM1 = SBHML + IFGTO(-FLUXIM1([E:2114],-FLUXIM1[E:21141,0.}

!
!MASS FLUXES REACHING SHAFT IN CULEBRA

SSHM1 = SHOUP1

+ IFGTO{-FLUXJM1[E:1496],-FLUXJM1[E:1496],0.)
SSHM1 = SSHM1 + IFGTO (FLUXIM1[E:1489),FLUXIM1(E:1489],0.)
S55HM1 = §5HM1 + IFGTO(-FLUXIM1[E:1862],-FLUXIM1[E:1862].0.)
SSHM1 = SSHM1 + IFGTO(FLUXIM1[E:1490],FLUXIM1[E:1490]1,0.)
SSHM1 = SSHM1 + IFGTO({-FLUXIM1[E:1728],-FLUXIM1{E:1728]1,0.)
SSHM1 = SSHM1 + IFGTO(FLUXIM1(E:1481],FLUXIM1[FE:1491],0.)
SS5HM1 = 5S8HM]1 + IFGTO(-FLUXIM1[E:1929],-FLUXIM1[E:1929]1,0.)
SSHM1 = SSHM1 + IFGTO(FLUXIM1[E:1492],FLUXIM1[E:1492],0.)
SSHM1 = 55HM1 + IFGTO(-FLUXIM1[E:1795],-FLUXIM1[E:1795]1,0.)
S5HM1 = SSHM1 + IFGTO(FLUXIM1[E:1493],FLUXIM1[E:14583],0.)
SSHM1 = SSHM1l + IFGTO(-FLUXIM1[E:2038],-FLUXIM1[E:2038],0.)
SSHM1 = SSHM1 + IFGTO(FLUXIM1[E:1494],FLUXIM1(E:1494]1,0.)
SSHM1 = SSHM1 + IFGTO(-FLUXIM1[E:2063],-FLUXIM1[E:2063],0.)
SSHM1 = SSHM1 + IFGTO(FLUXIM1[E:1485],FLUXIM1[E:14%95],0.)
SSHM1 = SSHM1 + IFGTO(-FLUXIM1[E:2172],-FLUXIM1[E:2172],0.)}

IMASS FLUXES REACHING SALADO UPPER BOUNDARY

!

SSALAD]L = IFGTO(FLUXJM1(E:885],FLUXJML1[E:8851,0.)

SSALAD] = SSALAD] + IFGTO(FLUXJM1[E:886],FLUXJM1[E:886],0.
S5ALAD]1 = SSALAD] IFGTO (FLUXJM1[E:887] ,FLUXJM1[E:887],0.
S5ALAD]1 = SSALADL IFGTO (FLUXJML [E:888], FLUXJM1[E:888]1,0.
55aTAaDl = SSALADL IFGTO({FLUXJM1 [E:889], FLUXJM1 [E:889],0.
SSATADl = SSALADL IFGTO{FLUXJM1[E:890] ,FLUXJM1[E:890],0.
S55ATAD] = SSALAD]L IFGTO(FLUXJM1[E:891] ,FLUXJM1 [E:891],0.
SSATAD] = SSALADL IFGTO (FLUXJML[E:892] ,FLUXJML[E:892],0.
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SSATAD] = SSALAD]
SSALAD] = SSALADL
SSALADL = SSALAD]L
SS5ALAD] = SSALAD]
S55ALAD] = SSALAD]
SSALAD1 = SSALADL
SSALADl = SSALAD]
SSALAD] = SSALAD]
SSALADI = SSALADI
SSALAD]1 = SSALAD]
SSALAD1 = SSALADI
SSALAD] = SSALADL
SSALAD1 = SSALADIL
SSALAD1 = SSALAD]
SSALAD1 = SSALAD]
SSALAD] = SSALADIL
SSALAD]l = SSALADIL
SSALAD]1 = SSALADL
SSALAD]1 = SSALADI]
SSALAD]1 = S3ALADL
SSALAD] = SSALAD]
SBALAD] = SSALADL
S5ALAD1 = SSALAD]
SSALAD]1 = SSALADI
SSALAD] = SSALAD]
SSALAD] = SSALADIL
SSALAD] = SSALADL
SSALAD] = SSALADI1
SSATAD1 = SSALADL
SSALAD] = SSALADL
SSALAD]1 = SSALADI]
SSALADL = SSALADL
SSALAD] = SSALAD]
SSALAD] = SSALAD]
SSALAD]1 = SSALAD]
SSALAD1 = 3SALAD]
SSALAD] = SSALAD]
SSALAD]1 = 3SALADI]
SSALAD] = SSALADL
SSALAD1 = SSALAD]L
SSALAD] = SSALAD]
SSALAD] = SSALADI
SSALAD] = SSALADL
SSALAD]1 = SSALAD]L
SSALAD] = SSALADIL

IFGTO (FLUXJM1 [E:893],FLUXJM1[E:893],0.)
IFGTO(FLUXJM1 (E:894],FLUXIM1[E:894],0.)
IFGTO{FLUXJM1 [E:895], FLUXJM1 [E:895],0.)
IFGTO(FLUXJM1[E:896],FLUXJM1[E:896],0.)
IFGTO (FLUXJM1[E-897],FLUXIM]1[E:897].,0.)
IFGTO(FLUXJM1([E:898],FLUXJM1 [E:898],0.)
IFGTO{FLUXJM1[E:899], FLUXJM] [E:899]),0.)
IFGTO (FLUXJM1[E:900],FLUXJM1[E:9001,0.}
IFGTCG(FLUXJM1 [E:901] ,FLUXIM1 [E:901],0.)
IFGTO{FLUXJM1 [E:902] ,FLUXJM1[E:9021,0.)
IFGTO(FLUXIM1 [E:903] ,FLUXJM1[E:5G3],0.]
IFGTO (FLUXJM1[E:904] ,FLUXJM1[E:904],0.)
IFGTO(FLUXJM1 (E:905], FLUXJML[E: 9051, 0.}
IFGTO (FLUXJM1 [E:906],FLUXJM1 [E:906]1,0.)
IFGTO{FLUXJM1 [E:907],FLUXJM] [E:907],0.)
IFGTO (FLUXJM1[E:9081,FLUXJM]1 [E:908],0.)
IFGTO(FLUXJM1 [E:909],FLUXJM1[E:5909],0.)
IFGTO (FLUXJM1[E:910] ,FLUXJM1[E:9101,0.)
IFGTO (FLUXJM1[E:911],FLUXJM1[E:911],0.)
IFGTO(FLUXIM1[E:912] ,FLUXJM1[E:912],0.)
IFGTO{FLUXJM1 [E:913], FLUXJM1[E:913),0.)
IFGTO(FLUXJM1[E:914] ,FLUXJM1[E:9147,0.)
IFGTO (FLUXJM1[E:915] ,FLUXJM1[E:915],0.)
IFGTO (FLUXJM1[E:916]},FLUXJMI[E:916],0.)
IFGTO{FLUXJM1 [E:917] ,FLUXJM1[E:917].,0.)
IFGTO(FLUXJM1[E:918] ,FLUXJM1[E:9181,0.)
IFGTO (FLUXJM1 [E:919] ,FLUXJM1[E:919],0.)
IFGTO{FLUXJML [E:920], FLUXJM1[E:920]1,0.)
IFGTO (FLUXJM1 [E:921] ,FLUXJM1[E:921],0.)
IFGTO({FLUXIML[E:922] ,FLUXJM1[E:922],0.)
IFGTO (FLUXJM1[E:923] ,FLUZXJM1[E:923],0.)
IFGTO(FLUXJMI [E:924], FLUXJM1[E:-924],0.}
IFGTO (FLUXJM1[E:925] , FLUXJM1 [E: 925],0.)
IFGTO{FLUXJM] [E:926] ,FLUXJM1[E:926]7.0G.)
IFGTO (FLUXJM1[E:1503],FLUXJM1[E:1503], 0.
IFGTO(FLUXJM1[E:1077] ,FLUXJM1 [E:1077], 0.
IFGTO (FLUXJM1[E:1078] ,FLUXJM1[E:1078],0.
IFGTO{FLUXJML[E:1079),FLUXJM1[E:1079],0.
IFGTO(FLUXIJM1[E:1080], FLUXJM1[E:1080], 0.
IFGTO(FLUXJM1[E:1081] ,FLUXJM1[E:1081],0.
IFGTO (FLUXJM1[E:1082] ,FLUXJM1[E:1082]1,0.
IFGTO({FLUXJM1[E:1083] ,FLUXJM1[E:1083],0.
IFGTO (FLUXJM1[E:1084], FLUXJM1[E:1084], 0.
IFGTO(FLUXJM1(E:1085] ,FLUXJM1[E:1085],0.
IFGTO (FLUXJM1 [E:1086) ,FLUXJM1[E:1086]),0.
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SSALAD]L
SSALAD]
SSALAD]
SS5ALAD]
SSALAD]
SSALADL
SSALADL
5SALADL
SSALAD]L
SSALADL
SSALADL
SSATAD1
SSALADL
SSALADL
SSALADIL

SSALAD] + IFGTO(FLUXJM1[E:1087],FLUXJM1[E:1087),0.}
SSAIAD] + IFGTO{FLUXJM1[E:1088],FLUXJM1[E:1088],0.]
SSALAD]1 + IFGTO(FLUXJM1[{E:1089],FLUXJM1[E:1089],0.}
SSALAD] + IFGTO(FLUXJM1{E:1090],FLUXJM1[E:1080].,0.)
SSALAD]l + IFGTO{FLUXJM1[E:1091),FLUXJM1[E:10981]1,0.})
SSALAD] + IFGTO(FLUXJML[E:1092],FLUXJM1[E:1052],0.)
SSALAD] + IFGTO(FLUXJML{E:1093],.FLUXJM1[E:1093]1,0.}
SSALAD] + IFGTO(FLUXJM1[E:1094]),FLUXJM1[E:1054]1,0.)
SSALAD]l + IFGTO(FLUXJM1[E:1095],FLUXJM1[E:1095]1,0.)
SSALADL + IFGTO(FLUXJM1([E:1096],FLUXJM1[E:1096],0.)}
SSALADL + IFGTO{FLUXJM1[E:1097],FLUXJM1[E:1087]1,0.}
SSATAD1 + IFGTO(FLUXJM1IE:1098],FLUXJM1[E:1098),0.)
SSALAD]l + IFGTO{(FLUXJM1(E:1099],FLUXJM1[E:1099],0.}
SSATAD] + IFGTO(FLUXJMI[E:1100],FLUXJM1[E:1100}.0.}
SSALAD]1 + IFGTO(FLUXJM1[E:11011,FLUZXIM1[E:1101},0.)

! INTEGRATION OF MASSES

SWASTELC
SMB3981C
SMBABS1C
SMB38N1C
SMB38S1C
SMB39N1C
SMBABNI1C
SCULEBR1C
SHUP1C

SURFSH1C
SSHM1C

BHUP1C

SURFBHI1C
L SBHAMI1C

SSALADIC

= intright {SWASTEL}

= 1flt0(intright {SMB139S81)-1.e-7,0.,intright (SMB13951})
= 1fltC(intright (SMBABS1)-1.e-7,0.,intright (SMBABS1] )

= 1flt0(intright(SMB13BN1)-1.e-7,0.,intright (SMB13BN1))
= 1flt0(intright(5MB13881)-1.e-7,0.,intright (SMB13851))
= 1flt0({intright (SMB139N1)-1l.e-7,0., intright (SMB139N1)})
= 1f1t0(intright(SMBABN1)-1.e-7,0.,intright (SMBABN1}}

= 1f1c0(intright{SCULBR1l}-1.e-7,0.,intright {SCULBR1})

= 1£f1t0(intright (SHUPl)-1.e-7,0.,intright (SHUP1l})

= 1{f1t0(intright (SURFSH1)-1.e-7,0.,intright (SURFSHL))

= iflt0({intright{(8SHM1)-1.e-7,0.,intright (SSHM1))

= 1flt0(intright{BHUP1l}-1.e-7,0.,intright (BHUPLl})

= 1flt0({intright {SURFBH1)-1l.e-7,0.,intright (SURFBH1) )

= iflt0{intright (SBHM1)-1.e-7,0.,intright {(SBHM1}}
intright (SSALADI)

i

DELETE ATTRIBUTE, PROPERTY, HISTORY, ELEMENT, NODAL

END
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Appendix D: Sample SUMMARIZE screening input file for replicate 1,

scenario 1.

!
L** _EVAL->>
[**_EVAL->>
T#* _EVAL->>
1*#*_EVAL->>
Lo % _EVAL~->>
| x* _EVATL,->>
T**_EVAT,->>
I ** _EVAL->>
L **% _BEVAL->>
L**_BEVAL->>

1 %% _EVAL->>
[}

*INPUT FILES

LR E R A SRR E NS EEE R RS EREEREREFEREEEERREEREREEEREREEEEEEREESESE,)

Time Stamp 2005-07-08 13:25:25.51

LR A RE R E RS E RS SRS EREREL RS SRR EE R RS SRR R RRERRREERER RS EEESEE]

User CCA_MASTER

LA AR AR ERE R RS SRR R REEESEREEE AR R EEREREERERREREEEREEEEEEEEENE]

Script Name EVAL_NUT_STEPZ
1.00

Release Date + 2005-07-07

LA R EREEREEELESEERESESEEEREESEEE R LR RS REEEREEREREESEEE SRS

Script Version

Template File SUM_NUT _SCN_CRA1BC.TMPL

R R AR R RS RE R R SRR ERE R R ER AR SRS ESEEREEERERERESERERESSES]

template=ALG_NUT_SCN_CRAIBC_R1_S1_V###

TYPE

*VECTORS

id=#

= CDB

vector=1 to 100

*TIMES
READ = SECCNDS
INPUT = YEARS
QUTPUT = YEARS
TIMES = 10000
*ITEM
TYPE = GLOBAL
NAME = SMB3BN1C, SMB3851C, &
SMBABN1C, SMBABS1C, &
SMB39N1C, SMB398S1C, &
BHUP1C, SHUPILC
*QUTPUT
DRIVER = EXCEL
WRITE = TIME VS ITEM
name=SUM_NUT_SCN_CRA1BC_R1_S1.TBL
*END
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Appendix E:

Release Up Bonshole (EPA Linits)

Relsese Up Borehole (EPA Unils)

Rease Up Boehale {(EPA Units)

Falaase Up Borehale (EPA Unils)

Tl Time Series Plots

Am-241 Total Aztivity Up Boehole
Raplicals 1, Scenarlo 2: Imrusion @ 100 yrs

L -
Q 2000 4000 B000 8000
Tima [yrs)

10000

L-224 Tolal Activity Up Borshale
Raplicate 1, Scenarie 2: Imrnusian @ 100 yrs

o 2000 4000 [v.r.v]
Tirne (yrs)
Am-241 Total Activity Up Borehole
. Replicale 2, Scenario 2: Intrusion €3 100 yry
[ . —

2000 4000 G000 BOCOD
Time (yrs)

U234 Toval Activily Up Borshols
Raplicate 2, Scenaric 2 Intrysion @ 100 yrs

Tima {yrs)
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Relaase Up Borshole (EPA Linis)

Release Lp Borehols (EFA Unils)

Ralaase Up Borahole (EFA Units}

Redease Up Borehola (EPA Unils}

PU-238 Tolal Actity Lp Borehole
Replicale 1, Scanerio 2: Intrusian @ 100 yrs

2000 4000 8000 8000
Time {yrs)

Th-23C Tota Activity Up Borehola
Raplicate 1, Sconario 2: Inlrusion §% 100 yrs

10 T

Time (yrs)

Pu-229 Tonal Activly Up Bomhole
Rephcata 2, SCenario 2: Inlrusion @ 100 yre

Time (yrs)

Th-230 Tois) Activly Up Boehole
Replicats 2, Stenaric 2: imousion @ 100 yrs

0 —_

Time (yra)
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Releaas Lp Borehole (EPA Unilg)

Ratagsa Ly Borshola (E0A Units )

Reieasa Lip Boehalie (EFA Units}

Rekase Up Borehols (EPA Unils)

Am-24t Tolat Acliviy Up Barshols
Replicae 3, Scenaro 2: Imrusion @ 100 yrs

10 T
' J

Tiene: {yrs)

U-23 Totad Activity Up Bombhole
Raplicate 3, Scanana 2: intrusion (G 100 yrs

—————

G0 4000 BNO | BOG0

Time (yrs}

Am-241 Talal Activity Up Baehole
Replicals 1, Scenario 3: Ininion G 3000 yrs

|

000 4000
Tima {yrs)
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Relsase Up Borshohe (EPA Linis)

Relsash Up Bomnpola (EFA Unils)

Releasa Up Bomhals [EPA Linits)

Relaase Up Borehola (EPA Units)

Pu-239 Tolal Activity Up Bomehole
Raplicsia 3, Scanario 2: lmnrsion @ 100 yrs

Tims tye)

Th-Z30 Total Activily Up Barehoke
Replicaie 3, Scenano 2. Imusion @ 100 yrs

Time {yrs}

Pu-239 Tonal Activity Up Boreholke
Raplicale 1, Scanano 3: fmlrusion (§ 3000 ys

Th-230 Tetal Activily Up Borehale
Repiicate 1. Scenalo 3: Imrusion @ 3000 yrs

o 2000 4000 @000 8000
Tima fyrs)
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Am-241 Tolal Aclidty Lip Borshaka Pu-Z39 Tolal Activity Up Bomehole
Replicaia 2, Scanado 3: Imnusion @ 3000 yrs Aaplicala 2, Scanaria 3: Imnsion ¢ 3000 yes

19 [_, —
10! ]
5 5
E o ~ i i
w e h [}
8 o
E 1 &
& S=—— NI
a W - El
ﬁ“:;‘ﬁ @
E 10* — i
& = &
10° E
[ e
10!
2000 4000 6000 BOIK) 10000
Timg {yss} Tima (yrs)
U234 Total Actudly Up Borahole Th-230 Tolal Aclivty Up Borehola
02 Repticate 2, Scerena 3. flrusicn (3 3000 yis " Raplicale 2, Scanano X Inlnusion @) 3000 yrs
¥ - - 1
1 1 10’
5 5
E 0 i =LY
< <€
& 1o 410
3 o
5 107 2 q?
] g
19.3 @ 3
2 210
o T
4 10t B
3 g
10* 1%
2 &
Lk
o s
Tima (yrs) Timg (yrs)
AM-241 Told Actraly Lp Borshole PL239 Totel Actialy Up Borehoks
o Replicate 3, Stenario % ltrusion @ 3000 yrs ¢ Faplicala 3, Scansnp 3 Intusion @ 3000 yrs
1

£ g

f_’,‘ 10 5

-

g 1’ &

£ E

2 2

5" 3

S 10° z

=1

= 5

£ i
@ i

w0* 2
10°

0 ] 2000 4000 6000 E0DO 10000
Time (yrs} Time: yra}
1234 Totad Activily Up Borehcle Th-230 Tolai Activity Up Borehol

Replicate 3, Scanaric 3: Inrusion @ 300G yrs Replicata 3, Scenario 3: imrusion @ 3000 yrs

Releass Up Bormhale (EPA Units)
Relzase Up Borehals (EPA Unilg}
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Retease Up Barehole (EPA. Lnils}

Releasa Up Borshoia (EPA Units)

Reglease Lip Borehole (EPA Umis}

Releaeg \jp Borenole [EPA Lnis)

Am-241 Total Activity Up Borehole
Replicale 1, Scenano 3: Inlnusion & 5000 yma

2000 4000 8000
Time (yrs}

234 Total Activly Up Borehole
: Repiicats 1, Scenaric 3: IMrusion ) 5000 yrs

10 —————

J
o 2000 4000 8000 2000
Time [yrs)

Am-241 Tolal Aclivity Up Bashote
Replicale 2, Sconaric 3 imrusion & 5000 yre
= ———

Time (yrs}

L2324 Tolak Aclisty Lip Borshole
Replicate 2, Scenario 2: Intrugian @) 5000 yrs
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Reloase Up Boshole (EPA Units)

Falease Upn Borehate (EFA Limits)

Releasa Up Borehels [EPA Unis)

Aalease Lp Borehote {EPA Unins)

Pu-238 Talal Aclinity Up Borehole
Replicale 1, Scenaria 2. infrusion @ 5300 yrs

Time (yrs)

Pu-235 Toted Activity Up Borshole
Replicate 2. Scenare 3: ftrusion (@ S900 yrs

Time tyrs}

Th-220 Tatal Activly Up Borehole
Regicala 2, Scenanio 3. Imrusion @ S000 yis
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Relaase Up Borehals (EPA Unils)

Release Up Borehala (EPA Units)

Releasa Lip Boehgle (EPA Units)

Release Up Borehals (EPA Units)

Am-241 Total Activity Up Bomhole
Replicela 3, Scanano 3: Imrusion ) 5000 ¥rs

10 .
10’ [_ 4
10
10" ,
16°
1w
16°
16°! 2
10”L_' f l =
o 2000 4500 6000 BO0O 10000
Time [yrs)
Y23 Totat Actndty Up Barehole
- Repiicaie 3, Sca:an'o 3: Imrusion @ 5000 yrs
10"
10°
10"

[} 2060 4000 BR0T 360G
Time {yra}

Am-24 Total Activty Up Borehale
Replicala 1, Scanano I Inlusion & 7000 yrs
v

N .
0 2000 4000 6000
Time {yrs)}

UFZ34 Total Actity Up Bomhola
Replicate 1, Scenanio 3: Imtrusion §) 7000 yrs

2000 4000 6000
Time (yrs)
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Ralease Up Borshol (EPA Linits)

Releage Up Borshila (EPA Units]

Ruigase Lip Boehole (EPA Lrnits)

Release Up Borehale (EPA Units)

Pu-239 Tatal Activity Up Borshole
. Replicais 3, Scanario 3: Ininsicn & 5000 yis
10 _-— T ™
1w
1’
10"
10°
e i
4
107} s
10-5 T J
10*
] 2000 Llra] 6000 8000 000G
Time {yrs)
Th230 Tatal Acliity Up Bohole
U‘a Repicaie 3, Scenaric 3 inrusion [ 5000 yrs
1
1¢*
10° b 1
i’ E
w?
10°
w*
10
10* e M
il 2000 4000 6000 8000 10000
Time (yrs)
Py-230 Tolal Aclivly Up Borahola
" Raglicaie 1, Scenario 3: Intnusion @ 700D yrs
10— — T
10’
1
10!
10°
10°
10*
1w
10% N —
] 2000 4000 /000 BRO0 10600
Time {yrs}
Th-230 Tolsl Acliity Up Borshols
& Repiizate 1. Scenario 3; Intrusion @@ 7000 yrs
1
'
10

Time (yrs)

Revision 0

Page 61 of 71



Am-241 Total Activity Up Borehola
. Reglicals 2, Scanarie X Intrusion @ 7000 yrs

3,

=,

a
(3

el

Rolease Up Banehole (EPA Units}
=

Q9 2000 4000 8000
Time (yrs)

11234 Tolal Actiily Lip Borehole
Replicate 2. Scenaric 3. intrusion & 7000 yre

Rejease Up Borshole (EPA. Unils}

2000 L]
Tima (yrs}

Am-241 Tolal Aclivity Up Borshots
: Reglicale 3, Scenaio 3. intrusion g0 7000 yre
10 —

Relaase Lip Borshole (EPA Linils)
3

10° —_—

2000 4000 600G
Time (yrs)

U-234 Tolal Aclisity Up BoreMola
3 Replicatz 3. Scenano 2: Intrusion @ 7000 yrs

Réleage Up Baretmle (EPA Units)

s

Time (yra)
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Pu-239 Tolal Aclinty Up Barehale
Repliceie 2, Scenano 3: ntrusion & 7000 yrs
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