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1.0 INTRODUCTION

This report summarizes the results obtained from replicate 1 of the U.S. Environmental Protection
Agency (EPA) Mandated Performance Assessment Verification Test of the U.S. Department of
Energy’s Performance Assessment (PA) Analyses supporting the Waste Isolation Pilot Plant
(WIPP) Compliance Certification Application (CCA). Resuits from replicates 2 and 3 will be
presented in a subsequent document. The EPA-Mandated Performance Assessment Verification
Test (replicate 1) will be referred to as the PAVT in the remainder of this report.

The report is divided into seven sections: An Introduction and Summary of the Differences
Between the PAVT and CCA (Section 1); Salado Flow Calculations (Section 2); Salado
Transport Calculations (Section 3); Culebra Flow and Transport Calculations (Section 4);
Cuttings, Cavings, and Spallings Calculations (Section 5); Direct Brine Release Calculations
(Section 6); and Complimentary Cumulative Distribution Function {(CCDF) Calculations (Section
7). In each section, the following information is provided:

. A description of changes in PA input parameters requested by EPA.
. A description of changes in model implementation and computer codes.
. Results of the PAVT calculations and their comparison with the CCA results.

Because of the importance of understanding the results of the Salado Flow calculations, a detailed
analysis of gas and brine migration modeling results is presented in Appendices A and B.
Additional information supporting the other calculations is also provided in Appendices C (Salado
Transport), D (Culebra Transport), E (Cuttings, Cavings, and Spallings), and F (Direct Brine
Release). In the final section, CCDFs representing futures of the repository and calculation of
cumulative releases for the PAVT are presented and compared to the CCA CCDFs. Supporting
information is provided in Appendix G. A listing of code versions and associated Software
Problem Report (SPR) numbers is included in Appendix H. Detailed discussions of CCA results
may be found in the Analysis Packages listed in the References. (Section 8).

It is important to note that a different set of seed numbers, which determine the random LHS
combinations of uncertain input parameters for BRAGFLO and other codes, was used in the
PAVT than in the CCA. Therefore, specific vectors from PAVT replicate 1 do not map directly
to vectors from CCA replicate 1.

1.1  Summary of Differences Between the PAVT and CCA
In both the PAVT and the CCA, total releases to the accessible environment were dominated by
cuttings and spallings releases, with a smaller contribution from direct brine release. Culebra,

Salado interbed, and Dewey Lake releases across the LWB were negligible. The PAVT mean
CCDF for total normalized releases to the accessible environment does not exceed or come within
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an order of magnitude of the EPA Limit. The following discussion summarizes the major
differences in the PAVT results relative to the CCA. Factors affecting indirect releases through
the Salado and Culebra are discussed first, followed by a discussion of direct releases (cuttings,
spallings, and direct brine release) and CCDFs. Factors responsible for differences include
parameter changes and model implementation changes. Impact analyses (see Appendix H for a
table of associated Software Problem Reports (SPRs)) performed on CCA results suggest that
computational model (code) changes had an insignificant impact on results,

Salado Flow

ndistur ari
In terms of repository pressures, brine saturations, and gas generation, undisturbed repository
performance was not significantly impacted by changes in parameters. However, one vector
(#38) produced increased flow (3326 m®) across the land withdrawal boundary (LWB). This flow
was caused by a combination of factors: the highest interbed permeability, the 8th highest DRZ
permeability, low far-field pressure, and a high repository pressure at 1000 years. The maximum
flow across the LWB in the CCA was 216 m’.

Disturbed Scenarios S2 and S3 (E1 intrusion at 350 and 1000 vears)

Parameter changes that had the most impact on repository performance in the E1 intrusion
scenarios were the brine reservoir volume (approximately two orders of magnitude larger),
borehole permeability (lower minimum permeabilities), and corrosion rates (higher). These
changes resulted in higher repository pressures and larger upward borehole brine flows to the
Culebra, with the maximum flow about two times larger than the maximum amount predicted in
the CCA (102,340 m® versus 67,000 m®). As in the undisturbed scenario, one vector (#38)
produced increased flow (2630 m®) across the LWB. In the CCA, flows across the LWB in all

disturbed scenarios were negligible.

istur narios S4 E2 intrusion nd ] ar
Parameter changes that had the most impact on repository performance in the E2 intrusion
scenarios were corrosion rates (higher), borehole permeabilities (lower minimum permeabilities),
and DRZ permeability (sampled over a range of higher and lower permeabilities). These changes
resulted in higher repository pressures and smaller upward borehole brine flows to the Culebra,
with the maximum flow about ten times smaller than the maximum amount predicted in the CCA
(4,474 m’ versus 40,000 m*). As in E1 intrusion scenario, cumulative brine flow across the LWB
was significant in vector #38 (2735 m’®) only.

Disturbed Scenario S6 (E2 intrusion at 1000 vears and an E1 intrusion at 2000 vears)

Parameter changes that had the most impact on repository performance in the E2E1 intrusion
scenarios were the brine reservoir volume (approximately two orders of magnitude larger),
borehole permeability (lower minimum permeabilities), and corrosion rates (higher). Asin
scenarios S2 and 3, these changes resulted in higher repository pressures and larger upward
borehole brine flows to the Culebra, with the maximum flow about two times larger than the
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maximum amount predicted in the CCA (108,960 m® versus 62,000 m*). Again, curnulative brine
flow across the LWB was significant in vector #38 (3203 m’) only.

Salado Transport

Parameter changes that had the most impact on radionuclide releases to the Culebra via the
borehole were the changes in actinide solubilities. In particular, these changes substantially
reduced the solubilities of **! Am in the Salado and Castile brines and reduced the solubility of
**Pu in the Salado brine. The solubility of **Pu in the Castile brine was similar to the CCA.

* Am was the dominant radionuclide for transport at early time (<2000 years after closure) while
*¥Pu was the dominant radionuclide at later times. Castile solubilities were used for E1 intrusion
scenarios (S2, S3, $6) and Salado solubilities were used for the other scenarios. For the El
scenarios with early time intrusions, larger upward borehole flows (relative to the CCA), were
offset by the reduced **' Am solubility. As a consequence, radionuclide releases to the Culebra
from early time E1 intrusions were only slightly larger, on average, than those in the CCA. For
later E1 intrusion times, PAVT releases tended to be moderately larger than those in the CCA.
The larger flows were not offset as much at later times because the 2°Pu solubilities were similar
to the CCA. For E2 intrusions at all times, radionuclide releases to the Culebra tended to be less
than in the CCA due to both lower upward borehole flows and reduced solubilities. There were
no radionuclide releases upward in the borehole beyond the top of the Rustler in any scenario.
Integrated releases across the LWB via the interbeds were very small (< 5.0E-10 EPA units) even
for vector #38. These releases were likely artificial and due to numerical dispersion.

Culebra Transport

The most significant factors impacting Culebra transport were the matrix distribution coefficients
(ky). The k, s were represented by loguniform probability distributions rather than the uniform
probability distributions used in the CCA. As a result, sampled k4 values tended to be lower in the
PAVT and several more realizations discharged U across the LWB in the PAVT than in the
CCA. However, as in the CCA, these discharges were very small and were not significant
contributors to total mean CCDF.

Cuttings, Cavings, and Spallings

The most significant factors that impacted total cuttings, cavings, and spallings volume releases
were the waste shear strength and the parameters influencing repository pressure (corrosion rate,
brine reservoir volume, and borehole permeability). The change in the waste shear strength
distribution produced more cuttings and cavings volume releases in the PAVT. Repository
pressures in the PAVT disturbed scenarios tended to be higher than in the CCA (more vectors had
pressures above 8 MPa). As a result, more vectors produced spallings volume releases.
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Direct Brine Release

The most significant factors impacting direct brine release volumes were the parameters
influencing repository pressure (corrosion rate, brine reservoir volume, waste permeability, and
borehole permeability). In the disturbed scenarios, repository pressures and direct brine volume
releases tended to be higher in the PAVT as compared to the CCA, with nearly as many replicate
one realizations releasing brine as in all three replicates of the CCA combined. However, due to
reduced actinide solubilities (as described previously in the Salado Transport summary), direct
brine radionuclide releases in the PAVT were only slightly larger than in the CCA.

CCDFs

The PAVT mean CCDF for total normalized releases is a factor of 2 to 3 larger than the CCA
mean CCDF for all probabilities of exceedance. This increase is primarily due to the increase in
cuttings releases. Total releases to the accessible environment were dominated by cuttings and
spallings releases, with a smaller contribution from direct brine release. Culebra, Salado interbed,
and Dewey Lake releases across the LWB were negligible. The PAVT mean CCDF for total
normalized releases to the accessible environment does not exceed or come within an order of ~
magnitude of the EPA Limit.
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20 SALADO FLOW CALCULATIONS

This section summarizes differences between the PAVT and CCA Salado two-phase flow
calculations. These calculations were performed using BRAGFLO. Six different repository
scenarios were considered:

S1. Undisturbed

S2. El Intrusion at 350 Years
S3.  El Intrusion at 1000 Years
54, E2 Intrusion at 350 Years
S5. E2 Intrusion at 1000 Years
Sé. E2E]1 Intrusion

This summary focuses on values of key BRAGFLOQ performance measures for each scenario.

Key performance measures for the S1 scenario include pressure and brine saturation in the panel
at times of 350 and 1000 years and cumulative brine flow across the LWB via the interbeds.

Brine flow up the shaft was found to be insignificant and is therefore not presented. Panel
pressure and brine saturation values are useful for assessing the potential impact of the PAVT
input changes on direct releases up the borehole (spallings and direct brine release). Cumulative
brine flow across the LWB is useful since the interbeds are the primary pathway for radionuclide
release in the undisturbed scenario. In the disturbed scenarios, S2, $3, $4, 85, and S6, the
borehole is the primary pathway for radionuclide release. Thus, in addition to the S1 performance
measures, a key performance measure is the cumulative brine flow up the borehole to the Culebra.
Figures and Tables with performance measure values are provided. A detailed discussion of two-
phase flow behavior (gas and brine migration) in each of the repository scenarios is provided in
Appendix A. Differences between the PAVT and CCA results are summarized in Appendix B.

2.1  Changes to Parameters
Changes to input parameters were implemented in BRAGFLO as follows:

(1)  DRZlog permeability (m®) was changed from a constant value of -15.0 to a uniform
distribution ranging from -19.4 to -12.5 with a mean and median of -15.95.

(2} Inundated corrosion rate (m/s) distribution (without CO,) was changed from a uniform
range of 0 to 1.58 x 10 to a uniform range of 0 to 3.17 x 107,

(3)  Waste permeability (m?) was changed from a constant value of 1.7 x 10" to a constant
value of 2.4 x 105

(4)  Castile brine reservoir rock compressibility (Pa™) was changed from a log triangular

distribution ranging from -11.3 to -8.0 to a triangular distribution ranging from 2.0 x 10"
to 1.0 x 10 (log: -10.7 to -10.0).
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(5)  Castile brine reservoir porosity was calculated from the condition that the product of
Castile brine reservoir rock compressibility (Pa™) and porosity was constant and equal to
1.848 x 10" Pa’'. Based on the new range for rock compressibility (see (4) above) the
calculated porosity ranges from 0.1848 to 0.924. The bulk volume of the brine reservoir
is fixed by the grid geometry at 1.84 x 10’ m®. The sampled porosities resnlted in one
hundred initial brine reservoir volumes (m’) ranging from 3.6 x 10 to 1.4 x 10, In the
CCA, the volume of brine in the Castile brine reservoir was sampled between a minimum
of 32,000 m’ and a maximum of 160,000 m® resulting in five possible volumes of 32,000,
64,000, 96,000, 128,000, and 160,000 m®, which were controlled by the parameter
GRIDFLO (see Section 2.2).

(6)  Sand-filled borehole log permeability (m”) was changed from a uniform distribution
ranging from -14.0 to -11.0 to a uniform distribution ranging from -16.3 to -11.0.

(7)  Concrete plug permeability (m®) was changed from a constant value of 5.0 x 10 to a
uniform distribution ranging from 1.0 x 10 to 1.0 x 10,

2.2 Changes to Model

To avoid calculating unrealistic repository pressures (far above lithostatic), the DRZ was allowed
to fracture under the same conceptual model and parameters as Marker Beds 138 and 139.

One computational model change was implemented via input parameters. For vector #78 of the
§2 scenario, the solution tolerances were changed to prevent excessive time step reductions. This
change was not required for any other vectors or any other scenarios. These tolerance changes
are described in Appendix B (Section B.5).

As described in Section 2.1, parameter change (5), Castile brine reservoir volumes were
determined in the CCA using the sampled parameter GRIDFLO. Inthe PAVT, brine reservoir
volumes were calculated as described above in parameter change (5), and GRIDFLO was not
used.

Subsequent to the CCA, several minor code changes were implemented in BRAGFLO. These
changes were shown to have no impact on the CCA Salado flow calculations (SPR Numbers 97-
002, 97-003, 97-007, 97-008, 97-009, 97-010, which are all described in the Change Control
Form for BRAGFLO, WPO #45223),

2.3  Impact of Changes on Model Results

2.3.1 Undisturbed Scenario S1

Parameter changes that had the most impact on repository performance in the undisturbed
scenario were corrosion rates (higher) and DRZ permeability (sampled over a range with both
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higher and lower permeabilities and a lower median). Values for important performance measures
are provided in Table 2.1. The higher corrosion rates produced marginally higher pressures
through 1000 years in the PAVT relative to the CCA. The range in DRZ permeability resulted in
a wider range in brine inflow volumes. However, 64 realizations had initial DRZ permeabilities
less than the CCA value of 1x10"* m* which resulted in lower mean and median cumulative brine
flows into the repository than in the CCA. Higher brine consumption rates {associated with the
higher corrosion rates), slightly higher pressures, and lower inflow rates resulted in lower brine
saturations in the repository. At times greater than 1000 years, these conditions resulted in
slightly lower gas generation rates and less overall total gas generation.

DRZ fracturing appears to have had only a small effect on brine flows within the repository and
DRZ and no apparent impact on flow up the shaft or across the LWB. Cumulative brine flows
across the LWB were slightly less than in the CCA (see Table 2.1), except for one vector (#38)
which produced significant flow (3326 m’) across the LWB (the majority of this flow occurs in
Marker Bed 139). The maximum flow across the LWB in the CCA was 275 m®. This significant
flow in vector #38 was caused by a combination of factors: the highest interbed permeability, the
8th highest DRZ permeability, low far-field pressure, and a high repository pressure at 1000
years.

2.3.2 Disturbed Scenarios S2 and 83 (E1 intrusion at 350 and 1000 years)

Parameter changes that had the most impact on repository performance in the E1 intrusion
scenarios were the brine reservoir volume (approximately two orders of magnitude larger),
borehole permeability (lower minimum permeabilities), and corrosion rates (higher). Values for
important performance measures are provided in Tables 2.2 and 2.3. Panel pressures and brine
saturations prior to intrusion were the same as shown in Table 2.1 (prior to intrusion, the E1
intrusion scenarios were identical to the undisturbed scenario). The higher corrosion rates
produced marginally higher repository pressures prior to intrusion in the PAVT relative to the
CCA. Following intrusion, lower borehole permeabilities and higher corrosion rates in
combination with increased flow from the brine reservoir (brine reservoir pressures remain high
after intrusion) resulted in substantially higher pressures in the repository. Brine flows upward in
the borehole to the Culebra were substantially higher, with the maximum flow about two times
larger than that predicted in the CCA. As in the CCA, there were also very small amounts of
brine flow upward in the borehole beyond the top of the Rustler (< 1.2 m®). Salado transport
results (see Section 3.3.2) show that these small volumes of brine were uncontaminated. As in the
undisturbed scenario, one vector (#38) produced significant flow across the LWB. In the CCA,
flows across the LWB in all disturbed scenarios were negligible. In addition to having high
interbed and DRZ permeability, vector #38 also had the 17th lowest borehole permeability. Asa
consequence, flow across the LWB is decreased only slightly from the S1 value.

2.3.3 Disturbed Scenarios S4 and S5 (E2 intrusion at 350 and 1000 years)

Parameter changes that had the most impact on repository performance in the E2 intrusion
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scenarios were corrosion rates (higher), borehole permeabilities (lower minimum permeabilities),
and DRZ permeability (sampled over a range of higher and lower permeabilities). Values for
important performance measures are provided in Tables 2.4 and 2.5. Panel pressures and brine
saturations prior to intrusion were the same as shown in Table 2.1 (prior to intrusion, the E2
intrusion scenarios were identical to the undisturbed scenario). Higher corrosion rates produced
marginally higher pressures prior to intrusion in the PAVT relative to the CCA. The range in
DRZ permeability resulted in a wider range in brine inflow volumes. However, 64 realizations
had initial DRZ permeabilities less than the CCA value of 1x10™" m? which resuited in lower mean
and median cumulative brine flows into the repository than in the CCA. The net result of the
higher brine consumption, higher pressures, and decreased brine inflow was lower brine
saturations in the repository. Following the borehole intrusion, panel pressures stayed higher in
the PAVT than in the CCA due primarily to the lower borehole permeabilities.

Although the upper end of the borehole permeability range was not changed, brine flows up the
borehole were substantially less than those predicted in the CCA. This behavior was due to a
combination of factors: lower brine saturations in the repository; lower borehole permeabilities at
the lower end of the range; and the range of DRZ permeabilities. In the CCA, the DRZ added
brine directly to the borehole in the highest flow cases. In the PAVT, the highest flow cases hdve
a high borehole permeability and a low DRZ permeability. As a result there was no additional
contribution from the low permeability DRZ to flow up the borehole (which is already lower than
in the CCA because of the lower brine saturations). As in the E1 intrusion scenarios, curnulative
brine flow across the LWB was significant in vector #38 (2735 m’) only.

2.3.4 Disturbed Scenario S6 (E2 intrusion at 1000 years and an E1 intrusion at
2000 years)

Parameter changes that had the most impact on repository performance in the E2E1 intrusion
scenarios were the brine reservoir volume ( approximately two orders of magnitude larger),
borehole permeability (lower minimum permeabilities), and corrosion rates (higher). Results for
86 are provided in Table 2.6. As in scenarios S2 and §3, $6 was dominated by the E1 intrusion
because of the large brine reservoir. Panel pressures and brine saturations prior to the E2 intrusion
were the same as shown in Table 2.1 (prior to first intrusion, the E2E1 intrusion scenarios is
 identical to the undisturbed scenario). The higher cerrosion rates produced marginally higher
repository pressures prior to the E2 intrusion in the PAVT relative to the CCA. Following
intrusion, lower borehole permeabilities and higher corrosion rates in combination with increased
flow from the brine reservoir (brine reservoir pressures remain high after intrusion) resulted in
substantially higher pressures in the repository. Brine flows upward in the borehole to the
Culebra were substantially higher, with the maximum flow about two times larger than that
predicted in the CCA. Flows up the borehole were slightly larger than those in S2 and S3 due to
a larger head gradient between the Castile brine reservoir and panel at the time of the El
intrusion. The larger head gradient between the Castile and panel was due to the E2 intrusion at
1000 years and the subsequent venting of panel gas up the borehole. As in E1 and E2 intrusion
scenarios, cumulative brine flow across the LWB was significant in vector #38 (3203 m’) only.
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Table 2.1. 10th Percentile, Median, Mean, 90th Percentile, and Maximum Output Variable
Values from the PAVT and CCA Simulations for Scenario S1 (Undisturbed).

July 25, 1997

Qutput Variable Time PAVT Simulation (R1) CCA Simulation (R1, R2, R3)

Description (yrs) [ 10th | Median | Mean | 90th | Max. 10th | Median | Mean 90th Max

Average Pressure in | 350 1.6 4.0 4.4 9.0 10.5 1.G 3.2 4.0 9.2 10.4

Waste Panel (MPa) 1.0 3.2 4.0 9.2 10.2

1.2 3.2 4.0 9.2 10.0

1000 {| 3.7 7.1 77 | 129 | 140 2.1 6.1 6.7 12.2 13.5

2.0 6.1 6.7 12.4 14.0

2.7 6.0 6.7 12.4 14.5

10000] 6.9 10.2 105 | 136 | 168 7.0 10.8 10.8 14.2 15.5

7.1 11.0 10.8 14.1 16.3

} 6.8 10.7 10.7 14.0 6.2

Average Brine 350 Jf 004 | 016 [ 023 | 052 | 098 0.12 0.22 0.27 0.50 0.80

Saturation in 0.09 0.23 0.27 0.42 0.75

Waste Panel f 0.09 0.23 0.27 0.55 (.88

1000 | 000 | 017 | 026 | 070 | 098 || o©.10 0.26 0.33 0.77 0.98

0.07 0.27 0.34 0.67 0.91

JF 0.08 0.28 0.34 0.85 0.98

Cumulative Brine 10000 0.0 0.0 35 0.0 | 3326 0.0 0.1 5.0 0.3 216

Flow out of MBs 0.0 0.1 4.2 0.4 275

Across LWB () 0.0 0.1 4.5 0.3 168

Total Volume of 10000 5.2 11.2 119 | 188 | 340 5.0 11.8 12.2 21.5 28.1

l Gas Generated 5.0 12.5 12.4 20.0 30.7

(10° m’) L 4.8 11.8 12.1 18.8 26.0
Cumulative Brine 10000} 1000 | 7500 | 13000 | 35000 | 72000 | 3200 11200 16000 33000 85000
Flow into 3200 12400 16000 32000 57000
Repository (in’) J,_ 3000 | 12200 16000 33500 55500

2-5




Table 2.2. 10th Percentile, Median, Mean, 90th Percentile, and Maximum Output Variable Values from

the PAVT and CCA Simulations for Scenario S2 (El Intrusion at 350 Years).

Output Variable | Time PAVT Simulation (R1) CCA Simulation (R1, R2, R3)
Description (yrs) 10th | Median | Mean | 90th Max. 10th | Median | Mean 90th Max
Average Pressure in 10000 4.7 7.9 3.9 14.2 16.6 1.6 4.7 4.5 7.3 Q.7
Waste Panel (MPa) ! 1.5 5.0 4.5 7.0 10.1
1.5 4.7 4.5 7.3 11.0
Average Brine 350 0.04 0.16 0.23 .52 0.98 0.12 0.22 0.27 0.50 0.80
Saturation in 0.09 0.23 0.27 .42 0.75
Waste Panel 0.09 0.23 0.27 0.55 0.88
Cum. Brine Flow up | 10000 0.0 27 6381 18100 105040 0.0 0 1030 1330 39000
Borehole at 0.0 0 1230 700 62000
Rustler/Cul. (m’) 0.0 0 350 670 12500
Cumulative Brine 10000 0.0 0.0 26 0.0 2487 0.02 0.08 0.11 0.25 0.79
Flow out of MBs 0.02 0.08 0.11 0.26 0.43
Across LWB (m*) 0.02 0.08 0.10 0.22 0.43
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Table 2.3. 10th Percentile, Median, Mean, 90th Percentile, and Maximum Output Variable Values from
the PAVT and CCA Simulations for Scenario S3 (EI Intrusion at 1000 Years).

Output Variable Time PAVT Simulation (R]) CCA Simulation (R1, R2, R3)
Description (yrs) 10th | Median | Mean | 90th Max. 10th | Median | Mean | 90th Max
Average Pressurein | 10000 || 3.2 74 8.1 12.7 15.4 1.7 4.7 4.5 7.3 9.2
Waste Panel (MPa) 1.5 5.0 4.5 7.0 10.2
1.5 4.7 4.5 7.2 10.1
Average Brine 1000 || 0.00 0.17 0.26 | 0.70 0.98 0.10 0.26 0.33 0.77 0.98
Saturation in 0.07 0.27 0.34 0.67 0.91
Waste Panel 0.08 0.28 0.34 0.85 0.98
Cum. Brine Flow up | 10000 || 0.0 16 5935 | 18300 | 102340 | 0.0 0.0 1050 | 1300 | 35200
Borehole at 0.0 0.0 1150 425 | 67000
Rustler/Cul. (m®) 0.0 0.0 450 900 15600
Cumulative Brine 10000 | 0.0 0.0 26 0.0 2630 0.02 0.08 0.12 0.25 1.28
Flow out of MBs 0.02 0.08 0.12 0.26 0.66
| Across LWB (m) 002 | 008 | 011 | 024 | 0.41
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Table 2.4. 10th Percentile, Median, Mean, 90th Percentile, and Maximum Output Variable Values

from the PAVT and CCA Simulations for Scenario S4 (E2 Intrusion at 350 Years).

Output Variable Time PAVT Simulation ” CCA Simulation

Description 1) || 10th | Median | Mean | 90th | Max. || 10th | Median | Mean | 90th | Max
Average Pressurein | 10000 | 17 | 64 | 65 | 125 | 139 " 14 | 33 39 | 67 | 90
Waste Panel (MPa) 1.4 34 3.9 6.4 10.0

1.4 3.4 3.9 6.4 9.3
Average Brine 350 0.04 0.16 0.23 0.52 0.98 0.12 0.22 0.27 0.50 0.80
Saturation in 0.09 0.23 0.27 0.42 0.75
Waste Panel 0.09 0.23 0.27 0.55 0.88
Cum., Brine Flow 10000 0.0 2.3 151 238 4774 0.0 0.0 638 110 40000
up Borehole at 0.0 0.0 330 93 17800
Rustler/Cul. (m*) [ 0.0 0.0 250 70 13700
Cumulative Brine 10000 0.0 0.0 26 0.0 2640 0.02 0.08 0.11 0.25 0.73
Flow out of MBs 0.02 0.08 0.11 0.23 0.42
Across LWB (m®) 0.02 0.08 0.10 0.22 0.35
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Table 2.5. 10th Percentile, Median, Mean, 90th Percentile, and Maximum Output Variable Values from

the PAVT and CCA Simulations for Scenario S5 (E2 Intrusion at 1000 Years).

Output Variable Time PAVT Simulation CCA Simulation
Description O7) || 10th [ Median | Mean | 90th | Max. | 10th | Median | Mean | 9o | Mox
Average Pressure in | 10000 1.6 6.4 6.5 12.5 14.1 1.4 3.3 3.9 6.8 9.0
Waste Panel (MPa) 1.4 3.4 3.9 6.4 10.2
1.4 3.2 3.9 6.4 9.3
Average Brine 1000 0.00 0.17 0.26 0.70 0.98 0.10 0.26 0.33 0.77 0.98
Saturation in 0.07 0.27 0.34 0.67 091
Waste Panel 0.08 0.28 0.34 0.85 0.98
Cum. Brine Flow up | 10000 0.0 1.8 133 160 4472 0.0 0.0 563 100 36100
Borehole at 0.0 0.0 270 75 13000
Rustler/Cul, (m®) 0.0 0.0 210 70 13000
Cumulative Brine 10000 0.0 0.0 27 0.0 2735 0.02 0.08 0.12 0.25 1.28
Flow out of MBs 0.02 0.08 0.11 0.25 0.71
Across LWB (m*) 0.02 0.08 0.11 0.23 0.38
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Table 2.6. 10th Percentile, Median, Mean, 90th Percentile, and Maximum Output Variable Values

from the PAVT and CCA Simulations for Scenario S6 (E2E1 Intrusion).

Output Variable Time PAVT Simulation CCA Simulation
Description (yrs) 10th Median | Mean 90th Max. 10th Median | Mean 90th Max
Average Pressure in | 10000 4.8 7.5 3.4 12.9 14.5 1.5 4.8 4.5 7.2 5.1
Waste Panel (MPa) 1.5 5.1 4.5 6.9 10.2
1.5 5.2 4.6 1.3 9.5
Average Brine 1000 0.00 0.17 0.26 0.70 0.98 0.10 0.26 0.33 0.77 0.98
Saturation in 0.07 0.27 0.34 0.67 0.91
Waste Panel 0.08 0.28 0.34 0.85 0.98
Cum. Brine Flow up | 10000 0.0 066 7108 | 22000 | 108960 0.0 20 950 780 37100
Borehole at 0.0 20 1280 340 62000
Rustler/Cul. (m’) 0.0 20 620 1700 | 14000
Cumulative Brine 10000 0.0 0.0 32 0.0 3203 0.02 0.08 0.12 0.25 1.65
Flow out of MBs 0.02 0.08 0.11 0.25 0.56
| Across LWB (m’) 0.02 0.09 0.11 0.23 0.39
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3.0 SALADO TRANSPORT CALCULATIONS

This section summarizes differences between the PAVT and CCA Salado transport calculations.
These calculations were performed using NUTS and PANEL. NUTS was used to calculate the
transport of radionuclides throughout the repository, shaft system, Salado formation, and possible
human-intrusion boreholes in scenarios S1, S2, $3, $4, and $5. PANEL was used to calculate the
movement of radionuclides through the repository and boreholes in the multiple intrusion scenario
S6 only. The key performance measure for comparing PAVT and CCA Salado transport results’
is cumulative radionuclide release to the Culebra via the intruding borehole. Transport of
radionuclides to the accessible environment via the shaft and interbeds was found to be
insignificant in both the PAVT and the CCA. Detailed Salado transport results are presented in
Appendix C.

31  Changes to Parameters

The EPA requested that the solubilities of actinides in oxidation states +I11, +IV, and +V be
changed as shown in Table 3.1.

Table 3.1. PAVT and CCA Solubilities (moles/liter) of Actinide Oxidation States in Salado and
Castile Brines Controlled by the MgO/MgCO, Buffer

+I1I +[V +V +VI
PAVT CCA | PAVT | CCA | PAVT | Cca PAVT CCA
Salado 1.2E-7 {58E-7{ 1.3E-8 |44E-6| 24E-7 |23E-6| 87E-6 | 8.7E-6
Castile 1.3JE-8 | 6.5E-8 | 4.1E-8 | 6.0E-9 | 4.8E-7 |2.2E-6 | 8.8E-6 | 8.8E-6
3.2  Changes to Model

The NUTS PAVT calculations were performed using an implicit dissolution/precipitation
algorithm whereas the CCA NUTS calculations were performed using an explicit
dissolution/precipitation algorithm. This algorithm change resulted from a previous investigation
of the NUTS CCA calculations (SPR No. 97-004). This investigation indicated that radionuclide
releases to the Culebra via the borehole and across the LWB via the interbeds may have been
underestimated because of the explicit implementation of the precipitation/dissolution algorithm in
NUTS version 2.03. To determine if CCA results were underestimated, a fully implicit
dissolution/precipitation algorithm was incorporated in NUTS version 2.04 (Change Control
Form, WPO #45998) and several CCA calculations were repeated. The conclusion of this
investigation was that the impact of the explicit precipitation/dissolution algorithm on the CCA
results was not important and that releases were not significantly underestimated. Based on this
investigation it is concluded that differences in results between the CCA and PAVT are not
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attributable to the change in the dissolution/precipitation algorithm change. However, because
the implicit dissolution/precipitation algorithm is more robust and stable, it was implemented in
the PAVT calculations.

In the CCA, **Pu and *Pu shared the same elemental solubility. To simplify the implementation
of the implicit dissolution/precipitation algorithm in the PAVT calculations, these two isotopes
were treated as separate elements and did not share the same elemental solubility. This treatment
was implemented by assigning the solubility of ***Pu equal to the Pu solubility times the mole
fraction of **Pu at time zero (Stockman, 1997). This simplification is conservative in the sense
that it overestimates “*Pu and **Pu solubilities during the early part of the 10,000 year
regulatory period. However, the impact of this overestimation of solubilities should not be
significant.

3.3 Impact of Changes on Model Results

A screening analysis using a hypothetical inert tracer was conducted to reduce the large number of
potential Salado transport simulations to a tractable number. An identical screening analysis was
conducted previously for the CCA. For the screening analysis, a source concentration of 1 kg/m?
was applied to the source region. All realizations that transported a cumulative mass of inert
tracer greater than or equal to 107 kg to the accessible environment over 10,000 years were
considered significant and retained for complete transport analysis. The number of realizations
screened in for scenarios S1, S2, 83, $4, and S5 are summarized in Table 3.2. A total of 151 runs
were screened in for further analysis in PAVT replicate 1 compared to 57, 53, and 64 runs in
replicates 1,2, and 3 of the CCA. Note that in scenario S6, all 100 realizations are analyzed using
PANEL.

Table 3.2. Summary of Realizations Screened In

PAVT CCA
Scenario R1 Ri R2 R3
S1 4 1 5 3
S2 68 23 17 22
S3 50 21 21 25
S4 15
S5 14 6

As noted in Section 3.1, the solubilities of actinides in oxidation states +I, +IV, and +V were
changed in the PAVT (Table 3.1). These changes reduce the effective solubilities of contaminants
with the exception of actinides in the +IV state in the Castile brine. Note that the actinide
oxidation states of +VI were unchanged. The net effect of the solubility changes is illustrated in
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Figures 3.1 to 3.4. These Figures' show representative contaminant concentrations in EPA
units/m* within the repository as a function of time. S1 concentratijons, which assume that Salado
brine is present in the repository, are shown for the PAVT (Figure 3.1) and the CCA (Figure 3.2).
§2 concentrations, which assume that Castile brine is present in the repository, are also shown for
the PAVT (Figure 3.3.) and CCA (Figure 3.4). Two major regions are evident in each of these
figures. In the first several thousand vears, constant concentrations are seen for the period in
which **'Am (oxidation state +III) controls the total EPA unit concentration and is solubility
limited. This region is shorter for realizations that sampled a higher **'Am solubility. The
transition to the second region occurs as the **! Am changes from solubility to inventory limited
and the EPA unit concentrations decrease. In the second region, **Pu solubility (oxidation state
+II1 or +IV) controls the EPA unit concentration. Note that higher concentrations are constant
but the lower concentrations show a slow decrease with time. This behavior occurs because the
sampled ***Pu solubility is low enough that other isotopes, which are inventory lirnited and have
interrnediate half-lives, contribute to the total EPA unit concentrations.

In the first region (**' Am-controlled), the lower **! Am solubilities in the PAVT are seen by
comparing Figures 3.1 (PAVT) and 3.2 (CCA) for the Salado brine and Figures 3.3 (PAVT) and
3.4 (CCA) for the Castile brine. For the Salado brine, the PAVT *!Am concentrations are ™
clustered around 1 x 10° EPA units whereas in the CCA they are clustered around the higher
value of 6 x 10 EPA units. For the Castile brine, the PAVT 2*' Am concentrations are clustered
around 2 x 10* EPA units whereas in the CCA they are clustered around 8 x 10™* EPA units.

These same four Figures can also be used to compare solubilities in the second region (**Pu-
controlied). For the Salado brine, the PAVT ***Pu concentrations (Figure 3.1) are lower and are
clustered around 2 x 10~ EPA units whereas in the CCA (Figure 3.2) there are two distinct
clusters of solubilities, one around the solubility of Z*Pu(+III) and another around the solubility of
®Pu(+IV). In the PAVT, two distinct clusters are not seen because both actinide solubilities are
very low. For the Castile brine, the PAVT **Pu concentrations (Figure 3.3) show a slightly larger
spread than the CCA values (Figure 3.4), but with an increased number of lower concentrations
near 1 x 10 EPA units. The larger spread is due to the increase in 2*Pu(+IV) solubility for
Castile brine.

Based on the above discussion, both the Salado and Castile solubilities of 2! Am tended to be
significantly lower in the PAVT than in the CCA. Salado 2°Pu solubilities in the PAVT also
tended to be much lower than in the CCA. In Castile brine, **Pu solubilities were higher or lower
than in the CCA depending on the sampled oxidation state, and on average were similar to the
CCA.

'These Figures were constructed for illustrative purposes only using the computer code PANEL,
Concentrations are based on a typical waste panel brine volume of 4,000 m®. Since PANEL requires a flow rate as
input, a low flow rate of 10 m’/yr was assi gned to prevent inventory depletion during PANEL calculations.
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3.3.1 Undisturbed Performance

The Salado flow analysis showed that only one undisturbed scenario (S1) vector (#38) produced
significant flow (3326 m®) outward across the LWB. This vector was the only realization that
released contaminants across the LWB (see Appendix C). These releases occurred at the LWB to
the south of the repository in Marker Bed 139, with a total integrated discharge of 4.84E-10 EPA
units out of all interbeds (see Figures C.1 - C.7 in Appendix C). The majority of this activity was
due to **Pu (3.4E-10 EPA units) and **'Am (8.67E-11 EPA units). These results are similar to
the CCA results where a total activity of 3.33E-10 EPA units was released. Further, as in the
CCA, these releases were likely due to numerical dispersion that was caused by the coarse lateral
gridding between the repository and lateral LWB, and large time steps at later times in the
calculation. This conclusion is also supported by the fact that the pore volume of Marker Bed
139 (which provides most of the flow in vector #38) between the repository and LWB is greater
than 155,000 m’.

3.3.2 Disturbed Performance (El, E2, and E2E1 Intrusions})

In both the PAVT and the CCA, the only pathway for significant release in the disturbed scenarios
was the intrusion borehole. This behavior, described below, justifies the use of PANEL, which
ignores all pathways other 