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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 Sofiware 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 ',

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 maxunum fiow 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 narigg S4 2 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 max;mum 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.

ist gnari E2 intrusion at an 1 intrusion at 2 ar
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). As in
scenarios S2 and S3, 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, cumulative 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 radionuctide 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, S6) 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, radionuctide 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
(kg). 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.

July 25, 1997 1-3



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
S4. E2 Intrusion at 350 Years
S5. E2 Intrusion at 1000 Years
S6.  E2E1 Intrusion

This summary focuses on values of key BRAGFLO 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, 83, §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.

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

(1)  DRZ log 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 10°,

(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 resulted in one
hundred initial brine reservoir volumes (m’) ranging from 3.6 x 106 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 107 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
§52 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. In the 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, WPQ #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
shightly 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. As a
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 cotrosion 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 resulted 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 have
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, cumulative
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 El intrusion at
2000 years)

Parameter changes that had the most impact on repository performance in the E2E! 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 S3, $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 corrosion 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 1.0 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 7.7 129 | 14.0 2.1 6.1 6.7 12.2 13.5

2.0 6.1 6.7 12.4 4.0

2.7 6.0 6.7 12.4 14.5

10000 6.9 10.2 105 | 13.6 { 16.8 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 16.2

Average Brine 350 [ 004 | 0.16 | 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 0.88

1000 || 0.00 | 0.17 026 | 0.70 | 0.98 0.10 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 (o) 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° o) 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 (m*) J,_ 3000 [ 12200 16000 33500 55500
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Table 2.2. 10th Percentile, Median, Mean, 90th Percentile, and Maximum Output Variable Values from

the PAVT and CCA Simulations for Scenario S2 (E| 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 8.9 14.2 16.6 1.6 4.7 4.5 1.3 9.7
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 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 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 Qutput Variable Values from

the PAVT and CCA Simulations for Scenario $3 (E1 Intrusion at 1000 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 3.2 7.4 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 | 04l
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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 &rs) || 10th | Median | Mean | 90th | Max. || 10th | Median | Mean | 90th | Max
Average Pressurein | 10000 | 17 | 64 | 65 | 125 | 139 " 14 | 33 39 | 67 | 9.0
Waste Panel (MPa) 1.4 3.4 3.9 6.4 10.0

1.4 3.4 3.9 6.4 9.3
Average Brine 350 | 004 | o016 [ 023 | 052 [ 098 | 012 | 022 | 027 | 050 | 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’) [ 00 0.0 250 70 | 13700
Cumulative Brine | 10000 | 0.0 0.0 26 00 | 2640 | 002 | 008 | 011 | 025 | 073
Flow out of MBs 002 | 008 | o011 | 023 | 042
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 O) | 10th_| Median | Mean | 90th | Max. | 10th | Median | Mean | 90t | Max
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 (E2E| 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 8.4 12.9 14.5 1.5 4.8 4.5 7.2 9.1
Waste Panel (MPa) 1.5 5.1 4.5 6.9 10.2
1.5 5.2 4.6 7.3 9.5
Average Brine 1000 0.00 0.17 0.26 0.70 0.98 .10 .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 66 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
Cumuiative Brine 10030 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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30 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, 83, $4, and S5. 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 +ITI, +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

+111 +IV +V +VI
PAVT CCA PAVT CCA PAVT CCA PAVT CCA
Salado 1.2E-7 | 5.8E-7{ 1.3E-8 [44E-6| 2.4E-7 {23E6| 8.7E-6 | 8.7E-6
Castile 1.3E-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 aigorithm 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®
Wwas applied to the source region. All realizations that transported a cumnulative 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, 52, $3, S4, 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 R1 R2 R3
s1 4 1 5 3
s2 68 23 17 2
s3 50 21 21 25
s4 15 6 5 7
S5 14 6 5 7

As noted in Section 3.1, the solubilities of actinides in oxidation states +I11, +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 concentrations, which assume that Salado
brine is present in the repository, are shown for the PAVT (Figure 3.1) and the CCA (Figure 3.2).
S2 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 +I1I) controls the total EPA unit concentration and is solubility
limited. This region is shorter for realizations that sampled 2 higher **'Am solubility. The
transition to the second region occurs as the **! Am changes from solubility to inventory lirnited
and the EPA unit concentrations decrease. In the second region, 2*Pu solubility (oxidation state
+IIT 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 limited 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 clastered
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-
controlled). 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 ***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 #Py(+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 »*°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, 2 Jow flow rate of 10 m%yr was assigned 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 (E1, 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 than the borehole, for S6 calculations. For Salado transport
calculations under disturbed conditions, brine may enter the repository from the Castile, Salado,
or Culebra. For E1 intrusion scenarios where a borehole penetrates the Castile brine reservoir
(82, 83, 86), actinide solubilities in Castile brine were used. For E2 intrusions (54, 85),
solubilities in Salado brine were used.

The brine flow fields required for NUTS transport calculations are provided by the two-phase
flow model BRAGFLO. BRAGFLO was used to model two intrusion times of 350 and

1000 years. The flow fields corresponding to these two intrusion times were used to approximate
flow fields for the additional intrusion times of 100, 3000, 5000, 7000, and 9000 years. For
example, for the 100-year intrusion, flow fields from the 350-year intrusion were applied
beginning at 100 years. For the period from time zero to 100 years, flow fields from the
undisturbed scenario were used. Similarly, for each of the intrusions at 3000, 5000, 7000, and
9000 years, BRAGFLO flow fields from the 1,000-year intrusion were applied beginning at 3000,
5000, 7000, and 9000 years, respectively. In each of these intrusion cases, from time zero until
the intrusion time, flow fields from the undisturbed scenario were used.

In the E2E] intrusion scenario, one borehole penetrates the waste-filled panel at 1000 years and a
second borehole, drilled at the same location, penetrates the panel and underlying Castile brine
reservoir at 2000 years. The additional brine flow fields required for the PANEL calculations (at
times 100, 350, 1000, 4000, 6000, and 9,000) were simulated by shifting the BRAGFLO E2EI
flow conditions at the time of the E1 intrusion (2000 years) to the nominal intrusion time of
concern. For example, a 100 year intrusion was simulated by shifting the BRAGFLO time steps
backwards in time by 1900 years. Thus, at the start of the 100 year PANEL run, the repository
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had already had an E2 intrusion for 900 years and at 100 years, the E1 intrusion occurred. The
releases during the final 1900 years were obtained by using the pane] brine volume and borehole
flow rate from the final time step in the BRAGFLQ E2E1 simulation. For a nominal intrusion
time after 2000 years, the BRAGFLO initial conditions were maintained until the first BRAGFLO
time shifted time step. This method of time shifting resulted in artificially high repository
saturations at very early times in the 100, 350, and 1000 year time shifted runs, which can be seen
in the large volumes of brine that were released at early times in these calculations.

The integrated discharges (in EPA units) up the borehole and into the Culebra from the NUTS
and PANEL calculations for all screened-in realizations are listed in tabular form in Appendix C.
The realizations in each of the Tables were sorted by the total EPA units discharged to the
Culebra summed over all 5 transported isotopes. Figures C.8 through C.91 show the discharge to
the Culebra for all intrusion times for scenarios 2 through 5. For all scenarios, releases decreased
with later intrusion times because of ! Am decay. Releases also decreased with later intrusion
time because of less time for long-term flow after the intrusion. Figures C.92 through C.133
show the discharge to the Culebra for the multiple intrusion E2E1. Like the El intrusions, the
E2E1 intrusion was **! Am dominated for the first 3000 to 4000 years, after which radioactive
decay of ' Am results in **Pu dominance. In the S2 and S3 scenarios, a small amount of brine
(<1.2 m) flowed upward in the borehole beyond the top of Rustler (see Appendix A, Sections
A2.1.1.1.3 and A.2.1.2). NUTS transport results show that this brine was uncontaminated.

A summary of PAVT replicate 1 statistical measures (10th percentile, median, mean, 90th
percentile, and maximum) for total releases to the Culebra (in EPA units) for each scenario and
intrusion time is shown in Table 3.3. Equivalent information for the three CCA replicates
combined is shown in Table 3.4

For the E1 scenarios (S2, S3, $6) with early time (<2000 years after closure) intrusions, larger
upward borehole flows in the PAVT 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, in the PAVT (Table 3.3) than in the CCA (Table 3.4). For
later E1 intrusion times, PAVT releases tended to be moderately larger than those in the CCA.
The larger PAVT flows were not offset as much at later times because the *°Pu solubilities were
similar to the CCA. Releases to the Culebra from later E1 intrusion times were much less than
from early intrusions.

The top realizations in terms of maximum 10,000 year integrated release (in EPA units) to the
Culebra for specified intrusion times for scenarios S2 through S6 are summarized for the PAVT
(maximum from replicate 1) in Table 3.5 and for the CCA (maximum from all 3 replicates) in
Table 3.6. As was predicted in the CCA, high releases were controlled either by *!Am or “*Pu.
Contrary to the larger mean and 90th percentile releases in the PAVT, maximum releases to the
Culebra from early time E1 intrusions were smaller in the PAVT. For example, in PAVT replicate
1, the maximum release to the Culebra is 28.9 total EPA units (vector #28, S6 at 100 yrs) as
compared to 95.0 total EPA units (vector #111, S6 at 100 y1s) in the CCA (replicate 2). It should
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be noted that in the CCA the maximum releases to the Culebra in replicates 1 and 3 were 9.2 and
26.3 total EPA units, respectively. Both of these maximum releases are less than the maximum
PAVT replicate I release. The reduced maximum early time E1 release in the PAVT was likely
caused by the significant reduction in the Castile solubilities of ' Am. The ' Am solubility in
PAVT vector #28 was 1.62E-7 moles/liter versus 2.63E-6 moles/liter in CCA vector #111. In the
PAVT, vector #28 had the largest brine discharge to the Culebra (108,960 m® in S6, 102,340 mr’
in 83, and 105,040 m’ in $2); in the CCA, vector #111 had the highest brine discharge to the
Culebra (62,000 m’ in S6, 67,000 m® in $3, and 62,000 m’ in S2). The lower *'Am solubility in
the PAVT offset the higher upward borehole flow, resuiting in a lower release to the Culebra.

For E2 intrusions (S4, S5) at all times, radionuclide releases to the Culebra tended to be much less
than in the CCA due to both lower upward borehole flows and reduced solubilities of both 2’ Am
and **Pu in Salado brine. For E2 intrusions, maximum releases were also significantly lower in
the PAVT.

Note that other factors such as volume of repository swept by incoming brine and the flow path
brine takes once it is contaminated, also influence the quantity of radionuclides that enter the
borehole and flow upward to the Culebra. These factors were responsible for the large
differences in releases between scenarios $3 and S6 in both the PAVT and the CCA. For
example, in S3 a large fraction of the brine flow that flowed upward from the Castile continued to
flow up the borehole without mixing with the waste. This behavior occurred for two reasons: (1)
the waste inventory in the region near the borehole became depleted; and (ii) outward flow into
the repository from the borehole decreased as the repository became saturated with brine. In S6,
radionuclide releases computed with PANEL were based on the assumption that all of the brine
that flowed upward beyond the top of the DRZ had contacted all of the waste within the intruded
panel and was then instantly injected into the Culebra.

In the single intrusion scenarios, the highest release to the Culebra in the PAVT was from
scenario S2 (vector#28), an E! intrusion at 100 years. In the CCA, the highest single intrusion
release occurred in scenario S4 (vector#24), an E2 intrusion at 100 years. CCA vector #24
discharged 40,000 m’ to the Culebra following the E2 intrusion. In the PAVT, the E2 intrusions
(54 and S5 scenarios) produced only small brine discharges to the Culebra (< 5000 m®) as
discussed in Section 2 and, coupled with the reduced **' Am solubility, produced much lower
releases than in the CCA. For further comparison, the maximum releases to the Culebra in the
PAVT from **!Am, **Puy, **Pu, 21, and ZTh were 27.5, 2.99, 0.202, 0.014, and 0.029 EPA
units, respectively. In the CCA, the corresponding maximum releases to the Culebra were 94.6,
20.8, 0.005, 0.013, and 0.177 EPA units. Again, as was predicted in the CCA, high releases to
the Culebra are controlled either by *' Am or Py,
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Table 3.3. Statistical Summary of PAVT Total 10,000 Year Integrated Release (EPA units)
up the Borehole to the Culebra* For Each Scenario (Replicate 1).

Scenario ,1!?[::5(;:) Pcrlo(::tnliile Median Mean 90th Percentile Maximum
S1 none* 0.00 0.00 4.8E-12 0.00 4.8E-10
- 100 0.00 8.00E-06 0.164 0.621 2.90

350 0.00 7.97E-06 0.146 0.597 2.51
1000 0.00 0.00 6.65E-02 0.270 1.11
3000 0.00 0.00 4.13E-02 0.174 0.65
S3 5000 0.00 0.00 3.15E-02 0.128 0.52
7000 0.00 0.00 2.20E-02 0.0771 0.29
9000 0.00 0.00 1.27E-02 0.0401 0.23
4 100 0.00 0.00 3.77E-03 1.28E-03 0.20
350 0.00 0.00 3.43E-03 1.09E-03 0.19
1000 0.00 0.00 1.52E-03 6.37E-04 0.06
3000 0.00 0.00 5.22E-04 0.00 0.01
S5 5000 0.00 0.00 2.24E-04 0.00 0.01
7000 0.00 0.00 1.14E-04 0.00 0.01
9000 0.00 0.00 0.00 0.00 0.0
100 1.51E-12 3.31E-03 1.38 4.26 28.9
350 1.51E-12 3.25E-03 1.30 4.07 27.1
1000 1.51E-12 3.23E-03 1.03 3.64 18.2
S6 2000 1.44E-12 3.04E-03 0.567 2.40 7.11
4000 0.00 6.03E-04 0.150 0.408 246
6000 0.00 1.25E-04 0.0974 0.207 1.82
9000 0.00 7.60E-05 0.0496 0.0951 1.01

31 releases are through the Salado interbeds to the LWB. S2 through 56 releases are up the borehole to the Culebra
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Table 3.4. Statistical Summary of CCA Total 10,000 Year Integrated Release (EPA units)
up the Borehole to the Culebra* For Each Scenario (Replicates 1,2, and 3).

Scenario ,1};11:;2;:) Perlc(t):g::ile Median Mean 90th Percentile Maximum
S1 none* 0.00 0.00 1.5E-12 0.00 3.3E-10
5 100 0.00 0.00 0.0750 0.0395 6.62

350 0.00 0.00 0.0650 0.0323 6.04
1000 0.00 0.00 2.66E-02 2.53E-02 2.19
3000 0.00 0.00 4.69E-03 5.10E-03 0.36
S3 5000 0.00 0.00 1.76E-03 1.98E-03 0.24
7000 0.00 0.00 9.63E-04 7.50E-04 0.14
9000 0.00 0.00 3.00E-04 1.04E-04 0.035
S4 100 0.00 0.00 9.25E-02 0.00 21.1
a50 0.00 0.00 B.83E-02 0.00 204
. 1000 0.00 0.00 7.68E-02 0.00 18.4
3000 0.00 0.00 4.76E-02 0.00 11.6
S5 5000 0.00 0.00 2.14E-02 0.00 5.62
7000 0.00 0.00 5.48E-03 0.00 1.10
%000 0.00 0.00 1.43E-04 0.00 0.027
100 0.00 2.06E-03 0.728 0.629 95.0
as0 0.00 2.05E-03 0.603 0.555 68.7
1000 0.00 2.05E-03 0.368 0.479 26.0
56 2000 0.00 1.76E-03 0.165 0.384 5.57
4000 0.00 2.68E-04 0.0162 0.0408 0.792
6000 0.00 4.63E-05 6.52E-03 8.85E-03 0491
9000 0.00 2.75E-05 3.16E-03 4. 98E-03 0.195

* 51 releases are through the Salado interbeds to the LWB. S2 through 56 releases are up the borehole to the Culebra
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Table 3.5. Maximum PAVT Total 10,000 Year Integrated Release (EPA units) up the Borehole to the
Culebra For Each Disturbed Scenario at Specified Intrusion Times (Replicate 1).

°

Intrusion | o 1 g 29py, 33py 241 20Th Total
Time (yrs)

2 100 28 2.33E+00 5.36E-01 3.15E02 3.06E-04 3.15E-03 2.90
350 28 1.96E+00 5.32E-01 1.79E-02 3.02E-04 3.15E-03 2.51

1000 28 5.83E-01 5.20E-01 2.95E-06 2.84E-04 2.82E-04 1.11

3000 83 3.03E-02 6.15E-01 2.03E-08 4.20E-03 5.69E-04 (.65

53 5000 83 6.60E-03 5.10E-01 1.53E-10 3.48E-03 5.64E-04 0.52
7000 28 1.34E-04 2.90E-01 8.41E-15 1.67E-04 1.51E-0Q3 0.29

9000 28 6.01E-06 2.29E-01 5.98E-17 9.71E-05 1.25E-03 .23

s 100 28 1.90E-01 1.34E-(2 4.66E-(5 9.52E-07 1.95E-05 0.20
350 23 1.79E-01 1.34E-02 1.84E-06 9.50E-07 1.95E-05 0.19

1000 28 491E-02 1.13E-02 2.02E-08 8.06E-07 1.70E-05 0.06

‘ 3000 5 4.90E-06 1.43E-02 1.17E-16 3.90E-05 9.56E-06 0.01
S5 5000 28 T7.66E-05 1.13E02 1.52E-14 8.06E-07 1.66E-05 0.01
7000 28 6.29E-06 1.13E-02 3.27E-17 8.06E-07 1.66E-05 0.01

9000 0.0 0.0 0.0 0.0 0.0 0.0

100 28 2.75E+01 1.29E+00 1.05E-01 5.64E-04 1.77E-02 289

350 28 2.58E+01 1.28E+00 1.47E-02 5.61E-04 1.86E-(}2 27.1

1000 28 1.70E+01 1.23E+00 8.85E-05 5.43E-04 2.08E-02 18.2

S6 2000 54 4. 48F4+00 2.60E+00 6.54E-08 9.75E-03 1.82E-02 7.11
4000 54 2.44E-01 2.19E+00 9.59E-15 8.25E-03 1.92E-02 246

6000 54 3.17E-02 1.76E+00 1.40E-21 6.66E-03 1.82E-02 1.82

9000 54 1.80E-02 9.73E-01 7.81E-32 3.70E-03 1.23E-02 1.01

Maximum Release 289
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Table 3.6. Maximum CCA Total 10,000 Year Integrated Release (EPA units) up the Borehole to the Culebra
For Each Disturbed Scenario at Specified Intrusion Times (Replicates 1,2, and 3).

. Scenario ;?;::S(;c;g) Vector ®Am 3Py PPy By 30Th Total
$ 100 111 6.57E+00 4.51E-02 1.73E-03 5.23E05 9.40E-04 6.62
350 It 6.00E+00 4.44E-02 8.07E-05 2.21E-05 9.28E-04 6.04

1000 111 2.15E+00 4.40E-02 1.23E-06 7.48E-06 1.01E-03 2.19

3000 128 4.32E-02 3.16E-01 2.69E-08 9.86E-06 3.21E-04 0.36

3 5000 128 3.76E-03 2.36E-01 1.76E-10 7.20E-06 2.41E-04 0.24
7000 128 2.06E-04 1.42E-01 2.67E-13 4.26E-06 1.49E-04 0.14

9000 128 1.36E-05 3.53E-02 2.59E-15 1.05E-D6 4.94E-05 0.04

4 100 23 1.41E-01 2.08E+01 1.55E-06 1.31E-02 1.77E-01 | _ 21.1
350 23 5.87E-02 2.01E+01 2.39E-07 9.43E-03 1.72E-01 20.4

1000 23 1.34E-02 1.82E+01 6.12E-09 1.16E-02 1.55E-01 18.4

3000 23 2.82E-04 1.15E+01 6.59E-14 547E-03 9.85E-02 11.6

. S5 5000 23 1.65E-05 5.57E+00 1.39E-16 2.72E-03 4 76E-02 5.62
7000 23 6.81E-08 1.09E+00 1.68E-18 5.14E-04 9.24E-03 1.10

9000 124 8.75E-08 2.67TE-02 1.86E-18 3.54E-06 2.64E-04 (.03

100 111 9.46E+)1 4.29E-01 3.83E-02 6.88E-05 2.03E-03 95.0

350 111 6.82E+01 4.24E-01 5.36E-03 6.85E-05 2.13E-(03 68.7

1000 111 2.56E+01 4.09E-01 3.23E-05 6.63E-05 2.37E-03 26.0

S6 2000 111 5.18E+00 3.87E-01 1.24E-08 6.29E-05 2.69E-03 5.57
4000 128 1.34E-01 6.57E-01 0.83E-14 2.05E-05 1.28E-03 0.79

6000 128 2.30E-02 4.67E-01 1.00E-20 1.46E-05 1.03E-03 0.49

9000 128 9.80E-03 1.84E-01 5.60E-31 5.78E-06 4.73E-04 0.20

Maximum Release 95.0
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40  CULEBRA TRANSPORT CALCULATIONS

This section summarizes differences between the PAVT and CCA Culebra transport calculations,
These calculations were performed using SECOFL2D and SECOTP2D. SECOFL2D was used to
calculate ground-water flow assuming single porosity, steady-state conditions. SECOTP2D was
used to calculate transport and cumulative release of radionuclides to the accessible environment
assuming dual-porosity transport behavior with linear equilibrium sorption. Sorption is assumed
to occur in the matrix only. Important future events such as potash mining and climate change
were included.

The key performance measure for comparing PAVT and CCA Culebra transport results is the
cumulative discharge of radionuclides across the LWB.

4.1  Changes to Parameters

The Culebra matrix distribution coefficients were represented by loguniform probability
distributions rather than the uniform probability distributions used in the CCA. The ranges of k,
values used in the CCA for each probability distribution were unchanged.

4.2  Changes to Model

Seven significant code changes were made to SECOTP2D subsequent to the CCA calculations
(Change Control Form, WPQ #45730):

(1) mass balance reporting was implemented to enable monitoring of the total mass of each
contarminant in the system during the 10,000 year regulatory period (WPO #45730);

(2)  the source-term algorithm was corrected to ensure that the correct amount of mass (1kg)
was injected into the system (SPR No. 97-006);

(3} the discharge calculation at the model domain (grid) boundary was corrected to ensure
that the mass of each contaminant leaving the system was accurately tracked (SPR No.
97-012),

(4)  the total variation diminishing (TVD) limiters at the boundaries of the model domain were
restricted to have values equal to zero (equivalent to upwinding) to reduce the potential
for numerical instabilities near boundaries (SPR No. 97-013);

(5)  logic was modified to avoid redundant coefficient generation and LU decomposition
calculations in the solution of the matrix diffusion equation when a constant time step was
used (WPO #45730);

(6) the van Leer TVD limiter was changed so that it is consistent with published references
(WPO #45730);

(7)  logic was introduced to limit the application of TVD to computational cells in which the
Courant number was less than or equal to one (WPO #45730).

These modifications have improved the robustness, computational efficiency, and accuracy of
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SECOTP2D.

Three important model implementation changes were made for the PAVT. Numerical studies of
SECOTP2D have shown that substantially improved mass balance characteristics are obtained in
the Culebra transport calculations if the operator splitting factors (SECOTP2D User’s Manual,
Version 1.30, WPO #36695) are set to a,=0 and a=1. Inthe CCA, these parameters were both
set to 0.5. The second implementation change was to set Dirichlet boundary conditions equal to
zero (specified concentrations equal to zero) at the transport grid boundaries. In the CCA, the
automatic boundary condition scheme was implemented; this scheme enforced a zero Neumann
condition (zero flux) at the boundary if flow was out of the model domain and zero Dirichlet
(zero concentration) if flow was into the domain. In the PAVT, a zero Dirichlet condition (zero
concentrations) was enforced at all grid boundaries during the simulation to avoid instabilities
caused by alternating flow directions in adjacent computational cells along the model domain
boundaries. Note that this choice of boundary condition does not influence the predicted
contaminant discharges across the LWB since the model domain boundaries were positioned far
from the LWB. The third important model implementation change was to use a variable time step
in the transport calculations to avoid solution oscillations at early times. The variable time step
Wwas prescribed as follows: the initial time step was 0.01 years for the 50 years, a variable time
step that gradually increased to one year by a factor of 1.001 each year up to the time of
approximately 1000 years, and a constant time step of one year thereafter,

Two additional changes were implemented in the PAVT. First, in the CCA, the matrix was
discretized with 20 nodes; in the PAVT, 21 nodes were used. Second, in the CCA, the
northeastern corner of the regional domain was modeled using no-flow boundary conditions. In
the PAVT, these boundary conditions were changed to a specified head boundary condition to be
more consistent with the specified head boundary conditions that are applied in this region during
the transmissivity field generation process (Analysis Package for the Culebra Flow and Transport
Calculations, WPO #40516). This change should not influence the flow field at the local
(transport) scale and therefore should not influence the PAVT Culebra transport results,

4.3  Impact of Changes on Model Resulfs

The following steps in the analysis were implemented identically in the PAVT and CCA. The first
step in the transport analysis was to generate the Culebra transmissivity field (T-field).
Uncertainty in the T-field was quantified by generating 100 equally likely representations of the T
fields through geostatistical analysis. Potash mining was incorporated into the analysis according
to the guidelines and recommendation given in 40 CFR Part 194, Mining impacts were
considered by uniformly scaling the transmissivity in regions considered to contain economically-
extractable resources by a factor (MINP_FAC) of 1 to 1000. Mining effects were treated
differently depending on the location of the resources with respect to the LWB. Outside the
LWB, it was assumed mining will occur prior to sealing the disposal facility. Inside the LWB,
mining occurred with a probability of 1 in 100 each century. The probabilistic aspects of mining
associated with the time of occurrence within the LWB are accounted for in the construction of
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the CCDF. The analysis was therefore essentially based on two sets of transmissivity fields; one
with mining outside the LWB (partial mining scenario), and one with all regions mined (full
mining scenario). These two sets of transmissivity fields were used to produce two sets of steady-
state groundwater flow fields, one for the partial mining scenario and one for the full mining
scenario. The impact of potential climate variations on these steady-state flow fields was
addressed by uniformly scaling the x and y components of the Darcy flow velocity by a single
value ranging from 1.0 to 2.25, known as the climate index (CLIMTIDX). The PAVT results are
summarized as follows.

In the CCA, only two realizations resulted in conditional releases® across the LWB. In these two
realizations, only two radionuclides were released, **U and negligible amounts of **Th (less than
3.0E-7 kg). Because a loguniform distribution for k; was used in the PAVT, sampled k, values
tended to be much smaller than those used in the CCA. As a consequence, several realizations
resulted in the conditional releases of “**U and insignificant amounts of ***Th (less than 4.0E-6 kg)
at the LWB.

The realizations were ranked according to the conditional release of “*U. Results are prov1ded in
Appendix D for both the partial mining and full mining scenarios. Also provided are
corresponding values of the following parameters; MINP_FAC (mining impact factor),
CLIMTIDX (chimate index), APOROS (fracture porosity), DPOROS (matrix porosity),
HMBLKT (half block length of the matrix), OXSTAT (actinide oxidation state parameter), and
MKD_U (k, value for matrix sorption). The tabulated results show that 22 partial mining and 20
full mining scenarios produced a conditional ***U release greater than 1.0E-10 kg. Only 7 partial
mining and 8 full mining scenarios produced a conditional release greater than 0.1 kg. The
maximum possible release of the entire source of 1 kg occurred in realization #79 with full mining
and almost occurred (> 0.9 kg) in realization #74 with full mining and realization #79 with partial
mining. These results are shown graphically in Figures 4.1 (partial mining) and 4.2 (full mining).
Note that all conditional releases greater than 1.E-10 kg had a value of OXSTAT greater than 0.5
corresponding to an oxidation state of released 2**U of +VI. This isotope had the lowest range of
matrix distribution coefficients as shown in Table 4.1. Other factors such half-block length of the
matrix, mining impact factor, climate index, and transmissivity field also influence, in a complex
way, the conditional release across the LWB. This combination of factors is why vector #79 had
the highest discharge yet didn’t have the lowest k,.

Statistical summaries of PAVT and CCA Culebra conditional “**U releases are shown in Tables
4.2 and 4.3, respectively. Mean, 90th percentile, and maximum discharges are all higher in the
PAVT. However, even with the maximum PAVT SECOTP2D conditional discharge (full mining
vector #79) of 1 kg, the maximum release of **U to the Culebra predicted by the Salado transport

*The computational sirategy used in the Culebra transport analysis takes advantage of the linearity of the system
of partial differential equations that underlies SECOTP2D. Transport calculations were performed for unit kg releases
to the Culebra. These calculations identify conditional releases. Using the linearity of the system, the conditional
releases are then used to construct ransport results for arbitrary time-dependent releases into the Culebra using NUTS

and PANEL calculated radionuclide sources.
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analysts is only 0.0136 EPA units (Appendix C, scenario S6, 100 vear intrusion time, vector #83).
If these two maximum values were combined, the 1 kg conditional release would produce a *U
release of only 0.0136 EPA units across the LWB (assuming 1 intrusion in 10,000 years).

Table 4.1 Matrix Distribution Coefficients

Isotope Low Oxidation State High Oxidation State
Low/High Oxidation State k, range (m’/kg) k, range (m’/kg)
B IV(VD 0.9 to 20 0.00003 to 0.03
Py (IIH/(IV) 0.02to 0.5 0.9 to 20
#Am (Y1) 0.02t0 0.5 0.02t0 0.5
ETh AV)AIV) 0.9 t0 20 0.9 t0 20

Table 4.2. Statistical Summary of PAVT Conditional ***U Release (kg) Through the Culebra to
the LWB from a 1 kg Source (Replicate 1)

Mining 10th Median Mean 90th Maximum
Percentile Percentile

Full 0.0 0.0 0.057 0.027 1.00

Partial 0.0 0.0 0.035 0.047 _ 0.92

Table 4.3. Statistical Summary of CCA Conditional U Release (kg) Through the Culebra to the
LWB from a 1 kg Source (All 3 Replicates)

Mining 10th Median Mean 90th Maximum
)l Percentile Percentile
Full j 0.0 0.0 0.003 0.0 0.91
Partial 0.0 0.0 0.0004 0.0 0.11 !
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The hydraulic conductivity fields (K-fields), hydraulic head contours, and contaminant
concentrations for vector #79, in both the partial and full mining scenarios, are presented in
Figures 4.3 through 4.8. The locations of the high-K zones are identified in both scenarios
(Figures 4.3 and 4.4), as are the locations of the LWB and waste repository area. The
groundwater flow solutions at 10,000 years, in the form of hydraulic heads, for both scenarios
(Figures 4.5 and 4.6) show that flow within the region defined by the LWB was predominately
southward through the higher K-zones , with some flow in the southwesterly direction,
particularly with full mining. Conditional “**U concentrations (based on a unit source) at 10,000
years (Figures 4.7 and 4.8) show that the contaminant plumes also moved predominately
southward with the flow field.

Finally, conditional mass balance errors® for each radionuclide were monitored in the PAVT
Culebra transport simulations and are presented in Appendix D (Figures D.1 through D.5 for
partial mining and Figures D.6 through D.10 for full mining). These Figures show that
conditional mass balance errors for all radionuclides and simulations were very small, with the
maximum error being 0.014 kg for **U in full mining vector #57 (Figure D.6).

3 . .
These mass balance errors are based on a unit 1 kg source in the Culebra.
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5.0  CUTTINGS, CAVINGS, AND SPALLINGS CALCULATIONS

This section summarizes differences between the PAVT and CCA direct releases due to cuttings,
cavings, and spallings. The cuttings, cavings, and spallings calculations were performed using
CUTTINGS_S. Note that in the PAVT, releases due to spallings were calculated using a
different approach than the one used in the CCA. The new approach is described below in
Section 5.2

The key performance measure for comparing PAVT and CCA direct releases due to cuttings,
cavings, and spallings is the volume of waste released at the ground surface. Volume of waste
released is passed on to CCDF_GF where this information is combined with activity data and
scenario probabilities to compute direct radionuclide releases due to cuttings, cavings, and
spallings.

5.1  Changes to Parameters
Changes to input parameters were implemented in CUTTINGS_S as follows:

(1} The waste shear strength (Pa) was changed from a uniform distribution ranging from 0.05
to 10 to a loguniform distribution ranging from 0.05 to 77 based on expert elicitation
{(Wang and Larson, 1997).

(2)  The drill string angular velocity (rad/s) was changed from a constant value of 7.8 to
cumulative distribution ranging from 4.2 to 23.0 with a mean value of 7.77.

(3} The new approach used to calculate spallings volumes did not require values for diameter
of solid particles and gravitational effectiveness factor. In the CCA, particle diameter was
sampled from a loguniform distribution ranging from 4.0E-5 to 0.2 m and gravitational
effectiveness factor was sampled from a uniform distribution ranging from 1.0 to 18.1.

5.2  Changes to Model

The following approach was used for calculating releases due to spallings in the PAVT (Change
Control Form, WPO #45969). Volumes of waste released due to spallings were calculated by
sampling a probability distribution for spallings volume. If the repository pressure exceeded 8
MPa at the time of intrusjon, the sampled spallings volume was used as a spallings release.
Spallings volume was represented by a uniform distribution ranging from 0.5 to 4.0 m’.

3.3 Impact of Changes on Model Results

Volumes of material released due to cuttings, cavings, and spallings were determined for the
following conditions:
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ey An initial intrusion at 100, 350, 1000, 3000, 5000, or 10000 years after closure for
undisturbed conditions (designated scenario S1);

(2)  Aninitial E1 intrusion at 350 years followed by a second intrusion at 550, 750, 2000,
4000, or 10000 (designated scenario $2);

(3)  Aninitial E] intrusion at 1000 years followed by a second intrusion at 1200, 1400, 3000,
5000, or 10000 years (designated scenario S3);

(4)  Aninitial E2 intrusion at 350 years followed by a second intrusion at 550, 750, 2000,
4000, or 10000 years (designated scenario S4);

(3 An mitial E2 intrusion at 1000 years followed by a second intrusion at 1200, 1400, 3000,
5000, or 10000 years (designated scenario S5).

For the S1 scenario, spallings calculations were performed for intrusions into both upper and
lower waste panels. For scenarios S2 through S5, releases were calculated for two cases for each
of the second intrusion times: (i) intrusion into the same waste panel as the first intrusion; and (ii)
intrusion into a different waste panel than the first intrusion. Intrusion times 200 and 400 years
after the initial time (i.e., 550 and 750 years for an initial intrusion at 350 years, and 1200 and
1400 years for an initial intrusion at 1000 years) were selected to give results just before and after
the borehole plugs are assumed to fail. Wider time intervals were used at later times because gas
pressure tends to change rather slowly at later times. The distinction between intrusion into same
and different panels was made because of the possible effects of the resistance to flow between
waste panels.

Representative release volumes to the accessible environment from cuttings, cavings, and spallings
are shown for the PAVT and CCA in Figures 5.1 through 5.10. Results are only presented for an
S1 scenario with an intrusion into the lower repository region at 10,000 years and an S2 scenario
with the second intrusion at 10,000 years. Tabulated results for scenarios S1 {lower) and S2
through S5, all with an intrusion at 10,000 years are provided in Appendix E. In addition, box
plots showing volume removed and normalized release (EPA units) for all conditions are provided
in Appendix E in Figures E.1 through E.12 (for the PAVT) and Figures E.13 through E.24 (for
the CCA).

Cuttings and cavings releases for the scenario S1 (replicate 1} 10,000-year intrusion are shown in
Figure 5.1 (for the PAVT) and 5.2 (for the CCA). Cuttings and cavings results for other
scenarios and intrusion times were the same because cuttings and cavings volumes are not
influenced by repository conditions at the time of intrusion and are therefore scenario
independent. Cuttings and cavings volumes depend only on sampled parameters such as waste
shear strength and drill string angular velocity. Statistical measures of PAVT and CCA cuttings
and cavings release volume are shown in Table 5.1. Releases for the PAVT range from
approximately 0.3 to 3.9 m’. Releases for the CCA range from approximately 0.4 to 2.9 m*. The
PAVT results show a much larger number of releases greater than 1.0 m® (36 versus 7) and
greater than 2.0 m® (16 versus 1). The uncertainty in the volume of waste removed by cuttings
and cavings was determined by the waste shear strength parameter TAUFAIL (Figures 5.3 and
5.4). Inthe PAVT, the range of TAUFAIL values was increased and the distribution was
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changed from a uniform to loguniform distribution. The impact of the higher maximum
TAUFAIL value resulted in more small releases while the impact of converting the distribution to
loguniform resulted in more large releases (more TAUFAIL values near zero were sampled).
Also note that the PAVT curve is less smooth than the CCA curve; this behavior is likely due to
the fact that the drill string angular velocity was sampled in the PAVT whereas it was a fixed
value in the CCA.

Representative spallings release volumes are shown in Figures 5.5 and 5.6. Spallings releases
occur only if the repository pressure exceeds 8 MPa at the time of intrusion. Spallings releases in
both the PAVT and the CCA range from 0.0 mto 4.0 m’. In the CCA, there were two distinct
groupings of releases with no releases in the region from 2.4 to 3.2 m’. In the PAVT, releases
were spread uniformly over the range of releases because the volumes were sampled from a
uniform distribution (see Section 5.2). For scenario S1, repository pressures were similar in the
PAVT and CCA, therefore, spallings volumes removed were also similar (see Figures 5.5 and 5.6
and Table 5.1). For the disturbed scenarios (52 and others), there were more repository pressures
greater than 8 MPa in the PAVT than in the CCA resulting in many more vectors which produced
spallings volume releases. The increased spallings releases (volume removed and normalized
release) in the PAVT are evident in the statistical comparison in Table 5.2 which shows that the
mean and 90th percentile values were much higher in the PAVT than in the CCA.

The combined impact of cuttings, cavings, and spallings for scenarios S1 and S2 are shown in
Figures 5.7 through 5.10. In scenario S1, total release volumes in the PAVT range from 0.3 to
6.6 m’ (Figure 5.7) compared to values in the CCA that range from 0.4 to 4.6 m® (Figure 5.8). In
the disturbed scenario S2 (as well as in the other disturbed scenarios), the PAVT release volumes
(Figure 5.9) were also larger than the CCA volumes (Figure 5.10) due to the larger cuttings and
cavings releases. In addition, there were more PAVT vectors with releases, corresponding to
vectors with repository pressures greater than 8 MPa.

July 25, 1997 5-3



Table 5.1. 10th Percentile, Median, Mean, 90th Percentile, and Maximum Output Variable Values from

the PAVT and CCA Simulations for Scenario S1 (initial E2 intrusion at 10,000 years)

Output Variable Time PAVT Simulation (R1) CCA Simulation (R1,R2, R3 combined)

Description (yrs) | 10th | Median | Mean | 90th | Max. | 10th | Median | Mean | 90th Max
Cuttings and Cavings { 10000 0.32 0.67 1.0 2.3 3.9 0.43 0.51 0.60 0.87 2.9
Volume (m’)
Spallings Volume 100004 0.0 1.6 1.7 3.5 4.0 0.0 2.1 2.1 3.7 3.9
(m)
Spallings Rclease 10000 ¢ 0.0 0.0072 | 0.0074 | 0.015 | 0.018 0.0 0.0093 [ 0.009! | 0.016 0.017
(EPA units)
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Table 5.2. 10th Percentile, Median, Mean, 90th Percentile, and Maximum Output Variable Values from the PAVT and CCA
Simulations for Scenario S2 (E1 intrusion at 350 yrs, E2 intrusion at 10,000 years, same panel)

Qutput Variable Time PAVT Simulation (R1) CCA Simulation (R1, R2, R3 combined)
Description (5rs) | 10th | Median | Mean | 90th | Max. | 10th | Median | Mean | 90th | Max.
Cuttings and 10000 0.32 0.67 1.0 23 3.9 0.43 0.51 0.60 0.87 29
CavingsVolume (1r’)
Spallings Volume 10000 0.0 0.0 1.2 33 4.0 0.0 0.0 0.19 0.0 3.7
(m’) :
Spallings Release 10000 0.0 0.0 0.0051 0.015 0.018 0.0 0.0 0.0009 0.0 0.016

(EPA) units
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6.0 DIRECT BRINE RELEASE CALCULATIONS

This section summarizes differences between the PAVT and CCA direct brine release (DBR)
calculations. Note that in the CCA, DBR was sometimes referred to as blowout. In these
calculations, the release of brine to the surface via an intruding borehole was predicted by using
BRAGFLO to model short-term flow in the repository. Repository features such as panel
closures and pillars were considered in the analysis. The key performance measure for comparing
PAVT and CCA direct brine release results is the volume of brine released at the surface within a
time period of up to eleven days.

6.1  Changes to Parameters
The following changes to input parameters were implemented in the BRAGFLO DBR analysis:

(I)  Waste permeability was increased from a constant value of 1.7 x 10"® m? to a constant
value of 2.4 x 10°° 1.

(2) DRZ Jog 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.

Note that these parameter changes were specified in Section 2.1.
6.2  Changes to Model

In the CCA, the DBR conceptual model represented the DRZ permeability and porosity using a
constant DRZ permeability value of 10" m” and a porosity value slightly enhanced over the intact
halite value, ¢pp, = ¢y, + 0.0029. The intact halite porosity was sampled from a curnulative
distribution ranging from 0.001 to 0.03 with a median value of 0.01. These values were assigned
to both the DRZ region surrounding the repository and the pillars in the repository. Because the
DRZ grid volumes in the DBR and Salado grids were different, the porosity value for the DBR
grid was adjusted so that pore volume of the DRZ was conserved. In the PAVT, the pillars in the
repository were assigned the initial sampled value of DRZ permeability. Further, the permeability
and porosity of the DRZ surrounding the repository were assigned volume-averaged permeability
and porosity values of the DRZ at the time of intrusion. As in the CCA, the DRZ porosity was
adjusted to account for the different grid volumes. Note that the DRZ, permeability and porosity
were time dependent because the DRZ was allowed to fracture under the same conceptual model
as Marker Beds 138 and 139 (for further discussion see Section 2 and Appendix A).

For the PAVT, a code change was implemented in BRAGFLO, Version 4. 10, to allow it to be

used for DBR calculations in addition to Salado flow calculations (Change Control Form
#45223). Inthe CCA, a separate code, BRAGFLO_DBR was used for DBR calculations.
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6.3  Impact of Changes on Model Results

Direct brine releases may occur when a future driller penetrates the WIPP and contaminated brine
is unknowingly brought to surface during the drilling process. These releases are not specifically
accounted for in the CUTTINGS_S code, as that code only calculates the solids removed during
the drilling process. Certain conditions must exist within the waste in order for contaminated
brine to flow directly to the surface during a drilling intrusion:

* Pressure in the waste must be greater than that exerted by the column of drilling mud that
penetrates a waste panel. Drillers in the Delaware Basin currently use a salt saturated mud
while drilling through the Salado, with a specific gravity of 1.23 (WP#40520). This
corresponds to 7.7 MPa (which is the conversion of specific gravity of the brine to an
equivalent pressure at the depth of the repository horizon), which is the minimum pressure
needed to overcome a static column of drilling mud. Additional pressure is created in the

- wellbore due to frictional forces associated with the fluid flow up the annular space between
the drill string and open hole (the assumed flow regime for direct releases). Therefore, a
pressure of ~8 MPa is needed in the waste panel for fluids to flow into the intrusion borehole
under dynamic flow conditions.

* There must be mobile brine present in the waste panels to flow to the surface. Corrosion and
biodegradation processes consume brine and produce gas, and it is possible for the brine
volume in the waste to drop below its “mobile” (residual) saturation. It is possible for gas-
only flows to occur up a drill hole, but these flows are only of concern for the solids releases
(spallings).

Direct brine releases were calculated for the same repository conditions (scenarios and intrusion
times) that were used in the cuttings, cavings, and spallings calculations (Section 5.3), resulting in
a total of 5200 DBR calculations (2600 up dip and 2600 down dip) for PAVT replicate 1. The
pressure and saturation time-histories from the 10,000 year BRAGFLO PAVT realizations
provided the basic input needed for the direct brine release calculations. The pressure and
saturation at specified times for each consequence furnished the initial and boundary conditions
needed to run the separate repository scale BRAGFLO model to determine the volumes of direct
brine releases to the surface. The model assumed no-flow boundary conditions beyond the
footprint of the waste region for the (several day) flow period of direct releases (i.e., there is no
connection to the surrounding geology). All relevant flow parameters (permeability, porosity,
characteristic curves, etc.), both sampled and unsampled, were the same as those used for the
10,000 year BRAGFLO models.

In the PAVT replicate 1, nearly as many calculations resulted in brine release as in all three CCA
replicates combined (821 vs. 907). The number of calculations that released brine in the PAVT
(from the total of 5200) are tabulated by scenario in Table 6.1. This increase in the number of
releases was primarily due to the increased repository pressures in the disturbed scenarios and to a
lesser extent the increased waste permeability.

July 25, 1997 6-2



Table 6.1 Summary of PAVT Calculations by Scenario that Produced Direct Brine Releases

Scenario Down-Dip Up-Dip
Number of Total Number Number of Total Number
Calculations | of Calculations | Calculations | of Calculations
with Releases with Releases
S1 86 600 12 600
52 272 500 85 500
83 202 500 48 500
S4 37 500 7 500
S5 53 500 g 500
Total 660 2600 161 2600

Figures 6.1 and 6.2 show how brine releases vary with initial panel pressure for all down-dip
intrusion DBR calculations in the PAVT and CCA. Brine release volumes in the PAVT were, in
general, larger than release volumes in the CCA. These larger release volumes were due in part to
the increased waste permeability. As in the CCA, the PAVT data shows a tendency for releases
to increase with increasing pressure. Pressures ranged up to 17 MPa in the PAVT with a
maximum release of about 180 m®; in the CCA the maximum release was approximately 55 m® at
a pressure of 15 MPa. In addition, there were many more calculations that released brine in
volumes greater than 10 m’ in PAVT replicate 1 than in all three replicates in the CCA.

Statistical measures for direct brine releases (brine volumes and radionuclides) are given in Tables
6.2 and 6.3. Results are presented for a single intrusion into the lower panel of an undisturbed
repository (S§1) at 5000 and 10000 years (Table 6.2) and for an E1 intrusion at 1000 years (S3)
followed by a second intrusion at 1200, 5000, and 10000 years (Table 6.3). Results for all
scenarios are given in Appendix F along with box plots of releases (brine volume and EPA units)
for the PAVT (Figures F.1 through F.10) and CCA (Figures F.11 through F.20).

Results show that, for the S1 scenario, released brine volumes tended to be slightly larger in the
PAVT (Figure F.1) than in the CCA (Figure F.11), but radionuclide releases tended to be smaller
in the PAVT (Figure F.6) than in the CCA (Figure F.16). These differences are summarized with
a statistical comparison in Table 6.2. The reduced radionuclide releases in the PAVT were due to
the reduced solubilities of **' Am and #°Pu in Salado brine.

In the E1 intrusion scenarios (S2 and S$3), released brine volumes were much higher (about an

order of magnitude on average) in the PAVT (Figures F.2 and F.3) than in the CCA (Figures F.12
and F.13). Corresponding radionuclide releases were slightly larger, on average, inthe PAVT at
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early intrusion times (Figures F.7, F.8, F.17, and F.18) and moderately larger at later intrusion
times. At early time, the higher brine volumes released in the PAVT were counteracted by the
lower #*!'Am solubilities in Castile brine. The later time PAVT radionuclide releases were
influenced by **Pu solubilities in Castile brine; these solubilities were comparable (sometimes
larger, sometimes smaller, depending on oxidation state) in the PAVT and CCA. These
differences are summarized with a statistical comparison in Table 6.3.

In the E2 intrusion scenarios (S4 and S5), released brine volumes were also about an order of
magnitude larger on average in the PAVT (Figures F.4 and F.5) than in the CCA (Figures F.14
and F.15). Corresponding PAVT radionuclide releases were generally slightly larger, and at later
times were actually smaller than CCA releases (Figures F.9, F.10, F.19, and F.20). In these
scenarios, the larger brine volumes were counteracted by the reduced Salado brine solubilities.

Figures 6.3 and 6.4 show how brine releases vary with initial brine saturation (Sw, ) for all
down-dip direct brine release calculations. In both the PAVT and CCA, the scatter in the data
suggests that generally higher initial brine saturations result in higher brine volume releases with
the majority of the larger releases occurring at saturations between 0.7 and 0.8.

Figures 6.5 and 6.6 show how brine releases vary with initial panel pressure for all up-dip direct
brine release calculations. Several more calculations release brine in PAVT replicate 1 than in the
three replicates of the CCA. Again, as in the down-dip calculations, the releases were much
larger in the PAVT with the maximum value of about 150 m’ near 16 MPa, whereas the maximum
release in the CCA results was 32 m® at 11 MPa.

Figures 6.7 and 6.8 show how brine releases vary with initial brine saturation {(Swy,) for all up-

dip direct brine release calculations. As with the down-dip calculations, higher initial brine
saturations generally resulted in higher brine volume releases.
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Table 6.2. 10th Percentile, Median, Mean, 90th Percentile, and Maximum Output Variable Values from the PAVT and CCA

Simulations for Scenario S1 (initial intrusion at time specified in lower panel)

Output Variable Intrusion PAVT Simulation (R1) CCA Simulation (R1, R2, R3 combined)
. Time
Description (yrs) 10th Median | Mean 90th Max 10th | Median | Mean | 90th Max.
Brine Volume 5000 0.0 0.0 3.8 12 93 0.0 0.0 1.0 1.2 28
(m’)
Release 0.0 0.0 2.1E-4 | 3.9E-4 | 1.0E-2 0.0 0.0 74E-4 | 2.9E-4 | 5.1E-2
(EPA units)
Brinc Volume 10000 0.0 0.0 4.0 15 51 0.0 0.0 1.9 5.5 37
(m’)
Release 0.0 0.0 1.1IE-4 | 3.4E-4 | 3.5E-3 0.0 0.0 1.0E-3 | 9.2E-4 | 5.2E-2
(EPA units) '
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Table 6.3. 10th Percentile, Median, Mean, 90th Percentile, and Maximum Output Variable Values from the PAVT and CCA

Simulations for Scenario 83 (E1 intrusion at 1000 yrs followed by a second intrusion at time specified in same panel)

Output Intrusion PAVT Simulation (R1) CCA Simulation (R1, R2, R3 combined)
Variable Time
Description (yrs) 10th Median Mean 90th Max 10th Median { Mean 90th Max.
Brine Volume 1200 0.0 2.5 5.5 15 76 0.0 0.0 0.62 43 15
(m) i
Release 0.0 5.1E-4 1.6E-3 { 3.5E-3 | 1.9E-2 0.0 0.0 8.1E-4 | 3.3E-4 | 5.8E-2
(EPA units)
Brine Volume 5000 0.0 0.0 3.7 13 64 0.0 0.0 0.25 0.0 13
(m’) |
Release 0.0 0.0 1.3E-4 | 6.2E-4 | 1.9E-3 0.0 0.0 9.9E-6 0.0 5.6E-4
(EPA units)
Brine Volume 10000 0.0 0.0 4.0 8.6 100 0.0 0.0 0.18 0.0 11
(m’)
Release 0.0 0.0 6.3E-5 [ 1.6E-4 | 1.9E-3 ’ 0.0 0.0 3.7E-6 0.0 2.3E-4
[ {EPA units) |
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Figure 6.2: Brine Releases vs. Initial Panel Pressure: All Down-dip
Realizations (CCA)
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EPA Verification Calculation 1997: DBR Releases Vs. Initial Panel Saturation at all

Intrusion Times for Down-dip Realizations
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Brine Volume (mA3)
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Figure 6.4: Brine Releases vs Initial Panel Saturation: All Down-dip

Realizations (CCA)
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EPA Verification Calculation 1997: DBR Releases Vs. initial Panel Pressure at all Intrusion

Times for Up-dip Realizations
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Figure 6.6: Brine Releases vs Initial Panel Pressure: All Up-dip
. Realizations (CCA)
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EPA Verification Calculation 1997: DBR Releases Vs. Initial Panel Saturation at all
Intrusion Times for Up-dip Realizations
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Figure 6.8: Brine Releases vs Panel Saturation: All Up-dip Realizations

(CCA)

Brine Releases vs Panel Saturation: All Up-dip Vectors
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70  CCDF CALCULATIONS

This section summarizes differences between the CCDFs resulting from the PAVT and CCA
simulations. The CCDFs were calculated using a three step process: (1) determine futures
(random sequences of events that may occur over the next 10,000 years); (2) estimate the
radionuclide releases resulting from these futures; and (3) construct a CCDF for each future. The
computer code CCDF_GF was used to perform these three steps. CCDF_GF uses the results of
calculations performed in Sections 2 through 6 to produce the CCDFs.

The key performance measure for comparing PAVT and CCA results is summed normalized
releases in EPA units as compared with EPA limits,

7.1 Changes to Parameters

The CCDF calculations were affected by all of the parameter changes made to the other codes
(see Sections 2 through 6) which impacted radionuclide releases to the accessible environment.
Only one CCDF_GF parameter was changed for the PAVT calculations. Parameter PBRINE was
changed from a constant value of 0.08 to a uniform distribution ranging from 0.01 to 0.60.
PBRINE is the probability that an intrusion borehole will intersect a brine reservoir.

7.2 Changes to Model

The model implementation was enhanced to include releases from the Culebra and Salado
interbeds at the LWB. For the PAVT calculations, these releases were not significant but they
were non-zero. The CCA only included direct releases from the intrusion borehole because the
other releases were zero. A second change to the model implementation involved the number of
intrusions required to deplete a brine reservoir. In the CCA, the number of intrusions was
correlated with sampled reservoir volume and varied from 2 to 10 intrusions. For the PAVT,
brine reservoirs were assumed not to deplete because of the larger sampled brine reservoir
volumes (see Section 2.1). A third change to the model implementation was related to Passive
Institutional Controls (PICs). The PAVT does not take credit for PICs whereas for the CCA, the
impact of PICs was included.

There were no changes to the computational model which had any significant impact on the
results.

7.3  Impact of Changes on Model Resuits

Differences between the CCDFs from the PAVT and CCA calculations are due to a combination
of the following factors:

. Cuttings and cavings releases were higher for all scenarios due to a change in the waste
shear strength distribution.
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. Spallings releases were slightly higher and more frequent for all scenarios due to higher
repository pressures at the time of intrusion.

. Direct brine releases were higher due to higher repository pressures.

. The change in PBRINE resulted in a higher probability of futures containing an E1
intrusion than in the CCA.

. Culebra releases across the LWB were higher due to more small sampled k,'s but were
still small relative to direct releases.

. For E1 intrusion scenarios at early intrusion times, radionuclide releases up the borehole
to the Culebra were slightly larger, on average, than in the CCA. At later E] intrusion
times, releases were moderately larger than in the CCA. These results were due to greater
flow up the borehole combined with similar and/or lower solubilities.

» For E2 intrusion scenarios, releases up the borehole to the Culebra were less by a factor of
about 100 due to lower flow up the borehole and lower solubilities.

. Salado interbed releases to the LWB were still insignificant.

A summary of CCDF results is presented in this section. Additional CCDF plots providing more
detail about releases are provided in Appendix G. Figure 7.1 compares the family of CCDFs for
summed (combined total contributions from all release mechanisms) normalized releases from
PAVT replicate 1 with those from each of the three CCA replicates. All of the CCDFs have a
similar lower bound, with the PAVT family of CCDFs containing several curves with total
releases a factor of 2 or 3 higher than in the CCA.

Figures 7.2 through 7.6 show mean normalized releases for the PAVT and the CCA. Means for
PAVT replicate 1 and each of the three CCA replicates as well as an overall CCA mean are
shown. The summed releases for the PAVT mean CCDF are a factor of 2 to 3 larger than the
CCA values for all probabilities of exceedance (Figure 7.2). For a specific release, the probability
of exceedance has increased by as much as a factor of 10. These increases were primarily due to
the increase in cuttings releases (Figure 7.3). Other contributors to total summed releases include
spallings (Figure 7.4), direct brine release (Figure 7.5), and Culebra (Figure 7.6) releases. Note
that mean CCDFs for all of these components of the summed normalized releases are greater (to
the right) of the CCA mean CCDFs. The absence of PICs and the change in PBRINE were also
minor contributors to the change in releases. Even with the slightly higher releases, the PAVT
mean CCDF does not exceed or come within an order of magnitude of the EPA Limit.

Figure 7.7 shows the relative contributions of each release mechanism to the summed release for
both the PAVT and the CCA. Releases from each of the CCA replicates are similar and only
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were the most important contributors to the total mean CCDF. Spallings also made an important
contribution to the total CCDF, particularly in the CCA. Direct brine releases were slightly more
important in the PAVT than in the CCA, but have only a minor effect on the total CCDF.
Subsurface releases due to Culebra groundwater transport were not significant. Salado interbed
and Dewey Lake releases were also negligible and are not shown.

Figure 7.8 shows additional statistical inforration about total summed CCDFs for PAVT

replicate 1 and the three CCA replicates. This Figure shows CCDFs representing the mean,
median, 10th, and 90th percentiles for each replicate.
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Figure 7.2 Mean CCDFs for Summed Normalized Radionuclide Releases
to the Accessible Environment
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Figure 7.3 Mean CCDFs for Cuttings Normalized Radionuclide Releases

to the Accessible Environment
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Figure 7.4 Mean CCDFs for Spallings Normalized Radionuclide Releases
to the Accessible Environment
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Figure 7.5 Mean CCDFs for Direct Brine Release Normalized Radionuclide
Releases to the Accessible Environment
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Figure 7.7 Mean CCDFs for Specific Release Modes
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APPENDIX A

GAS AND BRINE MIGRATION IN UNDISTURBED
AND
. DISTURBED REPOSITORY SYSTEMS
FOR
THE PAVT CALCULATIONS



In this Appendix, gas and brine migration modeling results are presented and discussed for
undisturbed and disturbed repository performance. For disturbed performance, three
representative borehole intrusion scenarios are considered. In the first scenario, the E1 scenario,
a borehole penetrates a waste-filled panel and a hypothetical pressurized brine reservoir in the
underlying Castile Formation. In the second scenario, the E2 scenario, a borehole penetrates the
waste-filled panel only. To examine the impact of different intrusion times, the E1 and E2
scenarios are subdivided into computational scenarios on the basis of two different intrusion
times of 350 and 1000 years. In the third scenario, the E2E1 scenario, a borehole penetrates the
repository at 1000 years (an E2 intrusion) and a second borehole, drilled at the same location,
penetrates the repository and the hypothetical brine reservoir at 2000 years (an E] intrusion).

In the following sections, results are presented in terms of volume-averaged quantities such as
volume-averaged pressure. Volume-averaged pressure is given by forming the product of grid
block pressure and grid block volume for each grid block in the region of concern, summing this
product up over all grid blocks in the region, and dividing by the bulk volume of the region. All
other volume-averaged quantities are computed in the same manner. Cumulative and net flow
volumes are also presented. Cumulative flow into a region is defined as the time-dependent flow
into a region integrated over time. Cumulative flow out of a region is defined as the time-
dependent flow out of a region integrated over time. Net flow into a region is defined as
cumulative flow into a region minus cumulative flow out of a region. Similarly, net flow out of a
region is cumulative flow out of a region minus cumulative flow into a region.

The following sections describe PAVT replicate 1 results. Corresponding results from CCA
replicate 1 are shown in parentheses.

Al UNDISTURBED PERFORMANCE

This section examines repository behavior and the flow of brine and gas along two potential
pathways for migration of radienuclides in dissolved brine (Figure A.1-1). In the first pathway,
brine may migrate through the panel seals or through the disturbed rock zone (DRZ) surrounding
the repository to the shaft and then upward toward the Culebra Dolomite Member of the Rustler
Formation. The quantity of brine reaching the Culebra is important because transport may then
occur laterally in the Culebra toward the subsurface land withdrawal boundary. In the second
pathway, brine may migrate from the repository through the DRZ and laterally toward the
subsurface land withdrawal boundary within the anhydrite interbeds in the Salado Formation.

Note that of the seven changes to input parameters for the PAVT simulations listed in Section
2.1, only the first three are relevant to undisturbed performance. The final four changes relate to
the Castile brine pocket and to intrusion borehole properties. Two additional differences from
the CCA simulations of the S1 scenario should be noted: (1) H2 viscosity was changed slightly;
and (2) the grid was the same as for disturbed (human intrusion) scenarios. Both of these
changes had little or no effect on the results.



A.ll Replicate 1 Results and Discussion
A.l.1.1 Repository Behavior

Repository behavior is characterized by interactions between creep closure, fluid flow, and gas
generation. Creep closure of excavated regions begins immediately because of excavation
induced loading. In the waste disposal region, waste consolidation will continue until back-
stresses imposed by the compressed waste resist further closure or until fluid pressures become
sufficiently high. Pressure in the disposal region is governed by the quantities of brine present in
the disposal region, the rates of gas generation, and the ease at which fluids can escape the
repository. Depending on material properties and pressure conditions, brine may flow into the
disposal region by moving down shafts and through the DRZ and anhydrite layers. Brine
contained in the Salado also flows into the waste disposal region because of pressure gradients
created by the excavation. As a consequence, significant quantities of gas may be generated by
the availability of brine, causing pressures to increase. Brine flow into the repository will be
reduced as repository pressure increases, and brine may be expelled from the repository if
pressure exceeds brine pressure in the immediately surrounding formation. Brine saturation has
to exceed the residual brine saturation in order for brine to be expelled from the repository. ™
Similarly, gas may flow away from the waste into lower pressure areas, which may include
disturbed areas surrounding the repository, the interbeds, and the shafts. Gas flow into intact
halite rock 1s not significant because of the high threshold pressure of halite.

Pressures in the waste panel and rest of repository (Figures A.1-2 [GVAR _023] and A.1-3
[GVAR_024]) increase from their initial value of 1 atmosphere. Pressure responses in the
experimental and operation regions are nearly equal to those in the waste panel and rest of
repository because the permeability of excavated regions, drift and panel seals, and DRZ are
high, on the order of 10" m®. This allows relatively free movement of gas throughout the
excavated regions, and equalizes pressures there quickly (relative to the 10,000-year regulatory
period). In a few realizations where the DRZ or lower shaft permeability is low, on the order of
10" m*, the experimental area shows a slower pressure response, however, this behavior does
not influence the rest of the repository or the surrounding formations. In many realizations,
pressures increase rapidly during the first 500 years. These rapid increases in pressure are caused
by a high gas generation rate coupled with creep closure. In these realizations, plastics and
rubbers are included in the inventory of biodegradables; this results in a higher net rate of gas
generation during the first 1000 years. In some realizations, the pressure reaches a maximum
even though gas generation may continue long after the peak pressure is reached. In these
realizations, gas is vented out of the waste through the interbeds, shaft, and DRZ fractures since
the far-field pressure is lower than the peak pressure in the waste. Also, creep closure is
essentially complete by 1000 years, so there are no pressure changes due to repository pore
volume changes. In some realizations, the pressure after 10,000 years is higher than the far-field
pressure because gas continues to be generated faster than brine and gas can flow out of the
waste. In contrast to this behavior, some realizations (#13, #43, #1, #6, #83, #100, #57, near the
bottom of the plots) exhibit slowly increasing pressures. In these realizations, pressure increases
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during the first 300 - 500 years results primarily from creep closure since there is very little gas
generation from corrosion (sampled corrosion rates are among the Jowest) and none from
biodegradation. The different rates of pressure increase in these cases are largely a result of
different anhydrite permeabilities and corresponding inflow rates of brine. The third type of
behavior exhibited in Figures A.1-2 [GVAR_023] and A.1-3 [GVAR_024] is a moderately rapid
initial rise in pressure. This behavior is a result of creep closure in combination with moderate
gas generation rates. At later times, pressures level off in some realizations, indicating that gas
generation by microbial degradation has ceased after the cellulose inventory has been exhausted.
For most realizations, the cellulose inventory is generally exhausted within 1300 years (Figure
A.1-4 [GVAR _002]). Simultaneously, corrosion consumes most of the brine present in the
waste, and it also slows down depending on the rate of inflow of brine from the surrounding
formations. In several realizations, pressures continue to increase over the full 10,000-year
regulatory period. In some of these cases, pressures in excess of the far-field pressure are
reached. This behavior is expected when the gas generation rate is relatively low and enough
brine is present in the waste or flows in from outside the repository to sustain the corrosion
reactions,

A.1.1.1.1  Gas Generation

The rate and amount of gas generation varies significantly, as shown in Figure A.1-5
[GVAR_022]. Among the 100 realizations, the volume of gas generated varies over more than
an order of magnitude, from 2.2 x 10° m® to 3.4 x 10" m* (1.5 % 10° m’ to 2.8 x 10" m?) of
hydrogen, at reference conditions (30 °C, 1.01325 x 10° Pa). Of the total volume of gas
generated (Figures A.1-6 [GVAR_017] and A.1-7 [GVAR_020]), corrosion accounts for
volumes ranging between 4 x 10° m’ to 2.3 x 107 m® (5 x 10° m* to 1.89 x 10’ m*) and
biodegradation accounts for volumes ranging between 3.3 x 10°m® to 1.15 x 10’ m® (3 x 10® m?
to 1.15 x 10" m’). As shown in Figure A.1-7 [GVAR_020], the amount of gas generated by
biodegradation is grouped into two distinct branches. The lower and higher branches correspond
to the inclusion and exclusion, respectively, of plastics and rubbers in the cellulosics inventory.
Also, biodegradation ceases in most realizations within 1500 years, whereas corrosion generally
continues for 10,000 years or as long as brine is present. Although the rate of microbial gas
generation is constant in any computational cell for a given realization, when the inventory of
cellulose or brine is depleted in some cells, the rate of gas generation in the repository as a whole
drops. This is manifested in Figure A.1-7 [GVAR_020] by the decrease in the slopes of the
curves, reflecting the reduction in the overall rate of microbial gas generation.

The fraction of gas generated by corrosion for all realizations is shown in Figure A.1-10
[GVAR_175]. In those realizations where gas generation from corrosion ceases, the cause is a
lack of brine in the waste. In contrast, biodegradation, which also requires brine to be present,
completely consumes the inventory of cellulosics (Figure A.1-4 [GVAR _002]) in all but nine
(one) realizations. In these realizations, corrosion consumes all the available brine before the
entire inventory of cellulosics is consumed. (Recall that 50 realizations have no biodegradation at
all, these are indicated by the horizontal line showing no change in cellulose content from the
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initial inventory of 9.1 x 10°kg.) As shown in Figure A.1-11 [GVAR_001], iron is present in the
waste in all 100 realizations after 10,000 years, yet the rate of gas generation by corrosion has
decreased greatly in most (all but about 15%) of the realizations. Higher rates of corrosion are
maintained in a few realizations because brine saturations remain relatively high (greater than
10%), as shown in Figure A.1-12 [GVAR_046]. The amount of iron remaining after 10,000
years ranges from 28% to 98% (40% to about 98%) of the initial inventory (F igure A.1-13
[GVAR_003]). This behavior primarily represents that of the rest of the repository, which
accounts for about 90% of the waste volume. In the panel, iron is generally consumed at a faster
rate than in the rest of the repository due to the larger number of realizations with elevated brine
saturations (Figures A.1-14 [GVAR_042] and A.1-15 [GVAR_043)). In three (one) realizations,
100% of the initial iron inventory is consumed; among the other 97 (99) realizations, the amount
of initial iron inventory remaining after 10,000 years ranges from 0% to 98% (17% to 98%)
(Figure A.1-16 [GVAR_144]) in the single waste panel. In two realizations (#58 and #28) there
are large increases in brine saturation in the panel at times beyond the initial 1000 years

(Figure A.1-14 [GVAR_144]). These increases are due to increases in brine inflow to the
repository.

The volume of brine consumed in the waste panel ranges from 100 m’ to 5800 m® (100 m* to -
5650 m’) (Figure A.1-17 [GVAR _157]). For comparison, the initial pore volume of a panel is
40,670 m’, and the minimum pore volume after creep closure ranges from about 2800 m? to 8500
m’, corresponding to a range of minimum porosity of 0.07 to 0.21 (Figure A.1-18 [GVAR_048]).
Thus, the amount of brine consumed is generally just a fraction of the total pore volume of the
waste. The amount of brine consumed in the rest of the repository ranges from 700 m® to

32,500 m’ (1000 m’ to 30,000 m®) (Figure A.1-19 [GVAR_158]).

A1.1.1.2  Halite Creep

Halite creep causes the pore volume of the repository to decrease over time. As shown in

Figure A.1-20 [GVAR_052], the porosity of the waste drops from its initial porosity of 84.8%
during the first few hundred years, as the repository creeps shut. The porosity reaches a
minimum between 7% and 22% of the initial excavated volume, depending on the rate at which
the pressure in the repository increases, primarily as a result of gas generation. In approximately
10 realizations, the gas generation rate is very low, which causes the waste pressure to remain
low, allowing creep closure to reduce the waste porosity very rapidly. The porosity continues to
decrease until 1000 - 2000 years in some cases. Eventually closure ceases and porosities reverse
slightly due pressure buildup in the waste. This pressure buildup is the net effect of gas
generation, equilibration with far-field pressure, and compression of the waste and fluids. After
bottoming out at 7% - 8%, the porosity slowly increases to 8% - 15% in these realizations. In the
intermediate group of realizations, the porosity again decreases rapidly for the first 300 years, but
gas generation inhibits creep closure to the point that closure ceases in about 1000 years.
Subsequently, the waste repository inflates slightly and minimum porosities ranging from 10% -
17% increase to final porosities of approximately 20% at 10,000 years. In some realizations, the
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porosity continues to drop very slowly over the full 10,000 years, reaching lows of 11% - 12% at
10,000 years. In these cases pressures in the repository remain so low that no inflation occurs.

A.1.1.1.3  Fluid Flow

Fluid flow behavior in the repository and surrounding strata are largely determined by the gas
generation rate. If the gas generation rate is relatively low, primarily as a result of low reaction
rates or the absence of biodegradation, the pressure in the repository rises relatively slowly as
brine from the far field flows in to equilibrate repository pressure with the far field. Under these
conditions, the direction of flow is mostly inward toward the repository. A less common
response is for gas to be generated sufficiently rapidly so that the pressure in the repository
becomes high enough to drive significant quantities of brine and gas away from the repository
out the most permeable pathways: the three anhydrite layers and the sealed shaft.

Although the brine saturation in the waste panel and rest of the repository (Figures A.1-21
[GVAR_042] and A.1-15 [GVAR_043], respectively) vary greatly from realization to
realization, the variations with time show similar trends in all but a few realizations. There is an
initial period when the brine saturation increases rapidly during the first 100-300 years, with =
most realizations peaking within 1500 years. This rise in brine saturation is caused primarily by
the rapid and large reduction in porosity due to creep closure (Figure A.1-20 [GVAR 052]) and,
to a lesser degree, brine inflow (Figure A.1-22 [GVAR_064]) from the surrounding DRZ. Both
of these processes occur initially at a rate faster than corrosion consumes brine, As shown in
Figure A.1-23 [GVAR_032], brine volume (mass) in the repository begins to decrease
immediately after this initial period in all but a few realizations. This decrease in brine volume is
largely caused by consumption of brine due to corrosion (Figure A.1-24 [GVAR 053]) since
only a few realizations exhibit decreases in net brine flow into the repository with time

(Figure A.1-22 [GVAR_064]). It should also be pointed out that brine saturations tend to be
higher in the panel because the panel is located down-dip of the rest of the repository. In two
realizations there is a significant increase in brine inflow after the initial 1000 years, one occurs
at 1500 years (#58) and the other at 3500 years (#28). These increases correspond to fracturing
and significant permeability increases in the DRZ.

Figures A.1-25 [GVAR_181] and A.1-26 [GVAR_184] show that there is more flow out of the
panel seal and into the waste panel than there is out of the rest of the repository and into the panel
seal. The mean flow into the panel is about 160 m* (700 m?), whereas the mean flow out of the
repository is only about 38 m’ (200 m*). Also, the number of realizations in which there is flow
into the panel is much greater than the number in which there is flow out of the rest of the
repository. In only a few (four) realizations is there any substantial brine flow (greater than

100 m®) in the northerly direction out of the panel and into the seal (Figure A.1-27 [GVAR_183])
and out of the seal and into the rest of the repository (Figure A.1-28 [GVAR_182]).

For contaminated brine to flow up the shaft, it must first flow either through the panel seals and
into the shaft, or through the DRZ above and below the waste region. As Figure A.1-29
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[GVAR_069] shows, there are several realizations in which brine flows upward in the shaft, and
the maximum flow is 112 m* (150 m*). All of the brine that flows up the shaft flows into the
Culebra; none of it flows beyond the Rustler Formation (Figure A.1-30 [GVAR 070]). Thereis
some downward flow in the shaft as well, although Figures A.1-29 [GVAR_069] and A.1-30
[GVAR_070] do not reflect this because only upward flows are integrated to generate these plots.

A.1.1.2 Behavior in Formations Surrounding the Repository
A1.1.2.1  Two-Phase Flow

The bulk of the gas generated in the repository flows up-dip into the anhydrite layers north of the
repository (Figures A.1-31 [GVAR_106] to A.1-37 [GVAR_112]). However, substantial gas
flow out the marker beds (more than 100,000 m? in 10,000 years) occurs in only 16 (17)
realizations. The maximum cumulative gas flow out any marker bed is 2.1 x 10° m® (3.8 x

10° m®) out Marker Bed 139 (Anhydrite a and b) (Figure A.1-33 [GVAR_108]). Gas flow out
the marker beds to the south of the repository are much less than to the north, the maximum
being 4.7 x 10° m’ (8.2 x 10° m” out Anhydrite a and b (Marker Bed 139) (Figure A.1-35
[GVAR_110]). The maximum total gas flow out all marker beds over 10,000 years is 3.3 x
10°m’ (6.8 x 10° m’) (Figure A.1-37 [GVAR_112]), with a mean gas flow volume of 1.5 x 10°
m’* (3.8 x 10° m’). Comparing this quantity with a maximum of 3.4 x 107 m® (2.8 x 10" m®) total
gas generated (Figure A.1-38 [GVAR_022]), it can be determined that, as an approximate upper
bound, 10% (26%) of the gas generated in the repository flows out into the marker beds. The
mean total gas volume generated is 1.19 x 107 m’ (1.24 x 10" m?), so the mean percentage of gas
generated that flowed out the marker beds is 1.3% (3.1%).

Cumulative brine flows out of the repository are shown in Figure A.1-39 [GVAR_059]. Three
vectors (#24,#44,#22) have rapid (within 200 years) outflow. These vectors have high DRZ
permeability, high brine saturation, and low residual brine saturation. This potentially
contaminated brine cannot migrate significant distances in halite because of the low permeability
of halite. To get to the land withdrawal boundary, brine from the repository must first flow
through the DRZ into one of the permeable anhydrite layers (Marker Beds 138 or 139 or the
combined Anhydrite a and b), or up the sealed shaft. Cumulative net brine flow into the DRZ
region surrounding the repository from all anhydrite layers is shown in Figure A.1-40
[GVAR_099]. In this figure positive values indicate flow inward, toward the repository from the
marker beds, and negative values indicate net flow outward, from the repository into the marker
beds. Cumulative net outward flow (from the DRZ into the marker beds) occurs in
approximately 10% of the realizations, with the maximum after 10,000 years being about 7800
m’ (3700 m’) in any single realization with the contribution from all marker beds combined.

This is summarized in Table A.1-1. The two realizations with the highest outward flow showed
increased flow at 2000 years (#58) and 4000 years (#51).

The contributions to the net brine flow from individual marker beds to the north of the repository
are shown in Figures A.1-41 [GVAR_093] to A.1-43 [GVAR_095] and to the south of the
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repository in Figures A.1-44 [GVAR_096] to A.1-46 [GVAR_098]. In these six figures, positive
flows are to the north and negative flows are to the south. These figures again show that net flow
1s inward in approximately 90% of the realizations. The maximum outward flows occur in
MBI139 [to the north ~1800 m® (1800 m’) and to the south ~7200 m® (1800 m®)]. The cumulative
net flows out each of the anhydrite layers are summarized in Table A.1-1.

Table A.1-1. Cumulative Net Interbed Brine Flows for Undisturbed Conditions (S1 Scenario).

Marker Bed Max. Net- Brine Flowq Max. Net Brine Flow
from MB into DRZ, m’ from DRZ into MB, m?

MB138 North 90 (330) 110 (235)

MB138 South 1,650 (4,000) 550 (600)

Anhydrite a & b North 2,700 (9,500) 0.0(0.0)

Anhydrite a & b South 2,150 (10,700) 0.0 (0.0

MB139 North 7,000 (21,800) 1,800 (1.800)

MB139 South 5,600 (23,000) 7_,200 (1,800) ]
All Marker Beds* 15,500 (69,000) 7.800 (3,700) |

*Because the maximum flows in individual marker beds may occur in different realizations, the sum of maximum
flows in each marker bed may not add up to the maximum flow when the contribution from all marker beds is
combined in each realization.

The cumulative flows across the land withdrawal boundary in the marker beds are summarized in
Figure A.1-47 [GVAR_174] and in Table A.1-2. Flows in individual layers are presented in
Figures A.1-48 [GVAR _168] to A.1-53 [GVAR_173]. (In these seven plots, only flows away
from the repository are integrated.) As shown, only five (eight) realizations produce brine flow
outward beyond the land withdrawal boundary. Brine volumes crossing the land withdrawal
boundary during the 10,000 regulatory period range up to 3300 m® (#38) (216 m®). The other
four realizations (#61, #93, #26, #58) had volumes crossing the land withdrawal boundary of less
than 100 m®. Important factors producing brine flow at the land withdrawal boundary include:
high pressure at 1000 years (which may build due to high gas generation, tight DRZ and or
marker beds which subsequently fracture, or high residual brine saturation which prevents early
time brine and pressure release); high marker bed permeability; high DRZ permeability; low
DRZ porosity (low brine storage so more brine is available to flow into marker beds); and low
far-field pressure. The high flow across the land withdrawal boundary in vector #38 is due to a
high pressure at 1000 years, the combination of very high DRZ and marker bed permeabilities, a
very low DRZ porosity, and a low far-field pressure.

The brine that flows across the land withdrawal boundary does not originate in the repository;

rather, it is brine that is initially present in the marker beds, as is demonstrated in Section 3.0
describing the Salado transport analysis. This result is not surprising since the pore volume of
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Marker Bed 139 (which provides most of the flow in vector #38) between the repository and the
land withdrawal boundary is greater than 155,000 m’.

Table A.1-2. Cumulative Interbed Brine Flows Outward Across Land
Withdrawal Boundary for Undisturbed Conditions (S1 Scenario)

Marker Bed Maximum Brine Outflow across Land
Withdrawal Boundary, m®

MB138 North 150 (14.3)

MB138 South 155 (10.6)

Anhydrite a & b North 620 (39)

Anhydrite a & b South 160 (47)

MB139 North 1,550 (78)

MBI139 South 700 (50)

All Marker Beds _ 3.300 (216) ]

A.1.1.2.2  Mechanical Response

Fracturing in the interbeds oceurs in approximately 18 (19) realizations (Figures A.1-54
[GVAR_113] to A.1-59 [GVAR_118]), although in most marker beds, a significant amount of
fracturing occurs in only four (five or six) realizations. The most extensive fracturing occurs in
realizations #58 and #61. In these realizations, all three anhydrite layers fracture. In realization
#58, fracture lengths exceed 1000 m to the north in Marker Bed 138 and Anhydrite a and b and to
the south in Marker Bed 138 and Marker Bed 139. In the CCA, maximum fracture lengths to the
north in Marker Bed 138 and Anhydrite a and b were 1900 m and 1000 m, respectively, and to
the south 1000 m. In realization #61, fracture lengths exceed 1000 m to the north in Anthydrite a
and b and to the south in Marker Bed 138 and Marker Bed 139. Other realizations (#51, #28)
also display significant fracturing. In addition to realizations #61 and #58, the other realizations
in which brine flowed across the land withdrawal boundary (#38, #93, #26) showed moderate
fracturing. In most other realizations, gas is not generated at sufficiently high rates to reach
interbed fracture pressures and/or pressure is dissipated through DRZ fracturing. Note that in
some cases fractures close up some time after opening.

Significant fracturing in the DRZ occurs in about 20 realizations, as indicated by increasing DRZ
permeability (Figure A.1-60 [EX_HO033]). In all of these realizations, gas is generated by
corrosion and biodegradation of cellulosics and plastics and rubbers. Three realizations (#51,
#58, #28) result in DRZ permeabilities greater than 1x10™"! m? and porosities greater than 0.03.
These realizations had high initial DRZ porosities, medium to high DRZ permeabilities, and
medium to low Marker Bed permeabilities. DRZ porosity increases, indicative of DRZ
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fracturing, are also evident in many of the realizations (Figure A.1-61 [EX_H022]) with
realizations #51, #58, and #28 showing the largest porosity increases. Mean, median, and
maximum values for DRZ permeability and porosity are shown in Table A.1-3.

Table A.1-3. Volume-Averaged DRZ Permeability and Porosity from PAVT Replicate 1.

Scenario Time Avg;ge DRZ Permeability Average DRZ Porosity "
(yrs) mean median max mean med max I‘
g1 0 2.01E-14 1.14}3—-16= 2.82E-13 | 9.22E-3 | 6.16E-3 | 2.52E-2 |

10000 | 4.30E-12 | 2.98E-16 | 3.48E-10 | 1.52E-2 | 1.31E-2 | 4.65E-2

0 2.01E-14 | 1.14E-16 | 2.82E-13 | 9.22E-3 | 6.16E-3 | 2.52E-2

S2 350 2.01E-14 | 1.14E-16 | 2.82E-13 | 1.10E-2 | 8.52E-3 | 3.03E-2

10000 | 6.60E-12 | 3.55E-16 | 5.83E-10 | 1.45E-2 | 1.11E-2 | 4.74E-2

0 2.01E-14 | 1.14E-16 | 2.82E-13 | 9.22E-3 | 6.16E-3 | 2.52E-2

S3 1000 | 3.06E-14 [ 6.69E-16 | 4.87E-13 | 1.30E-2 | 1.16E-2 | 3.44E-2

10000 | 3.77E-13 | 1.82E-16 | 3.53E-11 | 1.33E-2 | 1.08E-2 | 3.72E-2

0 2.01E-14 | 1.14E-16 { 2.82E-13 | 9.22E-3 | 6.16E-3 | 2.52E-2

S4 350 2.01E-14 | 1.14E-16 | 2.82E-13 | 1.10E-2 | 8.52E-3 | 3.03E-2

10000 | 2.12E-14 | 1.76E-16 | 3.18E-13 | 1.22E-2 | 1.01E-2 | 3.40E-2

0 2.01E-14 | 1.14E-16 | 2.82E-13 | 9.22E-3 | 6.16E-3 | 2.52E-2

S5 1000 | 3.01E-14 | 1.48E-16 | 4.87E-13 | 1.30E-2 | 1.16E-2 | 3.44E-2

10000 | 2.11E-14 | 1.58E-16 | 3.08E-13 | 1.22E-2 | 1.01E-2 | 3.45E-2

0 2.01E-14 | 1.14E-16 | 2.82E-13 | 9.22E-3 | 6.16E-3 | 2.52E-2

g6 1000 [ 3.01E-14 | 1.48E-16 | 4.87E-13 | 1.30E-2 | 1.16E-2 | 3.44E-2

2000 | 2.94E-14 | 1.50E-16 | 4.11E-13 | 1.22E-2 | 1.03E-2 | 4.00E-2

10000 | 4.17E-14 | 1.55E-16 | 2.02E-12 ____1_.33E—2 1.08E-2 | 3.19E-2
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Undisturbed Performance
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Volume-Averaged Pressure in Waste Panel
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Volume-Averaged Pressure in Rest of Repository
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Mass of Cellulose Remaining
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Total Gas Volume Generated
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Total Gas Volume Generated by Corrosion
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Total Gas Volume Generated by Microbial
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-Fraction of Gas due to Steel Corrosion
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Mass of Steel Remaining
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SNL WIPP C97: BRAGFLO SIMATIONS (C97 R1 S1)

Volume-Averaged Brine Saturation in Waste Panel
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Remaining Fraction of Steel Inventory in Waste Panel
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Brine Consumed in Waste Panel
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Volume-Averaged Porosity in Waste Panel
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Brine Consumed in Rest of Repository
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Volume-Averaged Porosity in Waste Panel plus Rest of Repository
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Net Brine Flow into Repository
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Brine Volume in Waste Panel and Rest of Repository
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Brine Consumed
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Cumulative Brine Flow out of Panel Seal into Waste Panel
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Cumulative Brine Flow into Panel Seal out of Rest of Repository
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Cumulative Brine Flow into Panel Seal out of Waste Panel
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Cumulative Brine Flow out of Panel Seal into Rest of Repository
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Cumulative Brine Flow up Shaft at top of Salado (E:661)

gft 1-2 | | 1 I I I 1 I | I 1 I | I I I I 1 |
- n ' -(ln) 9]
+ - d
N Kl _
A o~ i i
o | -
| ]
o 0.8 - -
E . -
O N -
o N i
2 06 |-
W B 344,24
= "
% i
.. 0.4 i
g L 5
o N y»
ﬂ:l ~ ] T, 18, 7e, B oy
< o2
Q)] L
0.0
0.0

Time - Years ( *10° )

$1$DRA1;[JEBEAN.CH7. SUMMZ R1S1]SPLAT_R1_51_HO069.INP;1 SPLAT _PAS6_21.02 05/27/97 12:00:39



@ snLwiPP Co7: BRAGFLO SIME@RTIONS (C97 R1 S1) @

Cumulative Brine Flow up Shaft at top of Rustler (E:666)
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Cumulative Gas Flow from DRZ into North MB 138
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Cumulative Gas Flow from DRZ into North Anhydrite A/B
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Cumulative Gas Flow from DRZ into North MB 139
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Cumulative Gas Flow from DRZ into South MB 138

1 1.5 T T ] I T T T ! T 7 T | T ) T | T T ]
(,f:x i -
} i -
if‘i m’—-. 1'2 - —
o B -
o i ]
™ - -
< -
E o9} ]
Q i 4
O -
(D -
¢ 9] " -
g N J
o 06 =
@) i -
5 i )
(] N -
| - i
c -
< 0.3 i _
> i .
@) i _
B ”/ __//*:___.____.__
0.0 e 1
0.0 2.0 4.0 6.0 8.0 10.0

Time - Years ( *1 0° )

$150RA1:[JEBEAN.CS7 SUMMZ.AT1S1]SPLAT_R1_S1_H109.INP;1 SPLAT_PASG_2 1.02 05/27/97 14:30:22



. SNL WIPP C97: BRAGFLO SIM.L\TIONS (C97 R1 S1)
Cumulative Gas Flow from DRZ into South Anhydrite A/B
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Total Gas Volume Generated
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Cumulative Brine Flow Out of Repository
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Net Brine Flow into DRZ from All Marker Beds
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Net Brine Flow at North MB 138

b’
> [ J
N ) T
N 0.8 |- -
NA B N
O I .
X I -
o 04 _
< | _
IE L OUTE 0
O |
P
=z 0.0 —
0
™ 1
= {
0 ] 1 Neows
. 04 —
™ I _
o
OI s -
o - i
g 0.8 .
Q)] - -
- .
! i
1.2 1 1 1 | 1 1 1 ] 1 L i | t L | ] 1 1 1
0.0 2.0 4.0 6.0 8.0 - 10.0

Time -~ Years ( *1 0° )

$18DRA1:[JEBEAN.CY7 . SUMMZ R151]SPLAT_R1_S1_HDSA.INP;1 SPLAT_PAD6_2 1.02 05/27/97 13:41:11



@  S\L WIPP Co7: BRAGFLO SIM@ATIONS (C97 Ri S1) (]
Net Brine Flow at North Anhydrite A/B
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Net Brine Flow at South MB 138

2.0 T T T l ) T T | T T T | T T T ] T T T
! i - )
) _ o
> 1.5 |~ =
-1"\& ('JO » -
koo :
@ 10 -
< [ -
e | _
% I | ]
AN 05 /
o0 N
™ i l
= - - el [NV XU T
% I = e =
B 00 ’C”‘ ' i O U U U —
0 - -
N N -
Ql I | OMTFLoL l
SI(: . A
S _ _
1.0 . \ I | ) \ \ | 1 \ ) | i 1 ! [ 1 \ L
0.0 2.0 4.0 6.0 8.0 10.0

Time - Years ( *10° )

$1$0RA1:[JEBEAN.CO7 SUMMZ R151]SPLAT_R1_S1_H086.INP:1 SPLAT_PAS6_2 1.02 05/27/97 13:42:33



@ s\LWiPP Co7: BRAGFLO SIMU@TIONS (C97 R1 S1) @
Net Brine Flow at South Anhydrite A/B
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Net Brine Flow at South MB 139
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@ SNLWiPP C97: BRAGFLO SIMATIONS (C97 R1 S1) o

Cumulative Brine Flow Out of All Marker Beds Across Land-Withdrawal Boundary
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Cumulative Brine Flow Out North MB 138 Across Land-Withdrawal Boundary
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Cumulative Brine Flow Out North Anhydrite A/B Across Land-Withdrawal Boundary
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Cumulative Brine Flow Out North MB 139 Across Land-Withdrawal Boundary

1-8 I | | I I I f I i i ¢ ' t | I I 4 I {

Lia

I N I |

1.5

oS - 1I'Y

1.2

0.9

BRM39NLW -m”3 ( *10°)

0.6

0.3

GVAR_170:

lllll'llllllllllIlliill]lllllllllll

IR NI BN N AR AN NN AN AN B N BN A AN NN AN I A A A A Y

00 | | | 1 1 | I L —. } . I t . } 1 ! 1 — 3=
0.0 2.0 4.0 6.0 8.0

Time - Years ( *10° )

$1$DRA1[JEBEAN.CO7 SUMMZ.R1S1ISPLAT_R1_S1_H170.INP;1 SPLAT_PASE_2 1,02 05/28/497 11:30:22

—
o

.0
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Cumulative Brine Flow Out South MB 138 Across Land-Withdrawal Boundary
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Cumulative Brine Flow Out South Anhydrite A/B Across Land-Withdrawal Boundary
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Cumulative Brine Flow Out South MB 139 Across Land-Withdrawal Boundary
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Length of Fractured Zone in North Anhydrite A/B
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Length of Fractured Zone in North MB 139
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Length of Fractured Zone in South Anhydrite A/B
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Length of Fractured Zone in South MB 139
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Volume-Averaged Permeability in All DRZ Layers
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@ S\NLWIPP PA: BRAGFLO SIMUTIONS (C97 R1 S1)

Volume-Averaged Porosity in All DRZ Layers
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A2 DISTURBED PERFORMANCE

This section examines repository behavior and the flow of brine and gas for three scenarios: the
E1 scenario (Figure A.2-1), the E2 scenario (Figure A.2-2), and the E2E]1 scenario

(Figure A.2-3). Three potential pathways for migration of radionuclides in dissolved brine are
considered. In the first and most likely pathway, contaminated brine may enter the intruding
borehole and flow upward toward the Culebra Dolomite Member of the Rustler Formation, As
in the undisturbed case, the quantity of brine reaching the Culebra is important because transport
may then occur laterally in the Culebra toward the subsurface land withdrawal boundary. In the
second pathway, brine may migrate through the panel seals and 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 laterally toward the
subsurface land withdrawal boundary within the anhydrite interbeds.

A21 E1 Intrusion at 1000 Years (83 Scenario)

In this E1 scenario, a borehole penetrates the waste panel and brine reservoir in the underlying
Castile formation at 1000 years. The pressure in the brine reservoir is sampled from a range of
11.1 MPato 17.0 MPa. It is assumed that the borehole is instantly emplaced and plugged at the
time of intrusion. Except for the plugs, the borehole is assumed to have a porosity of 0.32, with
the high permeability of 1.0 x 10° m® (see Section 3.9 Borehole Model). One plug extends from
the top of the Salado formation up through the Unnamed member of the Rustler formation. The
other plug extends downward from the surface through the Santa Rosa formation. The
permeability of the two plugs is sampled from a range of 1.0 x 10" to 1.0 x 1077 m®. These
conditions exist for 200 years. At 200 years after intrusion, the borehole material properties are
modified to represent the impact of caving, sloughing, and plug degradation. At this time the
borehole is assigned uniform properties, with a permeability sampled from a range of 5.0 x 10"
to 1.0 x 10" m®. These conditions remain in effect for 1000 years. Then, the section of the
borehole from the bottom of the lower DRZ (i. e., the bottom of MB139) down through the
Castile is assumed to have undergone creep closure. Creep closure is accounted for by reducing
the sampled permeability by a factor of 10.

A21.1 Replicate 1 Results and Discussion
A.2.1.1.1 Repository Behavior

As in the undisturbed scenario, repository behavior is characterized by interactions between creep
closure, fluid flow, and gas generation. Creep closure of excavated regions begins immediately
because of excavated induced loading. In the waste disposal region, waste consolidation will
continue until back-stresses imposed by the compressed waste resist further closure or until fluid
pressures become sufficiently high. Pressure in the disposal region is governed by the quantities
of brine present in the disposal region, the rates of gas generation, and ease at which fluids can
escape the repository. In the Undisturbed scenario, the extent of gas generation in many cases is
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controlled by the availability of brine, the principal source of which is the halite and anhydrite
layers surrounding the repository. In the E1 scenario, the borehole provides a pathway for
additional sources of brine from two locations: (1) flow down the borehole from the Rustler and
Dewey Lake Formations overlying the Salado, and (2) flow up the borehole from the pressurized
brine reservoir in the Castile underlying the Salado. The rate and direction of brine flow in the
borechole depends on the hydraulic properties of the borehole fill material and plugs and the head
gradient between the Castile brine reservoir and the overlying strata. Because of the increased
availability of brine in the repository, significant quantities of gas may be generated.

Pressures in the waste panel and rest of repository (Figures A.2.1-1 [GVAR_023]) and A.2.1-2
[GVAR_024]) increase from their initial value of 1 atmosphere. As in the undisturbed scenario,
pressure responses in the experimental and operation regions are nearly identical to those in the
waste panel and rest of repository because the permeability of excavated regions, drift and panel
seals are high and on the order of 10" m’. In many realizations, pressure increases rapidly
during the first 1000 years. This rapid increase in pressure is caused primarily by gas generation.
In these realizations, plastics and rubbers are included in the inventory of biodegradables; this
results in a higher net rate of gas generation during the first 1000 years. In some realizations, the
pressure reaches a maximum during this initial period and gradually decrease during the
remainder of the 10,000 year period. In contrast to this behavior, some realizations (near the
bottom of the plot at 1,000 years) exhibit slowly increasing pressures. In these realizations, there
is very little gas generation from corrosion (sampled corrosion rates are among the lowest) and
none from biodegradation. The third type of behavior exhibited in Figures A.2.1-1 [GVAR_023]
and A.2.1-2 [GVAR_024] is a moderately rapid initial rise in pressure. This behavior is a result
of creep closure in combination with intermediate gas generation rates.

The observed pressure behavior in the repository prior to intrusion is simifar in the PAVT and
CCA, with a trend towards slightly higher pressures in the PAVT calculations because of
increased corrosion rates. However, after intrusion some distinguishable differences occur
because of four factors. Recall that at the time of intrusion the borehole has a high permeability
of 1.0 x 10 m* everywhere except for two low permeability concrete plugs located above the
Salado in the Santa Rosa and Unnamed Members. These borehole conditions remain for 200
years after intrusion, at which time the borehole plugs degrade. Note that in the CCA the concrete
plugs had a constant permeability of 5.0 x 10" m*>. However, in the PAVT, concrete plug
permeability 15 a sampled parameter with lower permeability values that range from 1.0 x 10 to
1.0 x 10" m®. The second important factor is the much larger Castile brine reservoir that
contains almost two orders of magnitude more brine than it did in the CCA. The third important
factor is the higher corrosion rate and the generation of gas at a faster rate. In the PAVT, the
inundated corrosion rate is nearly twice as large (uniform distribution in both PAs; range: 0.0 to
3.17 x 107* m/s versus 0.0 to 1.58 x 10" m/s) as that used in the 1996 calculations. The fourth
important factor is the borehole permeability distribution that includes much lower permeability
values; in this set of calculations borehole permeability is a sampled parameter that ranges from
5.0 x 107710 1.0 x 107" m? versus 1.0 x 10 to 1.0 x 10" m? in the CCA. As a consequence of
these four factors, pressures in the panel increase immediately after intrusion in all vectors
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having low panel pressures (less than 7 MPa) at the time of intrusion. This behavior did not occur
in the CCA. The range of panel pressures is also narrower and higher during the short 200 year
period after intrusion than it was in 1996. Moreover, unlike the CCA, panel pressures in many
vectors do increase significantly immediately after intrusion and continue to do so for the
remainder of the 10,000 year regulatory period. Pressure behavior after intrusion is described in
more detail below. ’

As in the CCA, three general types of pressure behavior occur after the concrete plugs degrade.
In approximately 10% of the realizations, pressures decrease dramatically. In approximately
another 10% or so of the realizations, pressures continue to gradually increase for several
thousand years. In these realizations, the brine reservoir pressure (a sampled parameter ranging
between 11.1 MPa and 17.0 MPa) is sufficiently high to force brine into the panel and maintain
increasing pressure conditions. In contrast to the CCA, pressures in many of these vectors
continue to increase over the full 10,000 years regulatory period and reach pressures that surpass
the long-term pressures predicted in the CCA. Moreover, in the CCA, the highest pressures in
the panel occurred prior to intrusion. However, in the PAVT, several vectors ultimately reach
pressures that exceed or are near the highest pre-intrusion panel pressures. Corrosion also
contributes to the pressure response since corrosion continues in many realizations over the full
10,000 year regulatory period. Gas generation due to microbial degradation in most cases ceases
within 1500 years as the cellulose inventory becomes exhausted. Final pressures above
hydrostatic pressure occur in those realizations having high corrosion rates and a relatively low
borehole permeability that prevents gas from easily escaping the panel and repository. The third
and less frequent type of response is for the pressure to rise relatively rapidly following a period
of low or slowly decreasing pressure. The time lag between intrusion and repressurization lasts
from 500 to over 6000 years. During this time, gas that has filled the panel is driven up the
intrusion borehole as brine flows into the waste through the anhydrite layers and down the
borehole. Once the borehole is filled with brine, the pressure in the waste reaches hydrostatic
pressure relative to the water table in the Dewey Lakes, and then levels off. Pressures below
hydrostatic occurs in those realizations where the sampled pressure in the brine reservoir is low
and the borehole is filled predominately with gas.

The impact of the borehole on brine availability in the intruded panel and repository is apparent
in Figures A.2.1-3 [GVAR_042] and A.2.1-4 [GVAR_046], where numerous realizations have
increased brine saturation as compared to the Undisturbed scenario. Prior to the borehole
intrusion, profiles of saturation with time are identical to the saturation profiles in the
Undisturbed scenario. Note that because of the increased inundated corrosion rate used in the
PAVT, repository brine saturations tend to be lower than those predicted in the CCA.

A.2.1.1.1.1 Gas Generation
In the Undisturbed scenario, the extent of gas generation in many realizations is controlled by the

availability of brine. The principal source of brine is the halite and anhydrite layers surrounding
the repository. In the E1 scenario, the borehole provides a pathway for additional brine. |
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Consequently, as much as 97% of the initial steel inventory is consumed by corrosion

(Figure A.2.1-5 [GVAR_003]) as compared to the Undisturbed scenario where up to 80% of the
Initial steel inventory is consumed. In the CCA these quantities are 84 % and 60 %, respectively.
As in the CCA, cellulose consumption by microbial decay in the E1 Scenario exhibits nearly
identical behavior to that observed in the Undisturbed scenario. In all but approximately 10
realizations, the cellulose inventory (which, in 25 of the 100 realizations, includes plastics and
rubbers) is completely consumed within 1500 years (Figure A.2.1-6 [GVAR_04]). In contrast to
these results, only one realization in the CCA contained a significant amount of cellulose after
10,000 years. This difference in behavior is due in part to the increased corrosion rates in the
PAVT and the increased number of vectors where brine is completely consumed in the interior
cells of the rest of the repository.

As shown in Figure A.2.1-5 [GVAR_003], the fraction of steel inventory remaining after 10,000
years ranges from 3% to 98%. This wide range in remaining inventories, coupled with the fact
that brine saturation in the repository is relatively high in the majority of realizations

(Figure A.2.1-4 [GVAR_046]), indicates that the corrosion rate, and not just the availability of
brine, plays an important role in determining how much corrosion occurs. This observation was
also made in the CCA.

The importance of corrosion rate is also observed in the Undisturbed scenario. In the Undisturbed
scenario, steel is present in the panel at the end of 10,000 years in all vectors. In the CCA steel
was completely consumed in one vector. In the E1 scenario, the steel inventory in the panel is
fully consumed in several realizations because of enhanced brine availability in the intruded
down-dip panel via the borehole intrusion (Figure A.2.1-7 [GVAR_144]). In the rest of the
repository (Figure A.2.1-8 [GVAR_159]), brine is not as readily available as in the panel for
three reasons. First, brine that enters the repository tends to pool in the lower regions and is not
available for corrosion in those cells where steel remains. Second, the repository is located up-
dip from the intruded panel. Because of gravity effects, this configuration favors the flow of
brine from the repository to the intruded panel and the flow of gas from the panel to the up-dip
repository. Third, the panel seal, although highly permeable with a permeability of 10"* m?, does
partially inhibit flow between the panel and repository. '

The total gas volume generated by corrosion over 10,000 years ranges from about 6 x 10° m® to
3.05 x 10" m* (Figure A.2.1-9 [GVAR_017]). Inthe CCA, the total gas volume generated by
corrosion over 10,000 years ranges up to 2.65 x 10’ m*. Comparing these quantities with the
Undisturbed scenario, in which the amount of gas generated by corrosion ranges from 5 x 10° m’
to 2.28 x 107 m’, it is apparent that the increased availability of brine increases the amount of gas
generated by corrosion by approximately 35% (40%). The volume of brine consumed by
corrosion in the panel ranges from about 100 m’ to more than 5800 m? (Figure A.2.1-10
[GVAR_157]). In the rest of the repository, it ranges from 1000 m* to 42,600 m’

(Figure A.2.1-11 [GVAR_158]). The corresponding values in the CCA range from 100 m?> to
5800 m’ in the panel and from 1000 m? to 39,000 m® in the rest of the repository.
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As in the CCA, cellulose consumption by microbial decay in the E1 scenario exhibits very
similar behavior to that observed in the Undisturbed scenario, essentially the same amount of
microbial gas is generated in the E1 scenario as in the Undisturbed scenario: 3.5 x 10° - 3.7 x 106
m’* (3.6 x 10° - 3.7 x 10° m’) at reference conditions (Figure A.2.1-12 [GVAR_020]) when
plastics and rubbers are not included and 8.5 x 10°- 1.2 x 107 m” (1.2 x 107 - 1.2 x 107 m®) when
plastics and rubbers are included. Note that approximately 10 vectors do not coincide with the
two plateaus representing complete cellulose consumption, these are the vectors noted previously
that are limited by the availability of brine. In the CCA, gas generated by microbial degradation
was limited in only one vector.

In a plot of total gas generated by corrosion and biodegradation (Figure A.2.1-13 [GVAR_022]),
three different types of behavior can be seen. Many curves, especially at the bottom of the plot,
increase smoothly, and very slowly. These are realizations in which there is no biodegradation
occurring, only the comparatively slower but steady corrosion of iron. A second group of curves
rise steeply at first. Most of these result from biodegradation, particularly those realizations in
which plastics and rubbers are included in the cellulose inventory. Once biodegradation is
complete, in most cases within the first 1500 years, the rate of gas generation decreases sharply
as corrosion continues at a slower rate. A third group of realizations, having high corrosion rates,
are jump-started by the inflowing brine from the intrusion borehole and exhibit relatively high
rates of gas generation after intrusion. This latter behavior is more evident in the panel because
the influx of brine immediately after the intrusion affects the panel much more than the rest of
the repository (Figure A.2.1-14 [GVAR_146]). These three groups of behavior were also
observed in the CCA. In addition, the quantities of gas generated are similar in both PAs with
the maximum amount of gas generated being 4.18 x 107 and 3.61 x 107 m’ in the PAVT and
CCA, respectively.

A.2.1.1.1.2 Halite Creep

Creep closure of the repository and consolidation of the waste behaves similarly in all
realizations as it did in the CCA. In all cases, a very rapid reduction in porosity (Figure A.2.1-15
[GVAR_052]) occurs during the first 300 - 500 years. At the time of intrusion, the waste
porosity has mostly leveled off at values ranging from 8% to 20%, depending on the pressure in
the waste. When the pressure is high, the porosity remains higher as fluid pressures resist further
closure. When the intrusion occurs, the borehole connects the panel with the Castile brine
reservoir. However, low permeability plugs located above the Salado in the Santa Rosa and
Unnamed Members (see Section 3.3.7) effectively prevent communication with overlying
formations for two hundred years subsequent to intrusion. The immediate response depends on
the borehole permeability and the Castile brine reservoir pressure relative to the waste pressure.
Typically, the borehole has a relatively high permeability and the Castile pressure is higher than
the pressure in the waste. The result is an increase in pressure in the waste, in turn causing the
porosity to rise slightly at 1000 years.
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After 200 years, the plugs in the borehole degrade, raising the borehole permeability to the same
sampled value as in the lower portion of the borehole. This increase in permeability generally
allows gas and brine to escape up the borehole and reduce pressure in the waste. This pressure
reduction causes the waste porosity to decrease. In some cases, the repository pressure and
porosity are prevented from decreasing significantly because the borehole permeability is
sufficiently Jow and the gas generation rate is sufficiently high. In other cases, the pressure
continues to increase after intrusion. After about 2000 years, the pressure and porosity in the
waste generally stabilize. Porosity tends to level off very slowly over time, ranging from 6% up
to 22 % of the initial excavated volume by 10,000 years. This range of porosities is slightly
broader than that (5 % to 17 %) predicted in the CCA.

As predicted in the CCA, some realizations display more rapid transient responses at later times,
In some cases where brine influx is slow but steady, the portion of the borehole above the
repository remains gas-filled for hundreds or thousands of years. This gas-filled connection to
the overlying formations and ground surface keeps the repository at near-atmospheric pressures.
If enough brine flows in, all of the gas (down to residual gas saturation) is eventually driven out
of the panel and the panel and borehole fill with brine. This gas is either driven up the borehole
-or forced up-dip into the rest of the repository and DRZ. As the panel and borehole fill with
brine, the pressure in the repository will increase fairly rapidly until hydrostatic pressure relative
to the water table in the Dewey Lakes is reached. This relatively rapid increase in pressure, and
the resulting increase in porosity, can be seen in some realizations at around 6000 years, both in
the pressure plot (Figure A.2.1-1 [GVAR_023]) and in the porosity plot (Figure A.2.1-15
[GVAR_052]). In many other realizations, this process takes place over a much shorter period of
time, during the 1000 - 2000 years period following the intrusion. Many realizations tend toward
hydrostatic pressures of about 7 MPa and resulting porosities in the range of 11% to 12%.

A2.1.1.1.3 Fluid Flow

Immediately following the borehole intrusion, there is little upward flow of gas (Figure A.2.1-16
[GVAR_101]) or brine (Figure A.2.1-17 [GVAR_073)) from the panel because the borehole
plugs emplaced in the Unnamed and Santa Rosa formations are fairly tight (a sampled parameter
from a range of 1.0 x 10" to 1.0 x 10"7 m” in the CCA this parameter is a constant 5 x 107 m?).
However, brine flows rapidly up from the Castile reservoir into the panel (Figure A.2.1-18
[GVAR_072]) in several realizations. In these realizations, the brine reservoir pressure (a
sampled parameter from a range of 11.1 MPa to 17.0 MPa) is appreciably higher than the
pressure in the panel. The amount of brine flowing immediately into the panel ranges from 0.0
m’ to a maximum of nearly 87.000 m® (fourth highest vector , #45). The maximum amount is
approximately double the maximum amount (44,000 m*) calculated in the CCA. After 200
years, when the plugs degrade, the rate of inflow tends to decrease sharply.

Another group of realizations shows continual flow from the Castile into the panel after intrusion

(Figure A.2.1-18 [GVAR_072]). The maximum amount that flows upward in these vectors is
112,000 m® (#28). This maximum amount is approximately 2.5 times the maximum amount
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(44,000 m*) calculated in the CCA. In most of these realizations, brine flow is small prior to plug
degradation, and the panel is already pressurized as a result of gas generation. These realizations
typically have high corrosion rates and include plastics and rubbers in the cellulose inventory.
When the borehole intrudes at 1000 years, the pressure in the Castile is not high enough to drive
brine up into the pressurized panel. Only after the plugs degrade, which allows gas to escape up
the borehole and reduce the panel pressure, can brine flow upwards from the Castile. At

2200 years, when creep closure reduces the permeability of the section of the borehole between
the Castile and the panel by an order of magnitude, the brine flow from the Castile drops off
significantly.

There does seem to be a correlation between Castile reservoir pressure, borehole permeability,
and the amount of brine that flows up the borehole (Figure A.2.1-17 [GVAR_073]). The top four
realizations (#28, #54, #57,#72) have high borehole permeabilities (ranks of 100, 94, 99, 93,
respectively) and high initial Castile reservoir pressures (ranks of 83, 96, 80, 79, respectively).
The realizations that show immediate flow into the panel tend to have a low borehole
permeability, high Castile pressure, and low panel pressure at the time of intrusion. For example
the top two immediate flow realizations, #45 and #69, have Castile pressures at the time of
intrusion that rank 95 and 98, borehole permeabilities that rank 30 and 41, and panel pressures
that rank 2 and 43.

In many cases, once the borehole plugs degrade (at 1200 years), substantial quantities of brine (up
to 18,500 m’® compared to 47,000 m’ in the CCA) from the Culebra, Magenta, and Dewey Lakes
formations flow downward into the panel (Figures A.2.1-19 [GVAR_140] and A.2.1-20
[GVAR_141]). Lower downward flows in the PAVTas compared to the CCA appear to occur
because of the range of lower borehole permeabilities in combination with relatively higher panel
pressures at the time of intrusion.

In many realizations, substantial amounts of brine (up to 102,000 m’) flow up the borehole
beyond the top of the panel (Figure A.2.1-17 [GVAR_073]). Only very small amounts (at most 1
') ultimately reach the top of the Rustler (Figure A.2.1-21 [GVAR_075]). Salado transport
results (Section 3.3) show that these small amounts of brine were uncontaminated. In many of
these vectors, all of the flow occurs over a very short period (less than 100 years) after the
borehole plugs disintegrate at 1200 years. In another 20 or so realizations, brine flow continues
upwards in the borehole during the remainder of the 10,000 year regulatory period. Brine flow up
the borehole into the bottom of the panel exhibited this same behavior (Figure A.2.1-18
[GVAR_072)). In fact, the three highest borehole flows at the top of the panel (vectors #28,
#34,and #57) correspond to the three highest flows at the bottom of the panel (vectors #28,
#354,and #57). This behavior is different than that observed in the CCA where the top realization
resulted from a combination of high borehole permeability, high marker bed permeability, and low
gas generation rate. These characteristics produced the following responses. The low gas
generation rate left the panel at low pressure when the intrusion occurred. The low panel
pressure, in combination with the high borehole permeability, allowed a large quantity of brine to
flow down into the panel from the Culebra, Magenta, and Dewey Lakes and fill the panel
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relatively quickly. The high marker bed permeability enhanced the flow of brine in from the
marker beds, which forced the large amount of brine occupying the panel back up the borehole.

Flows up the borehole at the top of the DRZ (i. e., at the bottom interface of MB138)

(Figure A.2.1-22 [GVAR_078]) are similar (both in magnitude and trend) to flows up the
borehole beyond the top of the panel (Figure A.2.1-17 [GVAR_073]). For example, the top four
realizations (#28 (1.02 x 10° m’), #54(7.5 x 10* m®), #57 (6.6 x 10°m®), and #72 (6.5 x 10° m?))
for flows at the top of the DRZ correspond, to the top four realizations for flows at the top of the
panel (#28 (1.01 x 10° m%), #54(7.5 x 10* m®), #57 (6.6 x 10°m®), and #72 (6.5 x 10° m?)). Note,
however, the absence of the realizations that produce, after intrusion, immediate flows beyond
the top of the panel. In the CCA, flows up the borehole at the top of the DRZ were substantially
lower with maximum quantity at 10,000 yrs of 3.5 x 10* m?.

Gas flow down the borehole and into the Castile reservoir occurs in only six realizations

(Figure A.2.1-23 [GVAR_103]). These six realizations are all high gas producers with low
initial Castile reservoir pressures. Gas flow takes place during the 200 years following the ,
intrusion, when the section of the borehole between the Castile and the panel is fully open, with a
permeability of 1.0 x 10° m®. The amount of gas that flows into the Castile ranges up to 3 x 10°
m’ (versus up to 1.4 x 10° m’ in the CCA) resulting in average gas saturations in the bfine
reservoir ranging from 0.0001 to 0.0038 (Figure A.2.1-24 [GVAR_041]): After 1200 years, gas
flow into the Castile ceases. Only a small fraction of the gas that flows into the Castile flows
back out (Figure A.2.1-25 [GVAR_104]): about 400 to 2100 m’. o

In the CCA, Latin Hypercube Sampling of Castile brine reservoir properties produced five
discrete Castile brine reservoir volumes approximately equal to 3.2 x 10° m?, 6.4 x 10* m?, 9.6 x
10°m’, 12.8 x 10* m’, and 16 x 10* m>. Figure A.2.1-26 [GVAR_139] shows the volumes of
brine in the Castile reservoir with time used in the PAVT. Recall that these brine volumes are
inversely correlated with the compressibility of the Castile reservoir. Note that brine volumes are
approximately two orders of magnitude higher in the PAVT as compared to the CCA. Because
brine volumes are so large, the reduction in brine volume at the time of intrusion is relatively
insignificant (recall that the largest value of brine flow into the bottom of the panel is 1.12 x

10° m®) and almost undetectible on the plot. The pressure in the Castile reservoir

(Figure A.2.1-27 [GVAR_028]) shows a drop in pressure after intrusion followed by a gradual
pressure decline in approximately 20% of the realizations or very little pressure decline in the
remaining realizations. A few realizations exhibit a slight increase in pressure at the time of
intrusion, in these cases the panel pressure at the time of intrusion is sufficiently higher than the
initial Castile pressure to force some fluid to flow downward to the Castile.

Brine flow up the shaft (Figure A.2.1-28 [GVAR_069)) is small compared to the flow up the
borehole, ranging from 0 m’ 10 67 m® (versus 48 m3 in the CCA). It is Interesting to note that
brine flow up the shaft does not begin until after the borehole intrusion. As in the CCA, this
brine is believed to originate in the upper section(s) of the shaft. This conclusion is based on
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examination of flows at different locations in the shaft for individual realizations and cannot be
verified until Salado transport simulations are analyzed.

Small amounts of brine flow in continuously from the panel seal into the panel (Figure A.2.1-29
[GVAR_181)), primarily as a result of the panel being down-dip from both the rest of the
repository and the DRZ beneath the repository. In some instances, flow from the seal into the
panel stops or is reversed when intrusion occurs and the panel becomes pressurized with Castile
brine. The largest flows seen in (Figure A.2.1-29 [GVAR_181]) are a result of brine entering the
panel and rest of the repository from either the Castile or the Culebra, or both, and then, at
subsequent times, inflow from the marker beds drives brine back through the panel seal and up
the borehole. Most flow from the panel seal into the rest of the repository occurs following the
intrusion (Figure A.2.1-30 [GVAR_182]) as Castile or Culebra brine fills the excavated regions
with brine. Consequently, cumulative brine flows across the panel seal and out of the panel are
very similar to cumulative brine flow across the panel seal and into the rest of the repository
(Figures A.2.1-30 [GVAR_182] and A.2.1-31 [GVAR_183]): they both show flow in the
northerly direction, from the panel towards the rest of the repository. Also, flow from the
repository into the panel seal (Figure A.2.1-32 [GVAR_184]) is similar to flow across the panel
seal and into the panel (Figure A.2.1-29 [GVAR _181]). The characteristics of the panel seal
flows described above are very similar to thos predicted in the CCA.

A.2.1.1.2  Behavior in Formations Surrounding the Repository
A.2.1.12.1 Two-Phase Flow

Gas flows into the interbeds are presented in Figures A.2.1-33 [GVAR_106]to A.2.1-39
[GVAR_112]. Relatively few realizations (compared to the Undisturbed scenario) result in gas
flow from the DRZ into the marker beds. In MB138, the largest of seven realizations shows
36,000 m® (versus 40,000 m’ in the CCA) flowing to the north (Figure A.2.1-33 [GVAR_106])
and 62,000 m’ (versus 35,000 m’ in the CCA) flowing to the south (Figure A.2.1-36
[GVAR_109]). In Anhydrite a and b (Figures A.2.1-34 [GVAR_107] and A.2.1-37
[GVAR_110]), many realizations show small flows of gas (less than 6,000 m’). In eight (versus
3 in the CCA) realizations more than 10,000 m® flow out; the maxima are 400,000 m3 to the
north and 130,000 m’ to the south (versus 133,000 m* and 77,000 m’, respectively, in the CCA).
In MB139, a maximum of 800,000 (versus 11,400 m® in the CCA) flows to the north (Figure
A.2.1-35 [GVAR_108]); to the south, there is substantial gas flow in only two realizations, the
larger flow being 66,000 m’ (versus 9,400 m* in the CCA) (Figure A.2.1-38 [GVAR_111]). At
the end of the 10,000 year regulatory period, a maximum of 1.25 x 10° m? (versus 2.9 x 10° m® in
the CCA) has flowed from the DRZ into the marker beds (Figure A.2.1-39 [GVAR _112]). Note
that in several realizations, the flow of gas out into the interbeds continues well after the borehole
penetrates the panel. This behavior is in contrast to the behavior observed in the CCA, where the
flow of gas out into the interbeds in all realizations stopped when the borehole plugs degraded.

A-18



Once the borehole plugs degrade at 1200 years, large volumes of gas [up to 1.85 x 107 m*(8.5 x
10° m*)] are vented up the borehole (Figure A.2.1-16 [GVAR_101]). In several realizations, gas
flow from the panel continues as long as gas is generated. In the CCA, gas flow from the panel
generally occurred over a shorter period of time, about 500 years. Larger volumes of gas flow up
the borehole from the DRZ (Figure A.2.1-40 [GVAR_102]]). The total amount of gas vented up
the borehole ranges up to 38 x 10°m’ (32 x 10° m®). The maximum total amount of gas
generated is 42 x 10° m® (36 x 10° m® (Figure A.2.1-13 [GVAR_022]). Thus, as in the CCA, a
large fraction of the gas generated eventually flows up the borehole. Very little gas flows up the
shaft. Figure A.2.1-41 [GVAR_100] shows that a maximum of 25 m® (22 m’) flows up the shaft
at the interface between the Salado and Rustler formations. A detailed examination of gas flows
at different locations in the shaft found that this gas came exclusively from the asphalt shaft seal
immediately below this interface. None of this gas originates from lower elevations in the shafi,
including the repository. Thus, the shaft seals are very effective in keeping gas from flowing up
the shaft.

In addition to the shaft and borehole pathways, potentially contaminated brine can get to the land
withdrawal boundary by flowing from the repository through the DRZ and into one of the
permeable anhydrite layers (MB138 or 139 or the combined Anhydrite a and b). These flows are
examined next. ‘

Cumulative net brine flows into and out of the DRZ region surrounding the repository from all
anhydrite layers is shown in Figure A.2.1-42 [GVAR_099] and are listed in Table A.2.1-1. In
this figure, positive values indicate flow inward. Net inward flow occurs in all but three (zero)
realizations, with the maximum being 32,000 m’ (64,000 m*). The distribution of net brine flows
among the various anhydrite layers to the north and south of the repository are shown in

Figures A.2.1-43 [GVAR_093]to A.2.1-45 [GVAR_095] and Figures A.2.1-46 [GVAR_096] to
A.2.1-48 [GVAR _098]. In these figures, positive flows are to the north and negative flows are to
the south. These figures show that almost all net flows are inward with less than five exceptions.

Table A.2.1-1. Cumulative Net Interbed Brine Flows for
E1 Intrusion at 1000 Years (S3 Scenario)

Marker=Be i Max. Net Brine Flow from Max. Ncﬁ%rine Flow
MB into DRZ, m? from DRZ into MB, m?

MB138 North 40(300) 40(4)
MB138 South 1,080(3,700) 0(0)
Anhydrite a & b North | 4,180(8,800) 0(0)
Anhydrite a & b South | 5,000(9,800) 0(0) I
MB139 North 10,700(20,200) 1,000(100) [
MB139 South 10,800(21,200) 2,800(200) |
All Marker Beds 32.800(64.000) 3.800304) |

The maximum amount of brine that flows in from the marker beds is about 70% (50%) smaller
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(greater) than the maximum that flows up the borehole from the Castile, 32,800 m*(64,000 m’)
vs.112,000 m'(44,000 m®). Note that in the CCA this flow condition was reversed with the
maximum amount of brine flow from the marker beds 50% greater than the maximum that flows
up the borehole from the Castile.

The corresponding cumulative flows out all anhydrite layers and across the land withdrawal
boundary are summarized in Figure A.2.1-49 (GVAR_174] and Table A.2.1-2. Flows in
individual layers are presented in Figures A.2.1-50 [GVAR_168] to A.2.1-55 [GVAR_173). As
shown, brine flow out across the land withdrawal boundary occurs in only one vector (#38) and
the majority of flow occurs northward. The maximum volume released in all marker beds over
the 10,000 years regulatory period is 2,630 m*(1.28 m®). Note that this amount is much larger
than was calculated in the CCA. An examination of the sampled parameter values for vector #38
indicate that this vector had the highest sampled MB139 permeability in combination with the 7th
highest sampled DRZ permeability and the 17th lowest borehole permeability. This vector also
had a very low DRZ porosity and a low far-field pressure. However, this brine does not come
from the repository since at most 1315 m® flows to the north into MB139 from the DRZ, which is
far less than the pore volume of MB 139 which is 155,500 m’ between the repository and the land
withdrawal boundary. This conclusion is verified by the Salado transport calculations analysis.

Table A.2.1-2. Cumulative Interbed Brine Flows Qutward Across Land
Withdrawal Boundary for E1 Intrusion at 1000 Years (S3 Scenario).

Marker Bed Maximum Brine Outflow acroW
Withdrawal Boundary, m
MB138 North 106(0.19)
MBI138 South 120(0.0)
Anhydrite a & b North 488(0.27)
Anhydrite a & b South 118(0.0)
MB139 North 1,315(0.82)
MB139 South ' 483(0.0)
All Marker Beds 2630(1.28)

A.2.1.1.2.2 Mechanical Response

In most realizations, gas is not generated at sufficiently high rates to reach fracture pressures prior
to the intrusion at 1000 years. After the intrusion, the borehole prevents pressures from building
up in all but a few realizations to the point where fracturing could again take place. Asa
consequence, fracturing in the interbeds occurs in only a few realizations (A.2.1-56 [GVAR_113]
to A.2.1-61 [GVAR_118)). The most extensive fracturing (vector #78) occurs to the north in
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Anhydrite a and b and Marker Bed 139, the fracture length is 400 m. In the CCA, most of the
fracturing occurs to the north in Marker Bed 138 and Anhydrite a and b, the fracture length up to
100 m. In these layers, the fracture length is 100 m. Other realizations displayed fracturing only
in Anhydrite a and b to the north, and in Marker Bed 139, both north and south. In these
realizations, the maximum extent was 30 m. Note that fracture curves that go to zero indicate
fracture closure as pressures decrease.

DRZ fracturing occurs in about 20 vectors, however, in most vectors DRZ fractures close in less
than 500 years after the borehole intrusion. Significant fracturing in the DRZ after intrusion
occurs in only about 5 realizations, as indicated by increasing DRZ permeability (Figure A.2.2-62
[EX_H033]). Vector #78 exhibits the largest DRZ permeability increase (vector with highest
permeability after 2000 years). This vector had a low borehole permeability (rank of 5), a low
marker bed permeability (rank of 8), and a relatively high initial DRZ porosity (rank of 61). Note
that this vector also produced the most extensive marker bed fracturing. DRZ porosity increases,
indicative of DRZ fracturing are also evident in several realizations (Figure A.2.2-63
[EX_H022]). Only one realization (#78) results in a long-term DRZ permeability greater than
1x10"" m* and porosity greater than 0.035. Mean, median, and maximum values for DRZ
permeability and porosity are shown in Table A.1-3. '

A.21.2 Comparison with Other Intrusion Time [350-year version of E1 (S2 Scenario)]

The S2 Scenario is another E1 scenario in which the intrusion occurs at 350 years instead of
1000 years. The borehole properties are the same as in the 1000-year intrusion, but changes take
place 650 years earlier. At 350 years, the borehole is open with a permeability of 1.0 x 10 m?
from the Castile brine reservoir up to the surface, except for two plugs, each having a
permeability that is sampled from a range of 1.0 x 10 to 1.0 x 10" m? (5.0x 10" m?). The
plugs are located in the Unnamed Member of the Rustler Formation and in the Santa Rosa
Formation. After 200 years, the plugs degrade into silty sand and the rest of the borehole
becomes filled silty sand; the entire borehole has a sampled permeability that ranges from 5.0 x
1070 1.0 x 10™ m? (1.0 x 10™ m* to 1.0 x 10! m’). These conditions persist for 1000 years.
At 1550 years, the segment of the borehole from the Castile to the waste panel undergoes creep
closure, resulting in a decrease in permeability by a factor of 10 from the sampled value. These
conditions remain in effect for the remainder of the 10,000 years.

Since the intrusion time is earlier (350 years), not as much gas is generated prior to intrusion. As
a result, the pressure in the waste does not build up as high prior to intrusion as in the 1000-year
intrusion scenario. The peak pressure observed in the waste panel at the 350-year intrusion is
12.4 MPa (12.2 MPa), compared with 14.0 MPa (14.1 MPa) in the 1000 T Intrusion scenario
(S3). However, at later times the peak pressure in S2 is 16.7 MPa versus 15.5 MPa in Se6.
Becanse of higher repository pressure at later times, increased fracturing of the marker beds
occur. Note that in the CCA, peak repository pressures in the S2 scenario were less than those in
the S6 scenario and as a result fracturing did not occur. In the PAVT S2 scenario, the maximum
fracture length is 1900 m to the north in MB139 and MB a and b compared to 400 m in S6.
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Although peak pressures are higher in S2 than in S3, approximately the same amount of gas is
generated over the 10,000 years. The reason for this behavior appears to be that the additional
brine provided by the earlier intrusion is used to drive reactions faster. After 1000 years,
approximately the same amount of brine is available for the reactions regardless of whether the
wmtrusion occurs at 350 years or 1000 years. The cellulose inventory is again fully consumed in
most vectors, as it is in the 1000 yr case, in all but the same 8-10 realizations.

Except for some transients between 350 and 1200 years, the porosity in the waste differs very
little from the later intrusion. After the first few hundred years, the porosity is a damped response
to pressure and tracks the waste pressure very closely. After about 1200 years, the pressure in
the waste behaves similarly in both the earlier and later intrusions. Because the pressure in the
waste panel is Jess at the time of intrusion when the intrusion occurs at 350 years, more brine is
able to flow immediately into the panel from the Castile — a maximum of 115,000 m’® (53,000 m®)
compared with 87,000 (44,000 m®) immediately following the 1000-year intrusion. However,
maximum brine flow up the borehole from the top of the DRZ is approximately the same because
the long-term flows, which are the largest, are controlled primarily by the large Castile brine
pocket. As in the S3 scenario, only very small amounts of uncontaminated brine (<1.2 m%) flowed
. upward in the borehole beyond the top of the Rustler. Since the amount of gas generated is
approximately the same regardless off intrusion time, the lower initial pressure results in a
correspondingly lower driving force for brine up the borehole, As in all other scenarios and
replicates, very little brine flows up the borehole beyond the Rustler in any realization in this
scenario; almost all of it flows into the Culebra.

Net brine flow into the DRZ from the marker beds is about the same for the 350-year intrusion as
for the 1000-year intrusion. The maximum amount is slightly lower at 26,000 m’ in S2 than the
32,800 m’ in S3 (in the CCA the corresponding volumes were 62,000 m® vs. 64,000 m’ in the
1000-year intrusion). Conversely, net brine flow out of the DRZ and into the marker beds is
higher in the earlier intrusion. The maximum outflow is $200 (233 m’), compared with 3800 m?
(670 m’) after the later intrusion. The maximum brine outflow in all marker beds across the land
withdrawal boundary is similar in both S2 and $3, 2500 m’ (0.8 m’) and 2600 m® (1.3 m?),
respectively.
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SNL WIPP C97: BRAGFLO SIIV.ATIONS (C97 R1 S3)

Volume-Averaged Pressure in Rest of Repository
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. SNL WIPP C97: BRAGFLO SIIV.ATIONS (C97 R1 S3)

Volume-Averaged Brine Saturation in Waste Panel
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SNL WIPP C97: BRAGFLO SIM@)ATIONS (C97 R1 S3)

Volume-Averaged Brine Saturation in Waste Panel plus Rest of Repository
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Remaining Fraction of Steel Inventory
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Remaining Fraction of Cellulose inventory

-dimensionless { *10™ )

= _
LL]
oC J
_|[ ]
1
L 2
O
<
O =
c:‘l
=
> | - | l ] 7 l
(D 0.0 hy e — + 1 ¥ i i ¥ i ¥ i : | I I |
0.0 2.0 4.0 6.0 8.0 10.0

Time - Years ( *10°)

$1$DAAT:(JEBEAN.CS7 SUMMZ R153]SPLAT_R1_S3_H004.INP;1 SPLAT_PAge_2 1.02 05/27/37 07:50:34



@  SNLWIPP C97: BRAGFLO SIM@ATIONS (G97 R1 S3)

Remaining Fraction of Steel Inventory in Waste Panel
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Remaining Fraction of Steel Inventory in Rest of Repository
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Total Gas Volume Generated by Corrosion
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Brine Consumed in Waste Panel
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Brine Consumed in Rest of Repository
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Total Gas Volume Generated by Microbial
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Total Gas Volume Generated
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Total Gas Volume Generated in Waste Panel
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Volume-Averaged Porosity in Waste Panel plus Rest of Repository

1L 10.0 T T T |
o -
~ R
o~ T i
— 'o 8_0 -
r i
N —
m -
)]
@ .
S 6ol
o
c
D
E
Q
% 4.0
ELl
III
<
&b 2.0
w »
<
o _
<{ _
= l
(D 0.0 1 | 1
0.0 2.0

$13DRA1:[JEBEAN.C97 SUMMZ R1S3JSPLAT_R1_S3_H052.INP;1

4.0 6.0
Time - Years ( *1 0° )

10.0

SPLAT_PAGs 21.02 05/27/97 10:07:02



@  S\NL WIPP Co7: BRAGFLO SIM@ATIONS (Co7 R1 S3) ¢
Cumulative Gas Flow up Borehole at Top of Panel (E:471)
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Cumulative Brine Flow Up Borehole at Top of Panel
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Cumulative Brine Flow up Borehole at Bottom of Panel (E:599)
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SNL WIPP C97: BRAGFLO SIN.ATIONS (C97 R1 S3)
Cumulative Brine Flow Down Borehole at MB 138 (E:223)
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SNL WIPP C97: BRAGFLO SIM@ATIONS (C97 R1 S3)

Cumulative Brine Flow Down Borehole at Top of Panel (E:471)
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. SNL WIPP C97: BRAGFLO SIN.ATIONS (C97 R1 S3) .
Cumulative Brine Flow up Borehole at Top of Rustler (E:841)
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. SNL WIPP C97: BRAGFLO SIN.ATIONS (C97 R1 83) .
Cumulative Brine Flow up Borehole from Top of Upper DRZ (E:575)

1.2 T T Y ] T T T | ) T T I T T ] | T T T

7\ N i
4 i il
> 1.0 |- . =
N — i rx)
. [T'e] -
— O N _
\ M
™~ — B -
o ® 08| —
E : 4 N
N
g -
8 06|
= a
m i
pd
m
.. 0.4 -
0
I~
C)l N
ﬂ: =
< o2
(D L
0.0 '
0.0 10.0

Time - Years ( *10? )

$1350RA1:[JEBEAN.CA7 SUMMZ R1S3]SPLAT _R1_53_Ho78.INP;1 SPLAT_PAD6_2 1,02 05/27/97 11:17:31



@  SNL WIPP C97: BRAGFLO SIM@ATIONS (C97 Rt S3)

Cumulative Gas Flow into Brine Pocket (E:985)
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SNL WIPP C97: BRAGFLO SIN.ATIONS (C97 R1 83)

Gas Saturation in Brine Pool
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@  SNLWIPP C97: BRAGFLO SIM@ATIONS (C97 R1 S3) @

Cumulative Gas Flow Out of Brine Pocket (E:985)
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@  SN- WIPP Co7: BRAGFLO SIM@ATIONS (CO7 R1 S3) ()

Brine Volume in Brine Pocket
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SNL WIPP C97: BRAGFLO SIM@ATIONS (C97 R1 S3)

Volume-Averaged Pressure in Brine Pocket
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@  SNLWIPP Co7: BRAGFLO SIM@ATIONS (Co7 R1 S3) ¢
Cumulative Brine Flow up Shaft at top of Salado (E:661)
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@ S\L WIPP C97: BRAGFLO SIM@ATIONS (C97 R1 S3)

Cumulative Brine Flow out of Panel Seal into Waste Panel
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SNL WIPP C97: BRAGFLO SIM@ATIONS (C97 R1 S3)

Cumulative Brine Flow out of Panel Seal into Rest of Repository
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@ SN WIPP C97: BRAGFLO SIM@ATIONS (C97 R1 S3)

Cumulative Brine Flow into Panel Seal out of Waste Panel
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. SNL WIPP C97: BRAGFLO SIN’ATIONS (G97 R1 S3)

Cumulative Brine Flow into Panel Seal out of Rest of Repository
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@ S\ VPP C97: BRAGFLO SIM@ATIONS (C97 Ri S3) (]
Cumulative Gas Flow from DRZ into North MB 138
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@ SN WIPP C97: BRAGFLO SIM@ATIONS (C97 R1 S3) C )
Cumulative Gas Flow from DRZ into North Anhydrite A/B
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@ SNLWIPP C97: BRAGFLO SIM@ATIONS (C97 R1 S3)
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GVAR_108: GSM39NOC

Cumulative Gas Flow from DRZ into North MB 139
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. SNL WIPP C97: BRAGFLO SIM.ATIONS (C97 R1 S3)
Cumulative Gas Flow from DRZ into South MB 138
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. SNL WIPP C97: BRAGFLO SIM.ATIONS (C97 R1 S3)
Cumulative Gas Flow from DRZ into South Anhydrite A/B
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. SNL WIPP C97: BRAGFLO SIIV.ATIONS (C97 R1 83)
Cumulative Gas Flow from DRZ into South MB 139
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@ SN WIPP C97: BRAGFLO SIV@ATIONS (C97 R1 S3) o

Cumulative Gas Flow from DRZ into Marker Beds
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@ S\ WIPP C97: BRAGFLO SIMATIONS (C97 R1 S3) ()
Cumulative Gas Flow Out of Upper DRZ at Borehole (E:575)
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. SNL WIPP C97: BRAGFLO SIIV.ATIONS (C97 R1 S3)

Cumulative Gas Flow up Shaft at Top of Salado (E:661)
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@  S\LWIPP C97: BRAGFLO SIM@ATIONS (C97 R1 S3) o
Net Brine Flow into DRZ from All Marker Beds
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SNL WIPP C97: BRAGFLO SIM.ATIONS (C97 R1 S3)
Net Brine Flow at North MB 138
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@  S\L WIPP Co7: BRAGFLO SIM@ATIONS (C97 R1 S3) ()
Net Brine Flow at North Anhydrite A/B
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. SNL WIPP C97: BRAGFLO SIIV"-\TIONS (C97 R1 S3)
Net Brine Flow at North MB 139
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. SNL WIPP C97: BRAGFLO SIM.ATIONS (G97 R1 S3)
Net Brine Flow at South MB 138
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@  S\L WIPP C97: BRAGFLO SIM@ATIONS (CO7 R1 S3) @
Net Brine Flow at South Anhydrite A/B
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. SNL WIPP C97: BRAGFLO SIM.ATIONS (C97 R1 S3)
Net Brine Flow at South MB 139

S\ 15.0 1 T T | T T 7 | T T T | T T 1 | ¥ T T
> i ]
N - =
N 12.0 - ]
v i i
A © : .
® ;‘3 - )
o 90 -
g C i
= : ]
> [ :
(7)) 6.0 o
(®)] B i
™ _
E - /
G: -
o0 [ ]
. 3.0 |
o i
O) =
OI N
e(: "
> 0.0 —
) i J
_3.0 i i 1 ] | 1 1 1 -
0.0 2.0 8.0 10.0

Time - Years ( *10° )

$1$DRA1:{JEBEAN.C97 SUMMZ. R1S3]SPLAT_R1_S3_H0S8.INP;1 SPLAT_PAS6_2 1.02 05/27/97 12:10:29



@  SNL WIPP C97: BRAGFLO SIME@ATIONS (C97 R1 S3) o

Cumulative Brine Flow Out of All Marker Beds Across Land-Withdrawal Boundary
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@  SNL WIPP Co7: BRAGFLO SIMEATIONS (C97 R1 S3) o
Cumulative Brine Flow Out North MB 138 Across Land-Withdrawal Boundary
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A.2.2 E2 Intrusion at 1000 Years (S5 Scenario)

Scenario E2, like Scenario E1, also involves a borehole that penetrates the waste-filled panel.
Unlike the E1 scenario, however, the borehole does not go beyond the panel and into the
underlying brine reservoir. The borehole is assumed to be emplaced mstantaneously and plugged
at the time of intrusion. Except for the plugs, the borehole is assumed to have a porosity 0f 0.32,
with the high permeability of 1.0 x 10 m’. One plug extends from the top of the Salado
formation up through the Unnamed member of the Rustler formation. The other plug extends
downward from the surface through the Santa Rosa formation. The permeability of the two plugs
ranges from 1.0 x 10 to 1.0 x 1077 m? (is 5.0 x 107 m?). These conditions exist for 200 years,
At 200 years after intrusion, the borehole material propetties are modified to represent the impact
of caving, sloughing, and plug degradation. At this time the borehole is assigned uniform
properties, with a permeability sampled from a range of 5 x 107 to 1 x 10" m? (10" to

10" m?). These conditions persist for the remainder of the 10,000 years.

A.2.2.1 Replicate 1 Results and Discussion
A.22.1.1 Repository Behavior

The time dependence of pressures in the waste panel and rest of repository are shown in

Figures A.2.2-1 [GVAR_023] and A.2.2-2 [GVAR_024). As in the El scenario, pressure
responses in the experimental and operation regions are nearly identical to those in the waste
panel and rest of repository because the permeability of excavated regions, drift and panel seals,
and the DRZ are high and on the order of 10" m?. In a few realizations where the DRZ or lower
shaft permeability is low, on the order of 10" m?, the experimental area shows a slower pressure
response, however, this behavior does not influence the rest of the repository or the surrounding
formations. In many realizations, pressures increase rapidly during the first 1000 years. These
rapid increases in pressure are caused by a high gas generation rate coupled with creep closure.
In these realizations, plastics and rubbers are included in the inventory of biodegradables; this
results in a higher net rate of gas generation during the first 1000 years. In some realizations, the
pressure reaches a maximum. In contrast to this behavior, some realizations (near the bottom of
the plots) exhibit slowly increasing pressures. In these realizations, there is very little gas
generation from corrosion (sampled corrosion rates are among the lowest) and none from
biodegradation. The third type of behavior exhibited in Figures A.2.2-1 [GVAR_023] and
A.2.2-2 [GVAR_024] is a moderately rapid initial rise in pressure. This behavior is a result of
creep closure in combination with intermediate gas generation rates.

After intrusion, the rate of pressure increase tends to decrease slightly for 200 years. Recall that
at the time of intrusion, the borehole has a high permeability of 1.0 x 10°° m? everywhere except
for two concrete plugs having a permeability ranging from 1.0 x 10" to 1.0 x 10" m? (5.0 x 10"
'm’). These plugs are located above the Salado in the Santa Rosa and Unnamed Members.
These borehole conditions remain for 200 years after intrusion, at which time the borehole plugs
degrade. Four (Three) general types of pressure behavior then follow. In approximately 20% of
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the realizations, pressures decrease dramatically. In approximately 10% (5%) of the realizations,
pressures continue to gradually increase for several thousand years followed by a period of
decreasing pressure. In these realizations, sufficient quantities of brine flow into the panel to
maintain relatively high gas generation rates due to corrosion and increasing pressure conditions.
Corrosion continues in many realizations over the full 10,000 years regulatory period. Gas
generation due to microbial degradation, however, has largely ceased as the cellulose inventory
has been exhausted, generally within 1500 years. The third type of response is for the pressure to
rise relatively rapidly following a period of low or slowly decreasing pressure. The time lag
between intrusion and repressurization lasts from 500 to over 5000 years. During this time gas
that has filled the panel is driven up the intrusion borehole as brine flows into the waste through
the anhydrite layers. Once the borehole is filled with brine, the pressure in the waste reaches
hydrostatic pressure relative to the water table in the Dewey Lakes, and then levels off, Note that
in the E2 scenario more realizations take longer for the pressure in the repository to rise to
hydrostatic pressure than did in the E1 scenario. Final pressures above hydrostatic pressure occur
in those realizations having high corrosion rates and a relatively low borehole permeability
(sampled parameter ranging from 5.0 x10"" to 1.0 x 10" m® (1.0 x10™ to 1.0 x 10! m?)) that
prevents gas from easily escaping the panel and repository. Pressures below hydrostatic occur in
those realizations where the borehole is filled predominately with gas. The fourth type of
response (approximately 15% of the realizations) is for the pressure to remain relatively constant
following intrusion. This behavior is centered in two pressure ranges, 8-9 MPa and 12-13 MPa.
The driving factors for this fourth type of behavior are similar to the third type, the difference
being that for the fourth type post-intrusion pressures are already above hydrostatic.

A2.2.1.1.1 Gas Generation

The fraction of the initial steel inventory that remains after 10,000 years (Figure A.2.2-3
[GVAR_003]) ranges from about 3% to 98% (3% to 82%), compared with 3 % to 97% (3% to
84%) in the El scenario. The profiles of steel consumption with time are also very similar to the
El results. Approximately one third of the realizations show slow but steady corrosion over the
full 10,000 years, indicating that corrosion is controlled by the corrosion rate rather than by the
availability of brine. In numerous other realizations, steel consumption slows significantly after
varying lengths of time, indicating that corrosion eventually becomes controlled by the amount of
brine available, rather than the corrosion rate. In some realizations, corrosion slows fairly early,
between 1000 and 2000 years, and the rate never picks up again. It is also interesting to note that
the intrusion has an insignificant impact on corrosion in the majority of realizations.

The consumption of cellulose (Figure A.2.2-4 [GVAR_004]) is nearly identical to both the E1
and Undisturbed scenarios. As in these preceding scenarios, the biodegradation rate is much
faster than the corrosion rate and nearly all of the cellulose is reacted before corrosion consumes
the brine needed for reactions to take place. Only in nine (two) realizations does any appreciable
amount of cellulose remain after the intrusion.

The total amount of gas generated is similar to that generated in the E1 scenario, ranging from
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about 2.4 x 10°m’* to 3.5 x 10" m® (1.5 x 10° m® to 3.6 x 10’ m*) at reference conditions over
10,000 years. The distribution of amounts generated differs slightly, with the mean gas volume
being higher in the E1 scenario (1.72 x 10" m® (1.74 x 10" m*)) than in the E2 scenario (1.39 x
10" m’ (1.60 x 107 m*)), reflecting the greater availability of brine from the Castile Formation.
Similar amounts of brine are consumed in the E2 and E1 scenarios, a maximum of 49,600 m’
(41,000 m*) in the E2 scenario compared with 48,400 m’ (44,000 m’) in the E1 scenario.

A22.1.12 Halite Creep

Creep closure of the repository and consolidation of the waste behaves similarly in all
realizations, as it did in the E1 scenario. In all cases, a very rapid reduction in porosity (Figure
A.22-5 [GVAR_052]) occurs during the first 300 - 500 years. At the time of intrusion, the waste
porosity has mostly leveled off at values ranging from 8% to 22% (8% to 20%), depending on the
pressure in the waste. When the pressure is high, the porosity remains higher as fluid pressures
resist further closure. When the intrusion occurs, the borehole connects the panel with the
overlying formations and atmosphere. However, the low permeability plugs located above the
Salado in the Santa Rosa and Unnamed Members effectively prevent communication with
overlying formations for two hundred years subsequent to intrusion. After 200 years, the plugs in
the borehole degrade, raising the borehole permeability to the sampled value. This increase in
permeability allows gas and brine to escape up the borehole, reducing the pressure in the waste,
and causing the porosity to further decrease. In some cases, the repository pressure and porosity
are prevented from decreasing significantly because the borehole permeability is sufficiently low
and the gas generation rate is sufficiently high. In other cases, the pressure continues to increase
after intrusion. After about 2000 years, the pressure and porosity in the waste generally stabilize.
The minimum porosity tends to drift very slowly downward over time, reaching approximately
5% by 10,000 years. This porosity is just slightly greater than the minimum porosity computed
by SANTOS for a repository at low pressure. The maximum porosities level off at about 21%
(18%), corresponding to pressures ranging up to 14 MPa (9 MPa).

Some realizations display more rapid transient responses at later times. In some cases where
brine influx is slow but steady, the portion of the borehole above the repository remains gas-filled
for hundreds or thousands of years. This gas-filled connection to the overlying formations and
the surface keeps the repository at near-atmospheric pressures. If enough brine flows in, all of
the gas (down to residual gas saturation) is eventually driven out of the panel and both the panel
and borehole fill with brine. This gas is either driven up the borehole or forced up-dip into the
rest of the repository and DRZ. As the panel and borehole fill with brine, the pressure in the
repository will increase fairly rapidly until hydrostatic pressure relative to the water table in the
Dewey Lakes is reached. This relatively rapid increase in pressure, and the resulting increase in
porosity, can be seen in some realizations between 2000 and 8000 years, both in the pressure plot
(Figure A.2.2-1 [GVAR_023]) and in the porosity plot (Figure A.2.2-5 [GVAR_052]).
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A221.1.3 Fluid Flow

Cumulative brine flow into the repository is shown in Figure A.2.2-6 [GVAR 054]. Amounts of
brine entering the repository during the first 1000 years range from nearly zero to about

35,000 m’ (30,000 m®) with one extreme realization (#24) having almost 55,000 m*. Most of this
inflow occurs very early, as the repository equilibrates with the surrounding formations. At

1200 years, when the borehole plugs degrade and their permeability increases, the rate of brine
inflow increases in several realizations. In most cases, this increase is caused by brine flowing
down the borehole from the overlying Culebra and Dewey Lakes Formations. The majority of
realizations exhibit a slow but steady increase in brine inflow, reflecting the continual inflow
from the marker beds. Those realizations that display a rapid increase in brine inflow over the
2000 years following the intrusion eventually experience a rather sharp decline in inflow rate,
This decline in inflow rate occurs when the panel and rest of the repository fill, to the extent
possible, with brine flowing down the borehole. Thereafter, the rate of inflow is an indication of
the sampled permeability of the marker beds. After 10,000 years, the cumulative brine inflow
ranges from 240 to 133,000 m* (3,000 to 137,000 nr’).

Brine outflow from the repository (Figure A.2.2-7 [GVAR_039]) shows similar behavior to brine
inflow except that the outflow is delayed by the amount of time needed to fill the repository and
is much lower in quantity, ranging from zero to 45,000 m’ (91,000 m*) at 10,000 years. Those
realizations in which large amounts flow in by way of the borehole also have a lot of brine
flowing out by way of the borehole. The amount flowing out of the repository reflects a
combination of brine being driven out (either up the borehole or simply into the DRZ) by
continual brine inflow from the interbeds and by gas generated by corrosion. Brine outflow is
reduced when high corrosion rates consume brine. In many realizations, the brine consumption
rate is high enough that all brine inflow is consumed, keeping the brine outflow at or near zero.

Brine flow up the shaft ranges from 0 m’ to 57 m* (0 m’ to 48 m®) (Figure A.2.2-8
[GVAR_069]). There is no upward flow of brine from the repository level —This brine is
believed to originate in the upper section(s) of the shaft. This conclusion is based on
examination of flows at different locations in the shaft for individual realizations and is verified
in Section 3.0 describing the Salado transport analysis.

Flow up the borehole at the top of the panel (Figure A.2.2-9 [GVAR_073]) occurs in 20 (5)
realizations, in amounts ranging from less than 1 m’ to 4,400 m® (120 m® to 21,900 m®). The
realizations with the highest flows up the borehole all have a very high borehole permeability and
a low DRZ permeability. Brine flow up the borehole at the elevation of the Culebra

(Figure A.2.2-10 [GVAR_074]) is similar to flow at the top of the panel. At most 0.7 m?

(5.3 m”) of brine flows up past the top of the Rustler (Figure A.2.2-11 [GVAR_075]), and none
reaches the surface.
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A2.2.1.2 Behavior in Formations Surrounding the Repository
A2212.1 Two-Phase Flow

Once the borehole plugs degrade at 1200 years, large volumes of gas (up to 1.6 x 10" m®) (up to
9.5 x 10° m’) are vented up the borehole (Figure A.2.2-12 [GVAR_101]). Large amounts
continue to flow from the DRZ for as long as gas is generated (Figure A2 2-13[GVAR _102)).
The total amount of gas vented up the borehole ranges from about 300 m® up to 35 x 10° m® (1.0
x 10°m’ up to 32 x 10° m*). The maximum total amount of gas generated is 35 x 10° m’ (36 x
10° m’) (Figure A.2.2-14 [GVAR_022]). Thus, a large fraction of the gas generated eventually
flows up the borehole. Very little gas (less than 25 (22) m’) flows up the shaft (Figure A.2.2-15
[GVAR_100]).

Gas flow into the interbeds occurs in only 10 to 20% of the (a few) realizations, and the amounts
are very small compared to flow up the borehole. In MB138, the largest of the realizations
shows 38,000 m* (40,000 m®) flowing to the north (Figure A.2.2-16 [GVAR_106]) and 44,000
m’ (35,000 m°) flowing to the south (Figure A.2.2-17 [GVAR_109]). In Aphydrite 2 and b
(Figures A.2.2-18 [GVAR 107] and A.2.2-19 [GVAR_110Y), several realizations show small
flows of gas (less than 3,000 m*), but only in six (three) realizations does more than 10,000 m®
flow out; the maximum is 430,000 m® (133,000 m®) to the north. In MB139, a maximum of
420,000 m’ (11,000 m*) flows to the north (Figure A.2.2-20 [GVAR_108]); to the south, the
maximum flow is 550,000 m® (4,000 m®) (Figure A.2.2-21 [GVAR_111]).

Brine flow into and out of the marker beds in the E2 scenario are similar to that in the E1
scenario (Figures A.2.2-22 [GVAR_079] to A.2.2-42 [GVAR_099]). The maximum net flows
(Table A.2.2-1) are similar in the two scenarios. The highest flows out of the DRZ are into
Marker Bed 139, with about haif as much flowing northward as to the south. Compared to the
amount that flows into the DRZ, outflows are very small, about 10% (less than 1%) as large as
inflows,

Table A.2.2.-1. Cumulative Net Interbed Brine Flows for

E2 Intrusion at 1000 Years (S5 Scenario)

Marker Bed Max. Ne'E Brine Flow from MB | Max. Net Brine Flow from
into DRZ, m? DRZ into MB, m®

MB138 North 90 (300} 100 (4)

MB138 South 1650 (3700) 17 (0)
Anhydrite a & b North 4300 (8800) 0

Anhydrite a & b South 3300 (9860) 0(0)

MB139 North 11,100 (20,200) 1700 (100)
MB1392 South 12,600 21,200) 3300 (100)

All Marker Beds 34,000 (64,000) 5200 (200)
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The cumulative flows out all anhydrite layers and across the land withdrawal boundary are
summarized in Figure A.2.2-43 [GVAR_174] and Table A.2.2-2. Flows in individual layers are
presented in Figures A.2.2-44 [GVAR_168] to A.2.2-49 [GVAR_173]. As shown, only one
realization (#38) has brine flow out across the land withdrawal boundary. The maximum volume
released in all marker beds over the 10,000 years regulatory period is 2735 m’ (1.28 m®). The
high flow across the land withdrawal boundary in vector #38 is due to the combination of low
borehole permeability, very high DRZ and marker bed permeabilities, a very low DRZ porosity,
and a low far-field pressure. The brine that flows across the land withdrawal boundary does not
originate in the repository; rather, it is brine that is initially present in the marker beds, as is
demonstrated in Section 3.0 describing the Salado transport analysis. This result is not surprising
since the pore volume of Marker Bed 139 (which provides most of the flow in vector #3 3)
between the repository and the land withdrawal boundary is greater than 155,000 m®.

Table A.2.2-2. Cumulative Interbed Brine Flows Across Land Withdrawal Boundary
for E2 Intrusion at 1000 Years (S5 Scenario)

Marker Bed Maximtgn Brine Outflow across Land
Withdrawal Boundary, m’
MB138 North 110 (0.19)
MB138 South _ 125 (0.0)
Anhydrite a & b North 520 (0.27)
Anhydrite a & b South 120 (0.0)
MB139 North 1350 (0.82)
MB139 South 510 (0.0}
All Marker Beds 2735 (1.28)

A22.1.2.2 Mechanical Response

As in the E1 scenario, gas is not generated at sufficiently high rates in most realizations to reach
fracture pressures prior to the intrusion at 1000 years. After the intrusion, the borehole prevents
pressures from building up to the point where fracturing could again take place. Asa
consequence, fracturing occurs in less than 10 (only four) realizations (Figures A.2.2-50
[GVAR_113] to A.2.2-55 [GVAR_118]). Only two realizations, #58 and #38, have significant
fracturing. In realization #58 fracture lengths are 400 m in Anhydrite a and b north and 100 m in
other marker beds. In realization #38 fracture lengths are 400 m in Anhydrite a and b north and
Marker Bed 139 north. All marker bed fractures in realization #38 close up before 10,000 years.

Significant fracturing in the DRZ occurs in only about 3 realizations, as indicated by increasing
DRZ permeability (Figure A.2.2-56 [EX_H033]). Note that the permeability increase around
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1000 years in all realizations with permeability less than about 10" m? is an artifact of the
volume averaging scheme (which includes the 10*° m? borehole) and is not indicative of
fracturing. DRZ porosity increases, indicative of lesser DRZ, fracturing are also evident in some
of the realizations (Figure A.2.2-37 [EX_H022]). Only one realization (#58) results in DRZ
permeabilities greater than 1x10" m’ and porosities greater than 0.03. Mean, median, and
maximum values for DRZ permeability and porosity are shown in Table A.1-3.

A2.22 Comparison with Other Intrusion Time [350-year version of E2 (S4 Scenario)]

The $4 scenario is another E2 scenario in which the intrusion occurs at 350 years instead of at
1000 years as in the S5 scenario. The borehole properties are the same as in the 1000-year
intrusion, but changes take place 650 years earlier.

Because the 54 intrusion time is earlier (350 years), not as much gas 1s generated prior to
mtrusion, and the pressure in the waste does not build up as high prior to intrusion as in the §5
1000-year intrusion. The peak pressure observed in the waste panel in the 350-year intrusion is
10.5 MPa, compared with 14.0 MPa in the 1000 yr intrusion case. By 10,000 years nearly the
same amount of gas is generated. The reason for this is that sufficient brine is available for both
corrosion and biodegradation to proceed at their full rates for at least 1000 years without
requiring any supplemental brine from outside sources. Therefore, the earlier intrusion does not
provide any additional brine that can be used to drive the reactions faster. After 1000 years,
approximately the same amount of brine is available for the reactions regardless of whether the
intrusion occurs at 350 years or 1000 years. The cellulose inventory is again fully consumed, as
it 1s in the later intrusion case, within 1000 years in all but the same 8-10 realizations.

Except for some transients between 350 and 1200 years, the porosity in the waste differs very
little from the later intrusion. After the first few hundred years, the porosity is a highly damped
response to the pressure, and the waste porosity tracks the waste pressure very closely. After
about 1200 years, the pressure in the waste behaves similarly in both the earlier and later
intrusions.

The largest brine outflows occur in realizations in which large amounts of brine first flow down
the borehole from overlying formations. This initial downflow is greater in the S4 scenario
because the pressure in the waste is lower. Maximum brine flow up the borehole at the
Rustler/Culebra interface is 4800 m’ for S4 and 4500 m’ for S5. As in all other scenarios and
replicates, none of the brine flowing up the borehole reaches the surface in any realization in this
scenario; almost all of it flows into the Culebra.

Brine flow into the DRZ from the marker beds is slightly higher (about the same) for the
350-year intrusion as for the 1000-year intrusion. The maximum is 35,000 m? for $4 vs.
34,000 m’ for §5. Brine flow out of the DRZ into the marker beds is lower in the earlier
intrusion. The maximum outflow is 4500 m®, compared with 5200 m® after the later intrusion.
The maximum brine outflow in all marker beds across the land withdrawal boundary is about
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2600 m’ for S4 and about 2700 m’ for S5. The outflow across the LWB in all other realizations
in both scenarios is insignificant.

Gas flow up the borehole at the top of the panel is slightly greater than in the later intrusion, with
a maximum of 1.96 x 10’ m’ (at reference conditions), compared with 1.94 x 10’ m? in the 1000-
year intrusion. The maximum gas flow from the DRZ into the marker beds is also similar {more
than an order of magnitude lower than with the 1000-year intrusion). Because the shaft seals are
very effective in preventing brine or gas flow up the shaft, gas flow at the top of the Salado
originating in the asphalt seal is essentially independent of repository behavior, so those flows

are virtually identical (and insignificant at 24 m®) in both intrusion times.
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. SNL WIPP C97: BRAGFLO SII‘V.ATIONS (C97 R1 S5)

Volume-Averaged Pressure in Rest of Repository
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. SNL WIPP C97: BRAGFLO SIM.C\TIONS(CQT R1 S5)

Remaining Fraction of Steel inventory
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@  SNLWIPP C97: BRAGFLO SIME@ATIONS (C97 R1 S5) @

Remaining Fraction of Cellulose Inventory
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. SNL WIPP C97: BRAGFLO SIM.’-\TIONS (C97 R1 S5)

Cumulative Brine Flow into Repository
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SNL WIPP C97: BRAGFLO SIM@ATIONS (C97 R1 S5)

Cumulative Brine Flow Out of Repository

50 ) | I l 1 I 1 I | 1 I I 1 1 i I I
7 .
Y !
> o  40F
o o !
o -
I L
- 2; I
T 30|
'®) s
O "
o I
L
%: .
o 2.0
o0 . ,
léf.); - // -5f1‘53
' ——— |
U —7 1z
Eé 1.0 ] — S Y
> ’ i —— 3
0.0 & S —e/ 13,71, b8
0.0 2.0 4.0 6.0 8 10.0

Time - Years ( *10° )

$1$DRA1:[JEBEAN C97.SUMMZ. R1S5|SPLAT_R1_S5_HO58.INP;1

SPLAT_PAS6_2 1.02 05/27/97 11:27:37



. SNL WIPP C97: BRAGFLO SIM.QTIONS (C97 R1 S5)
Cumulative Brine Flow up Shaft at top of Salado (E:661)
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@ SNL WIPP C97: BRAGFLO SIM@ATIONS (C97 R1 S5) ®

Cumulative Brine Fiow Up Borehole at Top of Panel
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@  SNLWIPP C97: BRAGFLO SIM@ATIONS (C97 R1 S5) o

Cumulative Brine Flow up Borehole at Rustler/Culebra Interface (E:713)
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@  SNL WIPP C97: BRAGFLO SIM@ATIONS (C97 R1 S5)

Cumulative Brine Flow up Borehole at Top of Rustler (E:841)
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@  S\LWIPP Co7: BRAGFLO SIM@ATIONS (C97 R1 S5) ®

Cumulative Gas Flow up Borehole at Top of Panel (E:471)
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. SNL WIPP C97: BRAGFLO SIM.L\TIONS (C97 R1 S5) | .
Cumulative Gas Flow Out of Upper DRZ at Borehole (E:575)
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@  S\L WIPP C97: BRAGFLO SIM@ATIONS (C97 R1 S5) @

Total Gas Volume Generated
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@  S\L WIPP C97: BRAGFLO SIM@ATIONS (C97 R1 S5) @
Cumulative Gas Flow up Shaft at Top of Salado (E:661)
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@  S\LWIPP C97: BRAGFLO SIM@ATIONS (C97 R1 S5) - @
Cumulative Gas Flow from DRZ into North MB 138
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@  S\L WIPP Ca7: BRAGFLO SIM@ATIONS (C97 R1 S5)

Cumulative Gas Flow from DRZ into South MB 138
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@  S\L WIPP Co7: BRAGFLO SIME@ATIONS (C97 R1 S5) @
Cumulative Gas Flow from DRZ into North Anhydrite A/B
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@  SNLWIPP Co7: BRAGFLO SIM@ATIONS (C97 R1 S5) @
Cumulative Gas Flow from DRZ into South Anhydrite A/B
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@ S\NLWiPP C97: BRAGFLO SIM@ATIONS (C97 R1 S5)
Cumulative Gas Flow from DRZ into North MB 139
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) SNL WIPP C97: BRAGFLO SIM.ATIONS (C97 R1 S5)
Cumulative Gas Flow from DRZ into South MB 139
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. SNL WIPP C97: BRAGFLO SIM.\TIONS (C97 R1 S5) .
Cumulative Brine Flow Out of North MB 138 into DRZ
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@  SNLWIPP C97: BRAGFLO SIM@ATIONS (C97 Rt S5) o
Cumulative Brine Flow Out of North Anhydrite A/B into DRZ
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@ S\ WIPP Co7: BRAGFLO SIME@ATIONS (C97 R1 S5) o
Cumulative Brine Flow Out of North MB 139 into DRZ
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@  SNLWIPP C97: BRAGFLO SIM@ATIONS (Co7 R1 S5)
Cumulative Brine Flow Out of South MB 138 into DRZ
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® SNL WIPP C97: BRAGFLO SIM@ATIONS (C97 R1 S5)
Cumulative Brine Flow Out of South Anhydrite A/B into DRZ
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. SNL WIPP C97: BRAGFLO SIN.ATIONS (C97 R1 35)
Cumulative Brine Flow Out of South MB 139 into DRZ
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Cumulative Brine Flow into DRZ from All Marker Beds
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Cumulative Brine Flow Out of DRZ into North MB 138
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Cumulative Brine Flow Out of DRZ into North Anhydrite A/B
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. SNL WIPP C97: BRAGFLO SIM.L\TIONS (C97 R1 S5) .
Cumulative Brine Flow Out of DRZ into North MB 139
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Cumulative Brine Flow Out of DRZ into South MB 138
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Cumulative Brine Flow Out of DRZ into South Anhydrite A/B
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@ SNL WIPP C97: BRAGFLO SIM@ATIONS (C97 R1 S5)
Net Brine Flow at North MB 138
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Net Brine Flow at North Anhydrite A/B
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Net Brine Flow at North MB 139
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o SNL WIPP C97: BRAGFLO SIJLATIONS (C97 R1 S5)
Net Brine Flow at South MB 138
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. SNL WIPP C97: BRAGFLO SIIV.ATIONS (C97 R1 S5)
Net Brine Flow at South Anhydrite A/B
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Net Brine Flow at South MB 139
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Net Brine Flow into DRZ from All Marker Beds
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@  SNLWIPP Co7: BRAGFLO SIM@ATIONS (C97 R1 S5) ¢

Cumulative Brine Flow Out of All Marker Beds Across Land-Withdrawal Boundary
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@ sNLWIPP Co7: BRAGFLO SIM@ATIONS (Co7 R1 S5)
Cumulative Brine Flow Out North MB 138 Across Land-Withdrawal Boundary
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. SNL WIPP C97: BRAGFLO SIN.ATIONS (C97 R1 S85) .
Cumulative Brine Flow Out North Anhydrite A/B Across Land-Withdrawal Boundary
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Cumulative Brine Flow Out North MB 139 Across Land-Withdrawal Boundary
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@  S\L WIPP Co7: BRAGFLO SIM@ATIONS (Co7 R1 S5) @
Cumulative Brine Flow Out South MB 138 Across Land-Withdrawal Boundary
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@  SNL WIPP C97: BRAGFLO SIM@ATIONS (C97 R1 S5) o
Cumulative Brine Flow Out South Anhydrite A/B Across Land-Withdrawal Boundary
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Cumulative Brine Flow Qut South MB 139 Across Land-Withdrawal Boundary
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. SNL WIPP C97: BRAGFLO SII\/.ATIONS (C97 R1 S5) .
Length of Fractured Zone in North MB 138
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Length of Fractured Zone in South MB 138
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Length of Fractured Zone in South Anhydrite A/B
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Length of Fractured Zone in South MB 139
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SNL WIPP PA: BRAGFLO SIM.\TIONS (C97 R1 S5)
Volume-Averaged Permeability in All DRZ Layers
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A2.3 E2E1 Intrusion (56 Scenario)

In the S6 scenario, one borehole penetrates the waste-filled panel at 1000 years (an E2 intrusion)
and a second borehole, drilled at the same location, penetrates the panel and underlying Castile
brine reservoir at 2000 years (an E1 intrusion). The borehole from the panel to the surface is
assumed to be sand-filled from 1000 years to 10,000 years. At 2000 years, an additional borehole
segment is emplaced that extends from the bottom of the panel to the Castile brine reservoir. This
lower segment is assumed to be an open borehole for 200 years and sand-filled borehole from
2200 years to 3200 years. At 3200 years, as in an El intrusion (53 and S2 scenarios), the
segment of the borehole that extends from the Castile brine reservoir up to the bottom of MB139
is assumed to creep shut, attaining a lower permeability. The different time periods and borehole
conditions are summarized in Table A.2.3-1.

Table A.2.3-1. Changes in Borehole Properties in E2E1 Intrusion Scenario (S6)

Time (years) Borehole Portion Behavior Permeability (m?)
0-1000 All Undisturbed conditions | Undisturbed conditions
1000 - 2000 Above panel Silty sand 1052 - 101
Below panel Undisturbed conditions | Undisturbed conditions
Above panel Silty sand 10182 - 10
2000 - 2200 Below panel Open borehole 10°
Above panel Silty sand 107163 10!t
2200 - 3200 Below panel Silty sand 10163 101
Above panel Silty sand 10163 101
3200 - 10,000 Below panel Tight silty sand 1072- 102
A231 Replicate 1 Results and Discussion

A.23.1.1 Repository Behavior

The time dependence of pressures in the waste panel 1s shown in Figure A.2.3-1 [GVAR_023].
As in the previous scenarios, pressure responses in the experimental and operation regions are
nearly identical to those in the waste panel and rest of repository because the permeability of
excavated regions, drift and panel seals, and the DRZ are high, on the order of 107* m*. Up to the
time of the first intrusion, 1000 years, the behavior is identical to that in the other scenarios. In
most cases, the pressure rises steadily, at widely varying rates, until the intrusion occurs. During
the time between the first and second intrusion, the behavior differs insignificantly from the S5
scenario (E2 intrusion at 1000 years). The slight differences arise from the presence of two low
permeability plugs in the borehole in the S5 scenario. In the majority of realizations, the pressure
undergoes rapid transients immediately following the first intrusion. In some cases, there is a
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relatively rapid depressurization when the intrusion borehole connects the pressurized panel with
the lower-pressure Dewey Lakes Formation. In other cases, pressures level off or increase after
the first intrusion. Another type of response is for the pressure to rise from a very low pressure
relatively rapidly following the first intrusion. In these realizations, brine flows into the waste
from the overlying formations and through the anhydrite layers, and as the borehole is filled with
brine, the pressure in the waste tends toward hydrostatic pressure until the time of the second
intrusion, 2000 years.

The repository behavior described thus far is not significantly different than the behavior predicted
in the CCA, with the exception of repository pressures at the time of both intrusions tending to be
slightly higher in the PAVT calculations because of increased corrosion rates. However, as was
observed in the §3 scenario (E1 intrusion at 1000 years), after the borehole penetrates the brine
reservoir some distinguishable differences do occur. These differences include the following.
Pressures in the panel increase immediately after intrusion in all vectors having low panel
pressures (less than 7 MPa) at the time of intrusion. This behavior did not occur in the CCA. The
range of panel pressures is also narrower and higher during the short 200 year period atter the
second intrusion than it was in the CCA. Moreover, unlike the CCA, panel pressures in many
vectors do increase significantly immediately after intrusion and continue to do so for the
remainder of the 10,000 year regulatory period. In several cases (e.g., vectors #38 and #3), the
second intrusion has no significant impact on pressure and pressure continues to either gradually
decrease or increase for several thousand years. In these realizations, the borehole permeability is
low and sufficient quantities of brine flow into the panel from the DRZ and through the anhydrite
layers to maintain relatively high gas generation rates and increasing pressure conditions. Pressure
behavior after intrusion is described in more detail below.

At the time of the second intrusion, many realizations again undergo rapid transients. In some
cases, the pressure in the waste increases suddenly when the borehole connects the panel with the
pressurized Castile brine reservoir. In these realizations, the brine reservoir pressure (a sampled
parameter from a range of 11.1 MPa to 17.0 MPa) is appreciably higher than the pressure in the
panel. A less frequent type of response is for the pressure to rise following a period of low or
slowly decreasing pressure. The time lag between intrusion and repressurization lasts from 500 to
over 4000 years. During this time, gas that has filled the panel is driven up the intrusion borehole
as brine flows into the waste through the anhydrite layers and down the borehole. Once the
borehole is filled with brine, the pressure in the waste approaches hydrostatic pressure relative to
the water table in the Dewey Lakes. Note that final pressures above hydrostatic pressure occur in
those realizations having relatively high corrosion rates and a low borehole permeability (sampled
parameter ranging from 1.0 x 107 to 1.0 x 10""! m?) that prevents gas from easily escaping the
panel and repository. Pressures below hydrostatic occur in those realizations where the sampled
pressure in the brine reservoir is low and the borehole is filled predominately with gas.

The E2E1 intrusion scenario generally results in more brine being present in the repository (Figure
A.2.3-2 [GVAR_046)) than in an E! intrusion, even though the E1 intrusion has the same
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borehole properties after 3200 years. This behavior was observed in the CCA as well and for the
following two reasons. First, in those realizations in which most of the brine inflow to the
repository is from flow down the borehole, the E2E1 (S6) scenario has an additional 200 years
during which brine is readily available. Recall that the E1 (S3 and S2) scenarios have low
permeability plugs emplaced in the borehole for two hundred years following intrusion. Second,
in realizations where the Castile is the principal source of brine, the 1000-year period between
intrusions with an open borehole allows the pressure in the repository to drop, so that when the
borehole to the Castile opens, the amount of flow from the Castile is greater.

A.2.3.1.1.1 Gas Generation

Profiles of total gas generated with time (Figure A.2.3-3 [GVAR_022]) are similar to those in the
El (S3) and E2 (S5) scenarios. The 25 realizations in which plastics and rubbers are included in
the cellulose inventory again display the most rapid gas generation during the first 1000 years.
Once all of the cellulose is consumed (in less than 1750 years, and much sooner, in most cases, as
in the 85 scenario), the rate of gas generation tends to drop off in a large fraction of the
realizations. In realizations in which the cellulose inventory is zero, gas generation tends to
proceed at a very uniform rate (the curves are smooth and more-or-less straight), unless the
corrosion rate is high enough to deplete the brine in parts of the waste. In these cases, there are
breaks in the curves indicating that gas generation has stopped or decreased in some grid cells.
This same behavior occurs when the steel inventory has been consumed in some parts of the
waste region. Overall, more gas is generated in this scenario than in the other intrusion scenarios.
The maximum amount generated is slightly higher, aimost 4.3 x 10" m’® (3.9 x 107 m’)(at reference
conditions), compared with 3.5 x 10’ m*in S5 and 3.1 x 10" m’ in S3 (3.6 x 10’ m® in S5 and 2.7
x 10" m" in $3) in the other intrusion scenarios. Slightly more steel is consumed in S6 than in any
other scenario, to a maximum of 100% (96%) versus 97% (83 %) in S3. Inthe panel, the entire
steel inventory ( less than 1% remaining) is consumed in 42 (48) of the realizations, compared
with 41 (43) realizations in the E1(S3) Scenario. As noted in the preceding section, brine
saturations in the repository are generally higher in this scenario than in the other intrusion
scenarios. When corrosion is controlled by the rate, the amount of gas generated by corrasion is
less, and the results are nearly indistinguishable from other scenarios.

A.2.3.1.1.2 Halite Creep

The reduction in porosity resulting from halite creep is similar to other intrusion scenarios, except
for some transients between 1000 and 3000 years. After the initial rapid change in porosity
during the first 300 - 500 years, the porosity tracks the pressure response in the waste very
closely. After 3000 years, the porosities again range from 7 % to 21% (7 % to 18%), and, after
10,000 years, from 7 to 23 % (5% to 17%).

A.2.3.1.1.3 Fluid Flow

Immediately following the first borehole intrusion, there is substantial upward flow of gas
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(Figure A.2.3-4 [GVAR_101]) and no upward flow of brine (Figure A.2.3-5 [GVAR_073]) from
the panel. However, brine flows rapidly down the borehole from overlying formations in several
realizations (Figure A 2.3-6 [GVAR_140]). The maximum flow down the borehole from
overlying formations is similar to that in other scenarios, 16,500 m? (49,000 m*), compared with
18,500 m* (47,000 m*) in E1(S3) and 46,480 m® (48,000) in E2 (S5), although the behavior of
individual realizations differs greatly among the three scenarios. Although brine could flow up
the borehole starting at 1000 years, none does flow upward until after the Castile intrusion at
2000 years (Figare A.2.3-7 [GVAR_078]). In only a few realizations, inflow from the marker
beds is sufficient to drive small amounts of brine up the borehole without any contribution from
the Castile. However, in most cases, without the Castile flow, not enough brine will flow into
the repository over 10,000 years to cause brine flow up the borehole. This behavior was also
observed in 1996. Profiles of brine flow into the panel from the Castile are shown in

Figure A.2.3-8 [GVAR_072]. Note that brine flows rapidly up from the Castile reservoir into the
panel in several realizations. In these realizations, the brine reservoir pressure (a sampled
parameter from a range of 11.1 MPa to 17.0 MPa) is appreciably higher than the pressure in the
panel. The amount of brine flowing immediately into the panel ranges from 0.0 m* to a
maximum of nearly 90,000 m® (fourth highest vector , #45). The maximum amount is
approximately 1.5 times greater than the maximum amount (60,000 m?) calculated in the CCA.
As was noted in the S3 scenario, the realizations that show immediate flow into the panel tend to
have a low borehole permeability, high Castile pressure, and low panel pressure at the time of
intrusion. In 86, the top two immediate flow realizations, #51 and #17, have Castile pressures at
the time of intrusion that rank 100 and 87, borehole permeabilities that rank 79 and 80, and panel
pressures that rank 19 and 18. In this scenario, the borehole permeabilites of the top two
realizations are not low indicating that there may be another factor involved that reduces upwards
flow into the panel after intrusion. Low Castile compressibility may be a contributor to reducing
upward flow after intrusion; Castile compressibility in realizations # 51 and #17 rank 6 and 59,
respectively.

As in the S3 scenario, one group of realizations shows continual flow from the Castile into the
panel after the second intrusion. Again, this behavior did not occur in the CCA. The maximum
amount that flows upward in these vectors is 120,000 m* (66,000 m?). This maximum amount is
slightly larger than the 112,000 m* calculated in S3 and approximately two times the maximum
amount (66,000 m*) calculated in the CCA. In most of these realizations, brine flow is small
prior to plug degradation, and the panel is already pressurized as a resuit of gas generation.
These realizations typically have high corrosion rates and include plastics and rubbers in the
cellulose inventory. When the borehole intrudes at 2000 years, the pressure in the Castile is not
quite high enough to immediately drive large quantities of brine up into the pressurized panel. At
3200 years, when creep closure reduces the permeability of the section of the borehole between
the Castile and the panel by an order of magnitude, the brine flow rate drops off significantly.

The plot of brine flow up the borehole at the top of the panel (Figure A.2.3-5 [GVAR_073]) is

again dominated by four realizations, #28, #54, #57, and #72. As noted in the S3 scenario, these
top four realizations have high borehole permeabilities (ranks of 100, 94, 99, 93, respectively)
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and high initial Castile reservoir pressures (ranks of 83, 96, 80, 79, respectively). These four
vectors also correspond to the top four continual flows into the bottom of the panel

(Figure A.2.3-8 [GVAR_072]) indicating that these flows are primarily comprised of Castile
brine. The maximum flow up the borehole is 108,000 m* (22,500 m?). Note that flows up the
borehole at both the bottom and top of the panel are larger in the S6 scenario than in the S3
scenario. The reason for this increase in flow is the fact that the panel has a longer period to
depressurize before the Castile flow started; with the greater initial pressure drop between the
Castile and the panel, more brine flows up from the Castile and continues upwards toward the
Culebra. As in the S3 scenario, the brine flow up the borehole at the top of the DRZ is nearly
equal (only slightly higher) to the borehole flow at the top of the panel. The maximum flow at
this location in this scenario (Figure A.2.3-7 [GVAR_078]) is slightly higher than in the E1
scenario, 109,000 m’ vs. 103,000 m* (37,000 m® vs. 35,000 m®). Also, no brine (at most 0.2 m
in CCA) ultimately reaches the top of the Rustler.

A.2.3.1.2  Behavior in Formations Surrounding the Repository
A.2.3.1.2.1 Two-Phase Flow

Gas flow into the interbeds are presented in Figures A.2.3-16 [GVAR_106]to A.2.3-22
[GVAR_112). In general, gas flows into the interbeds tend to be larger in the PAVT as
compared to the CCA. As in the El scenario, fewer realizations (as compared to the Undisturbed
Scenarnio) result in gas flow from the DRZ into the marker beds. This behavior is is similar to that
predicted in the CCA. In MB138, the largest of the realizations shows 55,000 m® (5,800 ma)_
flowing to the north (Figure A.2.3-16 [GVAR_106]) and 58,000 m’® (11,500 m®) flowing to the
south (Figure A.2.3-19 {GVAR_109]). In Anhydrite a and b (Figures A.2.3-17 [GVAR_107] and
A.2.3-20 [GVAR_110]), the maximum flows are 570,000 m® (85,000 m?) to the north and 84,000
m’ (43,000 m*) to the south. In MB139, a maximum of 580,000 m® (13,200 m?) flows to the
north (Figure A.2.3-18 [GVAR_108]); to the south, the maximim gas flow is 105,000 m? (3,300
m® XFigure A.2.3-21 [GVAR_111]). In all marker beds, a total maximum of 1.45 x 10° m® (1.58
x 10° m’) flows from the DRZ into the marker beds (Figure A.2.3 -22 [GVAR_112]).

After the second intrusion at 1000 years, large volumes of gas (up to 15.5 x 10° m®) (up to 8.0 x
10° m’ in the CCA) are quickly vented up the borehole (Figure A.2.3-23 [GVAR_101]). Gas
continues to flow up the borehole in several vectors for the remainder of the 10,000 years, with a
maximum of 23.0 x 10°m®, This behavior is different than was predicted in the CCA where gas
flow from the panel generally occurred only over a short period of time, about 1000 years.
However, in both the PAVT and the CCA, larger amounts continue to flow from the DRZ for as
long as gas is generated (Figure A.2.3-24 [GVAR_102]). The total amount of gas vented up the
borehole ranges from about 0.0 m’ up to 38 x 10° m’ (1.0 x 10°m® up to 36 x 10°m®). The
maximum total amount of gas generated is 43 x 10° m? (39 x 10° m*) (Figure A.2.3-3
[GVAR_022]). Thus, a large fraction of the gas generated eventually flows up the borehole.
Very little gas flows up the shaft. Figure A.2.3-25 [GVAR_100] shows that a maximum of

23 m’ (22 m®) flows up the shaft at the interface between the Salado and Rustler formations. A
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detailed examination of gas flows at different locations in the shaft shows that this gas came
exclusively from the asphalt shaft seal immediately below this interface. None of this gas
originates from lower elevations in the shaft, including the repository. Thus, the shaft seals are
very effective in keeping gas from flowing up the shaft.

Brine flow out of the marker beds and into the DRZ (Figures A.2.3-26 [GVAR 079]1t0 A.2.3-46
[GVAR_099]) ranges up to 31,000 m* (63,500 m*) (A.2.3-32 [GVAR_085]). Brine flow out of
the DRZ into MB138 and Anhydrite a and b is essentially zero, nearly identicai to E1 scenario, in
which a2 maximum of 40 m* (4 m®) flows out Marker Bed 138 to the north. Flows out of the DRZ
surrounding the repository and into MB139 are also nearly identical to the E1 scenario. The
interbed flows are summarized in Table A.2.3-2.

The maximum amount of brine that flows in from the marker beds is about 75% (equal) smalier
than the maximum that flows up the borehole from the Castile, 3 1,000 m® vs. 120,000 m*
(63,500 m’ vs. 66,000 m®) up from the Castile. Relatively small amounts of brine flow out of the
DRZ and into the marker beds, primarily into Marker Bed 139, into which a maximum of about
2800 m’ (200 m®) flows, or less than 10% (1%) of the amount that flows into the DRZ from the
marker beds.

Table A.2.3-2. Cumulative Net Interbed Brine Flows for E2E1 Intrusion Scenario (S6).

Marker Bed Max. Net. Briﬁw Max. Net gn;ne Flow from
from MB into DRZ, m® DRZ into MB, m®

MB138 North 55 (300) 70 (0)

MB138 South 1000 (3650) 0(0)

Anhydrite a & b North 3800 (8700) 0 (0)

Anhydrite a & b South 4650 (9800) 0(0)
['MB139 North 10,000 (20,000) 1200 (100)

MB139 South 11,500 (21,100) 1600 (100) |
[All Marker Beds 31.000(63,500 | 2870 200) —

As shown in Table A.2.3-3 larger quantities of brine flow out across the land withdrawal
boundary in the PAVT, whereas in the CCA only very small amounts of brine crossed the land
withdrawal boundary. These increased releases occur, as in 83, in vector #38. The maximum in
all marker beds is 3203 m’ (1.66 m’). As noted previously in the S3 scenario, the sampled
parameter values for vector #38 indicate that this vector had the highest sampled MB139
permeability in combination with the 7th highest sampled DRZ permeability and the 17th lowest
borehole permeability. However, this brine does not come from the repository since at most 1380
m® (180 m’) flows to the north into MB139 from the DRZ (Figure A.2.3-35 [GVAR_088)),
which is far less than the pore volume of MB139 which is 155,500 m® between the repository and
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land withdrawal boundary. This conclusion is verified by the Salado transport calculations

. described in Section 3.0.

Table A.2.3-3. Cumulative Interbed Brine Flows Across Land
Withdrawal Boundary for E2E1 Intrusion Scenario (S6).

Maximum Brine Outflow across
Marker Bed Land Withdrawal Boundary, m®
MB138 North 142 (0.22)
MB138 South 149 (0.0)
Anhydrite a & b North 604 (0.34)
Anhydrite a & b South 149 (0.0)
MB139 North 1492 (1.1)
MB139 South 669 (0.0)
All Marker Beds 3203 (1.66)

A2.3.1.2.2 Mechanical Response

. In most realizations, gas is not generated at sufficiently high rates to reach fracture pressures -
prior to the first intrusion at 1000 years. After the intrusion, the borehole prevents pressures
from building up in all but a few realizations to the point where fracturing could again take place.
As a consequence, fracturing in the interbeds occurs in only a few realizations (A.2.3-47
[GVAR_113]t0o A.2.3-52 [GVAR_118]). The most extensive fracturing occurs to the north in
Anhydrite a and b and Marker Bed 139, the maximum fracture length is 1000 m and 400 m,
respectively. These fracture lengths decreases at later times. In the CCA, most of the fracturing
occurs to the north in Marker Bed 138 and Anhydrite a and b, up to 100m.

As in the 83 scenario, DRZ fracturing occurs in about 20 vectors and in most vectors DRZ
fractures close in less than 500 years after the borehole intrusion. Significant fracturing in the
DRZ occurs in only about 5 realizations, as indicated by increasing DRZ permeability

(Figure A.2.3-53 [EX_H033]). Vector #78 exhibits the largest DRZ permeability increase
(vector with highest permeability after 4000 years). This vector had a low borehole permeability
(rank of 5), a low marker bed permeability (rank of 8), and a relatively high initial DRZ porosity
(rank of 61). DRZ porosity increases, indicative of DRZ fracturing are also evident in several
realizations (Figure A.2.3-54 [EX_HO022]). Only one realization (#78) results in a long-term
DRZ permeability greater than 1x10'? m® and porosity greater than 0.03. Mean, median, and
maximum values for DRZ permeability and porosity are shown in Table A.1-3.
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Volume-Averaged Pressure in Waste Panel
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Volume-Averaged Brine Saturation in Waste Panel plus Rest of Repository

10.0 T T 1 | T B R T T T | T — | ¥ T T
T -
Y - -
P D |
S, 2 80 = s
W - S e
NI -
Q I
5
“(.T) 6.0 - =
et R -
Q
E - -
S ] -
mn
= 4.0
< ]
U)i
CEI‘ 7
g |
. 2.0 ~
g e e -
CJI ———
n
3
o 0.0 1 - p—— .
' 0.0 2.0 4.0 6.0 8.0 10.0

Time - Years ( *1 0° )

$1$DF|'A1:{JEBEAN.CQ?.SUMMZ.H1SB]SF'LAT_,FI1_SG__H046.|NP;1 SPLAT_PAB6_2 1.02 05/27/97 10:54:29



@ SN- WIPP C97: BRAGFLO SIM@TIONS (Ce7 R1 $6) @

Total Gas Volume Generated
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Cumulative Gas Flow up Borehole at Top of Panel (E:471)
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Cumulative Brine Flow Up Borehole at Top of Panel
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. SNL WIPP C97: BRAGFLO SIML‘\TIONS (C97 R1 S6) .
Cumulative Brine Flow Down Borehole at MB 138 (E:223)
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Cumulative Brine Flow up Borehole from Top of Upper DRZ (E:575)
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® SNL WIPP C97: BRAGFLO SIMUgTIONS (C97 R1 S6)

Cumulative Brine Flow up Borehole at Bottom of Panel (E:599)
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. ONL WIFF LY/ BHAGELY b'“VIL'I IUNS (U897 H1 S6)

Cumulative Gas Flow from DRZ into North MB 138
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. SNL WIPP CY/: BHAGFLU SIIV]l.I IONS (C97 R1 S6) .

Cumulative Gas Flow from DRZ into North Anhydrite A/B
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) SNL WIPP C97: BRAGFLO SIMUgTIONS (C97 R1 86) o
Cumulative Gas Flow from DRZ into North MB 139
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. SNL WIPP CY7: BHAGHLO SIML"'I'IONS (C97 R1 S6) .
Cumulative Gas Flow from DRZ into South MB 138
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. SNL WIPP C97: BRAGFLO SIMU.TIONS (C97 R1 S6) .
Cumulative Gas Flow from DRZ into South Anhydrite A/B
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Cumulative Gas Flow from DRZ into South MB 139
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. SONL WIFF UY/: BHRAGELU b‘ll\/ll..l IONS (U997 R1 S6)

Cumulative Gas Flow from DRZ into Marker Beds
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. SNL WIPP C97: BRAGFLO SIMI'TIONS (C97 R1 S6) ")

Cumulative Gas Flow up Borehole at Top of Panel (E:471)
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. SNL WIPP C97: BRAGFLO SlML‘TIONS (C97 R1 S6)

Cumulative Gas Flow Out of Upper DRZ at Borehole (E:575)
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@ S\ WIPP C97: BRAGFLO SIML‘TIONS (C97 R1 S6) ®
Cumulative Gas Flow up Shaft at Top of Salado (E:661)
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. SNL WIFF CY/: BRAGEFLO SIML'I IONS (C97 H1 56)

Cumulative Brine Flow Out of North MB 138 into DRZ
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. SNL WiFF CY7/: BRAGELO snmwﬂoms (C97 R1 S6) .
Cumulative Brine Flow Out of North Anhydrite A/B into DRZ
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. SNL WIPPF CY/: BRAGKFLU SIML'"I'IONS (C97 R1 S86) .
Cumulative Brine Flow Out of North MB 139 into DRZ
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. SNL WIFF CY/: BRAGKFLO SIMI‘\'I'IONS (C97 R1 S6) .
Cumulative Brine Flow Out of South MB 138 into DRZ
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. SINL WIFF LY/ BHAGHFLU b‘IML‘I IONS (C97 R1 S6) .
Cumulative Brine Flow Out of South Anhydrite A/B into DRZ
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. SNL WIPP C97: BRAGFLO SIMl'TIONS (C97 R1 S6) .
Cumulative Brine Flow Out of South MB 139 into DRZ
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. SINL WIFF CY/: BHAGFLO b’ll\/ll'\ [HIONS (C97 R1 S6) .

Cumulative Brine Flow into DRZ from All Marker Beds
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® SNL WIPP CY7: BRAGKFLO SIML'TIONS (C97 R1 S6) ¢
Cumulative Brine Flow Out of DRZ into North MB 138
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. SINL WIFF LY/ BHAGKFLU tsuvu.\n IUNS (C97 R1 S6) .
Cumulative Brine Flow Out of DRZ into North Anhydrite A/B
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. SNL WIPP C97: BRAGFLO SIML'TIONS (C97 R1 S6)
Cumulative Brine Flow Out of DRZ into North MB 139

1.5 T T T [ T T T l ) T T

—
N

-mA3 (*10°)

Al

o
o)

o
w
LSS R I B I SN B B B B AL NN BN B B B BN B B B

-

\\\\

GVAR_088: BRM39NOC

0.0 2.0 4.0 6.0 8.0 10.0
. 3
Time - Years ( *107)

$1$DRA1:[JEBEAN.CI7 SUMMZ.R1SE|SPLAT_R1_S6_H088 ANP;1 SPLAT_PAS6_2 1.02 0/27/97 13:30:23



. SNL WIPP C97: BRAGFLO SIMLgTIONS (C97 R1 S6) o
Cumulative Brine Flow Out of DRZ into South MB 138
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. SNL WIPF GY/: BHAGFLO SIML‘I IONS (C97 R1 S6) .
Cumulative Brine Flow Out of DRZ into South MB 139
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. ONL WIFF UY/: BRAGEFLU 6|ML.\I IONS (C97 R1 S6) | .
Cumulative Brine Flow Out of DRZ into All Marker Beds
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. ONL WIFF UY7 BRAGHELU SIIVIL'I IUNS (CY7 K1 56) .
Net Brine Flow at North MB 138
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. SINL WIFE UY/: BRAGELU snvn'I IONS (C97 R1 S6) .
Net Brine Flow at North Anhydrite A/B
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Net Brine Flow at North MB 139
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@ S\ VIR CO7: BRAGFLO SIMU@TIONS (C97 R1 S6) @
Net Brine Flow at South MB 138
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. SNL WIPP C97: BRAGFLO SIML‘TIONS (C97 R1 S6) .
Net Brine Flow at South Anhydrite A/B
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Net Brine Fiow at South MB 139
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