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ABSTRACT

Before disposing of transuranic radioactive waste in the Waste Isolation Pilot Plant (WIPP), the United States
Department of Energy (DOE) must evaluate compliance with applicable long-term regulations of the United States
Environmental Protection Agency (EPA). Sandia National Laboratories is conducting iterative performance
assessments (PAs) of the WIPP for the DOE to provide interim guidance while preparing for a final compliance
evaluation. This volume of the 1992 PA contains results of uncertainty and sensitivity analyses with respect to
migration of gas and brine from the undisturbed repository. Additional information about the 1992 PA is
provided in other volumes. Volume I contains an overview of WIPP PA and results of a preliminary comparison
with 40 CFR 191, Subpart B. Volume 2 describes the technical basis for the performance assessment, including
descriptions of the linked computational models used in the Monte Carlo analyses. Volume 3 contains the
reference data base and values for input parameters used in consequence and probability modeling. Volume 4
contains uncertainty and sensitivity analyses with respect to the EPA's Environmental Standards for the
Management and Disposal of Spent Nuclear Fuel, High-Level and Transuranic Radioactive Wastes (40 CFR 191,
Subpart B). Finally, guidance derived from the entire 1992 PA is presented in Volume 6.

Results of the 1992 uncertainty and sensitivity analyses indicate that, conditional on the modeling
assumptions and the assigned parameter-value distributions, the most important parameters for which uncertainty
has the potential to affect gas and brine migration from the undisturbed repository are: initial liquid saturation in
the waste, anhydrite permeability, biodegradation-reaction stoichiometry, gas-generation rates for both corrosion
and biodegradation under inundated conditions, and the permeability of the long-term shaft seal. Gas and brine
migration are less sensitive to other parameters, although additional information is needed to confirm that the
preferred conceptual models and assigned parameter distributions adequately describe reality.
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PREFACE

The Preliminary Performance Assessment for the Waste Isolation Pilot Plant, December
1992 is currently planned to consist of six volumes. The titles of the volumes are listed below.
All analyses reported in the 1992 Preliminary Performance Assessment, including those described
in this volume, are based on computer modeling of disposal-system performance that was
completed in November 1992.

This report is the fifth in a series of annual reports that document ongoing assessments of
the predicted long-term performance of the Waste Isolation Pilot Plant (WIPP); this
documentation will continue during the WIPP Test Phase. However, the Test Phase schedule and

projected budget may change; if so, the content of the /992 Preliminary Performance Assessment
report and its production schedule may also change.

Volume |:  Third Comparison with 40 CFR 191, Subpart B

Yolume 2:  Technical Basis

Yolume 3:  Model Parameters

Yolume 4: Uncertainty and Sensitivity Analyses for 40 CFR 191, Subpart B

Volume 5:  Uncertainty and Sensitivity Analyses of Gas and Brine Migration for
Undisturbed Performance

Volume 6:  Guidance to the WIPP Project from the December 1992 Performance
Assessment
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1. INTRODUCTION

The Waste Isolation Pilot Plant (WIPP) is planned as a research and development facility to demonstrate the
safe disposal of transuranic (TRU) wastes generated by defense programs of the United States Department of
Energy (DOE). Before disposing of waste in the WIPP, the DOE must evaluate compliance with applicable long-
term regulations of the United States Environmental Protection Agency (EPA), including 40 CFR 191, Subpart B
(Environmental Standards for the Management and Disposal of Spent Nuclear Fuel, High-Level and Transuranic
Radioactive Wastes, Final Rule [U.S. EPA, 1985]) and 40 CFR 268.6 (Petitions to allow land disposal of a waste
prohibited under Subpart C of Part 268 [U.S. EPA, 1986]), which is the portion of the regulations implementing the
Resource Conservation and Recovery Act (RCRA) that states the conditions for disposal of specified hazardous
wastes. Performance assessments (PAs) will form the basis for evaluating compliance with all applicable long-term
regulations of the EPA. The WIPP Performance Assessment (PA) Department of Sandia National Laboratorics
(SNL.) is performing iterative preliminary PAs to provide guidance to the Project while preparing for final
compliance cvaluation. Previous preliminary PAs for 406 CFR 191, Subpart B, have been documented for 1990
(Bertram-Howery et al., 1990, Rechard et al., 1990; Helton et al., 1991) and 1991 (WIPP PA Division, 1991 a,b,c;
Helton et al., 1992),

1.1 Purpose of Volume 5

This volume describes uncertainty and sensitivity analyses of gas and brine migration for undisturbed
performance only (i.e., without a breach of the repository by human intrusion). The volume is part of a set
documenting the 1992 preliminary PA, and is not intended to provide a stand-alone description of the WIPP or of
the compliance-assessment modeling system. Some essential information from other volumes of the 1992 PA is
repeated here as necessary, but in general, cross-references are given throughout to more complete discussions
elsewhere. Volume | of the 1992 PA provides an overview of the 1992 preliminary comparison with 40 CFR 191,
Subpart B. Volume 2 describes the technical basis for the compliance assessment modeling system, including
conceptual model development, probability modeling, and consequence modeling. Volume 3 compiles model
parameters, constructs cumulative distribution functions (CDFs), and discusses their derivation from the pertinent
data of disposal-system characterization. Uncertainty and sensitivity analyses specifically related to 40 CFR 191,
Subpart B, (including analyses of consequences of human intrusion) are contained in Volume 4. Volume 6 contains
guidance to the WIPP Project derived from the entire 1992 PA. Similar analyses of undisturbed performance based
on simulations completed earlier in 1992 are documented clsewhere (WIPP PA Department, 1992).

Analyses of undisturbed performance are of interest for both the Individual Protection Requirements (§ 191.15)
0f 40 CFR 191 and 40 CFR 268.6. Asdiscussed in Volume 4 of this report, brine migration is of interest for 40
CFR 191 because of the potential for radionuclide transport in the liquid phase. Both gas and brine migration are of
interest for 40 CFR 268.6 because of the potential for transport of regulated hazardous constituents in both gas and
brine phases. However, the preliminary results reported are intended to provide interim guidance to the WIPP
Project as it develops a compliance strategy for 40 CFR 268.6, and should not be used as the basis for regulatory
decisions. The modeling system and data base remain incomplete, and one potentially important process, the
pressure-dependent fracturing of anhydrite interbeds above and below the waste-emplacement region, has not been
included in the 1992 PA. Furthermore, transport of radionuclides and heavy metals in brine and volatile organic
compounds in gas is not modeled. Performance measures described here apply only to the migration of the fluid
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1. Introduction

phases and do not provide information about potential concentrations of contaminants within the fluids. 1If
additional analyses of gas and brine migration continue to show a potential for gas migration beyond regulatory
boundaries, a compliance determination for 40 CFR 268.6 will be based on evaluations of hazardous constituent
concentrations using expanded data bases and more detailed computational models.

1.2 Requirements of 40 CFR 268.5

The Land Disposal Restrictions (40 CFR 268) regulate disposal of specified hazardous wastes, For the WIPP,
hazardous constituents mixed with the radioactive transuranic waste can include selids such as lead and other heavy
metals, and semivolatile and volatile organic compounds (VOCs) as residual liquids sorbed on waste materials or as
gases associated with the waste in waste containers. A detailed inventory of the 40 CFR 268 contaminants
anticipated for the WIPP is not available at this time, but a preliminary list of anticipated hazardous constituents
were documented in the Waste Isolation Pilot Plant No-Migration Variance Petition (DOE, 1990). The
Environmental Protection Agency (EPA) subsequently issued the Conditional No-Migration Determination for the
Department of Energy Waste Isolation Pilot Plant (WIPP), which mandated waste characterization requirements for
the WIPP Test Phase and recommended waste characterization data needs in support of any long-term performance
assessment., Methods of sampling and analysis for volatile and semivolatile constituents have been developed for
headspace gases (DOE, 1991a) and additional methods for analysis of hazardous constituents in homogeneous solid
waste forms are under development as part of the Waste Characterization Program Plan for WIPP Experimental
Waste (DOE, 1991b).

In general, 40 CFR 268 prohibits the disposal of hazardous wastes unless the owner or operator of the facility
petitions for a variance and successfully demonstrates "to a reasonable degree of certainty, that there will be no
migration of hazardous constituents from the disposal unit or injection zone for as long as the wastes remain
hazardous" or the waste is treated in accordance with applicable standards (40 CFR 268.6 (a), U.S. EPA, 1986).
General guidance provided by the EPA on the interpretation of this wording indicates that "no migration" will be
defined to be concentrations of hazardous constituents below health-based or environmentally based levels at the
disposal-unit boundary (U.S. EPA, 1992). Following guidance from the EPA (U.S. EPA, 1990a, p. 13073) the SNL
WIPP PA Department has assumed for the purposes of these analyses that the length of the regulatory period is
10,000 yr.

1.2.1 Status of WIPP Compliance with 40 CFR 268.6

In response to a no-migration variance petition from the DOE (U.S. DOE, 1990a) the EPA issued a conditional
no-migration determination (U.S. EPA, 1990b) allowing the emplacement of a limited amount of transuranic mixed
waste in the WIPP for experimental purposes during the Test Phase (U.S. DOE, 1993). However, as the EPA states
in the supplementary inforraation included with the no-migration determination "[b]efore DOE may move from the
test phase to full-scale operations, it must petition EPA again and demonstrate no migration over the long term, that
is, it must successfully address current uncertainties about long-term WIPP performance” (U.S. EPA, 1990b, p.
47704). Long-term uncertainties specifically identified by the EPA include "the extent and effects of gas
generation, the effects of brine inflow into the rcpository, and the influence of a 'disturbed rock zone' surrounding
the mined repository" (ibid.).
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1.2 Requirements of 40 CFR 268.6

1.2.2 The 40 CFR 268 Disposal Unit

The "disposal unit" for the WIPP as applied to 40 CFR 268.6 (RCRA) is defined to include the entire volume of
the Salado Formation from top to bottom within the 41 km? (16 mi?) WIPP land-withdrawal arca (U.S. DOE,
1990b) (FFigure 1-1). The SNL WIPP PA Department assumes for the purpose of PA modcling that the disposal-unit
boundaries will remain unchanged for long-term performance. The RCRA disposal unit contains a smaller volume
than that contained within the boundary of the accessible environment used in preliminary comparisons with 40
CFR 191, Subpart B (see Section 3.2 of Volume | of this report). As is the case for radionuclides regulated under
40 CFR 191, migration of hazardous constituents is allowed into the Salado Formation within the land-withdrawal
area. Unlike the requirements of 40 CFR 191, however, migration of hazardous constituents into the Rustler

Formation and other overlying strata within land-withdrawal area constitutes a potential violation.

1.2.3 Human Intrusion and 40 CFR 268.6

The extent to which estimates of the consequences of human intrusion will be required for long-term
compliance evaluations has not been determined. The EPA has determined that human intrusion need not be
considered for the Test Phase, and describes it as a long-term issue to "be addressed at the time a petition is
considered for permanent disposal” (U.S. EPA, 1990b, p. 47720). Consideration of inadvertent human intrusion is
required for compliance with 40 CFR 191, Subpart B, and analyses of the consequences of intrusion during
exploratory drilling for hydrocarbons are described in detail in Volumes 1 and 4 of this report.

1.3 PA Methodology

Analyses have been performed using the Monte Carlo methodology and modeling system described in detail in
Volume 2 of this report. In keeping with the requirement in 40 CFR 191,13 for probabilistic estimates of
performance and a consideration of uncertainty in the results, this methodology relies on multiple realizations using
deterministic models of physical processes and a Latin hypercube sampling (L1S) strategy to incorporate
uncertainty for input parameters. Values for sclected parameters are described by a range and distribution based on
available data, and each simulation uses a separate input vector of sampled values drawn from the assigned
distributions. The methodology is well suited for conducting uncertainty and sensitivity analyses that provide
quantitative and qualitative insights about the potential variability in model results caused by uncertainty in specific
input data (Helton et al., 1991, 1992; Helton, 1993). Sensitivity analysis techniques and methods for displaying
their results have been summarized by Helton et al. (1991). Scatterplots and stepwise linear regression analyses are
used in this volume to evaluate model sensitivity to uncertainty in sampled parameters.

Analyses described in this volume have been performed using the same modeling system and same vectors of
sampled input parameters used for the analyses described in other volumes of the 1992 PA. As discussed in Chapter
3, selected parameters have been changed from the previous simulations to examine specific aspects of the disposal-
system, such as shaft-seal system performance. Because these analyses are otherwise unchanged from those
reported in Volume 4, direct comparisons may be made between specific realizations,
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1.4 Cases Selected for Analysis

1.4 Cases Selected for Analysis

All analyses reported in this volume use a two-dimensional representation of the repository and surrounding
strata as a vertical, north-south cross-scection (described in detail in Chapter 2). This geometry is similar to that used
in the analyses of undisturbed performance reported in Chapter 4 of Volume 4 of this report, differing only in the
representation used for the shaft-seal system. Model stratigraphy is unchanged, and flow of both gas and brine is
simulated in lithologies within the Salado Formation including halite, anhydrite Marker Beds 138 and 139, and
anhydrite interbeds a and b (combined into a single model unit, anhydrite a + b) (Figure 1-2), as well as in the
excavated regions of the repository and the overlying Rustler Formation (represented in the simplified model

geometry only by the Culebra Member) (Figure 1-3).

Variations of the modeling system are used to simulate three separate cases: one in which the total volume of
all four existing shafts is combined into a single shaft with the total cross-sectional area and the four-shaft-
equivalent volume (as was done in Volume 4 of this report); a second case in which the volume and cross-sectional
arca of only a single shaft was modeled; and a third case using the four-shaft-equivalent-volume geometry in which
the dynamic creep closure model was not used, and instead the waste-emplacement regions were assumed to have
closed to a final porosity before gas-generation began. The first case represents the PA Department's preferred
conceptual model for the behavior of the repository/shaft system. The sccond case was examined to simulate flow
under conditions where only one shaft functioned as a migration pathway. The third case, analogous to cases
analyzed in Volume 2 for human intrusion scenarios, was analyzed to provide insight into the effect of including

dynamic creep closure on disposal-system performance.
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2. MODEL DESCRIPTION

This chapter contains descriptions of the geometry, boundary conditions, and initial conditions for the
repository model used in these simulations, as well as a briet discussion of the approach used to incorporate
dynamic creep closure of the repository into the analysis. In general, the conceptual and computational models used
to simulate the disposal system are essentially unchanged from those used in the previous volumes of the 1992 PA,
and therefore much of the discussion has not been repeated here. Parameter values used to characterize the various
components within the model are described in Chapter 3.

2.1 Conceptual Model for the Repository

The conceptual model used for the repository includes gas generation by corrosion of iron and microbial
degradation of cellulosic waste; pressure-dependent two-phase (brine and gas) Darcy flow in the repository and the
surrounding strata; development ot a disturbed rock zone (DRZ) around the excavated area before the repository is
scaled; dynamic pressure-dependent closure of the waste-emplacement region by halite creep after the repository is
sealed; isolation of the waste by both panel and shaft seals; and possible fluid migration from the waste through
anhydrite interbeds above and below the emplacement region and through the panel- and shaft-seal systems. Brine
is assumed initially (i.c., before development of the DRZ) to fill the pore space in all strata surrounding the
repository, Pressure-dependent fracturing of anhydrite interbeds as a result of gas generation is not yet included in
the conceptual or computational model, but will be included in future PAs. Discussions of the other processes
included in the conceptual model can be found in previous volumes of this report, together with extensive
references to primary documents: gas generation is described in Sections 1.4.1 and 3.3 of Volume 3; two-phase
flow is described in Section 7.2 of Volume 2; properties of the strata around the repository and the DRZ are
described in Section 2.3.1 of Volume 2 and Chapter 2 of Volume 3; development of the DRZ and closure by halite
creep is described in Chapter 4 of Volume 4; the panel- and shaft-scal systems are described in Section 2.3.2 of
Volume 2 and Section 3.2 of Volume 3; and migration pathways are described in Section 4.2.3.1 of Volume 2.

2.2 Computational Model for the Repository/Shaft System

Analyses reported in this volume do not include radionuclide transport or human intrusion, and therefore the
computational model for the repository/shaft system uses only two of the computer codes described in previous
volumes, BRAGFLO and SANCHO. BRAGFLO (WIPP PA Division, 1991b) simulates gas generation and two-
phase flow in the entire model domain, and is described in Appendix A of Volume 2 of this report, SANCHO
(Stone et al,, 1985) is a finite-element program for the quasistatic, large deformation, inelastic response of two-
dimensional solids, and is used to simulate halite creep. The implementation of SANCHO results in BRAGFLO, in
terms of emplacement-room porosity as a function of pressure, is described in Chapter 4 of Volume 4.

[
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2. Model Description

2.3 Model Geometry

The mesh used in the BRAGFLO simulations attempts to incorporate radial flow phenomena at large distances
from the repository and to include the full accessible volume available for multiphase flow. Time and cost
constraints currently preclude a full three-dimensional representation of the repository and surrounding strata, so a
two-dimensional approximation to the actual geometry was made. [n reducing the three dimensions to two, certain
measures were preserved. The single most important measure is the volume of various regions. n constructing the
mesh (Figure 2-1), the full initial excavated volumes of all excavated regions were preserved. This includes the
repository, the drift seals and drift backfill, the shaft, and the experimental region. In addition, the volume of the
formations surrounding the repository and other excavated regions could be preserved. [n order to include the true
volumes of each of these regions, but still reduce the dimensionality to two, other measures had to be compromised.
Which of these were preserved and which were compromised in some fashion determined how the mesh was

constructed.

The mesh was developed as follows. The repository was modeled as a single large room, with a volume the
same as currently planned for the entire waste disposal region, including all rooms and drifts. The initial excavated
height, 3.96 m, was preserved. This was desirable because the creep closure treatment is based on porosity changes
in a newly excavated and fitled room. The height of the room, along with its initial porosity, is one of the few
features that can be maintained identically between the original salt creep model done using SANCHO and the
model as implemented in BRAGFLO. (This is described briefly in Section 2.1 and in more detail in Section 4.2.2.2
in Volume 4 of this report). 1t was also considered desirable to preserve the overall length in the north-south
direction (847 m). This distance was somewhat arbitrary; it represents a compromise in the maximum distance that
contaminated brine must flow from one end of the repository to the access drifts leading to the shaft. In the true
repository configuration, some brine could flow a greater distance (e.g., starting from the far southwest corner of the
southwest panel). On the other hand, some of this brine is already «r the drift seals leading to the shaft, so some
compromise was necessary. Having fixed the volume, height, and length of the repository, the cast-west dimension
must be 131.7 m.

The dimensions of the other excavated regions were established in a similar fashion. The distance from the
north end of the repository to the nearest shaft (the Waste Shaft) was maintained at 332 m. The height of the access
drifts, as well as of the experimental region, was fixed at the same initial excavated height of the waste-disposal
region to simplify the mesh. In reality, access drifts and experimental rooms vary in height from about 3.7 to 4.9 m.
Having specified the fength, height, and volume of the sealed and backfilled access drifts, the width of that region
was fixed at 30,35 m, which was approximately the combined widths of the four north-south drifts. Similarly, the
distance from the Waste Shaft to the northernmost end ol the experimental region was preserved at 561 m, so the

cast-west width of that region is 49.5 m.

In the base case, the shaft is a composite of the four existing shafts, The volume of the four combined shafts
was preserved, and the height was set by the stratigraphy. The horizontal cross-sectional area was therefore the sum
of the cross-sectional arcas of the four shafts, 94.9 m2. It seemed most reasonable o model the shaftas having a
square cross section, atthough the shape is not likely to be important. ‘Thus, the shaftis modeled as a square column
9.74 m on cach side. The portion of the shaft below the Rustler Formation but above the shalt seal is referred to as
the lower shaft. The upper shaft, above the Culebra, is not modeled here.
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North-south vertical cross-section showing dimensions of the mesh used in BRAGFLO calculations

2-3



s W N -

18
19
20
21
22
23
24
25
26
27
28
29
30
3
32
33
34

35
36
37
38
39
40
41

2. Model Description

This completely specifies the sizes and shapes of the excavated regions. The next step was to build the mesh
surrounding these regions. The objective was to include at any given horizon the entire accessible pore space as far
as the mesh extended, that is, to include the pore volume in the cast-west direction to the same extent as in the
north-south direction. In a plan view at the repository horizon, Figure 2-2, this is done by including volume cast

and west of the excavated region in the volume of grid cells to the north and south of the excavated regions.

It the model were radially symmetrical, this would be easily accomplished by requiring that the cast-west
dimension, or Ay, be equal to 2ar, where # is the radial distance from the axis of symmetry. Voss (1984) shows that
when Av is varied in this manner using rectilinear geometry, the results are exactly equivalent to solving a true
radial problem. This geometry was used in the WIPP PA for human intrusion scenarios, as described in Volumes 2
and 4 of this report. Unfortunately, the geometry that has to be used in the undisturbed scenario is not radially
symmetrical, TCis not clear how the mesh should be "Nared” in the Av-direction at cach end of the excavated
regions in order to mimic radial symmetry with complete accuracy, i indeed it can be done rigorously. The
procedure used in the current caleulations essentially divides the excavated regions in two along a vertical east-west
plane. Then layers of thickness Avare "unwrapped" from the outside of the excavated region. The total length of
cach unwrapped layer becomes the Ay corresponding to that grid cell, Figure 2-3 illustrates this unwrapping. Ata
given elevation, a layer in the vertical direction of thickness Az and horizontal north-south width Av includes the

volume of a segment with cross section AvAz both from the east side and the west side of the excavated region,

An example will help clarity the procedure. The first grid block south of the repository, Cell 8,is Avg -~ I'm
long in the north-seuth dimension (Figure 2-3). In the east-west direction, the dimension Ay is the sum of the
lengths of five segments: 85, 81, 8W, 8NE, and §NW. The first segment (88 in Figure 2-2) is the cast-west width
of the repository, 131.7 m. The second is the length of a Avg-thick segment, 8F, that extends along the entire east
side of the repository, plus 2Axg, or 848.7 m. The third segment, 8NE, wraps around the north end of the
repository, ending at the seals and backfill regions, for a length of S0.7 m. The fourth and fitth segments, 8W and
ENW, are duplicates of the second and third, respectively, except that they wrap around the west side of the
repusitory. Thus, the total width of Cell 8 after it is unwrapped is Ay 1317 + 2(848.7 + 50.7) - 1930.5m. For
Cells 7, 6, and S, Ay is evaluated in exactly the same manner, Because the same process is carried out at the north
end of the mesh. the segments atong the east and west sides of the repository will eventually run into the line
dividing the north and south ends ot the mesh, and will no longer wrap around the north end of' the repusitory. Only
Cells 5-8 will wrap around the north end of the repository. Beginning with Cell 4, the segments along the cast and
west sides of the repository (before being unwrapped) now intersect the north-south midpoint of the mesh, but
otherwise cach Ay is evaluated the same as for Cells §-8. Thus, all of the volume of the strata surrounding the
excavated regions is included in the mesh. This representation is not strictly equivalent to eylindrical geometry, but
is reasonably accurate at large distances from the repository. Very near the repository, this representation requires
alf flow to go past the end of the repository, rather than through the sides, producing some loss of accuracy.

This two-dimensional approximation to three-dimensional geometry will be necessary until full three-
dimensional simulations become technically and economically feasible. 1t is doubtful that the full suite ot PA
simulations can ever be carried out in three dimensions. However, a more limited set will necessarily be done in
three dimensions to confirm the approximations used in the two-dimensional calculations. A fast, robust, iterative
solver combining a conjugate gradient preconditioner with a multigrid solution algorithm is being adapted to
BRAGFLO. Together with newer machines that are more than an order of magnitude faster that those currently
used, full three-dimensional simulations should be more practical by next year,
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2 4 Pundary and Intial Conditions

2.4 Boundary and Initial Conditions

Boundary conditions were the same as in all previous BRAGETO caleulations done for PA: there was no flow

« in the normal directions across all far-field boundaries except the lateral boundarjes of the Culebra, where the initial

pressure ol 1.053 MPa was held constant throughout the simulations. Initial far-field pressure in the Salado
Formation was varied hydrostatically from the sampled value for pressure in MB139. This resulted in a pressure
discontinuity at the boundary between the Salado and the Culebra that had little effect on fluid flow because of the

low permeability of the hatite.

Initial conditions were treated the same as for the undisturbed performance caleulations discussed in Volume 4
of this report. Rather than simply specifying uniform pressures and saturations in cach region at time zcro, spatially
varying initial conditions were computed over a 50-yr operational or disposal period. This enabled more realistic
pressure and saturation distributions to be established in the formations surrounding the repository at the time when
the repository is scaled. The procedure used to caleulate initial conditions will be summarized here: a more detailed

description can be found in Section 4.3 of Volume 4.

During the disposal phase of the WIPP, brine will seep in continually from the surrounding formations,
reducing the pressure in the vicinity of the excavated regions. Water in the brine will evaporate into the well-
ventifated atmosphere of the excavations or will be pumped out if it accumulates anywhere. Thus, the formations
surrounding the excavations will be dewatered and depressurized during the operation. By modeling the time
between excavation and decommissioning explicitly, the conditions at decommissioning (time zero) will be much
more realistic. In the absence of this caleutation, certain unrealistic results are obtained. Foremost among these is
the large quantity of brine that immediately drains into excavated regions, in particular the waste, owing to the large
pressure gradient between the initially pressurized surrounding formations and the atmospheric excavations.
Because brine will be continuousty removed during the time cach panel is open, it would be incorrect to assume that
it is still available to react with waste components to produce gas. When this brine is assumed to react with waste
the result is erroncously large estimates of gas generation and inaccuracics in the predicted interaction of gas

generation and brine and gas flow throughout the modeled region.

The duration of the disposal phase of the WIPP was assumed to be 50 yr. This may be excessively long for this
calculation even if it is an accurate estimate of the duration of the disposal phases because panels will be excavated
as needed, not simultancously, and will be scaled after only a few years. Therefore, only a portion of the excavation
is open to the atmosphere at any given time. However, the initial condition calculation does not appear to be highly
sensitive to the duration. Most of the depressurization and drainage occurs during the first 20 yr, the duration used
in the disturbed performance assessment. A longer duraiion was used in the undisturbed performance assessment to
he consistent with the longer duration of the disposal phase when considering the entire repository instead of a

sigle pancel.

The important features of this 50-yr disposal phase or initial condition caleulation arc as follows. At the
beginning of this calculation, pressure in the shaf, drifts, waste, and experimental region are atmospheric (0.101
MPa) and fully gas-saturated. In all other regions, the pressure is hydrostatic relative to the pore pressure in
MB139, which is sampled from a range of 12 to 13 MPa. These regions are assumed to be fully brine-saturated. So
far, this is how previous PA calculations started at time zero; now they are starting at -50 yr. After S0 yr (i.c., at

time zero when the disposal region is scaled), pressure in the waste is reset to atmospheric from the caleulated value
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2. Model Description

(in most realizations very slightly above atmospheric), and the brine saturation in the waste is set to its sampled
value. Any brine in the waste in excess of the sampled saturation is ignored, simulating its disappearance by
evaporation or pumping. In all other excavated regions, the brine saturation is set to 1.0, and the pressure is reset to
atmospheric. (A hydrostatic gradient would be more accurate, but because of the high permeability of these regions,
this is achieved very quickly and much more conveniently in the course of the calculations after time zero.) The
permeability of each region is reset at this time. Excavated regions were originally giver a very high permeability
(1.0 x 10°"9 m2yand a porosity of 1.0 to simulate cavities. At time zero, these regions take on different
characteristics, becoming scals or backfill, cach with different permeabilities and porosities, as described in

Section 3.

The DRZ receives special treatment. The porosity of the DRZ is assumed to increase at time zero from the
porosity of intact halite to the porosity of the highly fractured disturbed zone. One of the more important objectives
of this initial condition calculation is to account more accurately for mobile brine content of the DRZ. In previous
PA calculations, the DRZ was assumed to be fully saturated at time zcro, with a relatively large permeability. This
allowed large quantities of brine to drain from the DRZ into the waste, providing much of the brine source for gas
generation. The current initial condition calculation recognizes that much of this brine will have been removed
during the disposal phase of the WIPP. Therefore, when the porosity of the DRZ increases at time zero, the brine
volume is held constant, and the additional pore volume is filled with gas. The pressure in the DRZ, already very
close to atmospheric, is set to atmospheric (0.101 MPa) to preclude any gas drive from being artificially created
when the DRZ porosity is changed. Such a gas drive could force an immediate and unrealistic surge of remaining

DRZ brine into the waste.

The calculations proceed from this calculated initial condition for the 10,000-yr performance period. The most
important effect of these more realistic initial conditions is that less brine will flow into the excavated regions
(including the waste), because the initial "surge" of brine that occurs upon excavation has been eliminated, and the

pressure gradients in the immediate vicinity of excavations have been greatly reduced.

Attime zero, waste is assumed to have some initial brine saturation that is available for waste degradation.
This is a sampled parameter, ranging from 0.0 to 0.14. When it arrives at the WIPP, waste is expected to contain
some small quantity of free liquid. For BRAGFLO simulations, this liquid is assumed to be Salado brine; its actual
composition is unknown. The actual liquid content, or saturation, is also unknown. In 1991, the initial brine
saturation was varied from 0.0 t0 0.276. The maximum (0.276) is the assumed residual brine saturation of the waste
(WIPP PA, 1991c). In the absence of real data, residual saturation was selected as the maximum liquid that the
waste could contain and still comply with transportation regulations (U.S. DOE, 1991c¢) that prohibit transporting
any waste that contains significant quantities of mobile liquids, i.c., liquids that can flow and, therefore, exceed
residual saturation. In 1992, the maximum initial brine saturation was reduced to 0.14. This reduction was
necessitated by numerical constraints imposed by the creep closure model that was implemented in 1992, Thus, the
range of values over which the initial brine saturation is sampled (0.0 to 0.14) is somewhat arbitrary. However, the
range does satisty two other important criteria: (1) It includes values of initial brine saturation that are physically
reasonable and possible. (2) It is sufficiently broad to enable sensitivity analyses to determine how initial brine

saturation affects the performance of the WIPP,
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2.5 Summary of Model Assumptions

2.5 Summary of Model Assumptions

Table 2-1 contains a list of important assumptions made in modeling for the sensitivity analyses reported in this
volume. In general, the impact of these assumptions on disposal-system performance is ditficult to quantify.
Complexities of the coupled processes altecting two-phase Now preclude predictions about how the system will
uspond to specific changes in modeling assumptions. Assumptions (Iml have a high polunml to affect
performance, such as the omission of pressure-dependent fracturing of dnhydnlc interbeds, will be anCSlILdlLd in

future analyses as improvements are made in the PA modeling system.

Table 2-1. Partial List of Assumptions Used in the BRAGFLO Analyses of Undisturbed Performance
Reported in Volume 5 of the 1992 WIPP PA

General Assumptions

Brine and gas flow obeys generalized Darcy's Law for compressible fluids in all media. Pore space
is fully interconnected in all regions.

Dimensions of all regions are fixed and do not change with time.

All gas is assumed to have the physical properties of hydrogen.

All liquid is assumed to be Salado Formation brine.

Gas does not dissolve in brine.

Pressure-dependent fracturing of anhydrite interbeds does not occur.
Stratigraphy is simplified as shown in Section 2.1.

Initial conditions calculated by simulating a 50-yr operational period during which the repository
remains open. Time tg for the 10,000 yr simulations is at the end of the operational phase, when
the repository is sealed. Permeabilities, porosities, and saturations are adjusted at this time as
described in Ch. 4 of Volume 4 of this report.

Permeabilities and porosities of selected regions are adjusted at 200 yr to reflect consolidation of
the seal system (this volume only).

No hysteresis in capillary pressure curves.

Permeabilities and porosities sampled independently. (Sufficient data are not yet available to
correlate permeability with porosity.)

No-flow boundaries everywhere except far-field Culebra, where pressure is specified.

Klinkenberg effect is ignored.
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Table 2-1. Partial List of Assumptions Used in the BRAGFLO Analyses of Undisturbed Performance

Reported in Volume 5 of the 1992 WIPP PA (Continued).

Halite Assumptions

" Permeability specified, and constant in time.

Initial (pre-excavation) porosity specified; varies with pressure (because of compressibility);
unchanged at tp.

Initial brine saturation specified; unchanged at tg.
Initial pressures specified, vary with depth; pressures at tg are calculated.

Threshold capillary pressure a function of permeability; constant in time.

Anhydrite Assumptions

Permeability specified and constant in time.

Initial porosity specified as same as intact halite; varies with pressure (because of compressibility).
Initial saturation specified.

Initial pressure specified.

Threshold capillary pressure a function of permeability; constant in time.

MB138 not included in the DRZ above the repository.

Disturbed Rock Zone (DRZ) Assumptions

Includes what was originally intact halite between the repository and MB139 and anhydrite a + b,
also includes what was originally intact MB139 and anhydrite a + b directly above and below the
repository; also includes (for this volume only) one meter of what was originally intact halite below
MB139 beneath the repository.

Permeability specified and constant during operational phase; changes at tg and is constant
thereafter, the DRZ does not "heal."

Threshold capillary pressure is zero and constant in time.




2.5 Summary of Model Assumptions

1 Table 2-1. Partial List of Assumptions Used in the BRAGFLO Analyses of Undisturbed Performance

2 Reported in Volume 5 of the 1992 WIPP PA (Continued).

3

4 Initial porosity specified as same as intact halite; varies with pressure (because of compressibility);
5 changes at to.

6 Initial brine saturation specified, variation calculated during operational phase as brine flows in or

out. Attg, brine volume is conserved when porosity changes; brine saturation changes and added
8 pore volume is filled with gas.

9 Initial pressure same as that of intact halite at the same elevation; calculated during operational
10 phase. Pressure set to atmospheric at tg.

11 Transition Zone Assumptions

12 Located in what was originally intact halite between anhydrite a+b and MB138 above the

13 repository.

14 Permeability specified as same as that of anhydrite, constant in time.

15 Initial porosity specified as same as intact halite; varies with pressure (because of compressibility).
16 Initial saturation specified.

17 Initial pressure specified.

18 Threshold capillary pressure a function of permeability; constant in time.

;g Culebra Assumptions

21

22 Initial permeability zero; at tg, nonzero permeability specified, uniform, and constant in time.

23 Initial porosity specified, varies with pressure (because of compressibility).

24 Initial saturation specified.

25 Initial pressure specified, not in hydrostatic equilibrium with underlying haiite; far-field pressure
26 constant.

27 Threshold capillary pressure a function of permeability; constant in time.

2
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2. Model Description

Table 2-1. Partial List of Assumptions Used in the BRAGFLO Analyses of Undisturbed Performance

Reported in Volume 5 of the 1992 WIPP PA (Concluded).

Waste/Disposal Region Assumptions

" Initially treated as an empty cavity; very high permeability - porosity equals 1.0 and is constant in-

time; threshold capillary pressure zero and constant in time; pressure is atmospheric; no gas
generation.

At tg, waste and all panel seals are emplaced simultaneously, and all properties change.
Permeability specified, constant in time, independent of porosity.

Threshold capillary pressure zero and constant in time.

Pressure at tg is atmospheric, calculated for later times.

Brine content at end of operational phase is discarded (assumed to be removed by ventilation),
brine saturation at tg is saturation of the newly emplaced waste.

Gas-generation rate is dependent on degree of brine saturation, ranging from humid rate to
inundated rate; rate is zero if brine saturation is zero. If brine is present, gas continues to be
generated until all corrodible and biodegradable material is consumed. No functional dependence
of rate on pressure or chemistry. Corrosion consumes water. Biodegradation requires the
presence of water. Mineral precipitation is ignored.

Dynamic creep closure as a function of pressure in waste results in large porosity changes from
the initial specified porosity; porosity changes only as pressure increases, and varies slightly
(because of compressibility) if pressure decreases. Dimensions of the modeled waste-disposal
region remain constant in time regardless of porosity.
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3. UNCERTAIN VARIABLES USED IN SIMULATIONS
OF UNDISTURBED PERFORMANCE

Previous volumes of the 1992 WIPP performance assessment selected 49 imprecisely known variables for
umsldc ation (see Table 3-1 of Volume 4 of this wpml) Nineteen ol these p.lr.\mctuts are usLd ln simulations ol
L.xs and brine nnydlum for undisturbed mrtmm.mw c.thu dncctl) or to derive the pdmmclcr\ used as BRAGIT,0
input. Sampled values for these 19 parameters are unchanged in this volume from those used in other analyses in
the 1992 PA and arc as reported in Appendix C of Volume 4. Six additional parameters related specitically to the
performance of the shaft-seal system have been included in sampling for this volume. Values for these parameters
are provided in Appendix B of this report, together with values of parameters derived tfrom sampled variables and
used directly in BRAGFLO.

Table 3-1 identifies the 25 variables sampled for these analyses, and provides information about ranges,

distributions, and sources of additional information for cach.  The nineteen variables unchanged from carlier
volumes are listed first, and are followed by the six additional variables added for these analyses.

Table 3-1. Variables Sampled in 1992 WIPP Performance Assessment?

Variable Definition

BCBRSAT Residual brine saturation for Salado Formation (S) (dimensionless). Range: 0.0to 0.4
Median: 0.2. Distribution: Uniform.  Additional information. Section 2.3.1, Volume 3.
Variable 13 in Latin hypercube sample (LHS).

BCEXP Brooks-Corey pore-size distribution parameter for Satado Formation (1) (dimensionless)
Range: 0.2 to 10. Median: 0.7. Distribution: Piecewise uniform. Additional information:
Same as BCBRSAT. Variable 11 in LHS

BCFLG Pointer variable (flag) for selection of characteristic curve sub-model. Range: 0 or 1
Distribution: 33% 0, 67% 1. Value of 0 selects Van Genuchten/Parker Model; value of 1
selects Brooks-Corey model  Additional information: Section 2 3.1, Volume 3. Variable
12in LHS.

BCGSSAT Brooks-Corey residual gas saturation for Salado Formation (Sgr) (dimensionless).
Range: 0.0 to 0.4, Median: 0.2. Distribution: Uniform. Additional information: Same as
BCBRSAT. Variable 14 in LHS.

3-1
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3. Uncertain Variables

Table 3-1. Variables Sampled in 1992 WIPP Performance Assessment (Continued)

Variable

Definition

BRSAT

CULPOR

GRCORHF

GRCORI

GRMICHF

GRMICI

MBPERM

MBPOR

Initial liquid (brine) saturation of waste (dimensionless). Range: 0to 0.14. Median: 0.07.
Distribution; Uniform. Additional information: Section 3.4:3, Volume 3. Variable'1 in
LHS.

Matrix porosity (@m) in Culebra (dimensionless). Range: 5.8x 102 to 2.53 x 10-1.
Median: 1.39 x 10-1. Distribution: Piecewise uniform. Additional information: Table 4.4,
Kelley and Saulnler, 1990; Table E-8, Lappin et al., 1989; Section 2.6.2, Volume 3.
Variable 43 in LHS.

Scale factor used in definition of gas generation rate for corrosion of steel under humid
conditions (dimensionless). Actual gas generation rate is GRCORH=GRCORHF -
GRCORI. Range: 0to 0.5. Median: 0.1. Distribution: Piecewise uniform. Additional
information: Memo from Brush, July 8, 1991, contained in Appendix A, WIPP PA Division,
1991¢, Section 3.3.5, Volume 3. Variable 3 in LHS.

Gas generation rate for corrosion of steel under inundated conditions (mol/m2+s surface
area steels). Range: 0to 1.3 x 10-8+s. Median: 6.3 x10°9. Distribution: Piecewise
uniform. Additional information. Same as GRCORHF. Variable 2 in LHS.

Scale factor used in definition of gas generation rate due to microbial degradation of
cellulosics under humid conditions (mol/kg cellulosicses). Actual gas generation rate is
GRMICH = GRMICHF » GRMICI. Range: 0to 0.2, Median: 0.1. Distribution: Uniform.
Additional information: Same as GRCORHF. Variable 6 in LHS.

Gas generation rate due to microbial degradation of cellulosics under inundated
conditions (mol/kgss cellulosics). Range: 0 to 1.6 x 108 Median: 3.2 x 10-9.
Distribution: Piecewise uniform. Additional information: Same as GRCORHF. Variable 5
in LHS.

Permeability (k) in intact anhydrite marker beds in Salado Formation (mz)‘ Range: 1 x
1021 to 1 x 10716, Median: 5.0 x 1020 Distribution: Piecewise loguniform.
Correlation: 0.3 rank correlation with SALPERM. Additional information: Section 2.4.2,
Volume 3. Variable 15 in LHS.

Porosity (¢) in intact anhydrite marker beds in Salado Formation (dimensionless). Range:
1 x 10'3 to 3 x 10“2. Median 1 x 102, Distribution: Piecewise uniform. Additional
information: Section 2.4.4, Volume 3. Variable 16 in LHS.
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3. Uncertain Variables

Table 3-1. Variables Sampled in 1992 WIPP Performance Assessment (Continued)

Variable

Definition

MBPRES

SALPERM

STOICCOR

STOICMIC

TZPORF

VMETAL

VWOOD

Far Field Pressure (p) in Salado formation at the MB139 elevation. Range: 1.2 x 107 to
13 x 107 *Median: 1.25 x 10 Distribution: Uniform Additional information: Section
2.4.3 Volume 3. Variable 18 in LHS.

Permeability (k) in intact halite component of Salado Formation (m2). Range: 1 x 10-24
to 1 x 1019 Median: 2 x 1021, Distribution: Piecewise loguniform. Correlation. 0.3
rank correlation with MBPERM. Additional information: Memo from Gorham et al., June
15, 1992, contained in Appendix A, Volume 3; Howarth et al., 1991, Beauheim et al,
1991; Section 2.3.5, Volume 3. Variable 10 in LHS.

Stoichiometric coefficient for corrosion of steel (dimensionless). Defines proportion of two
different chemical reactions taking place during the corrosion process. Range: 0 to 1.
Median: 0.5 Distribution; Uniform Additional information: Brush and Anderson in
Lappin et al., 1989, p. A-6; Section 3.3.5, Volume 3. Variable 4 in LHS.

Stoichiometric coefficient for microbial degradation of cellulosics (mol gas/mol CH2O).
Range: 0to 167 Median: 0.835. Distribution: Uniform. Additional information: Brush
and Anderson in Lappin et al., 1989, p. A-10; Section 3.3.5, Volume 3. Variable 7 in LHS

Scale factor used in definition of transition zone and disturbed rock zone porosity (¢Z).
with the transition zone and disturbed rock zone porosity defined by TZPOR = SALPOR +
(0.06 - SALPOR) « TZPORF. Range 0 to 1. Median: 05 Distribution: Uniform
Additional information: Section 2.4 4, Volume 3. Variable 17 in LHS.

Fraction of total waste volume that is occupied by IDB (Integrated Data Base)} metals and
glass waste category (dimensionless). Range: 0276 to 0.476. Median: 0 376.
Distribution: Normal. Additional information: Section 3.4.1, Volume 3. Variable 9 in LHS.

Fraction of total waste volume that is occupied by IDB combustible waste category
(dimensionless). Range: 0.285 to 0484 Median: 0384  Distribution. Normal.
Additional information: Section 3 4.1, Volume 3. Variable 8 in LHS.
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3. Uncertain Varlables

The following variables were sampled for the undisturbed calculations reported in this volume only,
and were not used in the calculations reported in Volume 4. Sampled values for these variables are given
in Appendix B of this volume

Table 3-1. Variables Sampled in 1992 WIPP Performance Assessment (Concluded)

Variable

BKFLPOR

DSEALPRM

SEALPRM1

SEALPRM2

SHFTPRM

SEALTHK

Definition

Porosity of backfill materials in drifts and experimental region and in the shaft below the
shaft seal (dimensionless). Range. 001 to 0075 Median: 0.0425.  Distribution:
Uniform. Additional information: Memorandum by Finley and Vaughn, Appendix A of this
volume Variable 26 in LHS for the Volume 5 calculations

Permeability of panel and drift seais (m2)A Range: 1.0 x 10?1 t0 1.0 x 10°18. Also used
to define porosity for panel and drift seals (see Appendix B of this volume for definition of
relationship). Distribution: lognormal.  Additional information: Same as BKFLPOR.
Variable 25 in LHS for the Volume 5 calculations.

Permeability of the shaft for the time period from 0 to 200 yr (m?). Range: 1.0 x 10"19 to
50 x 10°16. Median: 7.0 x 10°'8  Distribution: lognormal. Additional information:
Same as BKFLPOR. Variable 22 in LHS for the Volume 5 calculations.

Permeability of the shaft seal and shaft-fill material within the Salado Formation for the
time period from 200 to 10,000 yr (m2). Range: 10x 1021 to 10x 10718 Median 32
x 1020 Distribution: lognormal. Also used to define porosity for the shaft seal and
shaft-fill material (see Appendix B of this volume for relationship). Additional information:
Same as BKFLPOR Variable 23 in LHS for the Volume 5 calculations.

Permeability of the shaft-fill material within the Salado Formation for the period from 0 to
200 yr (m?) Range: 1.0 x 10°'9 t0 1.0 x 10715 Median 1.0 x 10" Distribution.
lognormal.  Additional information: Same as BKFLPOR. Variable 24 in LHS for the
Volume 5 calculations.

Thickness of the shaft seal within the Salado Formation, as modeled (m). Range: 30 to
100. Median: 65. Distribution: Uniform. Additional information. Same as BKFLPOR.
Variable 21 in LHS for the Volume 5 calculations.

a Adapted from Table 3-1 of Volume 4 and Tables 6.0-1, 6.0-2, and 6.0-3 of Volume 3 of this report.
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4. GAS AND BRINE MIGRATION

In this chapter, results are discussed for three cases. In the first, the base case, the shaft is modeled as o
composite of the four existing shafls. The second case considers a single shaftinstead of combining all four shafts
into one, but is otherwise identical to the base case. I the third case, the base case is repeated but without dynamic
creep cl(isurz‘; instead, the porosily of the repository is fixed af the median Tinal-state porosity of 19%. This is the
best current estimate for the repository-wide average porosity of waste compacted to lithostatic pressure (14.8 MPa)
(Butcher, 1990),

In all three cases, the behavior of the repository and the responses of the surrounding strata to changes in the
repository is largely determined by the initial brine saturation in the waste. 11 gas generation is relatively low,
primarily as a result of low initial brine content in the waste, the pressure in the repository rises slowly as brine from
the far field Hows in to equilibrate repository pressure with the far ficld. Under these conditions, the direction of
flow is mostly in toward the repository, and the repository behaves simply as @ brine sink. A more common
response (in 70% of the realizations) is for gas to be generated sufticiently rapidly so that the pressure in the
repository builds quickly, exceeding the far-field pore pressure. luabout hall of the realizations, the disposal-region
pressure exceeds lithostatic pressure. In these cases, brine and gas are driven away [rom the repository out the most
permeable pathways: the three anhydrite layers, and the sealed and backfilled shaft. Despite the high pressures
reached in the repository, cumulative brine flow outward through the anhydrite layers is never enough to reach the
disposal-unit boundary. Brine Hows up the sealed shatt are also small and do not reach the Culebra. Cumulative
zas flow out the anhydrite layers is sufficient in 6 of the 70 realizations for gas to flow beyond the disposal-unit
houndary. Gas reaches the Culebrain 12 of the 70 realizations.

Results for the single-shaft case ditter little from the base case. Cumulative brine flows up the shafl are lower
than in the base case in proportion to the cross sectional area of the shafl, Cutvulative gas Nows into the Culebra ure
also proportionately lower, Flows of brine and gas out the anhydrite layers are indistinguishable from those of the

base case.

Results tor the fixed-porosity case differ from the base case primarily in the pressures obtained in the
repository. Peak pressures are considerably higher, reaching 39 MPa versus 24 MPa in the base case. However, in
the absence of a mode) for pressure-dependent fracturing of anhydrite interbeds, the higher repository pressures
have essentially no effect on the other performance measures examined. Brine and gas lows out the anhydrite
layers and up the shaft are unaffected by the use of a fixed repository porosity instead of a time-varying porosity,
This conclusion may change in future performance assessments when pressure-dependent fracturing is included in

simulations.

4.1 Four-Shaft Equivalent Geometry

Repository behavior is largely dictated by the amount of water initially present in the waste. Pressure in the
repository initially increases, either rapidly, as a result of gas generation, or slowly, while gradually equilibrating
with far-field pressure i the gas generation rate is low. Peak pressures range from 5.8 1o 23.8 MPa. Brine
saturation in the waste rises steeply during the first 100-300 yr as creep closure reduces the pore volume of the
waste more rapidly than corrosion consumes brine. After peaking at about 300 yr, the brine saturation generally
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4. Gas and Brine Migration

decreases continuously during the remainder of the 10,000 yr (unless the initial brine saturation and the corrosion
rate are both very low) because corrosion consumes brine faster than it flows into the repository from the tar field.
Because sufficient brine is not available, the initial iron inventory of the repository is usually not fully consumed
within 10,000 yr. The opposite is true for cellulose. As aresult of its lower initial inventory and higher reaction
rate, celulose generally is fully consumed fairly carly (within the first 3000 yr), when sufficient brine is still
available for biodegrtidation to take place. Although the amount of brine that flows inta the repository is usually
greater than the amount that 1lows out, brine inflow has little effect on gas generation because it tends to accumulate
in regions of the repository that are depleted of reactants. Thus, the initial brine content of the waste has a far
greater impact than brine inflow on how much gas is generated.

Cumulative brine flow out the high-permeability pathways - the three anhydrite layers and the shaft
impacts directly on regulatory compliance. In none of the realizations did sufficient brine flow out any of these
pathways to reach the disposal-unit boundary. Because transport was not madeled, the analysis is based on
quantities of brine flow relative to pathway pore volumes and residual saturations, As expected, the largest volumes
of brine flow out MB139, None flows out anhydrite a + b Although enough brine flowed out MBI138 to warrant
some coneern, it is not clear that the brine there could priginate in the waste; it is possible that brine in MB138, as
currently maodeled, is not contaminated, but instead originates in MB138 or the transition zone above the repository.
Small amounts of brine flowed upward through the shaft seal, but not enough to il the rest ol the lower shaft
between the seal and the Culebra, Although almost no brine (tows through the drift seals, it by passes the drift seals
by Nowing through the DRZ above and below the seals,

Sufticient quantities of gas are produced in 6 of the 70 realizations for gas to flow beyond the disposal-unit
boundary. The largest amoants of gas How out MB139, even though this pathway is also the main conduit for brine
low. Smaller quantities ow out anhydrite a v b and MB138: in the six realizations having flow past the disposal-
unit boundary, such flow occurs in all three anhydrite layers. Gas also Tows up the shaftinto the Culebrain the
same six realizations. The panel and drift seals were not completely effective in stopping gas flow: less than 0.01%

of the total gas Now from the waste entered the panel and drift seals,

4.1.1 Repository Behavior

Pressures in the waste (Figure 4- 1) increase for at least the first 1000 yr in all realizations. In all cases, the
pressures start at atmospheric (0.101 MPa). Some of the increase in pressure results from brine inflow from the far
field, and some smatl component from the reduction of void volume by creep closure. Most of the increase,
particularly in those realizations in which pressure rises above the far-field pore pressure (12 to 13 MPa), is caused
by gas generation by corrosion and biodegradation of the waste. Atter 10,000 yr, pressures range from 5.8 to 22.3
MPba; peak pressures range from 5.8 10 23.8 MPa. Two general types of behavior can be observed. In about two-
thirds of the casces, the pressure profile peaks in less than 10,000 yr, often fairly carly - between 1000 and 3000 yr.
In these instances, gas is generated faster than pressure can be relieved by fuids flowing out of the anhydrite layers
or up the sealed shaft. Eventually, either reactants are fully consumed or brine is no longer available for corrosion,
and gas gencration stops or slows greatly. From that time on, pressures in the waste gradually equilibrate with the
far-ficld pressures. 11 the pressure has exceeded the far-tield pressure at the elevation of the repository, then the

pressure will drop.
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4.1 Four-Shaft Equivalent Geometry

Figure 4-1.
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Volume Average Pressure in the Waste Repository.
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4. Gas and Brine Migration

Otherwise, the pressure will continue to rise. This is seen in about one-third of the runs, where the pressure has not

vet reached the far-field pressure within 10,000 yr, and is increasing so slowly that it may never exceed the far-ficld
pressure. Lithostatic pressure is exceeded in about half of the realizations. Until fracturing of the anhydrite layers is
included in the model (planned for 1993), these high repository pressures will always be obtained in some of the

realizations.

Pressures in the waste can also increase as a result of creep closure reducing the pore volume. In the current
implementation of creep closure, it is difficult to determine how much creep closure contributes to pressure
increases in the presence of other phenomena. This will be discussed further in Section 4.3, In order for creep
closure to have a significant effect, pressures in the waste must first increase independently of creep closure, as a

result of either gas generation or influx of fluid from outside the repository.

I'here are a few realizations in which the pressure fluctuates. This generally results when gas generation rates
vary rapidly. For example, in the realization producing the highest pressures (see Figure 4-1), the pressure peaks
very early at 20 MPa, drops briefly, then rises again to peak at 23.8 MPa. In this case, biodegradation is very rapid,
causing pressures to risc rapidly. But when the biodegradable inventory is fully consumed (in about 600 yr), gas
genceration slows dramatically, resulting in a rapid drop in pressure as gas continues to migrate into the far field.
Eventually, gas generation from corrosion brings the pressures back up to the higher peak, when all corrodible

materials are finally consumed.

Brine saturation in the waste also generally increascs initially (Figure 4-2), peaking quite carly — within a few
hundred years after the repository is sealed. The saturation increase is a direct result of the rapid creep closure
during these carly times and results in a sharp decrease in pore volume in the waste (Figure 4-3). Although
corrosion consumes brine during this time period, which causes the brine volume in the waste to drop (Figure 4-4),
the decrease in pore volume is more rapid than the decrease in brine volume. Consequently, brine saturation
undergoes a rapid increase initially. Once the repository has crept shut about as far as it can in the current creep
closure implementation, brine consumption causes the brine saturation to decrease. Generally, the rate of decrease
in brine saturation is quite rapid, dropping to less than 20% of its peak value within 2000 yr. In most cases, once
brine saturation begins to decrease, it never rises again during the remainder of the 10,000 yr. Only in a few
realizations in which the brine saturation is always quite low (less than 0.05) does the saturation increase after 1000
yr. In these cases, the pressure in the repository remains fairly low, typically below hydrostatic (about 7 MPa),
because little gas has been generated, and some brine is still able to flow in from outside the repository. However,
in most cases, the rate of brine flow in from the far field is quite low as a result of low interbed permeabilities and
pressures within the repository that are comparable to the far-field pressures. Any brine that does flow into the
repository is usually consumed by corrosion as quickly as it flows in. Thus, there is generally no increase in brine

saturation after about 1000 yr.

The two reactants, iron and cellulose, differ markedly in their time-dependent behavior (Figures 4-5 and 4-6,
respectively). In 18 of the 70 realizations, all of the iron is consumed. The initial corrosion rate is generally the
highest rate; however, the initial brine content is consumed in most of the realizations, and, given the generally low
flow of brine into the waste, much iron is often unreacted after 10,000 yr. In contrast, cellulose is fully consumed in
52 of the 70 realizations. This stems from the lower initial content and higher reaction rate for cellulose compared
with iron. The median value for the initial mass of cellulose is about 17% that of iron. The median biodegradation
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Figure 4-2. Volume Average Brine Saturation in the Waste Repository.
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Figure 4-3. Pore Volume in the Waste Repository.
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Figure 4-4. Brine Volume in the Waste Repository.
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Figure 4-5. Iron Remaining in the Waste Repository.
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4. Gas and Brine Migration

rate among the 70 realizations is about 6 times higher than the median corrosion rate on a mass basis under
inundated conditions. Thus, cellulose is expected to be fully consumed in approximately 1/40th of the time required
for corrosion, at their full rates. Because of the smaller initial content and higher rate, biodegradation is not
inhibited by lack of brine as much as corrosion because it is largely completed while brine is still present in the
waste, whereas, brine is depleted in the waste long before corrosion is completed. (Note that although
biodegradation is currently assumed not to consume water, there still must be water present in order for
biodegradation to occur, Corrosion, as currently modeled, consumes water, so water must also be present for
corrosion to take place. These statements are true for both the inundated reactions and the humid reactions. See
Sections 1.4.1 and 3.3 of Volume 3 of th.s report for additional discussions of the gas-generation model.)
Averaging over the 70 realizations, 32% ot the total initial iron content of the waste remains unreacted after 10,000
yr, whereas, only 16% of the total initial biodegradable content remains at that time.

The amount of gas generated, Figure 4-7, ranges from 3.0 > 100 t0 3.2 < 107 m? (at reference conditions: 30 °C
and 0.101 MPa). This corresponds to 1.3 = 108 10 1.3 x 107 mol I1; total, or nominally 160 to 1600 mol/drum
(based on 6804 drums/room, as modeled). The full potential as currently modeled is 2.0 < 10710 3.5 x 107 m? (at
reference conditions), or equivalently 8.1 x 108 to 1.4 x 107 mol Hj; total, or 1000 to 1770 mol/drum. Because so
much iron remains after 10,000 yr, the average cumulative gas generated (1.8 < 107 m¥) is relatively low, only 70
percent of the average potential (2.6 x 107 m3),

Total brine consumed by corrosion, Figure 4-8, ranges from 1600 to 29,600 m*; compared with the total brine
required to complete corrosion, 19,700 to 32,200 m?3. In 45 realizations {or 64%), sufficient brine is available in the
waste initially to corrode all the iron in the waste without any brine flowing in from outside the waste. However,
only in 18 of the realizations (or 26%) was all of the iron fully consumed. In the other 27 realizations, the corrosion
rate was too low to consume all of the iron within 10,000 yr, even though enough brine was always available.

As shown in Figure 4-9, there were more realizations (39) in which the net brine flow was info the waste, rather
than from the waste (19), and in 12 of the 70 realizations, there was no brine flow either into or out of the waste.
The maximum brine outflow was 11,400 m3. In some realizations, the net cumulative flow of brine was inward
because of an carly surge of inflowing brine, but there was still a substantial amount of brine outflow. However,
even in the most extreme case (the second curve from the bottom in Figure 4-9), only about 7100 m* of brine
flowed back out after having flowed into the waste. 1t is interesting that in the ten realizations with the highest
inflow of brine, none had all the iron fully corroded. This suggests that brine inflow has only a marginal impact, at
best, on corrosion, and that corrosion rate is a more important factor influencing corrosion and gas generation,
rather than the availability of brine. In contrast, those realizations with the highest brine inflow generally had
among the lowest initial brine present in the waste, so, whereas brine inflow may not be important, initial brine
content is. Brine inflow has little effect on corrosion because it tends to fTow in just at the edges of the repository
and then pool in the bottom of the repository. Iron may be largely consumed there, but not enough brine flows into
fill the repository to the top, so iron remains relatively unreacted in the upper portion of the repository.
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Figure 4-8. Cumulative Brine Volume Consumed.
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4 Gas and Brine Migration

4.1.2 Brine Flow Behavior

A key question for PA to answer is: Where does contaminated brine flow to” Because the presence of brine in
the waste resulls in gas generation, it is also desirable to know where brine comes from, specifically, what are the
flow paths taken by brine near the WIPP site over the thousands of years following the sealing of the repository. As
discussed above, as much as 11,400 m? of brine flowed out of the waste, This brine is presumably contaminated
with radioactive isotopes and hazardous constituents, Although the mode! used does not simulate transport, the
extent and directions of contaminated brine flow can be estimated, in addition to the sources of brine that flows, into
the waste. Figure 4-10 shows that almost no brine flowed through the drift seals, The maximum cumulative flow of
contaminated brine from the waste into the seals was 0.03 m?, In most realizations, brine Nlowed from the seals into
the waste, but the maximum was stili only 0.9 m?. The bulk of flow into or out of the waste was through the DR/Z.
The drift seals, as currently modeled, are very effective in blocking brine Now from the waste through the seals, but
they do not prevent thiids from bypassing the seals by way of the DRZ.

FFluids do not migrate significant distances in the low-permeability halite, and to get to the disposal-unit
boundary, contaminated brine must flow through one of the permeable units: the anhydrite layers (Marker Beds
138 or 139 or the combined anhydrite "a" and “b" layer), or up the sealed shafl. As described below, the results of
the BRAGFLO simulations show that no contaminated brine would have reached the unit boundaries, This
conclusion is based on examinations of the quantities of brine and gas that flowed into various regions, rather than
on actual transport caleulations because those caleulations were not performed.

For these model results, it can safely be stated that no contaminated brine reached the Culebra upward through
the shaft seal system. As Figure 4-11 shows, in most realizations, brine flowed downward through the modeled
shafl seal, not upward, and did not provide a potential transport medium away from the waste. In seven realizations
there was a positive net upward flow of brine, and the maximum flow was only 25 m. In addition, there were
several realizations in which brine flowed downward initially but flowed upward later. To be conservative, it must
be assuried that all of this upward-towing brine is contaminated, although this may not be true. In the worst cases,
approximately 40 m3 of brine flows upward (even though in one of those realizations the net cumulative low was
30 m? downward). However, Figure 4-12 shows that the minimum brine volume in the lower shafl (above the shaft
seal but below the Culebra seal) is 370 m?. This figure also shows that the brine volume in the lower shafl is nearly
constant in most cases even though that portion of the shall is never fully saturated with brine after 200 yr, so brine
in the lower shaft is never completely displaced by the small amount of brine flowing up through the seal.
Therefore, 40 m3 of brine lowing through the shafl seal would flow only about 1/10th of the distance from the seal
to the Culebra, never actually reaching the Culebra. In fact, when individual realizations are examined, the quantity
of brine that Tows through the shaft seal never amounts to more than 1.7% of the brine volume in the lower shaft.
(In Figure 4-12, the small drop in brine volume that oceurs in every realization at 200 yr results from the change it
porosity in the Culebra seal at that time, as described in the memorandum by Finley and Vaughn in Appendix A of
this volume.)

Before considering the other flow paths — the three anhydrite layers — it must be pointed out that the
fundamental assumption of plug flow in a porous medium requires that any outward flow of contaminated brine
from the waste must displace all the brine-saturated pore volume in a grid block before it can move to he next grid
block. Because of the quasi-cylindrical geometry used in the mesh, the volume of grid blocks increases greatly as
one moves outward from the repository (see Section 2.3). Table 4-1 lists the cumulative grid block volumes in cach
anhydrite layer for the mesh used in these calculations, along with the distance from the repository to the outer edge
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Figure 4-10. Cumulative Brine Flow from the Repository to the Drift Seals. (Positive values indicate flow OUT
from the repository, into the drift seals.)
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4. Gas and Brine Migration

Table 4-1. Cumulative Volumes in Anhydrite Layers in BRAGFLO Mesh (South of Repository) (see

Figure 2-1)
Volume (m3)
Layer 9
Distance Layer 7 Anhydrite Layer 16
Cell No. (m) MB138 a+b MB139
8 1 347 521 1,640
7 6 2,110 3,160 9,950
6 26 9,500 14,300 44,900
5 126 55,100 82,700 260,000
4 626 387,000 580,000 1,830,000
3 2,500 3,230,000 4,840,000 15,200,000
2 7,500 23,200,000 34,800,000 109,000,000
1 22,500 191,000,000 287,000,000 902,000,000

of the grid block. Table 4-2 lists initial pore volumes in the same grid blocks. This is the actual volume of brine
that must be displaced by contaminated brine and gas flowing out from the repository. This will help to put into
perspective the large amount of brine that has to be displaced in order for contaminated brine to reach the disposal-
unit boundary. If some of the pore volume is occupied by gas, then the estimates of travel distances must be
increased proportionately. The tables give volumes only for the portion of the mesh to the south of the repository.
Generally, the cumulative flows of gas and brine are greater south of the repository, so only flows to the south are

examined.

Cumulative brine flow southward out through Marker Bed 138 is shown in Figure 4-13. The amount of brine
that flows inward toward the repository is generally far greater than the amount that flows outward. In eight
realizations was there a net outward flow to the south of the repository, with the maximum being 320 m3. However,
in many other cases large quantities of brine {Towed in toward the repository initially, but flowed outward later as
pressures within the repository built up. This occurred in 40 of the 70 realizations. Although the most brine that
flowed south from the repository was 520 m3, which would occupy 54,000 m? of MB138 volume (at a porosity in
this realization of 0.0097), another realization that had 350 m3 brine flow at a lower porosity (0.0046), so that brine
occupied 77,000 m? of the marker bed. Table 4-1 shows that this brine would flow as far south as Cell 4, or 626 m,
provided that the marker bed was fully saturated with brine. However, this is generally not true. [f some
contaminated brine flowed out carly on, followed by a large quantity of gas, even small amounts of contaminated
brine could be pushed far out. A more accurate way to estimate the distance contaminated brine has flowed is to
sum the volumes of brine and gas (at local pressures) that flowed out. The maximum gas flow out through MB138
is 2.8x10% m3 at reference conditions of 0.101 MPa, as shown in Figure 4-14. The repository pressure must exceed
the far-field fluid pressure in order for gas to flow out from the repository, so gas pressures in MB138 must be at
least 12 MPa, which is the low end of the sampled range of far-field pressures. Thus, the maximum cumulative gas
volume that has flowed south out of MB138 is approximately 2.3x104 m3, which, at the minimum sampled marker
bed porosity of 0.001159, would occupy 20x 10° m? of the marker bed. Table 4-1 shows that when gas and brine
flows are combined, they could flow out into Cell 2, 7500 m south of the repository, or 5 km beyond the disposal-
unit boundary, using all the most unfavorable parameter values from the Latin hypercube sampling. Because these
extreme combinations of parameter values did not occur in the Latin Hypercube Sample (LHS), the maximum gas
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Table 4-2. Pore Volumes in Grid Blocks in Anhydrite Layers in BRAGFLO Mesh (South of Repository)?2
(see Figure 2-1)

Layer 7 Layer 9 Layer 16
MB138 Anhydritea + b MB139
Minimum  Maximum  Minimum  Maximum  Minimum  Maximum
Distance Volume Volume Volume Volume Volume Volume

Cell No. (m) (m3) (m3) (m3) (m3) (m3) (md)
8 1 0 10 1 16 2 49
7 6 2 63 4 95 12 298
6 26 11 284 17 426 62 1,340
5 126 64 1,650 96 2,470 302 7,790
4 626 448 11,600 673 17,400 2,120 54,700
3 2,500 3,740 96,500 5610 145,000 17,700 456,000
2 7.500 26,900 693,000 40,300 1,040,000 127,000 3,270,000
1 22,500 221,000 5,720,000 332,000 8,570,000 1,050,000 27,000,000

8 Based on actual sampled minimum and maximum anhydrite porosity 0001159 and 0.02992; not on minimum and maximum

reported in Volume 3, Table in Volume 3, Table 2.4.4: 0.001 and 0.03.

and brine flow out through MBI138 is much less. In only one realization does enough gas flow out through MB138
to occupy all the pore volume in MB138 to a distance beyond the disposal-unit boundary. In this one case, 19,700

m? of gas at local pressures lows out of MB138, occupying only 4.8 » 109 m? of marker bed volume, which would
only extend into Cell 2 in MB138, the first cell beyond the disposal-unit boundary.

It sill cannot be stated with certainty whether contaminated brine actually reached the boundary, however.
First, MB138 is not fully saturated with cither gas or brine. The residual brine saturation in the realization that
potentially crosses the boundary is 0.2001. (‘This parameter was sampled and is constant in any given realization.)
Thus, some brine, contaminated or not, remains as residual saturation rather than being pushed ahead of the gas.
This residual brine results in a smaller volume for gas storage in the marker bed, and causes gas to migrate
approximately 25% farther than it would if the unit were fully gas-saturated.

Residual brine volume in MB 38 in the realization in which brine potentially reached the unit boundary is
2650 m4, whereas the calculated volume of cumulative brine flow past the disposal-unit boundary is far less at
150 m4. Sccond, it is necessary to know the history of release of contaminated brine from the waste to know
whether the underlying assumption that contaminated brine preceded gas flow out MB138 is true. No brine actually
flowed out of the waste in this realization; therefore, no contaminated brine could have reached the disposal-unit
boundary. This realization itlustrates the hazards involved in making conservative assumptions. With enough bad
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Figure 4-13. Cumulative Brine Flow South out MB138. (Positive values indicate flow southward away from the

repository.)
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Figure 4-14. Cumulative Gas Flow South out MB138 (at 30 °C; 0.101 MPa}. (Positive values indicate flow
southward away from the repository.)
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4. Gas and Brine Migration

assumptions about the results, it would appear that brine crossed the disposal-unit boundary in at least one
realization, when in fact, this did not occur.

‘This analysis can be repeated for the anhydrite a + b layer, which is expected to have a larger cumulative gas
flow than MB138. ‘The brine flow should be greater simply because this layer is thicker, and, being slightly closer
to the repository, the driving pressures are higher. Surprisingly, Figure 4-15 shows that no outward brine flow
occurred south of the repository in this layer. Brine flowed only in toward the repository. As pressures quickly
built up in the waste, inward brine flow ceased. In more than half of the realizations, this occurred within the first
1000 yr. At the same time, gas began to flow outward (Figure 4-16). As expected, the volume of gas flow out
through this layer is somewhat higher than in MB138, ranging up to 3.5 x 109 m?3, compared with 2.3 x (04 m? in
MIB3138.

The analysis for MB139 is similar in complexity to MB138. The net cumulative brine flow out of MB139
(Figure 4-17) is positive (i.c., outward) in 13 realizations, with a maximum of 2030 m3. From Table 4-2, it can be
seen that if MB139 were fully brine saturated, this maximum quantity of brine, which may or may not be
contaminated, would flow only as far as Cell 4, or 626 m from the repository, assuming the minimum value for
porosity. However, as seen in MB138, more than half of the realizations that had net inward cumulative flows
actually had a substantial amount of outward brine flow following a large initial inward surge. The largest of these
was 6700 m?. [n a brine-saturated MB139, assuming minimum porosity, this brine would reach Cell 3, which
extends to the disposal-unit boundary. In fact, the realizations having the greatest outward flow of brine do not have
the lowest porosity. The realization with the largest brine flow has a porosity of 0.0041, meaning that the brine
flows only to Cell 4, or 626 m from the repository, not to the disposal-unit boundary.

As shown in the analysis for MB 138, gas flow has a major impact on how far contaminated brine might flow.
Figure 4-18 shows that as much as 3.6 x 106 m? of gas flowed out through MB139. That large quantities of gas
flow out through MB139 is surprising; previous work has suggested that brine will tend to pool in the lower portion
of the waste and beneath the repository (Bertram-Howery et al., 1990; WIPP PA Division, 1991b; WIPP PA
Department, 1992). The main flow path for brine inflow is MB139, but if gas gencration in the repository raises the
pressure there rapidly enough, little brine ever flows in. Generally, model results indicate that any brine initially
present in the repository is converted to gas, which raises the pressure, preventing any further significant influx of
brine, and driving large amounts of gas out through MB139. If it is again assumed that contaminated brine precedes
any outflowing gas, then it must be concluded that contaminated brine flows past the disposal-unit boundary
through MB139. However, at lcast a residual saturation of brine will remain throughout the anhydrite layers. In the
case in which the maximum brine outflow was 6700 m3, residual brine volume out to the disposal-unit boundary is
12,500 m3, nearly double the actual contaminated brine volume that flowed into MB139. So again, no
contaminated brine could have reached the disposal-unit boundary through any of the anhydrite layers.

The results show that except for flow out the anhydrite layers, there is little movement of brine in the vicinity of
the repository. Figure 4-19 shows that almost no brine flowed from the seals and backfill regions into the shaft,
while flow in the other direction, cumulative brine flow amounted to less than 800 m?. Flow from the experimental
region into the shaft, Figure 4-20, is almost a mirror image of flow from the scals and backfill into the shalt,
indicating that the shaft does little to impede flow from the experimental region to the seals and backfill.
Considering the small volume of the lower shaft, this result is expected. The flow behavior in these regions stems
directly from the initial conditions. At time zero, all of the excavated regions except for the repository were
assumed to be fully saturated with brine. This assumption was based on the expected brine content of the halite
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Figure 4-15. Cumulative Brine Flow South out Anhydrite Layers a + b. (Negative values indicate flow northward
toward the repository.)
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Figure 4-17. Cumulative Brine Flow South out MB139, (Positive values indicate flow southward away from the
repository.)
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Figure 4-18. Cumulative Gas Flow South out MB139 (at 30 °C; 0.101 MPa), (Positive values indicate flow
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Figure 4-19. Cumulative Brine Flow from Drilt Seals and Backfill into Shaft. (Positive values indicate Now from
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Figure 4-20. Cumulative Brine Flow from Experimental Region into Shaft.
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4 1 Four-Shaft Equivalent Geometry

backfill, estimated to be § to 8 weight percent (see memorandum by Finley and Vaughn in Appendix A)

Depending on the porosity of the backfill (a sampled parameter), this corresponds to nearly 1009 brine saturation
he brine saturation of the DRZ, however, was caleulated during the $0-yr operational simulation, then adjusted
downward to account tor the increased porosity of the DRZ at time zero, when the repository is sealed. The result
is that whereas the backfilled excavated regions are fully saturated with brine at time zero, the surrounding DRZ has
a relatively fow brine saturation, so an immediate flux of brine occurs from the backtitled regions into the DRZ,
particularly that portion of the DRZ bencath the seals and backtilled regions. [n the majority of realizations, this
flow of brine is small, less than T m* But inabout 157 of the cases, more than 100 m* flows into the DRZ.

Flow between other regions is generally much smaller. Less than 18 m¥ flows between the DRZ and the shaft
(Figure 4211 Except for two realizations, almost no brine flows between MIBTIR and the shaft (Figare 4-22) or
between the transition zone and the shaft (Figure 4-23) Up to 400 m* of brine Hlows from the Salado halite into the
shaft (Figure 4-24) Although the permeability of the halite is extremels low, the Targe surfuce arca of the shaft
allows a substantial amount of brine to Nlow in. The one realization in which 700 m* flows from the shaft into the
halite is characterized by the highest halite permeability among the 70 realizations, a highly permeable shaft seal,
and large quantities of gas generition that cause the shalt to pressurize much more than in other realizations, thus
providing a greater driving force out of the shaftand into the hadite. Only seven other realizations have a net low
of brine from the shuft into the halite. Flow through the shaft seal was discussed carlier. In two-thirds of the
realizations, brine Nows from the shaft into the Calebra (Figure 4-25)0 This flow is largely driven by gas flowing up
the shaft. In the other one-third of the realizations, the shaft is never pressurized enough to prevent brine from
draining from the Culebra into the shaft,

4.1.3 Gas Flow Behavior

Gas Now in the anhydrite layers was discussed earbier i connection with its impact on brine flow. It was mentioned
then that gas may low beyond the disposal-unit boundaries in some realizations. This issue will be clarified here
For brevity, the discussion will be restricted to flow i the mesh south of the repository because the cumulative
flows are greater there than to the north. Figares 4-20. 427 and 4-28 show the cumulative gas Hows past the
southern disposal-unit boundars in MB139, anhydrite a « boand in MBI3, respectively. Significant volumes of
gats (e, greater than one m ) ow past the boundary in sis realizations. The maximum gas ow past a boundary
oceurs i MBIIE with 1.7 « 10" m ¥ of gas (atreference conditions). Al gas is assumed to hiave the physical
properties of hydrogen . Because the viscosity of ivdrogen s loswer thin that of other gases Tikely to be present or
produced in the waste (COL CH Ny this assumption should resultin greater and more extensive gas flows than i

other gases were used

Although no gas Nowed past the disposal-unit boundars in the Culebra, it is interesting to see how effective the
shaft seal is in preventing gas flow into the Culebra. The cumulative gas Now up through the shalt seal is shown in
Figure 4-29. With a maximum of 1.9 < 105 m?, gas flows through the shatt seal are small compared with the ows
out the anhydrite layers, where the masima are more than an order of magnitude higher. Why the upper curve in
Figure 4-29 stands out from the others is ditficult to explain. The only exceptional parameter in this realization s
the halite permeability, which is the highest among the 70 realizations. That the cumulative Tow is a factor of five
higher than the next highest result suggests that sampling should be more detailed in order to fill in the gap between
the one outstanding result and all the rest, The drift seals were relatively ineflective in stopping gas flow toward the
shaft for the time scales of this study (Figure 4-30). Nearly as much gas flows through these seals as out each of the
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Figure 4-22, Cumulative Brine Flow from MBI38 into Shaft.
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Figure 4-23. Cumulative Brine Flow from Transition Zone into Shaft.
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Figure 4-24. Cumulative Brine Flow from Halite into Shaft.
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Figure 4-25. Cumulative Brine Flow from Culebra into Shaft.
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Figure 4-26. Cumulative Gas Flow South in MB139 Past the WIPP Boundary (at 30°C; 0.101 MPa). (Negative
values indicate flow southward away from the repository.)
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Figure 4-28. Cumulative Gas Flow South in MB138 Past the WIPP Boundary (at 30 °C; 0.101 MPa). (Negative
values indicate flow southward away from the repository.)
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Figure 4-29. Cumulative Upward Gas Flow through Shaft Seal (at 30 °C; 0.101 MPa).
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Figure 4-30. Cumulative Gas Flow from Drift Seals and Backfill into Shaft (at 30 °C; 0.101 MPa).
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4. Gas and Brine Migration

three anhydrite layers: a maximum of 2.5 » 109 m? versus an average maximum of 3.3 » 109 m* to the south in
cach anhydrite layer. A somewhat greater amount flows through the DRZ, into the shaft below the shaft seal (Figure
4-31), up t0 3.9 » 100 m*. Gas encounters little resistance between the repository and the shaft, which leaves the
shaft seal to prevent gas migration into the Culebra. (1t is assumed that there is no DRZ around the shaft above
MI3138 through which gas could bypass the shaft seal [see Figure 2-1].) Other flow paths between the repository
and the shaft are insignificant. Less than 50,000 m¥ of gas flows into the shaft via the transition zone, and less than
8000 m? by way ol MB138; in fact, in some realizations, the flow is in the opposite direction, from the shaft, rather
than into the shafl.

4.2 Single-Shaft Geometry

In these calculations, the shaft was changed from the original configuration (in which all four shafts were
combined into one), to a single shaft the size of the Salt Handling Shaft. All other parameters are idzitical to those
used in the four-shaft equivalent geometry calculations. As shown in the following discussion. the affect of
reducing the size of the shaft is negligible. Fluid flows up the shaft were reduced in proportion to the shaft cross
section reduction. However, shaft flows had only a small effect on the overall performance of the repository in the
original calculations. There were no flows of brine and small flows of gas to the top of the Salado Formation in
both four-shafts-in-one geometry or the single-shaft gecometry. In particular, the shaft seal performance was good
enough that the presence of the shaft was of no consequence in either performance assessment, whether there was
one shaft or four.

4.2.1 Repository Behavior

Although minor differences occurred between individual realizations, on the whole, the pressures in the
repository differ insignificantly between these single-shaft calculations and the base case (see Figure 4-32). The
peak pressure was still 23.8 MPa; after 10,000 yr, pressures ranged from 5.4 to 22.3 MPa, compared with 5.8 to
22.3 MPa in the base case. Because the transient pressure behavior in the repository differed little from the base
case, other performance measures would also be expected to differ little. Plots of remaining corrodible content,
biodegradable content, and total gas generated —— Figures 4-33, 4-34, and 4-35, respectively --- are nearly
indistinguishable from their base case counterparts, Other results describing conditions in the waste are also very
similar: pore volumes, cumulative brine consumption, and brine and gas saturations. These results are not
surprising. The shaft is a relatively small region located more than 600 m from the waste-disposal region. Its
diameter should not and does not have any significant effect on processes that oceur in the waste, particularly
because the behavior of the repository is largely determined by the amount of brine initially present and by marker
bed permeability. Shaft diameter would be expected to have a noticeable effect only on flows up the shaft, although
fluid flow in other regions should be considered.

4.2.2 Brine Flow Behavior

Cumulative brine flow from the repository, Figure 4-36, is virtually identical to the base case, Figure 4-9, which
was expected because all other repository responses are unchanged. Plots of cumulative brine flow out each of the
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Figure 4-31. Cumulative Gas Flow from DRZ into Shaft (at 30 °C; 0.101 M*a),

4-41




4, Gas and Brine Migration

205 T T T T T T \ I L
© N
o
E 2.0
<
=
Z 15 | -
w
n e
:
& "o = —
va ——
m 7/ =
s
]

B 05 ——
<

0 e A L F RO | A § — J d

6o 1+ 2 3 4 5 6 7 8 9 10

TIME (103 yr)

TRI-6342.2706-0

Figure 4-32, Volume Average Pressure in the Waste Repository, Single Shaft Model.
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Figure 4-34. Cellulose Remaining in the Waste Repository, Single Shaft Model.
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Figure 4-36. Cumulative Brine Flow from the Waste Repository, Single Shaft Model. (Positive values indicate
flow away from the repository.)
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4.2 Single-Shaft Geometry

three anhydrite layers overlay plots of the base case exactly and are not repeated here. Where differences are
expected is in flow up the shaft. The most apparent difference between the single-shaft results and the results with
four shafts combined is in flows through the shaft seal, Figure 4-37. Comparing this with the earlier plot, Figure 4-
I'1, the flow of brine through the shaft scal is reduced by the smaller shaft cross section, The maximum net upward
flow is now 3 m¥ versus 25 m? with four combined shafts. However, the minimum pore volume of the lower shafi,
37 m3, is still 10 times the volume of brine that flowed up through the shaft seal, just as in the base case. Although
the lower shaft pore volume is smaller with the single shaft, the amount of brine that flowed up the shaft is reduced
proportionately. (Although there were a few realizations in which brine initially flowed downward but later
reversed direction, as in the base case, the total upward flow was still less than 5 m3.)

The amount of brine that flows out through the anhydrite layers is negligibly different when the shaft is
modecled as a single shaft the size of the Salt Handling Shaft compared to modeling it as all four shafts combined.
Brine flow uj the shaft is proportionately smaller when a single shaft is used. Thus, shaft diameter has no effect on
releases of contaminated brine as far as 40 CFR 19]B is concerned,

4.2.3 Gas Flow Behavior

As with brine flow, gas flow is largely determined by the behavior of the repository. The shaft has only a
minor impact on repository behavior, since it is more than 600 m away, whereas the anhydrite layers provide flow
paths of much greater capacity. Thus, the same conclusions arrived at with the base case hold true for the single-
shaft case. Cumulative gas flows out cach of the anhydrite layers are nearly identical with the base case: Maximum
southward gas flows past the Disposal unit boundary in MB 139 are 1.30 x 109 m3 in both cases; southward flows
out of anhydrite a + b are 1.65 x 10°m3. Only in MB138 are maximum flows slightly lower: 1.65 x 109 m3 versus
1.72 % 109 m3 in the base case. In the single-shaft calculations, gas flows into the Culebra in twelve realizations,
compared with six realizations in the combined-shafts case. However, the maximum cumulative gas flow are now
1.9 x 104 m3, instead of 1.4 x 105 m3 with combined shafts. With a single shaft, the average cumulative gas flow is
5400 m? (for 12 realizations), which is about one-fourth of the four-shaft average, 22,900 m3 (for 6 rcalizations).

The main difference when using a smaller versus a larger shaft is the flow up through the shaft seal, Figure 4-
38. The obvious difference is the smaller cumulative flows through the seal. The maximum is now 30,000 m3,
compared with 194,000 m? in the base case. In both cases, there were 37 realizations in which the cumulative flow
was greater than | m3. The average flow among those 37 was 4500 m3, compared with 12,400 m3 in the base case.

4.3 Four-Shaft Equivalent Geometry without Dynamic Creep Closure

This set of calculations is identical to the base case, with all four shafls combined into one, except that the
repository does not undergo creep closure. Instead, the initial porosity is set at 19%, which is the median final
closed porosity of the repository, Small changes in porosity are allowed as a result of compressibility effects.
However, unlike the case of dynamic creep closure, in which the repository porosity varies from an initial value of
66% to as low as 12%, the "fixed porosity” varies by no more than 1.2 percentage points from its initial value (i. €.,
from 19 to 20.2%). This has a major effect on the behavior of the repository, especially on pressures within the
repository. However, the net 2ffect over the 10,000-yr compliance period is negligible, because, ultimately, what
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Figure 4-37. Cumulative Upward Brine Flow through Shaft Seal, Single Shaft Model
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Figure 4-38. Cumulative Upward Gas Flow through Shaft Seal (at 30°C; 0.101 MPa), Single Shaft Model.
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4. Gas and Brine Migration

drives gas migration is the number of moles of gas generated in the waste, which is primarily dependent on the
amount of brine present there initially. Conditional on the conceptual models and parameter distributions used in
these analyses, results described have suggested that detailed modeling of the dynamics of creep closure may be
unnecessary.

4.3.1 Repository Behavior

Pressures in the waste generally peak at much higher values than in the calculations with dynamic creep closure
(Figure 4-39). In order to maintain the gas generation potential in the fixed porosity calculations to be the same as
in the dynamic creep closure calculations, the same initial repository brine volume is used. This results in
approximately the same amount of gas being generated. (Compare Figures 4-40 and 4-7). With dynamic creep
closure, final porosities greater than the median value are often obtained, particularly when large amounts of gas are
generated and pressures are relatively high. In fact, in one dynamic closure realization, the repository is forced open
1o 34% porosity after closing down to 21%. When the porosity in this realization is fixed at 19%, the pressure is
proportionately higher, Instead of peaking at 23.8 MPa, it now peaks at 38.8 MPa. At the other extreme, some
realizations that result in very low porosities with dynamic closure (as low as [ 1.6%) because little gas is generated
now have lower pressures because the porosity is fixed at 19%. Over time, the differences become less significant.
After 10,000 yr, pressures within the repository range from 5.8 to 22.3 MPa using dynamic creep closure, compared
with 4.0 to 29.2 MPa with fixed porosities. Even more similar are the averages over the 70 realizations: 14.9 MPa
with dynamic closure versus 14.2 MPa with fixed porosity. Thus, it would be expected that a few realizations will
display significantly different behavior, but that overall, the results using fixed porosity will not differ much from
using dynamic - r:ep closure,

Other performance measures for waste behavior are less affected by the dynamics of porosity changes. Based
on the data currently available, gas generation is modeled as a direct function only of brine saturation, not of
pressure. As shown earlier, the amount of gas generated, as well as the rate, is strongly influenced by the amount of
brine present initially and relatively little by the amount of brine that flows into the repository over time. Porosities
and pressures therefore have little effect on the amount of gas generated. Since gas gencration is unaffected, the
amount of reactants remaining in the waste over time is also unaffected by how the porosity of the waste is modeled.

4.3.2 Brine Flow Behavior

Differences in how the waste porosity is modeled should manifest themselves in fluid flow behavior outside the
waste, as a result of differences in peak pressures. Because the initial brine volume is fixed between the two sets of
calculations, the initial brine saturation is about 3.5 times higher in the fixed-porosity calculations. Whereas the
original brine saturations range from zero to 0.14, where the maximum is half the residual brine saturation, now the
initial saturations ranges as high as 0.48, well above residual saturation. This enables brine to flow from the waste
in several of the realizations from the start (Figure 4-41), in contrast to the dynamic closure model, in which brine
could flow out of the waste only after the repository has crept shut enough to raise the brine saturation above
residual. (Brine could also flow out after first flowing in; th.s behavior is seen in both models.) With the porosity
fixed, the number of realizations in which there is a net positive flow of brine from the repository is larger (25
versus 19), and the maximum outflow is greater (13,300 m3 compared with 11,400 m3 with dynamic closure).
While this constitutes a larger source of contaminated brine, the key measure remains the distance this brine flows
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Figure 4-39. Volume Average Pressure in the Waste Repository, Fixed Waste Porosity Model.
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Figure 4-40. Cumulative Gas Volume Generated (at 30 °C; 0.101 MPa), Fixed Waste Porosity Model.
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Figure 4-41, Cumulative Brine Flow from the Waste Repository, Fixed Waste Porosity Model. (Positive values

indicate flow away from the repository.)
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4. Gas and Brine Migration

toward the disposal-unit boundaries, and whether it reached the boundaries. In the fixed porosity results, the
maximum cumulative brine flows out cach of the anhydrite layers in the southern direction are 7200 m? out MB139
(the lowest curve in Figure 4-42, outflow occurs only after approximately 600 yr), zero out anhydrite a b layer
(Figure 4-43), and 540 m? out MB 138 (Figure 4-44). These values ditTer little from the dynamic closure results
reported in Section 4.1.2 (6700 m* for MB139, zero for anhydrite a + b, and 520 m? for MB138). In MB139, the
realization having the greatest outflow has an anhydrite porosity of 0.0041 and a residual saturation of 0.20, both
sampled parameters. Thus, the residual brine in MB139 out to the disposal-unit boundary is 12,500 m%. Even if all
of the brine flowing out MB139 is contaminated, it will not even occupy all the volume required for residual brine
saturation, and will not reach the disposal-unit boundary. Residual brine occupies 2650 m? of pore volume in
MB3138 between the repository and the southern boundary in the realization with the maximum brine outflow, so,
again, the amount of potentially contaminated brine flowing south out MB138 will not reach the boundary. The
maximum upward brine flow through the shaft seal (Figure 4-45) is §8 m3, somewhat more than the 40 m¥ in the
dynamic closure calculation, but still not enough to fill the lower shaft to the top of the Salado, Thus, none of the
brine flow performance measures shows any significant dilference between dynamic creep closure and lixed waste
porosity.

4.3.3 Gas Flow Behavior

Cumulative gas flows out the anhydrite layers and through the shaft seal are similarly unaffected by repository
porosity dynamics. The high peak pressures that arc obtained when the waste porosity is fixed occur because the
low permeability of these pathways prevents significant outflow of gas from the waste. It is only when the
permeability of the anhydrite is high that large volumes of gas can flow out these pathways, and in those cases, the
driving pressure remains relatively low. As pointed out earlier, it is ultimately the amount of gas generated that
causes the driving force for gas migration from the repository. After 10,000 yr, the pore volume of the waste differs
little regardless of how the pore volume dynamics are modeled because nearly the same final porosity is attained, so
the quantity of gas generated and the permeability of flow paths away from the waste arc the controlling factors in
determining how far gas migrates. Figures 4-46, 4-47, 4-48, and 4-49 show the amount of gas that flows past the
disposal-unit boundary in MB 139, anhydrite a + b, MB138, and the shafl seal, respectively. Comparing these with
their counterparts in Section 4.1.3 shows that the number of realizations in which gas migrated past the boundary is
the same and the total volumes are insignificantly different. Thus, none of the gas flow performance measures
shows any significant difference between fixed waste porosity and dynamic creep closure as currently modeled.
This conclusion may change when pressure-dependent fracturing of anhydrite interbeds is included in future
performance assessments, potentially lowering peak repository pressures and allowing for additional gas migration.




4.3 Four-Shaft Equivalent Geometry without Dynamic Creep Closure
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Figure 4-42, Cumulative Brine Flow South out MB139, Fixed Waste Porosity Model. (Positive values indicate
flow southward away from the repository.)
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Figure 4-43, Cumulative Brine Flow South out Anhydrite Layers a + b, Fixed Waste Porosity Model. (Negative
values indicate flow northward toward repository.)
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Figure 4-44, Cumulative Brine Flow South out MB 138, Fixed Waste Porosity Model. (Negative values indicate
flow northward toward repository.)
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4.3 Four-Shaft Equivalent Geometry without Dynamic Creep Closure

0.0

CUM GAS FLOW SOUTH MB3139 (10 md)
S
(o))

o 1 2 3 4 5 6 7 8 9 10
TIME (108 yr)
TRI-6342-2792-0

Figure 4-46.  Cumulative Gas Flow South in Marker Bed 139 Past the WIPP Boundary (at 30 °C; 0.101 MPa),
Fixed Waste Porosity Model. (Negative values indicate flow southward away from repository.)

4-59



4. Gas and Brine Migration

0.5 1 1 T b T T T Ll T
T
o 0.0
Lz
S m
8 o¥
<< -05 }
2w
oc
T
L >
)
23 4ol
0] &
25
248
©>
T
=z ‘15 I
<
_2‘0 1 1 1 L 1 L L J 1

TIME (108 yr)
TRI-6342-2793-0

Figure 4-47.  Cumulative Gas Flow South in Anhydrite Layers a + b Past the WIPP Boundary (at 30 °C; 0.101
MPa), Fixed Waste Porosity Model. (Negative values indicate flow southward away from

repository.)
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Figure 4-48.  Cumulative Gas Flow South in MB138 Past the WIPP Boundary (at 30 °C; 0.101 MPa), Fixed
Waste Porosity Model. (Negative values indicate flow southward away from the repository.)
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Figure 4-49.  Cumulative Upward Gas Flow through Shaft Seal (at 30 °C; 0.101 MPa), Fixed Waste Porosity
Model.
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5. UNCERTAINTY AND SENSITIVITY ANALYSIS RESULTS

Uncertainty and sensitivity analyses were performed to determine factors that affect gas generation and
movement of gas and brine away from the repository. The uncertainty and sensitivity analyses in this presentation
use techniques based on Latin hypercube sampling, including examination of scatterplots, partial correlation
analysis, and stepwise regression analysis. Specific performance measures examined were cumulative gas and brine
Rows out through the three anhydrite layers to the south of the repository, cumulative gas and brine flows up
through the shaft seal and the distance that gas flowed out through the three anhydrite layers. Only the base case, in
which the four shafts were combined into one, was analyzed. Gas and brine [Tows to the north of the repository
were not analyzed because they were generally smaller and, therefore, of less importance from a regulatory
standpoint. Also examined were various measures of the behavior of the repository itself, including cumulative gas
gencration by means of corrosion and biodegradation, pressure in the repository, and repository pore volume.
‘These were analyzed to show how gas generation is affected by variability in the sampled parameters, because gas
generation is the driving force behind gas and brine migration away from the repository in the undisturbed scenario.

The results show that the most important parameter affecting gas and brine migration from the repository is the
initial brine saturation in the waste. This one parameter has the greatest impact on total gas generation, which
effectively controls gas and brine flow into and out of the waste. Other important parameters include the gas-
generation rates for corrosion and biodegradation under inundated conditions and the biodegradation stoichiometry.
These parameters also affect gas generation, but are secondary to initial brine content in determining the total
amount of gas produced. Over the 10,000-yr regulatory period, it is the total volume of gas gencrated, rather than
transient behavior such ag pressure in the repository, that most affects how far gas and brine migrate. Thus, rates of
gas generation are most important only if sufficient brine is available to consume all the reactants in the waste.
Biodegradation stoichiomelry (i. e., the moles of gas produced per mole of cellulose consumed) is important
because its sampled range extends to zero, which can completely nullify the effect of biodegradation. Because the
amount of gas produced by biodegradation is directly proportional to the stoichiometric coefficient, gas generation
by biodegradation can vary greatly, and, all other things being cqual, this parameter can have a major impact. The
only other parameter of significance was the shaft-seal permeability, which, for the range sampled, impacts gas
flow, but not brine flow, up the shaft. These conclusions are valid only over the ranges of all the parameters used in
the calculations and within the limits of the conceptual and numerical models.

Numerous sampled parameters had no noticeable effect on any of the performance measures. These include all
four of the relative permeability model parameters (Brooks-Corey exponent, Brooks-Corey weight factor, residual
brine saturation, and residual gas saturation for all regions except the waste), the far-ficld pressure in MB139, the
shaft seal thickness, drift seal permeability, shaft porosity, and Culebra porosity. As modeled, drift seals were not
cffective; higher-permeability DRZ layers above and below the drift seals allowed gas and brine to flow around,
rather than through the drift seals, so performance was insensitive the permeability of the seals. The porosity of the
Culebra was also not tested adequately, because little gas and no brine from the waste reached the Culebra; when
few realizations result in nonzero flow, the sensitivity to porosity cannot be properly analyzed.
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5. Uncertainty and Sensitivity Analysis Results

The remaining 10 sampled parameters had, at most, a minor effect on these performance measures. These
parameters include: the gas-generation rates for corrosion and biodegradation under humid conditions: corrosion
stoichiometry; the initial volume fractions of biodegradables and metals in the waste; the porosity ol anhydrite
interbeds; the DRZ porosity; the permeabilities of halite and the shaft seal during the first 200 yr; and the

permeability of the shaft between the shaft seal and the Culebra during the first 200 yr.

These results are strongly dependent on the conceptual models that are currently used. [f the conceptual models

were modified, the results could differ from those presented here,

Each of the performance measures is discussed separately below,

5.1 Sensitivity Analysis Techniques

The purpose of sensitivity analysis is to determine the relationships between the uncertainty in the independent
variables used in an analysis and the uncertainty in the resultant dependent variables. Uncertainty analysis provides
measures of the uncertainty in estimates for dependent variables of interest, including means, variances, and
distribution functions, A formal uncertainty analysis is not presented here because such an analysis is not
particularly uscful in determining relationships among variables. However, uncertainty analysis is incorporated in
the sensitivity analysis. This section describes briefly the sensitivity analysis techniques used, including
scatterplots, stepwise regression analysis, and partial correlation analysis. A more detailed discussion of these

techniques and their application to the WIPP project can be found in Helton et al. (1991).

The generation of scatterplots is the simplest sensitivity analysis technique. This approach consists of
generating plots of dependent variable value versus independent variable value, with cach point on the plot
representing one realization. When there is no refationship between the independent and dependent variable, the
individual points will be randomly spread over the plot. In contrast, the existence of a well-defined relationship
between the independent and dependent variable often will be revealed by the distribution of the individual points.
The examination of such plots when Latin hypercube sampling is used can be particularly revealing because of the
full stratification over the range of cach independent variable. For cach dependent variable examined in this
chapter, scatterplots are presented only for the two most influential independent variables. As the contribution of
additional independent variables to the variability of the dependent variable decreases, the distribution of points in

the scatterplots becomes more random and less useful, so additional plots are not presented.

In stepwise regression analysis, a sequence of regression models is constructed. The first regression model
contains the single independent variable that has the largest impact on the dependent variable, The second
regression model contains the two independent variables that have the largest impact on the dependent variable —
the independent variable from the first step plus whichever of the remaining variables has the largest imipact on the
variation not accounted for by the first step. Additional models in the sequence are constructed in the same manner
until a point is reached at which further models are unable to increase meaningfully the amount of variation in the
dependent variable that can be accounted for. The order in which the variables are selected in the stepwise
procedure provides an indication of variable importance, with the most important variables being sclected first, the
next most important variable being selected sccond, and so on. The R? values (coefficients of determination)
indicate how much variation in the dependent variable can be accounted for by all variables sclected through that
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5.1 Sensitivity Analysis Techniques

another step in the regression analysis. When the variables are independent and uncorrelated, as they are assumed
to be here, the differences in the R2 values for cach step in the regression models equals the fraction of the total
variability in the dependent variable that can be accounted for by the individual independent variable added at cach
step. When the variation about the regression model is small, the corresponding R? value is close to 1, which
indicates that the regression model is accounting for most of the variability in the dependent variable. Conversely,
an R2 value close to zero indicates that the regression model is not very successtul in accounting for the variability
in the dependent variable. In addition to R2 values, standardized regression coefficients (SRCs) in the individual
regression models provide an indication of variable importance, and the sign of the SRC indicates whether the
independent and dependent variable tend to inerease and decrease together (a positive SRC) or tend to move in

opposite directions (a nepative SRCY.

The statistical program, STEPWISE (Iman et al., 1980; Rechard, 1992), was used to evaluate variable
importance using the stepwise regression procedure on rank-transformed data. Regression ainalyscﬁ often perform
poorly when the relationships between the independent and dependent variables are nonlinear. Poor lincar fits to
nonlinear data can often be avoided when the data are replaced with their corresponding ranks and the regression
procedures are performed on these ranks (Iman and Conover, 1979). In most cases, the analyses were tried with
both raw and ranked data. ‘The rank regressions generally gave better results, meaning, that the rank regression
models could account for higher percentages of the observed variability in the dependent variables. Only the rank

regression analyses are reported, although raw data are shown in the scatterplots,

Stepwise regression analyses were pertormed on results at the end of the 10,000-yr simulations. Tables 5-1 and
5-2 summarize the variables used in the stepwise regression analysis, It is necessary to have some criterion to stop
the regression model construction process.  These are discussed in Helton et al. (1991). In the analyses reported
here, an a-value o1 0.02 was used to add a variable to the regression model and a value of 0.05 to drop a variable
trom the model. (The o-value is the probability of obtaining a stronger relationship than the one identified in the
analysis as a result of chance variation,) In addition, the Predicted Error Sum of Squares (PRESS) eriterion was

used to protect against overfit,

Partial correlation analysis provides measures of the tinear relationship between a dependent variable and an
independent variable when the lincar effects of the other independent variables are removed. When a well-defined
linear relationship exists between an independent variable and a dependent variable, the partial correlation
coefficient will be close to +1 or -1, regardless of the distribution assigned to the independent variable or the
magnitude of the impact that the independent variable has on the dependent variable, A positive partial correlation
coefficient indicates that two variables tend to increase and decrease together, whereas a negative correlation
coefficient indicates that, as one variable increases, the other deereases. Partial correlation coelticients were
caleulated using time-dependent results, such as those shown in figures in Chapter 4, and show how the impact of
different independent variables changes over time. These analyses complement the stepwise regression analyses,
which provide more detailed statistics but at a single time. Note that because variables change in importance
through time the regression analyses and partial correlation coefficient analyses may identify different variables as

being important.

The partial correlation analyses were done using the statistical module PCCSRC (Iman et al., 1985; Rechard,
1992). As with the stepwise regression analyses, these analyses were performed on rank-transformed data. For
cach dependent variable, a plot of the partial rank correlation coelfficients is presented that shows the time

dependence of the coefficient for the four most influential independent variables.
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5. Uncertainty and Sensitivity Analysis Results

Table 5-1. Latin Hypercube Sampled Independent Variables Used in Stepwise Regression and Partial

Correlation Analyses?

Independent LHS
Variables No. Description

BCBRSAT 13 Residual brine saturation in all regions except waste

BCEXP 11 Brooks-Corey exponent

BCFLG 12 Brooks-Corey/van Genuchten-Parker weighting factor

BCGSSAT 14 Residual gas saturation in all regions except waste

BKFLPOR 26 Porosity of backfill material in drifts, the experimental region,
and in the shaft below the seal

BRSAT 1 Initial brine saturation in waste

CULPOR 27 Culebra porosity

DSEALPRM 25 Permeability of drift seals

GRCORHF 3 Humid corrosion rate factor

GRCORI 2 Inundated corrosion rate

GRMICHF 6 Humid biodegradation rate factor

GRMICI 5 Inundated biodegradation rate

MBPERM 15 Log of anhydrite interbeds permeability

MBPOR 16 Undisturbed anhydrite interbeds porosity

MBPRES 18 Far-field pressure in MB139

SALPERM 10 Intact Salado halite permeability

SEALPRM1 22 Initial shaft seal permeability

SEALPRM2 23 Shaft seal permeability after 200 yr
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Table 6-1. Latin Hypercube Sampled Independent Variables Used in Stepwise Regression and Partial
Correlation Analyses (Concluded)

Independent LHS
Variables No. Description
SEALTHK 21 Shaft seal thickness
SHFTPRM 24 Permeability of shaft-fill material above shaft seal
STOICCOR 4 Corrosion stoichiometry factor
STOICMIC 7 Biodegradation stoichiometric coefficient
TZPORF 17 Factor used in calculating DRZ and transition zone porosity
VMETAL 9 Initial volume fraction iron in waste
VWOOD 8 Initial volume fraction cellulose in waste

a Ranges of values for independent variables are given in Table 3-1. Sampled values are given in
Appendix B

Table 5-2. Latin Hypercube Sample Dependent Variables Used in Stepwise Regression and Partial
Correlation Analyses

Dependent

Variables Description
BIOCONT Cellulose remaining in waste
BRNANHSC Cumulative brine flow south of repository out anhydrite layers a + b
BRNMB8SC Cumulative brine flow south of repository out MB138

5-5
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Table 5-2. Latin Hypercube Sample Dependent Variables Used in Stepwize Regression and Partial
Correlation Analyses (Continued)

5-6

Dependent

Variables Description
BRNMB9SC Cumulative brine flow south of repository out MB139
BSHSLUPC Cumulative brine flow up through shaft seal
BWSTC Cumulative brine flow from waste
FECONT Iron remaining in waste
GASANHSC “'umulative gas flow south of repository out anhydrite layersa + b
GASGENVC Cumulative gas generated by corrosion and biodegradation
GASMBS8SC Cumulative gas flow south of repository out MB138
GASMB9SC Cumulative gas flow south of repository out MB139
GASCULTC Cumulative gas flow into Culebra from shaft
GDSTANHS Distance from waste that gas flowed south in anhydrite layers a + b
GDSTCULS Distar.ce from shaft that gas flowed south in Culebra
GDSTMB8S Distance from waste that gas flowed south in MB138
GDSTMB9S Distance from waste that gas flowed south in MB139
GSHSLUPC Cumulative gas flow up through shat seal
GWSTC Cumulative gas flow from waste
PORVOLW Pore volume in waste
PRESWAST Average pressure in waste
QRGBIOVC Cumulative gas generated by inundated and humid biodegradation
QRGCORVC Cumulative gas generated by inundated and humid corrosion
QRHCUMGB Cumulative gas generated by humid biodegradation
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Table 5-2  Latin Hypercube Sample Dependent Vanables Used in Stepwise Regression and ol
Correlation Analyses (Concluded)

Dependent
Variables Description
"QRHCUMGC  Cumulative gas generated by humid corrosion
QRSCUMGB Cumulative gas generated by mundated biodegradation
QRSCUMGC Cumulative gas generated by inundated cornsion
SBAVW Volume-average brine saturation in waste

5.2 Gas Generation and Repository Performance

In this section, factors that afteer gas generation are examined.  The focas s on pasneters influencing
corrosion and microbial degradation. I addition, variables that aflect tepository pertormanee, including prosame,
reactant concentrations, pore volume, and brine saturation, with be determined. Although gas peneration and
repository behavior are not compliance measures per se, it is usetul to know how these are alfected sothat thes van,

it necessary, be controlled

5.2.1 Gas Generation from Inundated Corrosion

The regression analysis results in Table 5-3 are for cumulative gas penctation resulting, from inundated
corrosion over 10,000 yr. The first variable selected in the analysis is BRSA T the msitial brine situration in the
waste, which has a positive regression coefticient and can account for 4994 ot the variability in gas generition by
inundated corrosion. The partial riank correlation coeflicients shown in Figure -1 further support the
dominatingeftect that initial brine saturation has on inundated corrosion. This result s discussed in Section 4 11 i
which it is apparent even in the behavior of brine saturation in the repository over time that jnitial brine situration 1«

the controlling factor,

Fhe next variable selected in the regression analysis is GRCORIE, the humid corrosion rate factor that is
multiplied by the inundated rate (o give the actual humid corrosion rate. This variable has a negative regression
coelTicient, indicating that it has an inhibiting cffect on gas generation by inundated corrosion, This effect
continues increasingly over the 10,000-yr simulation period, as shown i the plot of partial rank correlation
coefticients in Figure 5-1. This increasing effect oceurs because humid corrosion competes with inundated
corrosion. It dominates inundated corrosion, especially Tater on, because immdated corrosion is limited by the
amount of brine present. As long an any amount of brine is present, humid corrosion can proceed at o rate that is
proportional to the gas saturation. Exeept at carly times when the brine saturation is relatively Large it is more
common for the waste to be mostly dry, so humid corrosion will generate gas faster than inundated corrosion. The
humid corrosion rate factor comributes another 20% of the variability in gas generation by inundated corrosion.

5.7
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Figure 5-1. Scatterplots and partial rank correlation coefficients for gas generation from inundated corrosion.
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5.2 Gas Generation and Repository Performance

The other two variables selected in the analysis, MBPERM (anhydrite permeability) and GRCORI (inundated
corrosion rate), play a relatively minor role in affecting inundated corrosion. The small effect of the inundated
corrosion rate on inundated corrosion is, in part, a result of the current model used for gas generation and corrosion,
in which the inundated rate is proportional to the brine saturation. Because brine saturation tends to decrcase over
time, the net inundated rate decreases, becoming relatively unimportant after 10,000 yr. These results may not hold
true using a different corrosion model, but sufficient data do not yet exist to warrant changing the model.

Scatterplots relating cumulative gas generation to the two dominant variables, BRSAT and GRCORHF, are
shown in Figure 5-1. While these two together account for 69% of the variability in gas generation by inundated
corrosion, it is apparent from these plots that neither variable is a reliable predictor of gas generation, even though

some correlation is evident,

Table 5-3. Stepwise Regression Analysis with Rank-Transformed Data for Total Gas Production
Resuiting from Inundated Corrosion (QRSCUMGC)

Step Variable ~ Description SRca R2b
1 BRSAT Initial brine saturation in waste 0.68 0.49
2 GRCORHF Humid corrosion rate factor -0.47 0.69
3 MBPERM Log of anhydrite interbeds 0.25 0.75

permeability
4 GRCORI Inundated corrosion rate 0.16 0.78

a Standard regression coefficients (SRC) for variables in the regression model at each step

b R2 value for the regression model at each step

5.2.2 Gas Generation from Humid Corrosion

Unlike gas generation by inundated corrosion, gas generation by humid corrosion is a fairly strong function of
the rate of humid corrosion. (See Volume 3, Section 3.3.5 for a description of the current gas generation model and
parameters used in the model.) In Table 5-4, the first variable selected in the regression analysis for gas generation
by humid corrosion is GRCORHF, the factor multiplying the inundated rate to obtain the humid corrosi~n rate.
This variable accounts for 64% of the variability in gas generation by humid corrosion. The next variable selected
is the inundated corrosion rate, GRCORI. Together, these rate parameters account for 75% of the variability. The
regression coefficient for GRCORI is positive now, because humid corrosion does not occur unless inundated
corrosion is taking place at the same time. Recall that the corrosion model requires brine to be present for humid
corrosion to occur, even though the humid corrosion rate is modeled as proportional to gas saturation,

5-9
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5. Uncertainty and Sensitivity Analysis Results

The initial brine saturation in the waste, BRSAT, is a less-important variable, accounting for only an additional
8% of the variability in gas generation by humid corrosion. The plot of partial rank correlation coefficients in
Figure 5-2 shows that BRSAT had a negative cffect at {irst, becoming significantly positive only after about 3000
yr. This results from the changing relative importance of inundated corrosion compared with humid corrosion.
Initially, when the brine saturation is usually highest, the total reaction rate is dominated by the inundated reaction.
Later, as the brine saturation in the waste decreases, having been consumed predominantly by inundated corrosion,

humid corrosion becomes more important,

Scatterplots of the first two variables selected in the regression analysis, Figure 5-2, show some clear trends for
the first variable, GRCORHF. The correlation is much weaker for the second variable, GRCORI.

Table 5-4. Stepwise Regression Analysis with Rank-Transformed Data for Total Gas Production
Resulting from Humid Corrosion (QRHCUMGC)

Step Variable Description SRC R2
1 GRCORHF Humid corrosion rate factor 0.79 0.64
2 GRCORI Inundated corrosion rate 0.32 0.75
3 BRSAT Initial brine saturation in waste 0.29 0.83

5.2.3 Gas Generation from Inundated and Humid Corrosion

When both inundated and humid corrosion are considered together, the regression analysis selects BRSAT first,
accounting for 56% of the variability in gas generation by corrosion. This suggests that corrosion under inundated
conditions contributes more to the amount of gas produced by corrosion than humid conditions, since BRSAT has a
strong positive impact on inundated corrosion, but only a weak effect on humid corrosion. The scatterplot relating
cumulative gas generation by corrosion to initial brine saturation in the waste, Figure 5-3, shows a clear trend, even
more so than for inundated corrosion alone, with the amount of gas generated increasing as the initial brine
saturation increases. The plot of partial rank correlation coefficients in Figure 5-3 shows that BRSAT has a strong
effect throughout the 10,000 yr, although other variables were slightly more important at first, when inundated

corrosion was not yet inhibited by a lack of brine.

The inundated corrosion rate, GRCORI, was selected next, accounting for an additional 11% of the variability
in gas generation by corrosion. The scatterplot relating cumulative gas generation by corrosion after 10,000 yr to
inundated corrosion rate in Figure 5-3, however, shows only the slightest of trends to increasing gas generation as
the rate increases. As shown in the plot of partial rank correlation coefficients, Figure 5-3, GRCORI has the greatest
impact during the first 3000 yr, when adequate sources of brine remain from the initial brine saturation. Its
influence gradually decreases from the start, as brine is consumed.

5-10
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Figure 5-2. Scatterplots and partial rank correlation coefficients for gas generation from humid corrosion.
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5.2 Gas Generation and Repository Performance

‘The regression analysis (Table 5-5) selected three more variables as having some measurable effect on total gas
generation by corrosion: MBPERM, the permeability of anhydrite interbeds; STOICCOR, a factor that determines
the relative importance of two corrosion reactions and thus the stoichiometry for corrosion; and GRCORHF, the
humid corrosion rate factor. Together, these three account for an additional 12% of the variability in gas generation
by corrosion. The linear correlation with five variables accounts for 79% of the variability. STOICCOR has a
negative correlation coefficient, indicating that as this variable increases, gas generation decreases. This occurs
because the corrosion stoichiometric coefficient, or the moles of gas generated per mole of iron consumed,
decreases as STOICCOR increases: the stoichiometric coeflicient has a value of 1.333 when STOICCOR is 1.0, and
a value of 1.0 when STOICCOR is 0. The minor effect of STOICCOR stems from the relatively narrow range of
values taken by the stoichiometric coefficient. Anhydrite permeability has a small effect on gas generation by
affecting the amount of brine that can flow into the repository and contribuie to additional corrosion. As discussed
in Section 4.1.1, little brine flows into the waste in general, so the effect is not great.

Table 5-5. Stepwise Regression Analysis with Rank-Transformed Data for Total Gas Production
Resulting from Both Inundated and Humid Corrosion (QRGCORVC)

Step Variable Description SRC R2
1 BRSAT Iniual brine saturation in waste 0.74 0.56
2 GRCORI Inundated corrosion rate 0.33 0.67
K] MBPERM Log of anhydrite interbeds 0.24 0.73

permeability
4 STOICCOR Corrosion stoichiometry factor -0.17 0.76
5 GRCORHF Humid corrosion rate factor 0.16 0.79

5.2.4 Gas Generation from Inundated Biodegradation

The sensitivity analysis done for gas generation by corrosion is repeated for gas generation by biodegradation.
For inundated biodegradation, the regression analysis in Table 5-0 selected STOICMIC, the biodegradation
stoichiometric coeflicient, as the most important variable, This variable accounts for 36% of the variability in gas
generation by inundated biodegradation, The seatterplot relating cumulative gas generation to this variable, Figure
5-4, shows a definite trend, with the amount of gas generated increasing as STOICMIC increases. This result is
exactly as expected, since this is the definition of the stoichiometric coefficient (moles of gas produced per mole of

cellulose consumed).
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5. Uncertainty and Sensitivity Analysis Results

This analysis found eight variables having a measurable effect, although the additional influence of each of the
last five is very slight. As with inundated corrosion, biodegradation under inundated conditions requires brine to be
present, although biodegradation is currently assumed not to consume water. Thus, the next most important
variable selected is BRSAT, which shows a trend similar to that for STOICMIC, but less pronounced. As expected,
the inundated biodegradation rate, GRMICL, is one of the more important variables, but it is surprising that it
accounts for only 8% of the variability in gas production by inundated biodegradation. As the partial rank
correlation coefficient plot in Figure 5-4 shows, GRMICT was the dominant variable early, but its influenced
decreased steadily over the first 1000 yr as brine in the waste was consumed. In addition, as seen carlier in Figure
4-6, much of the cellulose in the waste was fully consumed within that same time period, which explaing why the
curves in the plot of partial rank correlation coefficients are flat after about 1500 yr. GRCORHIY has a negative
regression coetticient, indicating that humid corrosion competes with inundated biodegradation by consuming brine
needed for inundated biodegradation. As the partial rank correlation coelficient plot shows, GRCORHT becomes
significant only after the microbial rate becomes less significant. At later times, humid corrosion tends to consume

the remaining brine required for any further inundated biodegradation.

Table 5-6. Stepwise Regression Analysis with Rank-Transformed Data for Total Gas Production
Resulting from Inundated Biodegradation (QRSCUMGB)

Step Variable Description SRC R2
1 STOICMIC Biodegradation stoichiometric 0.61 0.36
coefficient
2 BRSAT Initial brine saturation in waste 0.42 0.53
3 GRMICI Inundated biodegradation rate 0.28 0.61
4 GRCORHF  Humid corrosion rate factor -0.22 0.65
5 BCEXP Brooks-Corey exponent 0.18 0.69
6 GRMICHF Humid biodegration rate factor 0.20 0.72
7 VWOOD Initial volume fraction cellulose -0.18 0.75
In waste
8 SEALPRM2 gggft seal permeability after 0.17 0.78
yr
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Figure 5-4. Scatterplots and partinl rank correlation coefticients for gas generation from inundated biodegradation,
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5. Uncertainty and Sensitivity Analysis Results

5.2.5 Gas Generation from Humid Biodegradation

The regression analysis in Table 5-7 is for cumulative gas generation by humid biodegradation. As with humid
corrosion, humid biodegradation, as currently modeled, requires brine to be present. However, as with inundated
biodegradation, it is assumed to consume no brine, in contrast to corrosion, in which both inundated and humid
reactions consume brine. The first variable selected in the regression analysis is STOICMIC, the biodegradation
stoichiometric coefficient. It accounts for only 29% of the variability in gas generation by humid biodegradation,
making it somewhat less important here than in inundated biodegradation, although the scatterplot in Figure 5-5 still
shows a clear trend. As it was under inundated conditions, STOICMIC is important because it strongly affects the
amount of gas produced for a given amount of reactants. ‘The second variable selected, GRMICHF (humid
biodegradation rate factor), contributes nearly as much as STOICMIC to the variability in cumulative gas generation
by humid biodegradation. The scatterplot for this variable also shows an apparent trend, but with more scatter than
shown by STOICMIC. The partial rank correlation coeflicients in Figure 5-5 show STOICMIC becoming more
important apparently at the expense of the inundated biodegradation rate, GRMICI, which dominated at first. The
inundated corrosion rate, GRCORI, has a very small positive ettect on gas generation by humid biodegradation by
consuming brine, thereby increasing the gas saturation, which results in more gas production under humid, rather

than inundated conditions.

Table 5-7. Stepwise Regression Analysis with Rank-Transformed Data for Total Gas Production
Resulting from Humid Biodegradation (QRHCUMGB)

Step Variable Description SRC R2

1 STOICMIC Biodegradation stoichiometric 0.55 0.29
coefficient

2 GRMICHF  Humid biodegradation rate factor 0.50 0.53

3 GRMICI Inundated biodegradation rate 0.34 0.64

4 GRCORI Inundated corrosion rate 0.20 0.68
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5. Uncertainty and Sensitivity Analysis Results

5.2.6 Gas Generation from Inundated and Humid Biodegradation

The regression analysis for cumulative gas generation by both inundated and humid biodegradation, shown in
Table §-8, selected STOICMIC as the dominant variable in determining the variability of gas generation. It
accounts for S0% of the variability. The scatterplot relating gas generation to biodegradation stoichiometry, in
Figure 5-6, confirms the strong influence that stoichiometry has on the amount of gas generated. Because
STOICMIC was most influential under both inundated and humid conditions, this result is not surprising,

The next variable selected, GRMICI, contributes another 14% to the variability in gas generation. GRMICI
plays a measurably significant, if minor, role because a large portion of the gas produced by biodegradation takes
place under inundated conditions. This can be deduced from Figures 4-2 and 4-6, which show the time-dependent
behavior of brine saturation in the waste and cetlulose content remaining in the waste, respectively. However, its

scatterplot indicates that the effect is not very strong.

The influence of initial brine saturation, BRSA'T, is understandable, because, in the absence of a large influx of
brine from outside the waste, initial brine saturation essentially provides the driving force for biodegradation,
However, it actually contributes very little to the variability of total gas generation from biodegradation, only
4% T'he partial rank correlation coefficients in Figure 5-6 show the same trends as for inundated and humid
biodegradation separately, with the inundated rate, GRMICT, dominating at first, to be superseded later by
STOICMIC. This ordering of influence consistently oceurs because, as brine and reactants (cellulose) are depleted,
the amount of gas produced per unit quantity of reactant has an increasingly greater impact on total gas generated,
whereas the rate becomes irrelevant. Gas generation per unit of reactant, as measured by the stoichiometric
coeficient, also has a tar greater impact than potential. ‘The original basis for poteatial, VWOOD (the volume
fraction of cellulose in the initial inventory), has no discernible effect because the stoichiometry, which ranges from
0.0 10 1.67, completely determines how much ol this initial cellulose inventory will be converted to'gas. This will
be true as long as any cellulose is present initially. 1t the initial cellulose content of the waste were also varied over
a range that extended to zero, it could possibly become as important as STOICMIC in determining the variability in

Table 5-8. Stepwise Regression Analysis with Rank-Transformed Data for Total Gas Production
Resulting from Both Inundated and Humid Biodegradation (QRGBIOVC)

Step Variable Description SRC R2
1 STOICMIC Biodegradation stoichiometric 0.70 0.50
coefficient
2 GRMICI Inundated biodegradation rateor 0.38 0.64
3 BRSAT Initial brine saturation in waste 0.23 0.69
4 GRCORHF Humid corrosion rate factor -0.18 0.72
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5. Uncertainty and Sensitivity Analysis Results

gas generation. However, cellulose will be present in some of the waste (as wood and paper products), and the
fraction of cellulosics in the initial waste inventory, VWOOD, is assumed to range from 0.284 to 0.484. Therefore,
the sampled value for initiat cellulose content will always be nonzero, and its range will be relatively narrow

compared to the currently assumed range of stoichiometric coefficients.

The other two variables selected in the regression analysis contribute very little to the variability in gas
generation. BRSA'T continues to have some influence, but is dominated by the stoichiometry and inundated
biodegradation rate. ‘The correlation coefficient for GRCORIIF is negative, indicating that it continues to show a
competing effect on gas generation by consuming brine that must be present for biodegradation to take place.

5.2.7 Gas Generation from Corrosion and Biodegradation

When gas gencration by both corrosion and biodegradation are considered, the regression analysis, Table 5-9,
shows that the initial brine saturation of the waste is the dominant variable, accounting for 55% of the variability in
the amount of gas generated. The plot of partial rank correlation cocfticients in Figure 5-7 indicates that this is true
almost from the beginning. The scatterplot relating the amount of gas generated to initial brine saturation (Figure 5-
7) shows a clear trend. The biodegradation stoichiometry, which is dominant in determining gas generation by
biodegradation, also has a significant impact on the total gas generation, although the scatterplot is less convincing,
The inundated biodegradation rate, GRMICI, is a major influence at first, but, as cellulose is rapidly consumed, its
effect decreases greatly, as seen in the plot of partial rank correlation coefficients. The inundated corrosion rate is
also a dominant variable at first, but its influence gradually decreases over time, as the amount of gas generated

under more prevalent humid conditions increases.

Anhydrite permeability continues to show up in the regression analysis. Accounting for 5% of the variability in
gas generation, it is clearly not a dominant variable, but still cannot be ignored, because it controls the flow of brine
into the waste as well as the flow of gas out of the repository. Gas flow does not affect gas generation directly, but
when the pressure in the repository approaches that of the far field, it can strongly inhibit the influx of brine from
outside the waste. Higher anhydrite permeability over the range of sampled values can allow the pressure in the
repository to be relieved, in turn allowing more brine to flow inward. However, because the permeability is so low,
little brine can flow under any circumstances, and these mechanisms are relatively unimportant. Thus, the overall
impact of anhydrite permeability on gas generation is minor. Knowing that absolute permeability has only a small
effect over the range of sampled values, it is understandable that relative permeability has no discernible effect.
Neither of the relative permeability parameters, BCEXP and BCFLG, was selected in the stepwise regression
analysis. Scatterplots relating cumulative gas generation to these two variables, Figure 5-8, show completely
random scatter and suggest no trends. ‘These results reinforce the conclusions that brine flow has little effect on gas
generation and that the initial state of the waste, along with parameters directly affecting gas generation, largely

control how much gas is generated.
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5.2 Gas Generation and Repository Performance

Table 5-9. Stepwise Regression Analysis with Rank-Transformed Data for Total Gas Production
Resulting from Corrosion and Biodegradation (GASGENVC)

Step . Varia.ble Description : ‘ ’ SRC " RZ2-
1 BRSAT Initial brine saturation in waste 0.73 0.55
2 STOICMIC  Biodegradation stoichiometric 0.32 0.66

coefficient
3 GRCORI inundated corrosion rate 0.28 0.73
4 MBPERM Log of anhydrite interbeds 0.20 0.78
permeability
5 GRMICI Inundated biodegradation rate 0.16 0.80
6 STOICCOR Corrosion stoichiometry factor -0.15 0.83

5.2.8 Iron Remaining in the Waste

Analysis of other performance measures will help to understand the behavior of the repository. Table 5-10
shows the regression analysis for iron content remaining in the waste, FECONT. Initial brine saturation in the
waste, BRSAT, is the first variable sclected, accounting for 61% of the variability in FECONT. The correlation
coefficient is negative, indicating, as expected, that the more brine present initially in the waste, the less iron will
remain after 10,000 yr. The corrosion rate under inundated conditions, GRCORI, also has some influence, but the
rate is sufficiently high that if the waste were fully inundated at all times, all of the iron would be consumed in most
realizations within 10,000 yr. As scen earlier with gas generation, potentials become more important over the long
term than rates. In the case of corrosion, initial brine content in the waste is one of these potentials, because so little
brine flows in from outside the waste. Another potential measure, VMETAL, the initial volume fraction of
corrodible metal in the waste, also shows up in the regression analysis, but accounts for only 3% of the variability in
FECONT becausc the limiting potential is the amount of brine available.

Anhydrite permeability, MBPERM, has a small effect, accounting for 4% of the variability in FECONT. The
correlation coefficient is negative, so higher permeabilities result in more iron being consumed, indicating that brine
influx does contribute to gas generation. However, because anhydrite permeability has so little influence on
remaining iron content, it is clear that brine influx has at most a minor impact on gas generation.
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5. Uncertainty and Sensitivity Analysis Results

The plot of partial rank correlation coefficients in Figure 5-9 illustrates the dominating effcct that initial brine

saturation has on the amount of iron remaining in the repository.

The scatterplot relating iron content to initial brine saturation, Figure 5-9, shows the strong negative effect that
brine saturation has on the amount of iron that remains after 10,000 yr. The relationship between remaining iron
‘content and the next most influential variable, inundated corrogion rate, also in Figure 5-9, shows the large amount
of random scatter typical of an independent variable that accounts for only 1% of the variability of a dependent

variable.

Table 5-10. Stepwise Regression Analysis with Rank-Transformed Data for Iron Remaining in the

Repository after 10,000 yr (FECONT)

Step Variable Description SRC R2
1 BRSAT Initial brine saturation in waste -0.77 0.61
2 GRCORI Inundated corrosion rate -0.33 0.72
3 VMETAL Initial volume fraction iron in 0.20 0.75
waste

4 MBPERM Log of anhydrite interbeds -0.18 0.79
permeability

5 GRCORHF  Humid corrosion rate factor -0.17 0.82

5.2.9 Cellulose Remaining in the Waste

The amount of cellulose remaining after 10,000 yr, BIOCONT, is not strongly dependent on any single

variable. The most influential, GRMICI, accounts for only 29% of the variability in BIOCON'T, as shown in the
regression analysis in Table 5-11. BRSAT appears once again, with nearly as much influence as the biodegradation
rate. The scatterplots for each of these two variables, Figure 5-10, show some correlation for GRMICI and less for
BRSAT. The partial rank correlation coefficients in Figure 5-10 show that these variables, as well as STOICMIC,

dominate at very carly times, but their influence degrades over time.

5-24
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5. Uncertainty and Sensitivity Analysis Results

Table 5-11.  Stepwise Regression Analysis with Rank-Transformed Data for Cellulosics Remaining in
the Repository (BIOCONT)

Step Variable - ‘Description ; . SRC . . R2 .
1 GRMICI Inundated biodegradation rate -0.47 0.21
2 BRSAT Initial brine saturation in waste -0.42 0.38
3 GRCORHF  Humid corrosion rate factor 0.25 0.45
4 STOICMIC  Biodegradation stoichiometric 0.25 0.51
coefficient
5 GRCORI Inundated corrosion rate 0.22 0.56

5.2.10 Repository Pore Volume

Pore volume in the repository is of interest primarily as a measure of the impact of creep closure on repository
performance. The stepwise regression analysis (Table 5-12) selected initial brine saturation in the waste as the st
variable, accounting for §7% of the variability in PORVOLW. The strength of this correlation is contirmed by the
scatterplot shown in Figure S-11, in which there is a clear trend to increasing the pore volume as the brine saturation
increases. The effect is uctually an indirect one. Higher initinl brine saturation results in more gas being generated,
which in turn raises the pressure in the repository. This initially coincides with a decrease in pore volume. Thus,
the partial rank correlation coefficient, Figure 5-11, shows that brine saturation initially has a negative correlation
with pore volume. However, as seen in Figure 4-3, the porosity in the waste quickly reaches a miminum and then
starts to increase again as the pressure continues ta rise. The reduction in pore volume, in itself, contributes to this
pressure rise. Three other variables influence the pressure measurably at carly times: STOICMIC, GRCORI, and
GRMICL The impact of these variables decreases over time, leaving BRSA T to dominate over the 10,000-yr
period, as the plot of partial rank correlations shows. According to the creep closure model as currently
implemented, onee the pressure begins to decline, the porosity is fixed (except for small compressibility efteets).
Thus, the pore volume at 10,000 yr is strongly affected by the peak pressure attained, usually fairly carly, which is
heavily influenced by initial brine saturation,
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Figure S-11. Scatterplots and partial rank correlation coetficients for repository pore volume.
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Table 5-12.  Stepwise Regression Analysis with Rank-Transformed Data for Pore Volume in the Waste

(PORVOLW)

Step  Variable - Debcripton L SRC R2
1 BRSAT Initial brine saturation In waste 075 057
2 STOICMIC  Biodegradation stoichiomatric 028 08656

coefficient
3 GRCORI Inundated corrosion rate 023 070
4 GRMICI Inundated biodegradation rate 022 075

§.2.11 Avarage Brine Saturation in the Waste

Fhe stepwise regression amidysis (Fable S 1) found seven variables that hisve some impact on the averige

brine saturation in the waste, SHAVW. However, none of them wlone conteibates greatly to the variability.
Seatterplots of the two viriables that attect SHAVW most strongdy, Figure <120 confirm that the relationships are
wenh Hhe plotof pirtial rank correlation coeticients shows that, at st initial brine saturation in the waste

donvinates; by detinition, there should be o pertect correlition intinlly 1 ater, as corrosion consumed brine, the

inundated corrosion rate b i strom influence. However, by 10,000 v 1, no variable dominates, even thaugh many

hiave some sl eftect

Table 5.13 Stepwise Regression Analysis with Rank- Transformed Data for Average Brine Saturation in

the Waste (SBAVW)
1 BRSAIT inthial brine saturation in wasle 036 014
2 GRCORI Inundated corrosion rale -0 36 026
3 TZPORF Faclor used in calculatng DRZ 029 0135

and transilion zone porosily

5.0
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5.2 Gas Generation and Repository Paetformance

Table 5-13 Stepwise Regression Analysis with Rank-Transformed Data for Average Brine Saturation in
the Waste (SBAVW) (Concluded)

Step Variable - Description ' "~ SRC " R2

4 SALPERM  Intact Salado halite 029 041
permeability

5 STOICCOR Corrosion stoichiometry factor 028 049

6 SHFTPRM  Permeability of shaft-fill 023 0 54

material above shah seai

7 BCFLG Brooks-Corey/van Genuchten- 023 059
Parker weighting factor

5.2.12 Pore Pressure in the Waste

Hecause the pressure i the waste resabts (o gas generition, the variables thtisttect gas pencrtion, reactn
vontent, and pore sobume should also affect pressure. The tegression anadysis, Fable S04 contims this. Onee
aptatin, the dominant variable s the initid Brme saturation i the waste, accoanting for 62" af e variability in
reponttons pressure Fhe scatterplon relsting. pressure (o imitial brine satutation shows the strong catrelation between
them  Dwa other viariables have only mmor impacts, wlthough thew infhuence was consaderably paeater at catly
times, i shosw i by the partiad rank conedation coetivients i igare §- 113

Table 5 14 Slepwise Regrassion Analysis with Rank-Transformed Data for Average Pore Pressure in the

Wasle (PRESWAST)
_ Step Varable  Descpton _SRC R?
1 BRSAT Imitial brine saturation in wasle 079 062
2 STOICMIC  Biodegradation stoichiometnc 024 068
coefficiont
K} GRMICI Inundated biodegradation rate 021 072
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5.3 Brine Flow

5.3 Brine Flow

A key performance measure for the WIPP under undisturbed conditions is the amount of contaminants (either
radionuclides or hazardous chemical constituents) in brine that flows beyond the disposal unit boundaries. In the
absence of actual modeling of contaminant transport, surrogate key measures are simply the amounts of brine that
How out the various Now paths from the repository, including the three anhydrite layers and the sealed shafty, o
this section, these performance measures are examined to determine which sampled parameters affect them. This
analysis provides insight into which parameters require more attention (and perhaps more measured data), and
which conceptual features of the madel may require more sophisticated treatment. It also identifies parameters or
conceptual models that are nor important and can theretore be further simplified.

5.3.1 Cumulative Net Brine Flow from the Repository

In Fable S-18, the regression analysis for cumulative net brine flow from the repository selected the initial brine
suturation of the waste as the first variable, The scatterplot relating brine flow to brine saturation, Figure S-14,
shows brine Now tending to increase as initial brine saturation increases. Net brine flows out of the repository range
from 24,000 m* to 11,400 m?, implying that some minimun initial brine saturation is necessary for brine to flow
out of the waste. Because the initial brine saturation is at most half of the residual brine saturation of the waste, the
initind suturation itselt is not sufticient to cause Now from the waste, Rather, when more brine is present initially,
fess inflow is required to exceed residual betore allowing brine to flow out. Also aftecting this correlation is the
creep closure model. Brine saturation is increased more rapidly and residual saturation is reached more quickly,
allowing some of the initial brine content of the waste to How out in some realizations. Under these circumstances,
it s not necessary for any brine to ow in first, although, as seen in Figure 4-9, this does oceur in some realizations,
Phe partiad rank correlation coefficients in Figure 5-14 contfirm that BRSAT is the dominant variable aftecting net

ow trom the wiste.

Anhydrite porosity accounts for an additionat 84 of the variability in brine flow from the waste. 1thas a
negative correlation coetficient, indicating that brine outflow decreases as the anhydrite porosity increases. Higher
porosities allow mare brine to flow in toward the repository beciuse the storage capacity of the unhydrite is greater,
so the distance over which the brine must travel is less, Similarly, brine tlowing out of the repasitory must displace

brine in the anhydrite over a greater distance when the porosity is lower,

Anhvdrite permeabilit also has a small influence on brine Row from the waste. It has a negative correlation
coelticient, as anhydrite porosity does, for the same reasons. High permeabilities contribute to brine How in from
the far field. This brine inflow eventuatly Glls the DRZ enough to atlow brine to flow into the waste, where it may
be consumed by corrosion. Although some brine does Now out of the repository in some realizations, it most often
oceurs becase creep closure has increased the brinesaturation in the waste independently of brine inflow from the
far field. Thus, anhy drite permeability enhances brine low into the waste, and inhibits outflow by filling the DRZ
that surrounds the repository with brine,
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Figure 5-14. Scatterplots and partial rank correlation coefficients for cumulative net brine flow from the repository.
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Table 5-15. Stepwise Regression Analysis with Rank-Transformed Data for Cumulative Net Brine Flow
from the Repository (BWSTC)

Step Variable  Description ‘ SRC R?
1 BRSAT Initial brine saturation in waste 0.72 053
2 MBPOR Undisturbed anhydrite -030 0e1
interbeds porosity

3 MBPERM  Log of anhydrite interbeds -024 0a7
permeability

4 BCBRSAT  Residual brine saturation in all 018 070

regions except waste

5.3.2 Cumulative Net Brine Flow Out MB139

The stepwise regression analysis (Table 5-16) for camulative net brine flow out MB139 to the south of the
repository (from Cell 8 to Cell 7 in Figure 2-2) selected BRSAT as the first variable. Ttaccounts for 450, ol the
variability in brine ow. The scatterplot relating MB 139 brine (low to initial waste brine saturation, in Figure 8-15,
shows that brine flow out is negative in most realizations, that is, brine lows toward the repository. Generally, the
inward brine flow is greatest when the initial brine saturation is lowest because less gas is generitted in the waste,
leaving the pressure in the waste lower, and thereby offering less resistance to brine flow from the far field

Anhydrite permeability is also an influential parameter aftecting brine Row in MB139, accounting tor an
additional 16% of the variability in brine flow. The scatterplot in Figure 5- 15 shows that when the permeability s
high, net brine outflow is more likely to be negative, or toward the repository, especially at carly times when the
pressure gradient from the far field to the repository is greatest. This is the same effect that was seen on the
cumulative brine flow from the waste. Intermediate values of permeability (10778 10 1072 m?2) can allow some
outward Now, which is a concern from a regulatory standpoint. In these cases, creep closure and gas generation
may reverse the pressure gradient while elevating the waste brine saturation to the point where brine can flow from
the waste. I the rate at which these processes take place is faster than the vite of brine inflow throygh M1 when
the anhydrite permeability is intermediate in vadue, brine flow out MBB13Y will result. When the permeability is less
than 1072Y m=_ brine movement in the anhydrite layers tends to become insignificant. The partial rank correlation
coefficients show that permeability is more important at carly times, but its infuence gradually decreases over the
first 2000 yr. This occurs because, when there is a large quantity of brine flow, it generally takes place carly, when
the waste pressure is stilt very low and the pressure gradient from the far ticld to the waste is largest. As the
pressure in the waste builds, the relative importance of permeability decreases compared with the initial brine
saturation, which strongly influences pressure buildup.
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Figure 5-15. Scatterplots and partial rank correlation coefficients for cumulative net brine flow out MB139.
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5.3 Brine Flow

The third variable selected in the regression analysis, TZPORF, is a measure of the DRZ porosity. It has a
small negative effect on brine flow out MB139 for the same reason that BCBRSAT affects brine flow from the
repository, BWSTC. A high DRZ porosity constitutes a larger storage capacity in the DRZ, effectively damping out
the interchange of fluids between the repository and the anhydrite layers. For brine flow out MB139 to occur, the
DRZ must first fill at least to residual saturation with brine. Whether that brine comes from initial inflow from
MB139 or, as it must eventually, from the waste, the more pore volume in the DRZ, the longer brine flow out
MB139 will be delayed.

Anhydrite porosity and halite permeability each account for 3% of the variability in brine flow out MB139.
Higher porosity tends to result in greater brine flows by providing more source and sink capacity close to the
repository. Higher halite permeability allows brine to flow vertically out of the anhydrite layer and into halite
instead of through the anhydrite, thus -educing flow out MB139.

Table 5-16. Stepwise Regression Analysis with Rank-Transformed Data for Cumulative Net Brine Flow
South into MB139 (BRNMBYSC)

Step Variable  Description SRC R2
1 BRSAT Initial brine saturation in waste 0.65 0.45
2 MBPERM  Log of anhydrite interbeds -0.35 0.61

permeability
3 TZFORF Factor used in calculating DRZ -0.26 0.68

and transition zone porosity

4 MBPOR Undisturbed anhydrite interbeds 0.17 0.71
porosity
5 SALPERM Intact Salado halite permeability -0.18 0.74

5.3.3 Cumulative Net Brine Flow Out Anhydrite a+ b

Brine flow out through the anhydrite a + b layer differs in one major respect from flow in MB139: there is no
net outward brine flow in any of the 70 realizations. Brine flows in carly when the pressure gradient from the far
field to the waste is high. But this brine cither flows into the repository or ends up further down in the DRZ or
MB139. When the pressure in the waste exceeds the far-field pressure, there is no "pool" of brine at the repository
end of anhydrite a ¢ b to flow back out. Anhydrite permeability, as might be expected, is the dominant variable
affecting brine flow. The scatterplot (Figure 5-16) shows that, as with MB139, cumulative flows into the waste can
be large when the anhydrite permeability is greater than 10718 m2, and are nearly zero when the permeability is less

than 10729 m2.
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Figure 5-16. Scatterplots and partial rank correlation coefficients for cumulative net brine flow out anhydrite a + b.
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5.3 Brine Flow

Although the regression analysis (Tables §-17) indicates that the initial brine saturation also has a moderate
influence on brine flow in anhydrite a ¢ b, the scatterplotin Figure S-16 sugpests that the effect is not really very
predictable. Intermediate vilues of brine saturation can result in large Hows toward the repository, but low values
ol initial brine saturation have i more consistent effect. When there is ittle brine in the wiste, the back pressure
created in the waste remains low, allowing more brine to low inward through anhydrite a v b The plot of partial
rank correlation coelticients in Figure S- 10 indicates that the effect of initial waste brine saturation grows slightly

over LHO0G yr, while the influence of permeability starts high and remains steady.

Other gas-generation-related variables also have a small effect, essentially contributing to the increase in back
pressure that eventually stops the flow of brine through anhydrite a ¢« b Asin MB139 higher halite permeability
tends to reduce flow through the anhydrite layer by allowing some brine to enter the halite instead of continuing to

flow through the anhydrite.

Table 5-17 Stepwise Regression Analysis with Rank-Transformed Data for Cumulative Net Brine Flow
South into Anhydnite Layers a + b (BRNANHSC)

Step Variable  Description SRC R2
1 MBPERM  Log of anhydrite interbeds -064 046
permeability
2 BRSAT Initial brine saturation in waste 052 074
3 GRMICI Inundated biodegradation rate 023 079
4 SALPERM Intact Salado halite permeability -0 17 082
5 STOICMIC  Biodegradation stoichiometric 012 084
coefficient
6 GRCORI Inundated corrosion rate 012 0.85

5.3.4 Cumulative Net Brine Flow Out MB138

The regression analysis for net brine Now out MB138, Table S-18, shows that the initial brine saturation in the
waste and anhydrite permeability are about equally influential variables, although neither one provides a very strong
correlation, Scatterplots for these variables in Figure S-17 look very similar 1o those for the same variables in
anhydrite a i b, The partial rank correlation coefficients, Figure S-17, show similar trends, although the effect of
permeability decreases stightly more over time than for anhydrite a v b,

5-39
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Figure 5-17. Scatterplots and partial rank correlation coefticients for cumulative net brine low out MB138,
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Table 5-18 Stepwise Regression Analysis with Rank-Transformed Data for Cumulative Net Brine Flow
South into MB138 (BRNMBESC)

Step Variable  Description SRC R2
1 BRSAT Initial brine saturation in waste 0 61 027
2 MBPERM  Log of anhydrite interbeds -0 51 052
permeability
3 STOICMIC  Biodegradation stoichiometric 022 057
coefficiant

8.3.85 Cumulative Net Brine Flow Upward through Shaft Seal

The stepwise regression aalysis (Fable $-19) performed for comulative net upward Dow of brine through the
shafb seal, BSHSEUPC, shows that the dominant variable is the permeability during the fiest 200 yr ol the shal
above the shinh seal but betow the Culebria (SHE FPRM), not the Tong-term shatt seal permeability, as one might
expect. However, this accounts for only 33% of the variability in brine flow through the shait seal. Shaft seal
peemenbility duting the fiest 200 yr (SEALPRM ) is nearly as important, comtributing another 26%a to the variability
in brine Now. Scatterplots in Figure S 18 contflem that neither variable alone is very strongly correlited to brine
Now. Shatl permeability during the fiest 200 v e (SHE TPRM) was simpled from o range that is nearly identical to
the range of seal permeability for thut same time peeiod. Beeause that portion of the shalt is 119 10 189 m long
compared 10 30 10 100 m for the shalt seal (o sampled paremeter, SEALTEHR L it s reasonable to believe that
permenbility of the fower shaft is slightly more signiticant than seal permeability in determining brine Now through
the seal However, the impact of these varinbles is somewhat distorted because most af the cumulative flow through
the shitt seal was downward drainage by gravity during the fiest 200y Inmore than halt of the reatizations, the
fow direction eventually reverses. Upward Now that takes place over the last 9000 ye or so is small compared to
the initial downwird surge, but is potentially much more important to regulatory complianee. (See Section 4.1 2 for
additional discussion of brine flow )

Halite permenbility has an additional effect, but itis of secondury importunce. Because of the large surfuce area
of the shaft-halite intertace, some brine drains into the shaft from the surrounding hahite, even though the highest
surge of brine oceurred during the $0-yr disposal phase. That bring was removed from the simulation at time sero
(reflecting evaporation betore the repository is seaded), leaving o depressurized zone around the shattat time sero
Despite this, when the permeability of halite is sufficiently high, some seepage from the Salado into the shalt often
continues, as seen in Figure 4-24. This contributes to the downward low of brine through the shaft seal, but should
not greatly impact upward Mow.

S-d
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AL three variables have negative cortelation coctlicients, indicating that Targer values result in larger downwand
Nosvs The process being observed hete is gravity drmage. which would be aided by higher seal and shait
permeabilities 1 onds the upsard component of bane low duting 10,000 vr was analy zed. positive cotrelation

voellicients wonld be expecied

Table 5-19 Stepwise Regression Analysis with Rank. Transformed Data for Cumulative Net Brine Flow
Upward through Shah Seal (BSHSLUPG)

. Swep  Vanable  Descripton . SR W

1 SHFETPRM  Permeabilty of shalt-fill 058 033
maletial above shah seal

e SEALPRM!  Imtal shah seal permeabiiity 051 059

3 SALPERM  Intact Salado halite 034 on

permeability

8.4 Gas Flow

A ey pettonmance measite o the WIHPE under andetarbed conditions is the amount of volatile orgini
componmdy EVOUsEdissalved i s that ow s bey omd the disposal umit baamdaties  Becaise transport of VOU s
Bas et st beet mdebed wsing e B phase How mndel. measires disoisaed here are e amount and distance that
i Hhws ont the varions Baw paths trom the repoators . inchiding the three anhisdirite Tasers amd the sealed shal
feading tothe Culebra Phese mcasires provide insight into which parameters control migration of VO s whinh
praraneters rednre more abtentien Gond pethaps more measited data), and which conveptual Teatures of the nusdel
s renqine mene sephisticated teatment D pliase s modebing also provides imsight inte parameters of
comneptual el that are g ipentant amd can theretore be fuher simphitied or sontted i lnhare petionnance

ahsgastiviils

5.4.1 Cumulative Not Gas Flow Out MB139

Phae st thiee petbommranee memsines b e evamined ane the cammdative Do s sinthswand out vach of the
anhydrite Javers The shepa e repteseann amibsais for Dos out M showi in Fable £20 selected BRSA L the
sttial brane saturation i the wasteas the st vatable e cotrelaiion et stiong, bub it is redsonable that the
hen paraeter ablecting pas generabins plas s an anportant e i deternining iy maich gas ows o ML
Pl secomd varsable sedectid, the peameatibinn of the anhiydime Gyers, v also an obs o dioiee o abledt gas ow
Another e generation parameter e Iodegradation storchiometrie coetlicient, S TOTONTC . adser has o sanal)
etiect Alogether, the threy vatiables selected account Tor ondy hall of the variability e camulative gas How e
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54 Gans Flow

vorrelation between comulative gas Noss atd each variable  The partial rank correlation coelficients in Figure 319
show that BRSA T was most important over the Tast 9000 v, but that it really does not dominste the other variables
Vers eotly on,all three vartables actually had small negative coreelation coefficiemts, with higher values resulting in
stvaller gas Mows ont MIBEIY Howenver, the effects mias hase been too siall to be significant at that time becatse
altmost o gas lad Boswed out i any realization One interesting Teature that shows up in the scatterplots is that
there appeat e be cuted? satues 10 Both BRSA T and MBPERM below which there is no gas Dow out MBI For
PRSA L this vadue ds about 4% inbtinl brine saturation in the waste . When the initial brine sataration is o low,
insuflicient pas is generated b raise the pressure i the repositors and push gas out the anhy drite lavers For
anhvdrite permeatidity . the cutoll is about 107w the same vatue below which brine fow becomes insignificant.

Table 520 Stepwise Regression Analysis with Rank-Transformed Data for Cumulative Net Qas Flow
South into MB 139 (GASMBOSC)

Step  Vanable  Description e .SRC R
i BRSAY Initial brine saturation in waste 049 0256
2 MOPERM  Log of anhydrite inletbeds 041 043
permeability
) STOICMIC  Biodegradation stoichiometric 027 050
coefficient

8.4.2 Cumulative Net Gas Flow Out Anhydrite a + b

U regression analysis tor cimmbative gas s seuth vt throngh anhydete lasersa o b Lable 21, also
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54 Gas Flow

Table 5-21 Stepwise Regression Analysis with Rank-Transformed Data for Cumulative Net Gas Flow Out
Anhydrite Layers a + b (GASANHSC)

Step Variable  Descriplion 7 SRC R2
1 BRSAT Intial brine saturation in waste 059 037
2 MBPERM Lo, of anhydrite interbeds 050 061
permeability
3 STOICMIC  Biodegradation stoichiometric 022 066
coefficient
4 GRCORI Inundated corrosion rate 020 0.69

5.4.3 Cumulative Net Gas Flow Out MB138

Phe regression analysis for cumutative gas flow south out through MBS, Table 822, as for the other two
anhydrite tayers, selected BRSAT and MBEERM as the two most important variables altecting gas Now (Figure
S-20). Two ather gas peneration parameters, S TOICMIC and GRCORI (Ginundited corrosion rate), also made small
contributions to the variability of gas fow out MBIIR. Comments made above regarding the other two anhydrite
luvers upply also to MI31IS,

One other parumeter, BCETGLwhich is the weighting Gactor that determines which relative permeability mode)
to use, showed a small influence in all three anhydrite layers (but only in the plots of partial rank correlation
coellicients for MBI and anbydrite o ¢ b), When BCFLG 0, the van Genuchten-Parker maodel is used; when
BOFLG 1o the Brooks-Corey model is used. In MBI, BCFLG had a positive correlation coetticient, whereas in
anhydrite a + band in MBIIR, it hud o negative correlation, 1tis positive during the first 500 yr or so in all three
lnyers, but there is almost no gas Row during this period in any realization. Theretore, the high value that seems to
dominate all other varigbles over thit time period is apparently spurious, Once gas Hows have started in most
renlizations, the influence of BCEFLG quickly becomes insigniticant.
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Figure §-21. Scatterplots and partial rank correlation coefticients for cumulative net gas flow out of MB138. (Rows
of points in the rank plots with identical ranks result from the convention used to assign ranks to
realizations with identical raw results [i.e., zero)).
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54 Gas Flow

Table 5-22. Stepwise Regression Analysis with Rank-Transformed Data for Cumulative Net Gas Flow Out

MB138 (GASMB8SC)

Step Variable Description SRC R2
1 BRSAT Initial brine saturation in waste 058 o 34
2 MBPERM  Log of anhydrite interbeds 053 061

permeability
3 BCFLG Brooks-Corey/van Genuchten- -022 064

Parker weighting factor

4 STOICMIC Biodegradation stoichiometric 020 068
coefficient
5 GRCORI inundated corrosion rate 017 07

5.4.4 Distance Gas Flows Out Anhydrite Layers

Three additional performance measures test the possible impact of the storage capacity of various regions
These measures are the distances that gas Tows out cach of the three anhydrite layers, Factors that affect storige ot
retention of Nuids would be expected to influence how far gas can low

The results of the stepwise regression analyses and partial rank correlation analyses continue to show that the
initial brine saturation in the waste is the most important variable affecting how far gas flows away from the
repository. No storage factors, such as anhydrite porosity and DRZ porosity, and no retention parameters, such as
residual saturations, have any measurable effect on the distance that gas migrates from the repository.

The stepwise regression analysis for distance that gas flows out MB139, shown in Table 5-23, selected BRSA
as the first variable, Although it has greater influence than any other variable, its impact is fairly weak, accounting
for only 27% of the variability in gas flow distance. Nearly as influential is anhydrite permeability. As seen i
preceding analyses, initial brine saturation in the waste results in the main driving force for gas migration away from
the repository, whereas anhydrite permeability determines the ease with which gas flows outas itis generated.
Scatterplots relating gas Now distance to these tvo variables, Figure §-22, confirm the slight trends in the raw data.
Gas migration distances appear at a small number of fixed values, These are the distances from the repository 1o the
outer edge of the grid cells in the mesh, us shown in Table 4-1. Gas is assumed to have reached that distance when
the saturation in a grid cell exceeds 1.0 - 1071 Volumes of gas in gnid cells at this minimum saturation are
extremely small (i.e., less than one m3).
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Figure 5-22. Scatterplots and partial rank correlation coefficients for distance gas flows out MB139, (Rows of
points in the rank plots with identical ranks result from the convention used to assign ranks to
realizations with identical raw results [i.c., zero]).
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5.4 Gas Flow

The next variable selected in the regression analysis is the relative permeability model weight factor, BCFLG.
This variable has a negative regression cocefficient, indicating that gas migration distance tends to be less when
BCFLG = 1 (i. e, when the Brooks-Corey model is used), and niigration distances tend to be greater when the van
Genuchten-Parker model is used. The effect is minor, but seems (o stem from the differences in capillary pressure
between the two models. Unlike the Brooks-Corey model, the van Genuchten-Parker model uses a threshold
capillary pressure of zero, so there is no minimum gas pressure required for flow to occur. The slightly greater ease
with which gas flow is initiated using the van Genuchten-Parker model results in greater migration distances.

The last variable selected in the regression analysis is STOICMIC, the biodegradation stoichiometric
coefficient. Although its influence is slight, it contributes to the driving force behind gas migration in the same way
that BRSAT docs.

The plots of partial rank correlation coefficients shown in Figure 5-22 indicate that the influence of the first
three variables increases slowly over at least the last 8000 yr. The inundated corrosion rate shows some impact

during the first 3000 yr, but its influence wanes after that.

Table 5-23. Stepwise Regression Analysis with Rank-Transformed Data for Distance Gas Flows Out
MB139 (GDSTMBSS)

Step Variable Description SRC R?
1 BRSAT Initial brine saturation in waste 0.52 0.27
2 MBPERM  Log of anhydrite interbeds 0.45 0.46

permeability
3 BCFLG Brooks-Corey/van Genuchten- -0.36 0.56

Parker weighting factor

4 STOICMIC Biodegradation stoichiometric 0.21 0.60
coefficient

The regression analysis (Table 5-24) for gas migration distance out through anhydrite a + b is essentially
identical to that of MB139, but with slightly better correlations.

The regression analysis (Table 5-25) for gas migration distance out through MB138 is also nearly identical to
that of MB 139 and anhydrite a + b, but with still slightly better correlations. An additional gas generation
parameter has been added, although its effect is barely measurable.



5. Uncertainty and Sensitivity Analysis Results

1 Table 5-24. Stepwise Regression Analysis with Rank-Transformed Data for Gas Migration Distance South

2 Out Anhydrite Layers a + b (GDSTANHS)
3
Step Variable Description SRC R2
1 BRSAT Initial brine saturation in waste 0.59 0.34
2 MBPERM  Log of anhydrite interbeds 0.45 0.53
permeability
3 BCFLG Brooks-Corey/van Genuchten- -0.35 0.62

Parker weighting factor

4 STOICMIC Biodegradation stoichiometric 0.24 0.68
coefficient
4
5  Table 5-25. Stepwise Regression Analysis with Rank-Transformed Data for Gas Migration Distance South
6 Out MB138 (GDSTMBSS)
7
Step Variable  Description SRC R2
1 BRSAT Initial brine saturation in waste 0.58 0.34
2 MBPERM  Log of anhydrite interbeds 0.51 0.57
permeability
3 BCFLG Brooks-Corey/van Genuchten- -0.41 0.71
Parker weighting factor
4 STOICMIC Biodegradation stoichiometric 0.19 0.75
coefficient
8
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5.4 Gas Flow

| The regression analysis for gas migration distance out through the Culebra, shown in Table 5-26, selected

2 BCFLG as the most influential variable, although its effect is minor. The low values of R2 are obtained because

3 only cight realizations resulted in gas migration distances from the shafl into the Culebra that were greater than zero.
4 With so few non-zero responses, little significance can be assigned to this analysis.

5  Table 5-26. Stepwise Regression Analysis with Rank-Transformed Data for Gas Migration Distance South
6 Out the Culebra (GDSTCULS)

Step Variable Description SRC R2

1 BCFLG Brooks-Corey/van Genuchten- -0.49 0.18
Parker weighting factor

2 BCEXP Brocks-Corey exponent -0.35 0.29

3 SALPERM Intact Salado halite permeability 0.27 0.36

8 5.4.5 Cumulative Net Gas Flow Upward through Shaft Seal

9 Two more crucial performance measures are flow through the shaft seal and flow into the Culebra layer of the
10 BRAGFLO model. Since the lower shaft is assumed to have zcro residual gas saturation, any amount of gas that
I gets through the shaft seal can, in principle, reach the Culebra layer, which is outside the disposal unit boundary.
12 (The top of the Salado Formation is the boundary for purposes of evaluating gas migration.) Cumulative flow into
13 the Culebra, GASCULTC (which is actually measured from the Culebra shaft seal into the Culebra), is greater than
14 zero in 6 of the 70 realizations. Flows renge from 109 to 136,000 m3,

15 The regression analysis for cumulative gas flow through the shafl seal, Table 5-27, once again selected the

16 initial brine saturation in the waste as the first variable. As in the anhydrite analyses, the correlation between gas
17 flow and brine saturation is not particularly strong, but the scatterplot, Figure 5-23, shows an apparent minimum

18 value of brine saturation (6%) below which no gas flows through the shaft seal. This again stems from a minimum
19 gas and pressure generation required for gas to migrate beyond the repository. The plot of partial rank correlation
20 coefficients, Figure 5-23, shows that BRSAT is the dominant variable over the full 10,000 yr. Together with

21 STOICMIC, gas generation parameters account for at least 47% of the variability in gas flow through the shaft seal.
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Figure 5-23. Scatterplots and partial rank correlation coefficients for cumulative net gas flow upward through the
shaft seal. (Rows of points in the rank plots with identical ranks result from the convention used to
assign ranks to realizations with identical raw results [i.e., zero]).
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Table 5-27 Stepwise Regression Analysis with Rank-Transformed Data for Cumulative Net Upward Gas
Flow through Shaft Seal (GSHSLUPG)

Step Variable Description SRC R2
1 BRSAT Imtial brine saturation in waste 060 037
2 SEALPRM2  Shaft seal permeability after 050 060

200 yr
3 STOICMIC  Biodegradation stoichiometric 03 070
coefficient

5.4.6 Cumulative Net Gas Flow Upward into the Culebra

Fhe repression analysis for camulative net gas flow into the Culebra from the Culebrashadt seal, in Table 5228,
selected the permeability of the shaft seal after 200 yr as the fiest variable. As expected, the higher the permeability,
the more gas Towed into the Culebra, The correlation is not strong, accounting for only 30%a of the variability in
GASCULTC, but this is fargely a result of the few ovearrences ol Tow into the Calebris there were only sis
realizations in which there was any significant flow. (Fwo more readizations hid minute guantities of gas flow into
the Culebra— enough to result in measurable gas migration distances.) Whereas five of these ranged from 110w
to 1070 m?, there was one realization that resulted in 136,000 m*, The scatterplots shown in Figure 8-24 illustrate
how this correhtion is unduly weighted by o single outlying data point, although the regression analysis suppuorts
intuitively finding that seal permeabitity and parameters thit control gas generation have the maost influence on the
amount of gas that flows into the Culebra, The partial riank correlation coefticients, Figure §-24, indicate that the
influence of these two parameters is growing with time. The step-like behavior of the curves is indicative of the few
realizations in which flow into the Culebra actually resulted.

Table 5-28. Stepwise Regression Analysis with Rank-Transformed Data for Cumulative Net Gas Flow into
the Culebra (GASCULTC)

Step Variable Description SRC R2

1 SEALPRM2 Shaft seal permeability after 0.55 0.30
200 yr

2 BRSAT Initial brine saturation in waste 0.38 0.45
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Figure 5-24. Scatterplots and partial rank corrclation coefficients for cumulative net gas low upward through the
shaft seal. (Rows of points in the rank nlots with identical ranks result from the convention used to
assign ranks to realizations with identical raw results fi.e., zero}).
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6. SUMMARY AND CONCLUSIONS

Conclusions based on these analyses are conditional on the modeling assamptions and patameter-alue
distributions used i the 1992 pretuninar PA - These analvses do not represent o final perfortiance assessmemt,
and results should not be used for comparisons to regulatons standards The 1992 PA modeling system does ot
et inclade ull potemtialiy important phissicat processes that mns aftect disposal-systemn petforiiance e gt . prossine-
dependent fracturing of anhydetes and eltects of possible Cianneling of Bud Boss are not inchaded tn 1992 and
will beoanchuded i future PA)Y nor are all portions of the data base connplete Results are presented here o
provide terom gurdance fo the WIPE Progect as o plans for a Onal compliance evaliuation

OF the 28 patimwters that were selected for sampling i the anals sey ol uindisturbed petformance, 6 have
stpificant effects on the perforimce measares considered These 6 patamieters are listed i Fable 6.1 as "ven
puportant.” reflecting therr potential ipact oo pas and bome nngration o the iepositons — The sigle most
tupottant pacanwetet as shown i the sensitiviiy anabvses desenbed in Chapter & of tis solume. is the il bnne
sitiratton un the waste  Few datin e avatfable for s parmmcter (see Sechon 24 of this volume), but Tor e range
ol yadues sampled here, e sl wates content of the waste effectiveds controls the amount of gas thal is
penerated  The totind wmount of pas genetated, s e, comtrols how mch s ows ont thivagh the virous
relise pathiwans Unless the ovenall pas-genition rate is vers sinabl, the Tl pasarenctation potential altowed
e amonnt of water mttally present will be eealized over 000 v 1 Ulihess the penmcabihity of the antwdnie
lvers s neat the lower b of the sampled range. s e peeisd is safBicent for pas 1o Tow to the disposal-nnn
botndaries as Tomg as enonph witer v imtalhy present to penceate the wmount of gas reguised (o Now thist fne The
other five parametees listed as "vers inportant” also plas @ magor tale o iluencing pas and bone sagration from
the repository. bt therr effect isosecondin o that of the il brane saturation e rangte of il bone
sitnration currenthy used does ol e i sonied basis i measared data, and s espected to ciange Becanse this
one parameter so donimates the undisturbed performance, i different range of values may produce different resulin,
and even the vonclusions sath the stronpest statistical suppoct in this report shoutd be regurded as prelinminie

Maost of the other sampled parameters had o sabler ipact on g and brane migration. and are bisted i
“tportant® i Table 001 Phiese parameters eich appear i ondy o few of the tepression amibyvses iepotted in
Chapter 8 Thear amportance. howeser, iy condibional on the conceptual models used to descrite the sepositors and
s surroundimps, and mas change i futare aiilyses as coneeptual modeds are refined

The final catepors of parameters histed i Table 6-1, “less tmportant.” imcludes those that were not identified in
any of the repression anahvses reported in Chapter 8 Condational on abd assusptions of the 1992 PA, the
distesbutions used for these pasmieters had no efieet on the undistirbed performance measures considered
Easentinbly any vilue conld hanve been selected from the distrbutions and used as a Bived value thronghout without
alfecting performance. unplyang that, wsless conceptaal models change sipmficantly, these parmieters could be
omitted from Btuee saomphings o the present tanges are shown o be defenmible  However, these conclusions apply
only to undisturbed performunce. some patnmeters tht are msigmificint here (e g, Calebr mitrs porosity ) niay
be more important i assessing performance follow g luman imtrasion




6 Qumimaty and Conclusions

Table 6-1  Impotlance of Sampled Parameters with Reapect to 40 CFR 2686  Resulls apply only to

Paramoter Name

undisturbed perlottmance of the repository (no human intrusion)  and are condilional on
muodeling assumplions the choice of patameters sampled and the assumed parameter value
disitibubons  Comparable resulls for 40 CFR 1918 (disturbed performance) can be found in
Volume 4 of this report

Parameter Descripton

Vety Impottant Patameters (hsled in otder of impottance)

BRSAT Initial brine saturation in waste

MBPERM Salado anthydrite permeability

STOICMIC Biodegradation stoichiometne coeMicient

GRCORI Cottosion gas genetation rate inundated comdibons
GRMIG) Biodegtadation gas-generation tate inundaled conditions
SEALPERM?2 Shah seal permeability after 200 yt

Impottant Parameters (lisded in alphabelical order)

BCFLO Brooks. Coteyivan Ganuchlen.Parker ponter
GRCORHF Cotrosion gas-generation rate factor humid conditions
GRMICHF Biodegradation gas generation rate laclor humid conditions
MBPOR Salado anhydrite porosity

SALPERM Salado halite permeability

SEALPERM1 Shah seal permeability 0-200 yr

& "TPRM Lower shaft permeabiity 0-200 yt

5TOICCOR Corrasion sloichiomatne coethcient

TZPORF Transition zone and DRZ porosity lactor

VME TAL Iniial volume fraction of matals and glass in waste
VWOOD Initial volume frachion of combustibles in waste

Less important Parameters (isted in alphabetical order)

RCBRSAT Residua!l bune saturation in Salado Fm

BCEXP Brooks-Coray relative permeabiity model exponant

BCGSSAT Residual gas saturation i Salado Fm

BKFLPOR Porosity of backhill in drifts. expanmaental region and shaft below seal
CULPOR Matnix porosity of Culebra

DSEALPRM Drift and panel seal parmeability

MBPRES Far-held pressure in Salado Fm

SEALTHK Shaft seal vartical thickness

i A R AR

L]

Importance of initial brine saluration in the waste may be highly sensitive to the assumed
parameter-value distribulion  See tex! lor additional information
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APPENDIX B: BRAGFLO REFERENCE TABLES

Table B-1. Variable 2arameters for Volume 5§ BRAGFLO Calculations

Halite

(1) Permeability
k

(2) Porosity

(3) Compressibility = (

S

Pr
8

¢
Br

(4) BCEXP

(5) BCBRSAT

(6) BCGSSAT

(7) 8CFLG

(8) BC_PCT

Sampled variable
(LLHS variable #10)
LHS distribution type: Cumulative
Range: -24.0t0-19.0
= Sampled anhydrite porosity
(LHS variable #16)
LHS distribution type: Cumulative
Range: 1.0x 10310 3.0 x 10-2

= Specific storage

=1.4x 1006

= Salado brine fluid density
=1.23x 103

= Acceleration due to gravity

= Porosity
= Salado brine fluid compressibility
=25x 1010

= Sampled Brooks-Corey exponent
(LHS variable #11)
LLHS distribution type: Cumulative

Range: 2.0 x 102 t0 1.0

= Sampled residual brine saturation
(LHS variable #13)
LHS distribution type: Uniform
Range: 0.0t0 0.4

= Sampled residual gas saturation
(LHS variable #14)
LHS distribution type: Uniform
Range: 0.0t0 0.4

= Sampled Brooks-Corey weighting factor
(LHS variable #12)
LHS distribution type: Delta
Range: 0.0to 1.0

= Brooks-Corey Threshold Capillary Pressure
= 0.56- (Permeability)

[m?]

[dimensionless]

[Pl
)
[kg/m3)
[m/s2]

[dimensionless]
[Pa-l]

[dimensionless]

[dimensionless]

[dimensionless]

[dimensionless]

(Pa]
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Appendix B: BRAGFLO Relerence Tables
Table B-1. Variable Parameters for Volume § BRAGFLQ Calculations (Continued)
Initial Disturbed Rock Zone (DRZ
(Initial DRZ used during time period of -50 years to 0 years)
(1) Permeability =1.0x 10-17
(2) Porosity = Sampled anhydrite porosity [dimensionless]
(LHS variable #16)

LHS distribution type: Cumulative
Range: 1.0x 10-3t03.0x 102

S
3) Compressibili = e al
(3) Compressibility (P,L’(b ,B,J [Pa-T]
S = Specific storage fm-1]
=1.4x 100
Py = Salado brine fluid density [kg/m3)
=1.23 x 103 ’
g8 = Acceleration due to gravity [m/s?)
=9.79
¢ = Porosity [dimensionless]
Br = Salado brine fluid compressibility [Pa-!]
=2.5x 1010
(4) BCEXP = Sampled halite Brooks-Corey exponent [dimensionless]

(LHS variable #11)
LHS distribution type: Cumulative

Range: 2.0 x 102 10 1.0

(5) BCBRSAT = Sampled halite residual brine saturation [dimensionless]
(LHS variable #13)
LHS distribution type: Uniform
Range: 0.0t0 0.4

(6) BCGSSAT = Sampled halite residual gas saturation |[dimensionless]
(LHS variable #14)
LLHS distribution type: Uniform
Range: 0.0t0 0.4

(7) BCFLG

Brooks-Corey weighting factor [dimensionless]
I

(8) BC_PCT

Brooks-Corey Threshold Capillary Pressure [Pa]
0

56 (Pcrmcubility)—O.Mﬁ
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Appendix B: BRAGFLO Releronce Tables

Table B-1, Variable Parameters for Volume 5§ BRAGFLO Calculations (Continued)

IS

Transitic mne

(1) Permeability
k

(2) Porosity

(3) Compressibility

(4) BCEXP

(5) BCBRSAT

(6) BCGSSAT

(7) BCFLG

(8) BC_PCT

= 10*

= Sumpled variable
(LLHS variable #15)
LLHS distribution type: Cumulative
Range: -21.0t0 -16.0

= Sampled anhydrite porosity
(LHS variable #16)
LHS distribution type: Cumulative

Range: 1.Ox 10-3t0 3.0 x 102

S,
) (P/w’ [’]

= Specific storage

=1.4x 100

= Salado brine fluid density

=123 x 103

= Acceleration due to gravity
=9,79

= Porosity

= Salado brine fluid compressibility
=25x 1010

= Sampled halite Brooks-Corey exponent
(LHS variable #11)
LLHS distribution type: Cumulative
Range: 2.0 x 10-2 to 1.0

= Sampled halite residual brine saturation
(I.HS variable #13)
LHS distribution type: Uniform
Range: 0.010 0.4

= Sampled halite residual gas saturation
(LLHS variable #14)
LLHS distribution type: Uniform
Range: 0.0 t0 0.4

= Brooks-Corey weighting factor
= 1.0

i

= ().S() . (Pcnnczlhili[y)“(),34(\

Brooks-Corey Threshold Capillary Pressure

[m2]

[dimensionless)

[Pa-!]
[m-!]
[kg/m?
[m/s?]

[dimensionless|
[PaT]

[dimensionless]

[dimensionless]

[dimensionless|

[dimensionless)

|Pa)
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Appendix B: BRAQFLO Heference Tables

Table B-1. Varlable Parameters for Volume § BRAGEFLO Calculations (Continued)

Anhydrite
(1) Permeability = 10! [m?]
k = Sumpled variable
(LLHS variable #15)
LLHS distribution type: Cumulative
Range: -21.010 -16.0
(2) Porosity = Sampled variable [dimensionless|
(LLHS variable #16)
LHS distribution type: Cumulative
Range: 1.0x 10310 3.0x 102
i~ S, | .
(3) Compressibility = |-——-f [PaT]
P8o
Sy = Specific storage [m-!]
= 1.0x 100
pr = Salado brine fluid density [kg/md)
=1.23x 103
8 = Acceleration due to gravity [m/s2]
=979
¢ = Porositly [dimensionless]
Br = Salado brine fluid compressibility
=2.5x 1010
(4) BCEXP = Sampled halite Brooks-Corey exponent [dimensionless)
(L.HS variable #11)
LHS distribution type: Cumulative
Range: 2.0 x 102 10 1.0
(5) BCBRSAT = Sampled halite residual brine saturation [dimensionless)
(LHS variable #13)
LHS distribution type: Uniform
Range: 0.0 to 0.4
(6) BCGSSAT = Sampled halite residual gas saturation [dimensionless)
(LLHS variable #14)
LHS distribution type:  Uniform
Range: 0.0 10 0.4
(7) BCFLG = Sampled SALLADO Brooks-Corey weighting

factor [dimensionless|
(LHS variable #12)
LHS distribution type: Delta
Range: 0.0to0 1.0
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Appendix B: BRAGFLO Relgrance Tables
Table B-1. Variable Parnmeters for Volume § BRAGFLO Calculations (Continued)

 peret = Brooks-Corey Threshold Capillary Pressure— [Pa)
= ()56 (Pcrmeuhilny)ﬂmnm
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Appandix B: BHAQFLO Reference Tables

Tuble B<1, Varlable Parameters for Volume § BRAGEFLO Caleulations (Continued)

A

(Cuavity 1 used to deseribe waste-emplacement region during time period of <50 years to 0

years)
(1) Permeability = 1.0x 1010
(2) Porosity = .0

(3) Compressibility =00

() BCEXP = Sumpled halite Brooks-Corey exponent
(LHS variable #11)
LHS distribution type: Cumulative

Range: 2.0 x 102 10 1.0

(5) BCBRSAT = Residual brine saturation
=().0)
(6) BCGSSAT = Residual gas saturation
=().0)
(7) BCFLG = Brooks-Corey weighting factor
=1].0
(8) BC_PCT = Brooks-Corey Threshold Capillary Pressure
=(.0

B-8

[m2}

[dimensionless)
[Pal)

[dimensionless)

[dimensionless|
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Appendix B: BRAGFLO Relerence Tablos

Table B<1. Variable Parameters for Volume § BRAGFLO Calculations (Continued)

Culebra 1 |

(Culebra | used during time period of -50 years to 0 years)
(1 Permeability = (.0

(2) Porosity = Sampled Culebra porosity

(LIS variuble #43)
LS distribution type: Data
Range: 5.80568 x 102 10 252580 x 10!

(3 Compressibility =00

() BCEXP = Brooks-Corey exponent

=().7

(5) BCBRSAT = Residual brine saturation
=02

(6) BCGSSAT = Residual gas saturation
=().2

(7) BCELG : Brooks-Corey weighting fuctor
1.0

(1

(%) BC_pPCT Brooks-Corey Threshold Capillary Pressure
(

).0

-
—
—
-

fm?)

[dimensionless)

[Pa !y

[dimensionless)
[dimensionless)
[dimensionless)
[dimensionless]

|Pal
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Appendix 8: BRAGFLO Reletance Tablos

Table B-1. Varlable Parameters for Volume § BRAGFLO Caleulations (Continued)

‘av

(Cavity 2 used to deseribe excavated volume other thian waste-cmplacement region during
time period of =50 years to 0 years)

(1) Permeability =1.0x 1010 [m2]
(2) Porosity = 1.0 [dimensionless)
() Compressibility =00 [Pa-!)
(4) BCEXP = Sumpled halite Brooks-Corey exponent |dimensionless)

(LHS variable #11)
LHS distribution type: Cumulative

Range: 20 x 102 10 1.0

(5) BCBRSAT ;:([}%siduul brine saturation |[dimensionless|
(6) BCGSSAT = (l}:*;iduul gas saturation [dimensionless)
(7) BCFLG = l?:;mks-(fnrcy weighting fuctor [dimensionless]
(8) BC_PCT i([;n(';mks-(‘m‘cy Threshold Capillary Pressure |Pa]
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Appondix B: BRAGFLO Relerence Tablos

Table B-1, Variable Parameters for Volume 8 BRAGFLO Caleulations (Continued)

(Waste replaces Cavity | at time=0) years)

(1) Permeability =l0x 10!} [m?]

(2) Porosity = 0.00]785 x 101 [dimensionless)

(3) Compressibility = 1.6x 109 [Pat]

(4) BCEXP = Brooks-Corey exponent [dimensionless]
= 2.8Y

(5) BOBRSAT = Residual brine saturation [dimensionless)

=2.76x 10!

(6) BCGSSAT -:-:f%\iduul gas saturation [dimensionless)
(7) BCEFLG = ?;()‘)()k\«('x)fl:)’ weighting factor [dimensionless|
(8) BC pCT l:(l)ig;mks-(‘urcy Threshold Capillary Pressure [Pa)

() Initial Iron (Fe)y Concentration: [kg/m3)

_ WIDRMET (WIFREEIVDRUM) 00 VWASTE + WTFECONT

VREPOS
WTDRMET = Mass of contents of one drum of metal+glass — |kg)
=04.5
WTFRIL = Mass fruction of corrodable metal in
metal+glass [dimensionless)
=(.7210021
) = Volume fraction of metal (i.e. Fe) [dimensionless)

= Sampled vanable (1LHS variable #9)
LHS distribution type: Normal
Range: 276 x 10-1 10476 x 10

VDRUM = Volume (internal capacity) of one drum [m3|
={).21

VWASTL = Design volume of waste in repository Im?)
=1.75564 x 105

WTFLECONT = Muass of Fe in containers [kg)

2.6132656 x 107
Total excavated storage volume of repository — [m3]
4.36023214418 x 105

VREPOS

Hi

1
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Appendix B: BRAGFLO Relerence Tables

Table B-1. Variable Parameters for Volume § BRAGFLO Calculations (Continued)

Waste (Continued

(Waste replaces Cavity | at time=0) years)

(10) Initial Cellulose Concentration: [kg/m3]
= CONCBIO!
_ WTDRCOMB:- WIFRBIO - . (VWASTE/VDRUM ) + WIBIOCONT
- VREPOS
WTDRCOMB = Mass of contents of one drum of combustibles  [kg]
=40.0
WTEFRBIO) = Mass fraction of biodegradables in
combustibles [dimensionless)
= ().5546459
0] = Volume fraction of combustibles [dimensionless)

= Sampled variable (LHS variable #8)
LLHS distribution type: Normal
Range: 2.84 x 10110 4.84 x 10

VWASTLE = Design volume of waste in repository (m})
= 1.75564 x 103

VDRUM = Volume (internal capacity) of one drum [m})
=21

WTBIOCONT = Mass of biodegradables in containers kgl
= (.0

VRIEPOS = Total excavated storage volume of repository — [m|

=4.36023214418 x 105

(11) Gas Production Rate, Corrosion, Inundated [mol Fe/imds))
(ASDRUM - DRPANLL)

(4.0 = @)/3.0)- VPANELX
A = Sampled variable [mol Fe/tm=+s)]
(LLHS variable #2)
LHS distribution type: Cumulative
Range: 0.010 1.3 x 108

ASDRUM = Surface arca of corrodable metal per drum [m-]
= 0.0
DRPANLI, = Number of Prums in one Panel [dimensionless)
= 8.606362 x 10
VPANILX = Excavated volume of one panel [m?)
= 46097.6458540
4.0-w . . L . .
.‘T(T“ = Anoxic Tron Corrosion Stoichiometry [dimensionless)|
0] = Sampled variable [dimensionless)

(I.HS variable #4)
LHS distribution type: Uniform
Range: 0.0to 1.0
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Appendix B: BRAGFLO Reference Tables

Table B-1. Variable Parameters for Volume 5§ BRAGFLO Calculations (Continued)

Waste (Continued)

(Waste replaces Cavity 1 at time=0 years)

(12) Gas Production Rate, Microbial, Inundated: [mol cellulose/(m¥s)]
= 1.CONCBIOI
= A Vsromic
A = Sumpled variable [mol cellulose/(kgs))

(LLHS variable #5)
LLHS distribution type: Cumulative
Range: 0.0to 1.6 x 10-8
CONCRIO] = Initial Cellulose Concentration [kg/m3)
(same as equation (10))

_WIDRCOMB - WTFRBIO - w- (VWASTE/VDRUM)+ WTBIOCONT

VREPOS
WTDRCOMB = Mass of contents of one drum of combustibles  [kg]
=400
WTEFRBIO = Mass fraction of biodegradables in
combustibles [dimensionless]
=(.5546459
w = Volume fraction of combustibles [dimensionless]

= Sampled variable (LHS variable #8)
LHS distribution type: Normal

Range: 2.84 x 101 10 4.84 x 10-!

VWASTI: = Design volume of waste in repository [m3]
= 175564 x 105

VDRUM = Volume (internal capacity) of one drum [m3)
=0.21

WTBIOCONT = Mass of biodegradables in conta:ners [kg]
=0.0

VREPOS

i

Total excavated storage volume of repository — [m3]

4.36023214418 x 103

STOIMIC = Microbial Stoichiometry [dimensionless]
= Sampled variable

(LLHS variable #7)

LLHS distribution type: Uniform

Range: 0.0 to 1.67

i

(13) Humidity Factor, Corrosion = Sampled variable [dimensionless]|
(LLHS variable #3)
LLHS distribution type: Cumulative
Range: 0.0100.5

(14) Humidity Factor, Microbial = Sampled variable [dimensionless]
(LIS variable #6)
LLHS distribution type: Uniform
Range: 0.0t00.2
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Appendix B: BRAGFLO Reference Tables

Table B-1. Variable Parameters for Volume 5§ BRAGFLO Calculations (Continued)

Waste (Concluded)
(Waste replaces Cavity | at time=0 years)

(15) Anoxic Iron Corrosion Stoichiometry = i%_gﬂ [dimensionless]
0] = Sampled variable (LHS variable #4)
ILHS distribution type: Uniform
Range: 0.0to 1.0

(16) Microbial Stoichiometry = Sampled variable [dimensionless]
(LHS variable #7)
LHS distribution type: Uniform
Range: 0.0to 1.67
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Appendix 8: BRAGFLO Reference Tables

Table B-1. Variable Parameters for Volume 5 BRAGFLO Calculations (Continued)

Final Disturbed Rock Zone (DRZ)
(Final DRZ replaces Initial DRZ at time=0 years)

(1) Permeability = 10
k = Sampled variable (LHS variable #10)
LHS distribution type: Cumulative
Range: -24.0t0o-19.0

(2) Porosity =¢,+w(0.06-¢,)
o, = Sampled anhydrite
(LHS variable #16)
W = Sampled variable

(LHS variable #17)
LHS distribution type: Uniform
Range: 0.0to 1.0

(3) Compressibility =( o _ﬂl]

p,g(b

Sy = Specific storage
=1.4x 106

pr = Salado brine fluid density
=123 x 103

g = Acceleration due to gravity
=9.79

¢ = Porosity

Br = Salado brine fluid compressibility
=2.5x 1010

(4) BCEXP = Sampled halite Brooks-Corey exponent

(LHS variable #11)
LHS distribution type: Cumulative

Range: 2.0x 102 to 1.0

(5) BCBRSAT = Sampled halite residual brine saturation
(LHS variable #13)
LHS distribution type: Uniform
Range: 0.0t0 0.4

(6) BCGSSAT = Sampled halite residual gas saturation
(LLHS variable #14)
LHS distribution type: Uniform
Range: 0.0 to 0.4

(7) BCFLG Brooks-Corey weighting factor

1.0

[dimensionless]
[dimensionless]

[dimensionless]

[Pa-!]
[m-1]
[kg/m3]
[m/s2)

[dimensionless]
(Pa-1]

[dimensionless]

{dimensionless]

[dimensionless]

[dimensionless]
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Appendix B: BRAGFLO Reference Tables

Table B-1. Variable Parameters for Volume 5§ BRAGFLO Calculations (Continued)

Final Disturbed Rock Zone (DRZ) (Concluded)
(Final DRZ replaces Initial DRZ at time=0 years)

(8) BC_PCT = Brooks-Corey Threshold Capillary Pressure [Pa]
= 0.56 - (Permeability) -4
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Appendix B: BRAGFLO Reference Tables

Table B-1. Variable Parameters for Volume 5§ BRAGFLO Calculations (Continued)

Culebra
(Culebra replaces Culebra 1 at time=0 years)
(1) Permeability LY [m?]
P8
K = Hydraulic Conductivity [m/s]
=224 x 107
u = Culebra brine viscosity [kg/(m-s)]
=1.0x 107
Py = Culebra brine fluid density [kg/m3]
= 1.09x 103
g = Acceleration due to gravity [m/s2]
=9.79
(2) Porosity = Sampled variable [dimensionless]

(LHS variable #43)
LHS distrribution type: Data
Range: 5.80565 x 10-2 to0 2.52500 x 10-!

S

(3) Compressibility = -B [Pa-1]
’pv/ b8 !
S = Storage coefficient (= Specific storage
x thickness) [dimensionless]
=20x 103
t = Culebra layer thickness [m]
=77
pr = Culebra brine fluid density [kg/m3]
=1.09 x 103
[0 = Porosity [dimensionless]
g = Acceleration due to gravity [m/s?]
=979
Br = Culebra brine fluid compressibility [Pa-!]
=25x 10-10
(4) BCEXP = Brooks-Corey exponent [dimensionless)
=0.7
(5) BCBRSAT = Residual brine saturation [dimensionless]
=02
(6) BCGSSAT = Residual gas saturation [dimensionless]
=0.2
(7) BCFLG = Brooks-Corey weighting factor [dimensionless]
= 1.0
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Appendix B: BRAGFLO Reference Tables

Table B-1. Variable Parameters for Volume 5§ BRAGFLO Calculations (Continued)

Culebra (Concluded)

(Culebra replaces Culebra | at time=0 years)

(8) BC_PCT = Brooks-Corey Threshold Capillary Pressure [Pa]
= 0.56 (Permeability) -4



Appendix B: BRAGFLO Reference Tables

Table B-1. Variable Parameters for Volume 5§ BRAGFLO Calculations (Continued)

Shaft Seal
(Shaft Scal, Upper Shaft, Lower Shaft, Backfill, Culebra Scal, and Experimental Region
replaces Cavity 2 at time=0 years)

(1) Permcability = Sampled variable [m?]
(LHS variable #22)
LHS distribution type: Lognormal
Range: 1.0x 10-1910 5.0 x 10-16

’ Y S 121
2) Porosity =( LOG,,® - LOG,,(1.0x10™")

LOG(1.0x10 ™) = LOG(1.0x10 T 009 700D+ 0.01
L0G,, (1.0, ~ LOG,,(1.0x10™")

[dimensionless]

o) = Sampled variable [m2]
(LHS variable #23)
LHS distribution type: Lognormal
Range: 1.0x 102110 1.0 x 10-18

) -~ S
(3) Compressibility = [—«"éf— - [Pa-l]
pgp
S = Specific storage [m-1]
=1.4x 106
pr = Salado brine fluid density [kg/m3]
=123 x 103
¢ = Porosity [dimensionless]
L = Acceleration duc to gravity [m/s2]
=9.79
Pr = Salado brine fluid compressibility [Pa-!]
=2.5x 10-10
(4) BCEXP = Brooks-Corey exponent [imensionless]
=(0.7
(5) BCBRSAT = Residual brine saturation [dimensionless]
=0.2
(6) BCGSSAT = Residual gas saturation [dimensionless]
=0.0
(7) BCFLG = Brooks-Corey weighting factor [dimensionless]
= 1.0
(8 BC_PCT = Brooks-Corey Threshold Capillary Pressure [Pa]
= 0.56. (Pcrmcnhility)”““w'(’
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Appendix B: BRAGFLO Reference Tables

Table B-1. Variable Parameters for Volume § BRAGFLQO Calculations (Continued)

Upper Shaft
(Shaft Seal, Upper Shaft, Lower Shaft, Backfill, Culebra Seal, and Experimental Region

replaces Cavity 2 at time=0 ycars)

(1) Permeability = Sampled variable [m2]
(LHS variable #24)
LHS distribution type: Lognormal

Range: 1.0 x 10-19105.0x 10-15

(2) Porosity ](0. 09-0.01)+0.01

_ LOG,,w — LOG,,(1.0x107*")
LOG,,(1.0x10 ™) = LOG,,(1.0x10 *")

[dimensionless]
W = Sampled variable [m2]
(LHS variable #23)
LHS distribution type: Lognormal
Range: 1.0 x 1021 to 1.0 x 10-18
B . [Nl AS'
(3) Compressibility —=|——-f, [Pa-l]
P,J,’(fl
Sy = Specific storage [m-1]
=1.4x106
pr = Salado brine fluid density (kg/m3]
=123x 103
¢ = Porosity [dimensionless]
L = Acceleration due to gravity [m/s?]
=979
Br = Salado brine fluid compressibility [Pa-!]
=25x 10710
(4) BCEXP = Brooks-Corey exponent [dimensionless)
=0.7
(5) BCBRSAT = Residual brine saturation [dimensionless]
=0.2
(6) BCGSSAT = Residual gas saturation [dimensionless)
=0.0
(7) BCFLG = Brooks-Corey weighting factor [dimensionless)
= 1.0
(8) BC_PCT = Brooks-Corey Threshold Capillary Pressure [Pa)

= 0.56. (Permcuhilily)—ﬂ,}%
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Appendix B: BRAGFLO Reference Tables

Table B-1. Variable Parameters for Volume § BRAGFLO Calculations (Continued)

Lower Shaft

(Shaft Seal, Upper Shaft, Lower Shaft, Backfill, Culebra Seal, and Experimental Region
replaces Cavity 2 at time=0 ycars)

(1) Permeability

(2) Porosity

(3) Compressibility

Sy
Pr

¢
g

Br
(4) BCEXP
(5) BCBRSAT
(6) BCGSSAT
(7) BCFLG

(8) BC_PCT

=1.0x 10-15

= Sampled variable
(LHS variable #26)
LLHS distribution type: Uniform
Range: 1.0x 10210 7.5 x 102

S g
_(p,g(b ﬂl]

= Specific storage

=1.4x 100

= Salado brine fluid density
=1.23x 103

= Porouity

= Acceleration due to gravity

= 9-79

= Salado brine fluid compressibility
=2.5x 10-10

= Brooks-Corey exponent
=0.7

= Residual brine saturation
=(0.2

= Residual gas saturation
=0.0

= Brooks-Corey weighting factor
=1.0

= Brooks-Corcy Threshold Capillary Pressure
= 0.56- (Permeability) ™40

[m2]

[dimensionless]

[Pa-1]
(m-!]
[kg/m3]

[dimensionless]
[m/s?]

(Pal]

[dimensionless]
[dimensionless]
[dimensionless]
[dimensionless]

[Pa)
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Appendix B: BRAGFLO Relferance Tables

Table B-1. Variable Parameters for Volume 5§ BRAGFLO Calculations (Continued)

Backfill

(Shaft Scal, Upper Shaft, Lower Shaft, Backfill, Culebra Seal, and Experimental Region
replaces Cavity 2 at time=0 years)

(1) Permeability

(2) Porosity

(3) Compressibility

Sy

Pt

By
(4) BCEXP
(5) BCBRSAT
(6) BCGSSAT
(7) BCFLG

(8) BC_PCT

B-22

=1.0x 1015

= Sampled LOWER SHAFT porosity
(LHS variablc #26)
LHS distribution type: Uniform

Range: 1.0 x 10210 7.5 x 10-2

S
= | —=—-f
(P,m /’J

= Specific storage

=1.4x 106

= Salado brine fluid density
=1.23x 103

= Porosity

= Acceleration due to gravity
=9.79

= Salado brine fluid compressibility
=2.5x 1010

= Brooks-Corey exponent
=0.7

= Residual brine saturation
=0.2

Residual gas saturation
0.0

Brooks-Corey weighting factor
1.0

i

Brooks-Corey Threshold Capillary Pressure
= (J.56~(Pcrmeuhility)””'““

[m?]

[dimensionless]

[Pa!]
[m-!
[kg/m?3|

[dimensionless]
[m/s2)

[Pa!]

[dimensionless]
[dimensionless]
|dimensionless)

[dimensionless]

[Pa]



Appendix B. BRAGFLO Reference Tables

Table B-1. Variable Parameters for Volume 5§ BRAGFLO Calculations (Continued)

D s

(Shaft Seal, Upper Shaft, Lower Shaft, Backfill, Culebra Seal, and Experimental Region
replaces Cavity 2 at time=0 years)

(1) Permeability =10x 1015 [m2]

(2) Porosity = Sampled Lower Shaft porosity [dimensionless]
(LHS variable #26)
LHS distribution type: Uniform

Range: 1.0x 10-2t07.5x 10-2

(3) Compressibility = ——%—-——ﬁ, [Pa-!]
P89
S = Specific storage [m-1]
= 1.4 x 10-0
pf = Salado brine fluid density [kg/m3]
= 1.23 x 103
[} = Porosity [dimensionless]
g = Acceleration due to gravity [m/s?]
=9.79
Br = Salado brine fluid compressibility (Pa-!]
=2.5x 10-10
(4) BCEXP = Brooks-Corey exponent [dimensionless]
=0.7
(5) BCBRSAT = Residual brine saturation [dimensionless]
=0.2
(6) BCGSSAT = Residual gas saturation [dimensionless]
=0.0
(7) BCFLG = Brooks-Corey weighting factor [dimensionless]
= 1.0
(8) BC_PCT = Brooks-Corey Threshold Capillary Pressure [Pa]

0.56 - (Permeability) 0246
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Appendix B: BRAGFLO Relerence Tables

Table B-1. Variable Parameters for Volume § BRAGFLO Calculations (Continued)

) v -
N L)

(Shaft Seal 2 replaces Culebra Seal, Upper Shafl, and Shaft Seal at time=200 years)

(1) Permeability = Sampled Shaft Seal permeability [m2]
(LLHS variable #22)
LHS distribution type: Lognormal
Range: 1.0 x 10-1910 5.0 x 10-16

Al & B . l!l
(2) Porosity = | QG0 = LOG,(LOK0 7)) 49 _,01)+ 0,01
LOG,,(1.0x107) ~ LOG,,(1.0x10"7")
|dimensionless)
(0] = Sampled variable [dimensionless]
(LHS variable #23)
LHS distribution type: Lognormal
Range: 1.0x 10-21to 1.0x 10-18
s S,
(3) Compressibility = -—'—‘———ﬂ,} [Pa-1]
p8o
Sy = Specific storage [m-1]
=14x 100
pf = Salado brine fluid density lkg/m3)
=1.23x 103
o = Porosity [dimensionless)
¢ = Acceleration due to gravity [m/s?)
=9.79
Br = Salado brine fluid compressibility [Pa-l]
=25x 10-10
(4) BCEXP = Brooks-Corey exponent [dimensionless]
=0.7
(5) BCBRSAT = Residual brine saturation [dimensionless]
=0.2
(6) BCGSSAT = Residual gas saturation [dimensionless]
=0.0
(7) BCFLG = Brooks-Corey weighting factor [dimensionless])
=1.0
(8) BC_PCT = Brooks-Corey Threshold Capillary Pressure [Pa]

= 0.56- (Permeabilily)—O'M(’
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Appendix B: BRAGFLO Relerence Tables
Table B-1. Variable Parameters for Volume 5§ BRAGFLO Calculations (Continued)

Panel Seal

(1) Permeubility = Sampled variable [m?2)
(LHS variable #25)
LHS distribution type: Lognormal

Range: 1.0 x 102010 1.0 x 10-18

N vy aahility) — M . ""2]
(2) Porosity =[1,()(;|(,(Puzm.\blllty) LOG(1.0x10-<T)

0.09 - 0.05) +0.05
LOG(1.0x10-18) = LOG,(1.0x10-21) )‘

|dimensionless|

S
(3) Compressibility =|——-f J (Pa-l)
pgp
S, = Specific storage [m-1) |
=1.4x 100 |
pf = Sulado brine fluid density [kg/m3)
=1.23x 103
o = Porosity [dimensionless|
I = Acceleration due to gravity [m/s2]
=9.79
By = Salado brine fluid compressibility [Pa-!]
=25x 10°1"
(4) BCEXP = Brooks-Corey exponent [dimensionless]
=07
(5) BCBRSAT = Residual brine saturation [dimensionless]
=0.2
(6) BCGSSAT = Residual gas saturation [dimensionless]
= 0.0
(7) BCFLG = Brooks-Corey weighting factor [dimensionless)
= 1.0
(8) BC_PCT = Brooks-Corey Threshold Capillary Pressure  [Pa]

= 0.56 - (Permeability) ™0
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Appendix B: BRAGFLO Reference Tables

Table B-1. Varlable Parameters for Volume §

Culebra Seal
(1) Permeability
(2) Porosity

(3) Compressibility

Sy
Pf

¢

¢

Br
(4) BCEXP
(5) BCBRSAT
(6) BCGSSAT
(7) BCFLG

(8) BC_PCT

=1.0x 10-18

=0.2

= Spccmc storage
=1.4x 106

= Salado brine fluid density

= 1.23x 103
= Porosity

= Acceleration due to gravity

=9.79

= Salado brine fluid compressibility

=25x 1010

= Brooks-Corey exponent

=07

= Residual brine saturation

0.2

O

nu

[=X;

R
0.
Bro
.

in

ro
0

1

[}

sidual gas saturation
oks-Corey weighting factor

Brooks-Corey Threshold Capillary Pressure
0.56 - (Permeability

-0.346
)

BRAGFI1.0 Calculations (Concluded)

[m2]

|dimensionless)

[Pa-!]
[m-1]
[kg/m3)

[dimensionless|
[m/s2]

[Pa-!]

[dimensionless]
[dimensionless|
[dimensionless]

[dimensionless]

[Pa])
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Appendix B: BRAGFLO Reference Tables

Table B-2. 1992 BRAGFLO Computed Variable Values for ANHYDRITE

Run

No.  Porosity Penmeability ~ Compressibility BCEXP BCBRSAT BCGSSAT BCFLG — BCPCT
I 2.8660x10°2  1.4125x10°18  2.6476x10°Y  9.6790 8.7890x 102 2.3300x10°"  0.0000  8.4002x105
2 6.9900x103  1.6982x10°20 11631108 4.9660x10°1  1.4570x10°7 1.2590x10°"  1.0000  3.8780x 100
3 2.8970x102 9.1201x10°19  2.6166x10°9  6.7900x10°!  1.8490x10°) 2.1660x10°1 10000  9.7730x105
4 5.6130x10°7 5.0119x1020  1.4545x10% 51820 1.7260x10°" 1.8900x10°" 10000  2.6668x100
S5 2.0560x10°7  1.1482x10°20  37891x10°7  4.0710x10° 1.9880x10°" 1.4590x10°!  1.0000  4.4405x106
6 1.3750x10°2 1.5136x10°20 57896x10Y  6.1420 33170x10°7 4.7930x10°2 0.0000  4.0356x100
7 2.5930x10°2 1.7783x10°20 29526x10°  1.0990 3.5430x10°2 1.6220x10°1  0.0000  3.8167x10°
8 3850x10°3  1.8197x10°19  2.5824x10®  6.4480 3.8660x10°1 2.8520x10°2  1.0000  1.7070x10°
9 2.7270x10°2  1.2303x10°20 27983x10°Y  4.2610x10°7 3.4080x10°7 1.8690x10°7  1.0000  4.3356x 100
10 9.6770x10%  5.2481x10°'8  8.3317x10°Y 1.5170 7.9000x102 3.4810x10°1 1.0000  5.3342x10°
11 25730x10°%  1.3183x1020 32026108 5.1250x10° 2.7170x10°7 2.0030x10°!  0.0000  4.2332x 100
12 9.8270x10°3  2.2387x10°19  R.2007x10Y  7.4960 1.4100x10°7 2.8620x10-7  1.0000  1.5889x106
13 1.6610x10°2  4.8978x10°20  47497x10Y  2.2490 3.6500x10°1 2.9370x10°1  1.0000  2.6881x106
14 1.9600x10°2  1.0000x1020  39870x10-%  3.0620x10°! 8.3660x10-3 1.7360x10°!  1.0000  4.6579x 100
15 1.1590x10°7 2.0893x10-20  7.1402x10°8  4.4620x10°"  2.3100x10°! 3.8350x10°'  0.0000  3.60¢7x106
16 5.8700x10-%  5.1286x10°19  1.3897x10°%  5.3590x10°1 3.7890x10°1 2.1720x10°'  1.0000  1.1927x106
17 2.3950x 1027 5.7544x10°20 3.2174x10%  5.9190 11130x 101 3.8060x10°"  0.0000  2.5423x100
18 6.1370x10°Y  6.6069x1020  1.3282x 108 5.8730x10°! 2.9470x10-1 8.6120x10°7  0.0000  2.4236x106
19 6.2550x10°%  4.5709x10-20  1.3026x10°8  2.0050 1.1640x10°1T 1.6670x10°!  1.OOOO  2.7531x106
20 1.7070x10°2  4.4668x10°20  4.6150x10°Y  6.7090x 107" 1.2940x10°7 3.2110x10°7  1.0000  2.7752x106
21 2.3500x10°2  1.1481x10°19  3.2838x10°Y  2.2590x 107 1.9770x10°2 2.2330x10°7  0.0000  2.0018x106

3.5780x10°1 1.0000  3.1525x10
1.5530x10°1 0.0000  2.3290x 106
2.4050x10°1  1.0000  6.8822x 109

3.3040x 10
1.4050x 10"
2.1130x 10-

29 1.2680x10°2  3.0903x10°20  6.2993x10°Y  6.0410x 10
30 8.7910x10°Y 741311020 9.1966x107%  2.0040x 10
31 1.7650x10°2 3.2359x10°20 4.4551x10°Y  3.3160x10°

22 2.6030x10°2 7.4131x10°20 2.9403x10Y 1.4340 2.1830x10°1 1.8710x10°2  1.0000  2.3290x100
23 29920x 1072 3.5481x10°20  2.5256x10°9  7.0990 2.3880x10°1 4.5230x10°  1.0000  3.0053x 100
24 14710x10°2 6.1660x10°20 5139555109 4.3270x10°7 6.1270x10°2 2.6430x10°'  1.0000  2.4823x106
25 24720x10°2 3.2359x10°20 31094x10°7  2.7610 3.0510x10 T 9.9900x10°2  1.0000  3.1026x1006
26 1.8820x10°2  2.3988x10°20  4.1626x10°9  5.2660 2.4700x10°0 6.8060x10-2  1.0600  3.4412x]100
27 22740x10°% 2.1878x10°2 3.6269x10®  8.3330 2.1280x10°Y 7.5730x10°T 1.0000 3.5526x100
28 2.8830x10°3  1.9499x1020 2.8555x 108 7.9460 3.4740x10°0 1.5270x10°0 0.0000  3.6970x100

|

)

320 2.0930x102 LO471x10°20  3.7177x10°Y  8.K800 3.1430x10°0 37550101 10000 4.5842x106
33 6.6040x10°%  4.6774x10°19  12212x10°%  5.2200x10°7 1.0530x10°1 3.4190x10°1  1.0000 1.2313x100
34 9.1030x10°Y  1.2303x10°20 8R728x10°Y  8.6520 2.5150x10°0 3.6280x10°7  0.0000  4.3356x10°
35 2.4230x10°% 2.8184x10°20  3.4024x10%  3.9470x10°0 2.9070x10-1 1.3390x10°7 10000 3.2545x 100
36 2.7120x10°7 1.9953x10°20  2.8121x10°Y  2.7500x10°0 3.7090x10°1 3.6960x10°T  LOOVO  3.6677x 105
37 5.0960x10°%  2.5704x10-20 1.6046x10°8  6.978%0 22650x10°7 3.0790x10°2  1.0000  3.3599x10°
I8 1.8940x 10 1.5136x10°1Y  4.3596x10°F 29640 1.7810x 10 3.9()2())(1()‘1 1.0000 1.8193x100

1.6330x10°" 3.7240x10° 1.0000 2.5626x 100

2.4340x 1)

39 1.0090x 102 5.6234x10-20 7.9804x10°9  2.6060x10
40 2.2760x10°2 2.0893x10°19  3.3987x10°9  2.4160x 10
41 1.R020x10°2 0 3.9811x10°1Y  4.3585x10Y 5749061071 1.3340x10-

20 2.1990x10°7 2.3442x10°20 3.5265x10°9  54840x10°7 3.9640x 10
43 5.1790x10°% 0 2.6915x 10719 157855108 40000 3.9070x 10y
44 39010x10°Y  5.3703x10°20 2.1038x 108 3.6050x10°0 2.5980x10°
45 93R870x10°Y  9.7724x10°20 8.5968x10°9  3.2390x 107" 1.5830x 10

L0000 1.6273x10°
L0000 1.3019x 106
3.3500x10°1 0.0000  7.6943x100
1.2040x10°0  0.0000 1.4908x 100
5.7350x10°2  0.0000  2.6038x 100
9.4190x10°2  1.0000  2.1166x10°

1. 100X 10
1.0650x 10"

o — - - L L L L L L L

46 2.8280x10°°  1.6596x10°20  2.6865x10°Y  4.6060x10°" 65170102 2.3880x10°1  L.OOOO  3.9090x 100

47 6.5700x10°3  9.1201x10-20  1.2390x10°% 34760 317801071 2.6060x10°7 10000 2.1678x10°

48 2.2390x10°7  1.4125x10-20 3.4590x10°%  7.7080 4.5510x10-2 2.0750x10°1  0.0000  4.1332x 10
2

49 16820x10°F 691831071 4.9123x10°8  3.7530x10 1 501105102 6.9900x10 1.0000 1.0753x 100
50 1.2890x 1072 2.4547x10720  6.1926x10°Y  3.5390x10°1 1.8990x10 1 1.9850x10°" 10000 3.4139x100
S 7.8440x 103 4.0738x10°17  1.0337x10°%  5.6000x10°7 2.3180x10°2 11810102 1.0000  2.6250x10°
52 4.7130x10°Y 0 8.7097x10°20 1. 7370x10°8  3.2370 1.5040x10°1 3.8860x10°T  0.0000  2.2027x100




Appendix B: BRAGFLO Reference Tables

Table R-2. 1992 BRA GFLO Computed Variable Values for ANHYDRITE (Concluded)

Run
No.

53
54
55
56
57
S8
59
60
61
62
63
64
65
66
67
68
69
70

Porosity

1.5900x10-2
1.4500x 102
2.0030x 102
1.1650x10°2
4.5630x 103
8.7110x10°3
2.5160%10°2
8.2600x 10-3
7.3840x 103
1.2250x10-2
4.1090% 103
3.7390x 103
7.4700x10-3
3.5330x 1073
8.1910x10-3
1.0760x10-2
1.5190x 102
1.4890x 103

Permeability

7.7625x10-19
1.4454x10-20
1.0233x10°17
1.0965x10-20
5.2481x10-2!
3.3884x10°19
7.9433x10-20
9.5499x 1020
4.1687x10-20
5.4954x10°19
9.5499x 10-17
2.6915x10-20
3.7153x10-20
3.9811x10°20
1.3804x10-19
6.7608x10-20
3.3113x10°20
1.3490x10-2!

Compressibility BCEXP

4.9729x10-9
54772x10°9
3.8960x10Y
6.8783x10°°
1.7950x 108
9.2833x10°°
3.0507x10-9
9.8038x10Y
1.0997x 108
6.5292x10°9
1.9961x10-8
2.1960x10-8
1.0867x10-8
2.3255x108
9.8885x10Y
7.4679x10°%
5.2171x109
5.5522x10°8

6.7410
4.7200% 10"
6.5030x10°!
4.8480)
9.2110
6.4060x10°!
8.9580
9.8620
8.0490x 10!
2.8630x10!
3.7540
2.4950
2.5410x10"!
6.9150x 10!
5.5890
4.5200
4.3270
6.2770x10-!

BCBRSAT

2.8470x10°!
1.6590x 10!
3.2450x 10!
9.2770x10-2
5.1160x 10}
3.4880x 1071
8.5120x10°°
7.0280x10°2
2.7910x 10!
3.5990x 10!
2.0010x 10!
2.9320x10°
2.6410x10°!
1.2380x 10!
5.6350x 102
3.0240% 10!
3.7150x 10!
1.0130x 107!

BCGSSAT

1.8060x10°!
2.7290x10°!
3.0330x10°!
5.2210x10°2
2.7770x 10!
3.2980x 10!
3.1270x 10!
8.1940x 102
1.3890x10"!
2.5120x10"!
2.8360x10°!
8.7020x10-2
3.5100x10°!
3.1630x10"!
2.5370x10°!
2.9970x 10!
4.8390x10-3
1.1920x 10!

BCFLG

BCPCT

1.0000
0.0000
0.0000
0.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
0.0000
1.0000
1.0000
0.0000
0.0000
0.0000
1.0000
1.0000

1.0334x1006
4.1004x 106
4.2338x 105
4.5118x 100
5.8219x100
1.3766x 100
2.2740x 100
2.1336x 100
2.8423x100
1.1645x 100
1.9548x 105
3.3068x 108
2.9578x100
2.8879x 106
1.8782x 100
2.4044x 100
3.0780x 100
9.3155x100
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for ANHYDRITE

Run

No.  Porosity  Permeability

66.
16.

O 0N S L —

68.
24.
69.
18.
54.
42,
63.

9.
66.
34.

7.
35.
47.
52.

Compressibility BCEXP BCBRSAT BCGSSAT  BCFLG

41.
23.
38.
M4,
26.

9.
29.

5.
33
61.
36.
51
52.
3L
68.
39.
67.

2.
30.
57.
40.

3.
47.
2.
53.
17.
29.

62.

69.
21.
34,
52.

15.

BCPCT
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for ANHYDRITE (Concluded)

Run

No. Porosity  Permeability Compressibility BCEXP BCBRSAT BCGSSAT  BCFLG BCPCT
53 46. 64. 25. 58. 50. 32 24. 7.
54 43, 13. 28, 20). 30. 48, 1. 58.
55 53. 68. 18, 32 57. 54. l. 3.
56 38. 7. 33, 51, 17. 10, I. 64,
57 14. 4. 57. 68. I. 49, 24, 67.
58 30. S8. 41, 31 62. 58. 24. 13.
59 62. 46. 9. 67. 15. 55. 24, 25.
60 29. 49, 42 70. 13. 15, 24, 22,
61 25. 33. 46. 36. 49. 25. 24. 3K,
62 39. 62 32. 7. 63. 44, 24. 9.
63 13. 70. 58, 47. 36. 50. l. 1.
64 11. 25. 60. 42, 6. 16. 24, 46.
65 26. 31, 45, 4. 47. 62. 24, 40).
66 10. 32. 61. 35. 22. 56. 1. 39,
67 28. 52 43, 54, 10. 45. 1. 19.
68 37. 43, REN 50. 53. 53 1. 28.
69 45. 29. 20. 49, 66. l. 24. 42.
70 2. l. 69. 30. 18. 21. 24. 70.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for BACKFILL

Run

No. Porosity Permeability  Compressibility BCEXP BCBRSAT BCGSSAT BCEFLG BCPCT
] 2.4490x10 7 LOOOOX10-TS  4.4974x10Y  7.0000x 107! 200001077 0.0000  LOOX)  R.6734x107
2 11240102 LOA0OX 1015 1009410 7.0000x10°0 200001077 00000 10000 8.6734x104
3 5.1030x10°° LOOOOX10° 'S 2.0283xi0Y  7.0000x 10 2.0000x10°7  0.0000 10000 8.6734x107
4 1.6070x10°2 LOOOOXT0TS 6984810 700001077 2.0000x10°7 00000 1.0000  8.6734x104
5 4325061077 1.0000x 10 TS 2438110 7.0000x10°T 0 2.0000x10°0 0.0000  1.0000  8.6734x104
6 S.8630x10°2 1.0000x 1018 1.7330x 107 7.0000x 10} 200001077 0.0000 10000 8.6734x107
7 6.6520x10 7 1.0000x10 18 1.4978x 107 7.0000x10°0 20000100 0.0000  1.0000  8.6734x10%
8 3.6140x10°2 1.OO00X 10 1S 2.9670x10°7  7.0000x10°7  2.0000x10°  0.0000  LOOO)  8.6734x104
9 1.9210x10°2 LOO00XT0 TS 58022 10°9  7.0000x10°0  2.0000x10°0 0.0000 1.0000  8.6734x109
10 473005102 LOO00X10°ES 22080x 107 7.0000%10°7  2.0000x10°0 0.0000 10000 8.6734x104
] 6.7690x 102 1.0000x 1015 1.4676x10°Y  7.0000x10°T  2.0000x10°T 0.0000 100K 8.6734x104
12 2504051072 LOOOOX10°MS 43931x10°Y  7.0000x 107 2.0000x10°T 0.0000  1.0000  8.6734x10°
13 7.0630x10° 1.OOO0X 1015 1.3961x10°%  7.0000x 10! 2.0000x10 1 0.0000 10000 8.6734x10%
14 40420x107  LOOOOX10'S  2.6264x10°7  7.0000x10°"  2.0000x10°0 0.0000  1LOOOO  R.6734x109
15 201506107 LOOOOX101S  5.2470x10°Y 7.0000x10°T 2000051070 0.0000 100X 8.6734x10%
16 7.2500x10° 7 1.0000x 1015 1.3530x 109 7.0000x10°0 200001077 0.0000 10O B.6734x10°
17 4.9250x10 ¢ 1.0000x 10-15 2.1107x10°%  7.0000x 10! 2.0000x 10 0.0000 10000 8.6734x104

0.0000 10000 8.6734x107
0.0000 10000 8.6734x104
00000 10000 8.6734x104
0.0000  1.0000  8.6734x104
0.0000 1000 8.6734x104
0.0000 Lo 8.6734x104
0.0000 10000 8.6734x104
0.0000  LOOX)  8.6734x104
0.0000 10000 8.673dx104
0.0000 10000 8.673dx104
0.0000 10000 8.6734x107
0.0000 10000 8.6734x104
0.0000 10000 8.6734x104
0.0000 10000 8.6734x104
0.0000 10000 8.6734x10%
0.0000  1.0000  8.6734x10%
00000 10000 8.6734x104
0.0000  1.0000  8.6734x104
00000 LOOX)  8.6734x 104
00000 10000 8.6734x104
0.0000 1000 B.6734x104
Q0000 LO0DO  K.6734x101
0.0000 LK 8.6734x104
0.0000  1.0000  8.6734x10%
0.0000 10000 8.6734x10"
0.0000  LOO0OD 8 6734x10°
0.0000 10000 8.6734x10¢
00000 10000 8.6734x10°
0.0000  1OOX)  8.6734x10°
0.0000 10000 R.6734x107
00000 LOOBD  %.6734x104
00000  LOXK  8.6734x107
00000 1.OO00  B.6734x107
00000 1OOBD  ®.6733x107
00000 LK 8.6734x 104

2.0000x 10
2.0000x 10
2.0000x 10
2.0000x 1
2.0000x 10
2.0000x 10
2.0000x 1O
2.0000x 10
2.0000x 1)
2.0000x 10
2.0000x 10
2.0000x10
2.0000x 10
2.0000x 10
2.0000x 1)

1.3450x 102 LOOOOXTOTS  8.3941x10Y  7.0000x 10!

19 7.4520x10°0 100001015 1.3101x10Y 7.0000x 107!

20 IT7170x10°2 LOOOOKEOIS  2.8779x10°Y  7.0000x 107!

21 5.5630x10°2  1.0000x10°15 1.8399x10°Y  7.0000x 10}

22 4.4090x 102 1.0000x 1015 2.3869x 109 7.0000x 10!

23 6.0100x10°  1.OO0OX10'S 1.6845x10°Y  7.0000x10!

24 6.9800x10 < 1OOOOX 10 1S 1.4157x10°Y  7.0000% 10!

25 61100510 LOOOX10°1S 16528107 7.0000x107!

26 569305102 1.OOO0X 10 15 1.7922%10°%  7.0000x 10!

27 2.8620x 102 LOOOOXT0S  38123x10°7  7.0000x10°!)

28 4 1490x10-2 1.0000x 10715 2.5522x10Y  7.0000x10°!

29 14260x10°2 100010715 7903110 7.0000x 107!

a0 32040x10°7 LOOOOXI0TS  33674x10 7 7.0000x 10!

kY 2.6760x10°2 LOOOOKIO S 4.0946x10Y  7.0000x10 !

32 3.9190x10°2 100001015 27166107 7.0000x 107!

i3 45660x10°7  LOO0OKTO TS 2.29603x10°Y  7.0000x10°0 2.0000x% 10

34 3.4580x 102 1.O000x 10715 A120x10°9 7.0000x10°T 2.0000x10°

s 3.R8780x10°2 1.0000x 1015 2.7480x 10 Y 7.0000x 101 2.0000x 10
|
1
1
|
1
-
|
]
|
|
-
-1
|
|
|
|

o<

a6 4.6630510°7  LOO00X10 TS 2.2433x 109 7.0000x 1O 2.0000x 10
a7 1.65S00x10°2  LOO00X1OTS  6.7962x10°7  7.0000x 10 2.0000x 10
38 6.7530x10°2  L.OODOX 10 S FAT16510°Y 7O000x 10 2.0000x 10
39 6.2320x10°° L OO00x 1015 1.6156x10°Y 7.0000x 10 2.0000x 10
40 S 4740x10°2 1OOOOX10 1S 1.8739x 10" 7.0000x 10 2.0000x 10
41 6.3580x 102 1.0000x 1015 1.5786x10°7  7.0000x10 2 0000x 10
42 7. 1460x10° 1.0000x 10715 1.3770x 109 7.0000x 10 2.0000x 10
43 4.4580x10°° 1O 1015 2.3580x 10 7.0000x 10 2.0000x 10
44 73870x10 2 1.OO0OX 10715 1.3239x 107 7.0000x 10 2.0000x 10
45 2.9730x10°° 1.0000x 1015 3.6606x10°7 7.0000x10 2.0000x 10
46 126105102 1.0000x10MS  89699x10Y  7.0000x 10 2.0000x 10"
47 6.0510x10°2 LOODOX 1015 16714x10°Y  7.0000x 10 2.0000x 10
4% 3.3090x 102 1.0000x 1015 3.2635x109  7.0000x 10 2.0000x 10
49 4. 1760x102 1.0000x 1015 2.5341x10  7.0000x10 2.0000x 10
50) 3.0510x10°° 1.0000x 10 1S 3.5600x10 7 7.0000x10 2.0000x 10-
Sl FRIROX102 1.0000x 1015 6.1451x10°Y 7.0000x 10) 2.0000x 10
S2 6.5 10x10°2 1.0000x 1015 1.5356x10 9 7.0000x 1T 2.0000x 10
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for BACKFILL (Concluded)

Run

No, Porosity
53 2.0520x10°2
54 6.4400x10°2
55 2.6330x10°2
56 3.5470x 102
57 1.9820x 102
58 2.3880x 102
59 5.7990x 102
60 6.9150x10°°
61 1.5400x 102
62 2.7890x 102
63 5.2340x10 2
64 5.3500x10°2
65 1.0820x 102
66 50410x10°2
67 3.3230x10°2
68 2.2660x 102
69 4.8950x10°°
70 5.3660x10°2

!)gmllc.!hlllz

1.0000x10°!1S
1.0000x10-15
1.0000x10-15
1.0000x 10°15
1.O000x 1015
1.0000x 10°15
1.0000x 1015
1.0000x10-15
1.0000x 1015
1.0000x 10°15
1.0000x10°15
1.0000x 1015
1.O000x 10-15
1.0000x 1015
1.0000x 10715
1.0000x 1015
1.0000x10°15
1.0000x 10715

5.4158x10°9
4.1656x10°9
3.0278x10°Y
5.6159x10°9
4.6186x10°
1.7549x 109
1.4313x10°Y
7.2995x 109
3.9186x10°¢
1.9713x10°9
1.9231x10Y
1.0495x 108
2.0563x10Y
3.2487x10°Y
4.8807x10°9
2.1251x10°°
1.9166x10Y

7.0000x 10°
7.0000x10°
7.0000x 10
7.0000x 10
7.0000x 107
7.0000x 10-
7.0000x 10
7.0000x 10
7.0000x 10
7.0000x 10
7.0000x 10"
7.0000x 10
7.0000x 10-
7.0000x 10"
7.0000x 10
7.0000x10-!
7.0000x10-!
7.0000x 10!

2.0000x 10!
2.0000x 107!
2.0000x 10!
2.0000x 10!
2.0000x 10
2.0000x 10!
2.0000x 10!
2.0000% 10!
2.0000x 10!
2.0000x10"!
2.0000x 10!
2.0000x 10!
2.0000x 107!
2.0000x 10!
2.0000x10 !
2.0000x 10!
2.0000x 10!
2.0000x 10!

0.0000 1O
0.0000 1O
0.0000 10000
0.0000  1.0000
0.0000  1.0000
0.0000  1.0000
0.0000  1.0000
0.0000 1O
0.0000  1.0000
0.0000  1.0000
0.0000  1.0000
0.0000 10000
0.0000 10000
0.0000  1.0000
0.0000  1.0000
0.0000  1LOXKX
0.0000  1.0000
0.0000 10000

Compressibility BCEXP BCBRSAT BCGSSAT BCFLG BCPCT

8.6734x104
8.6734x10¢
8.6734x10?
8.6734x 104
8.6734x10°
8.6734x104
8.6734x10%
8.6734x 104
8.6734x104
8.6734x104
8.6734x104
8.6734x104
8.6734x104
8.6734x104
8.6734x104
8.6734x104
8.6734x104
8.6734x104
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for BACKFILL

Run
| 16.
2 2.
3 45,
4 7.
5 36.
6 53.
7 61.
8 29.
9 10.
10 41,
11 63.
12 17.
13 66.
14 33.
15 13.
16 68.
17 43,
18 4.
19 70.
20 30.
21 50.
22 37.
23 54.
24 65.
25 56.
26 51
2 21.
28 34.
29 5.
30 24.
31 19.
32 32.
33 39.
34 27.
35 il
36 40.
37 8.
a8 62.
39 57.
40 49.
41 58.
42 67.
43 38.
44 69.
45 22.
46 3.
47 55.
48 25.
49 35.
50 23.
51 9.
52 60.

P!’ﬂl] !..!bm (:,

1
1
|
]
|
|
1
1
l
I
1
1
1
|
]
l
1
1
1
|
|
!
1
1
|
1
1,
I
1
1
1
1
1
|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
!
1
1

Compressibility

B
1
]
1
1
I
|
1
1
1
1
1
]
]
1
I
1
l
1
1
1
|
I
|
1
1.
1.
1
]
1
]
1
1
]
1
1
1
1
1
|
!
|
]
]
1
|
1
|
|
1
I
1

et et e e bt - e Mt et b e i e he b b Pt et e bt et b b ht e b b b e b b am et te vt s s e e m et mam

BC PCT
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGEL.O Ranks of Computed Variable Values tor BACKFILL (Concluded)

Run
No,

53
54
55
56
57
58
59
60
61l
62
63
64
65
66

68
69
70

Porosity

12.
59,
18.
28,
I,
15.
52
64,

6.
20,
46.
47,

1.
44,
26.
14.
42,
48.

Permeability  Compressibility BCEXP BCBRSAT BC SAT BCELG

59,
12.
§3.
43.
60).
56.
19.

7.
65.
SL
25.
24,
70.
27.
45.
57.
29.
23

|
|
I
1
1
!
|
1
1.
1.
!
1
|
1
]
|
|
1

|
!
1
|
!
!
|
|
I
l.
1.
!
1
!
|
I
]
1

BCPCT
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values tor CAVITY _|

Run

No Parosity Pemmeability Compressibility  BCLEXP BCBRSAT BCGSSAT BCFLG  BCPCT
| 1.0000 1.0000x 1010 0.0000 9.6790 0.0000 0.0000 10000 0.0000
2 1.0000 1.0000x 1010 0.0000 4.9660x10 ! 0.0000 0.0000 10000 0.0
3 1.0000 1.0000x 1010 0.0000 6.7900x 10! 0.0000 0.0000 1.0000 0.0000
4 1.0000 1 0000x 10-10 0.0000 51820 0.0000 0.0000 1.0000 0.0000)
s 1.0000 1.0000x 1010 0.0000 4.0710x10! 0.0000 0.0000 1.0 0.0000
6 1.0000 1.0000x 1010 0.0000 6.1420 0.0000) 0.0000 1.0000 0.0000
7 10000 1.0000x 1010 0.0000 1.0990 0.0000 0.0000 1.0000 0.0000
R 1.0000 1.0000x 1010 0.0000 6.4480 0.0000 0.0000 1.0000 0.0000
9 I 0000 1.0000x 110 0.0000 4.2610x10! 0.0000 0.0000 100N 0.0000
10 1.0000 1.0000x 1010 0.0000 1.5170 0.0000 0.0000 1.0000 0.00K%)
1 1.0000 1.0000x 110 0.0000 5.1250x 10! 0.0000 0.0000 10000 0.0000
12 1.0000 1.0000x 1010 0.0000 7 4960) 0.0000 0.0000 1 0000 0.0000
13 1.OO00 1 (0000x10°10 00000 2.2490 0.0000 0.0000 1.0000 0.0000
14 1.0000) 1.0000x 10 10 0.0000 3.0620x10°! 0.0000 0.0000 10000 0.0000
15 1.0000 1.0000x 1010 00000 4.4620x10°! 0.0000 00000 1.0000 0.0000
16 1.0000 1.0000x 10710 0.0000 5.3590x 10! 0.0000 0.0000 1.0000 0.0000
17 1.0000 1.0000x 1010 (LO000 59190 0.0000 0.0000 10000 0.0000
18 1 0000 1.0000x10°10 0.0000 5.8730x10°! 0.0000 0.0000 1.0000 0.0000
19 1 0000 1.0000x 10-19 0.0000 2 0050 0.0000 0.0000 1.0000 0.0000
20 1.0000 1 0000x 1010 0.0000 6.7090x 101 0.0000 0.0000 1.0000 0.0000
21 1.0000 1.0000x 1019 0.0000 2.2590x10-! 0.0000 0.0000 1.0000 0.0000
22 1.0000 1.0000x 10-10 0.0000 1.4340 0.0000 0.0000 1 0000 0.0000
23 1.0000 1.0000x 1010 0.0000 7.0990) 0.0000 0.0000 1000 0.0000
24 1.0000 1.0000x10-10 0.0000 4.3270x10 1 0.0000) 0.0000 1.0000 0.0000
25 1.0000 1.O000x 1010 0.0000 27610 0.0000 0.0000 K] 0.0000
26 1.0000 1.0000x 10 10 0.0000 5.2660 (L0000 0.0000 10000 0.0000
27 1.0000 1.OO00x 1010 0.0000 8.3330 0.0000 0.0000 1.0000 0.000)
28 10000 1 0000x 1010 0.0000 7.9460 0.0000) 0.0000) 1.0 0.000
29 1.0000 1.0000x 1010 0.0000 6.0410x10 0.0000 0.0000 10000 0.0000
30 100006 1.0000x 1019 0.0000 2.0040x10°1 0.0000 0.0000 1.0000 0.0000
K] 1.0000 1.0000x 10-10 0.0000 3.3160x10} 0.0000 0.0000 1.0000 0.0000
kN 1.0000 1.0000x 1010 0.0000 88K (L0000 0.0 1.0000 0.0000
13 1.0000 1.0000x 1010 0.0000 5.2200x10! 0.0000 0.0000 1.0000 0.0000
34 1.0000 1.0000x10-10 0.0000 8.6520 0.0000 0.0000 1.0000 0.0000
5 1.0000 1.0000x 1010 0.0000 3.9470x 10} 0.0000 0.0000 1.0000 0.0000
36 1.0000 1.0000x 1010 0.0000 2.7500x 10} 0.0000 0.0000 1.0000 0.0000
37 1.0000 1.0000x 1010 0.0000 6 9780 0.0000 0.0000 1.0000 0.0000
kH 1.0000 1.0000x 1010 0.0000 2 9640 0.0000 0.0000 1.0000 0.0000)
39 1.0000 1.0000x 1010 0.0000 2.6060x 10! 0.0000 0.0000 1.0000 0.0000
40 1.0000 1.0000x 1010 0.0000 2.4160x10! 0.0000 0.0000 1.0000 0.0000
41 1.0000) 1.0000x10-10 0.0000 5.7490x 10! 0.0000) 0.0000 1O 0.00(0
42 1.0000 1.0000x 10-10 0.0000 5.4840x10°! 0.0000 0.0000 10000 0.0000
43 1.0000 1 0000x 10710 0.0000 4.0000 0.0000 0.0000 1.0000 0.0000)
44 1.0000 1.0000x 1010 0.0000 3.6050x 10! 0.0000 0.0000 1.0000 0.0000)
45 1.0000 1.0000x10-10 0.0000 3.2390x 10! 0.0000 0.0000 1.O00 0.0000
46 1.0000 1.0000x10-10 0.0000 4.6060x10°! 0.0000 0.0000 1.0000 0.0000
47 1.0000 1.0000x 1010 0.0000 3.4760 0.0000 0.0000 1.0000 0.0000
48 1.0000 1.0000x 10-19 0.0000 7.7080 0.0000 0.0000 1.0000 0.0000
49 1.0000 1.0000x 1010 0.0000) 3.7530x 10! 0.0000 0.0000 1.OX(X) 0.0000
50 1.0000 1.0000x 10-10 0.0000 3.5390x10°! 0.0000 0.0000 1.0000 0.0000)
51 1.0000 1.0000x 1010 0.0000 5.6000x10)! 0.0000 0.0000 1.0000 0.0000)
52 1.0000 1OOOOX 10710 0.0000 3.2370 0.0000 0.0000 1.0000 0.0000
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for CAVITY 1 (Concluded)

Run

53 1.0000) 1.O000x 10-19 0.0000 6.7410 0.0000 0.0000 1.0000 (L0060
54 1 (000 1.OO00X 1110 0.0000 4.7200x10 ! 0.0000 0.0000 10000 0.0000
S5 1.0000) 1 0000x 1010 0.(0(K) 6.5030x 10"} 0.0000 0.0000 10000 0.0000
56 1.0000) 1.0000x10 19 0.0000) 4.8480) 0.0000 0 0000 10000 0.0000
57 1.0000 1.0000x 1010 0.0000) 9.2110 0.0000 0.0000) 1.0000 0.0000
S8 1.0000 OG0 1010 0.0KX) 6.4060x 107! 0.0000 0.0000 10000 0.0000
59 1.0000 1.0000x 1010 (.XXX) .9580 0.0000 0.0000 10000 0.0000
60) 1.0000 1.0000x 010 0.0000 9.%620 0.0000 0.0000 10000 0.0000
6f 1000 LO000x 10710 (LOXK) 8.0490x 107! 0.0000 0.0000 1.0000 0.0000
62 1.0000 1.0000x 1010 0.0000 2. 8630x10°! 0.0000 (LOO00 1.0000 0.0000
03 10000 1.0000x10°10 (0.00(6) 3.7540 0.0000 0.0000 1.0000 (4.0000
64 1.0006) 1.0000x 1019 0.0000 2.4950 0.0000 (0.0000 1.0000 0.0000
65 10000 1.0000x 101 () 000 2.5410x10°) 0.0000 0.0000 1.0000 0.0000
66 1.0000 1.0000x 1010 0.0000 6.9150x 101 0.0000 (.000K) 10000 0.0000
67 10000 LO000x 1010 0.0000 5.5890) 0.0000 0.0000 1.0000 0.0000
68 1.0000 1.0000x 1010 0 (HHX) 4.52(0 0.0000 0.0000 10000 (0.0000
69 1.0000 1.0000x 1010 0.0000 4.3270 0.(KK)) 0.(XKX) 10000 0.0000
70 1.0000 1.0GO0X 1010 0.0000) 6.2770x10°) 0.0000 (.0000 1A 0 0000

B-36



Appendix B: BRAGFLO Relerence Tables

Tuble B-2 1992 BRAGFLO Ranks of Computed Variable Values for CAVITY |

Run
No.

Neliis SEEN o 0 IR T S

10
1}
12
13
14
15
16
17
1R
19
20

26

30

Porosity

1
1
1
|
|
|
|
|
|
|
1
|
1
|
1
|
1
I
1
]
|
|
1
|
|
]
1
|
!
1
I
|
!
I
1
1
]
|
1
|
|
|
|
1
|
1
I
|
1
1
1
|

Permeability  Compressibility

|
|
1
|
]
]
|
|
|
!
!
]
1
]
l
|
|
|
|
)
!
|
1
I
I
|
|
!
|
|
!
|
|
|
|
|
!
|
!
|
|
|
|
1
1
1
!
|
|
|
|
1

1
1
1
)
!
!
|
|
|
|
|
|
!
|
!
|
|
|
|
|
|
|
1
I
I
|
|
|
|
|
!
I
|
|
|
|
1
I
1
1
1
I
I
!
|
]
]
|
1
1
1
]

BCLXP

6Y
21
RE|
52.
15.
56
37
57.
16.
19,
99
61,
41

I8
24,
5S.
28,
40.
RKR

K}
6().

43,
53
64
63,

2y

10,
66
23
6S.
14
6.
59.
44,

27
25
48,
12
19.
46.
62.
13.
11
26.
45.

BCBRSAT

BCGSSAT

|
|
|
!
I
|
!
|
|
|
|
|
1
!
!
|
|
|
|
|
!
|
|
|
|
I
I
|
!
|
|
|
|
|
I
|
|
]
|
|
|
|
|
1
|
|
|
|
1
|
|
1

BCELG




Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for CAVITY _1 (Concluded)

Run
Neo. Porosity  Penmneability  Compressibility BCEXP BCBRSAT BCGSSAT BCELG BCPCT
53 1 1. 1. S8, 1. | 1. |
54 | I. 1. 20. 1. 1 1. |
55 1 I. l. 32. l. | 1. !
56 | l. 1. 51, 1. | 1. |
57 | l. I. 68. I. I 1. |
58 | 1. 1. 3. 1. 1 1. 1
59 | l. 1. 67. 1. 1 I 1
60 | 1 1. 70. I | 1. 1.
61 1. l. 1. 36. I. I. 1. l.
62 1. l. I 7. 1. I I |
63 | 1. I 47. I 1 I, |
64 1 1. 1. 42, 1. 1 l. 1
65 ] 1. 1. 4. 1. ] 1. !
66 1 1. 1. 3s. I 1 1. ]
67 I 1. l. 54. 1. | i |
68 1 1. l. 50. I | 1. |
69 1 1. 1. 49, B | 1. 1
70 | I ! 30. 1. | 1. |

B-3R



Appendix 3: BRAGFI.O Reference Tables

Table B-2 1992 BRAGFL.O Computed Variable Values for CAVITY_2

7z

L S O

20

Porosity

Permeability

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
£.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
10000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000)
1.0000
1.0000
1.0000
10006
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
10000
1.0000
1.0000
1.0000

1.0000x 10-1¢
1.0000x 101
1.0000x 1010
1.0000x10-10
1.0000x10-10
1.0000x 1010
1.0000x 10°10
1.0000x10-10
1.0000x 1010
1.0000x10°10
1.0000x10-10
1.0000x 10710
1.0000x 1010
1.0000x10°10
1.0000x10-10
1.0000x10°10
1.0000x10-10
1.0000x10-10
1.0000x 1010
1.0000x 1010
1.0000x 10-10
1.0000x 1010
LOON0x 10°10
1.0000x10°10
1.0000x10-10
1.0000x 10-10
1.0000x10-10
1.0000x 1010
1.0000x 1010
1.0000x 1010
1.0000x 1010
1.0000x 1010
1.0000x 10-10
1.0000x 10-10
1.0000x 1010
1.0000x10-10
1.0000x 1010
1.0000x10-10
1.0000x10-10
1.0000x10-10
1.0000x 10°10
1.0000x10-10
1.0000x 1010
1.0000x10-10
1.0000x 1010
1.0000x 1010
1.0000x10-10
1.0000x 1010
1.0000x 1010
1.0000x 10-10
1.0000x 10-10
1.0000x 1010

Compressibility

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000)
0.0000
0.0000
0.0000
(.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
(0.0000
0.0000
0.0000
0.0000

9.6790
4.9660x10"
6.7900x 10
5.1820
4.0710x10
6.1420
1.0990
6.4480
4.2610x10°
1.5170

5.1250x10"

7.4960
2.2490
3.0620x10
4.4620x 10
5.3590x 10
5.9190
5.8730x 10
2.0050
6.7090x 10
2.2590x 10"
1.4340
7.0990
4327010
27610
5.2660
8.3330
7.9460
6.0410x10°
2.0040x 10
3.3160x10
8.8800
5.2200x 10
8.6520
3.9470x 10
2.7500x 10°
6.9780
2.9640
2.6060x 10"
2.4160x10-
5.7490x 10-
5.4840x 10
4.0000
3.6050x10°
3.2390x10°
4.6060x 10"
3.4760
7.7080
3.7530x 10
3.5390x 10
5.6000x 10
3.2370

1
1

BCBRSAT BCGSSAT BCFLG
0.0000 0.0000 1.000O0O
0.0000 0.0000 10000
0.0000 0.0000 1.0000)
0.0000 0.0000 10000
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000)
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 1.000§)
0.0000 0.0000 1.0000
0.0000 0.0000 10000
0.0000 0.0000 10000
0.0000 0.0000 1.0000
0.0000 0.0000 10000
0.0000 0.0000 10000
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0 0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 10000
0.0000 0.0000 1.0700
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 1O
0.0000 0.0000 1.00(X)
0.0000 0.0000 1.0000)
0.0000 0.0000 1.0000
0.0000 0.0000 1.0
0.0000 0.0000 1.0000
0.0000 0.0000 1.0000

BCPCT

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
(.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for CAVITY_2 (Concluded)

Run

No.  Porosity  Permeability Compressibility BCEXP BCBRSAT BCGSSAT BCELG BCPCT
53 1.0000 1.0000x10-10 0.0000 6.7410 0.0000 0.0000 1.0006) 0.0000
54 1.0000) 1.0000x10-10 0.0000 4.7200x10°! 0.0000 0.0000 1.0000 0.0000
55 1.0000 1.0000x10-10 0.0000 6.5030x10°! 0.0000 0.0000 10000 0.0000
56 1.0000 1.0000x 10-10 0.0000 4.8480 0.0000 0.0000 1.0000 0.0000
57 1.0000 1.0000x10-10 0.0000 9.2110) 0.0000 0.0000 1.0000 0.0000
58 1.0000 1.0000x10-10 0.0000 6.4060x 10! 0.0000 0.0000 1.0000 0.0000
59 1.0000 1.0000x 10-10 0.0000 8.9580 0.0000 0.0000) 1.0000 0.0000
60 1.0000 1.0000x10-10 0.0000 9.8620) 0.0000 0.0000 1.0000 0.0000
61 1.0000 1.0000x10-10 0.0000 8.049(x 10! 0.0000 0.0000 1.0000 0.0000
62 1.0000 1.0000x10°10 0.0000 2.8630x10°! 0.0000 0.0000 1.0000 0.0000
63 1.0000 1.0000x 10-10 0.0000 3.7540 0.0000 0.0000 1.0000 00.0000
64 1.0000 1.0000x 10-10 0.0000 2.4950 0.0000 0.0000 1.0000 0.0000
65 1.0000 1.0000x 1010 0.0000 2.5410x10°! 0.0000 0.0000 1.0000 0.0000
66 1.0000 1.0000x10-10 0.0000 6.9150x 10! 0.0000 0.0000 1.0000 (1.0000
67 1.0000 1.0000x 1010 0.0000 5.5890 0.0000 0.0000 1.0000 (.0000
68 1.0000 1.0000x 1010 0.0000 4.5200 0.0000 0.0000 1.0006) 0.0000
69 1.0000 1.0000x10-10 0.0000 4.3270 0.0000 0.0000 1.0000 0.0000
70 1.0000 1.0000x10-10 0.0000 6.2770x 10} 0.0000 0.0000 1.0000 0.0000
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for CAVITY_2

Run

BCBRSAT BCGSSAT

e e e e e e e v e et et e et s et Gt e et ot n et = e m e e e e e i o o — o ot —— — —
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGEFLO Ranks of Computed Vartable Values for CAVITY 2 (Concluded)

Run
No.

53
54
55
56
57
58
hY)
60
61
62
63
64
6S
66
67
68
69
70

Porosity

1
!
i
|
|
!
1
|
|
1
|
l
!
|
]
!
)
1

I
|
!
|
|
1
1
!
1.
1.
1
l
|
|
|
|
|
1

}
|
!
|
|
|
|
|
I
1.
|
|
|
|
1
|
|
1

BCLXP

58.
20).
32.
51
68,
31,
67.
70.
36.

7.
47.
42,

4.
385,
54.
S0).
49,
30).

BCBRSAT  BCGSSAT

l
|
|
l
1
!
I
1
1.
|
I
!
|
1
|
|
|
|

I
I
]
|
!
|
l
|
1.
I
|
]
I
l
|
I
|
|

B

NG

'
J

BC PCT

I
|
|
|
]
|
1
!
[
I
!
1
1
]
|
!
|
|
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Appendix B: BRAGFLO Relerence Tables

Table B-2 1992 BRAGFLO Computed Variable Values for CULEBRA

Run
No.  Porosiy Penneabilty  Compressibility BCEXP BCBRSAT BCGSSAT  BCELG  BCPCT

1 L I430x 10T 2.0091x10 M 1.8795x 10 7 0000x 10 2.0000x 10 20000010 1 10000 3.0253 10
2 FR220x10°T 2.0091x10 14 1.0859x10 ¢ 7.0000x10°1 2.0000x 10 2.0000x 1070 10000 30253109
3 172601070 2009 x10-1 11602x 10 70000x 10 2.0000x 10 200005101 10000 30253104
4 1.2840x10 0 2009110 M 1.6457x10 Y 7.0000x 10 2.0000x 10 200005100 10000 30283104
5 12200810 0 20091810 M 1.745)x 10 Y 700005 10 20000510 2.0000x10 1 10000 3.02S3x 10!
O 1 7830100 2099 x 10 L1sixioY 7.0000x 10 20000x 10 200005100 10000 3.0283x 10!
7 120600100 2099 ]x 1019 1. 7683101 7000 10 2.0000x 10 200005100 10000 30253100
B LOMSOxt0 ! 20991x1014 20792x10 Y 70000010 20000 10 20000510 1 10000 3.0253x10°
Y F2100x 100 20991x 104 [ 7616510 Y 7.0000x 1) 2.0000x 10 2.0000x 10T LOOD0 30253104
10 1edoxlo!r  20990x10° 14 123965107 7.00005 10 20000x 10 200005101 10000 30253x 104
L DR800 20991y 10 M 13X 7.0000x 10 2.0000x 10 2.0000x10°1 10000 30283104
12 13740x10 0 20091x10° M 1.5215x10Y 7.0000x 10 2.0000x 10 200001070 10000 3.0253x10¢
13 L1sosto b 2o99ixio M 19330x10 Y T.0000x 10 2.0000x 10 20000510 1 L0000 3.0253x 104
14 1.258908 100 2.009]x 1014 1683310 7.0000510°  2.0000x 10 20000x10°1 10000 3.0253x 104
15 10750100 209911009 20142¢10Y 7 000X 10 2.0000x 10 20000101 10000 30253100
1o 1.2290x10 0 2.0991x10-M 17305310 Y 7.0000x 10 2.0000x 10 200006101 L0000 3.0253x10¢
17 1.4460x10°0 2099110 1 1. 433310 Y 7.0000x 10 20000510 20000x10°1 10000 30253x 104
18 782081070 209 X101 NRRCINTI 700007 10 2.0000x 10 200001070 10000 3.0253x 104
19 760200107 2.0991x10 14 29519510 Y 700008 10 2.0000x 10 200005 10°T 10000 3.0253x 10
200 20820810 2o001x10 M 9.3619x10-1° 700008 10 2.0000x 10 20000x 10T LOOOD  3.0283x 10

1.OSOON 1O 20991x10 M 206824107 700005 10 2 (000x 10 20000510°1 1000 3 0253x 10!

10000 30283104
10000 102530109

20991810 M 1 6066x10 Y 7 00007 10 2 0000 10 2.0000x 10

roo—

[IRERIVNEY

|
bl |
5 |
23 42206160 2 0991x10 M 1.46]17x10" 700008 10 2 0000x 10 20000x 10
M0 1ASIoxI0 20091y 0 142754107 7 000N () 200008 10 2000001070 10000 30283 10¢
25 203on10 0 2009 x 10 9 4668y 10 1" 7 000N 10 20000010 2000001071 10000 30253 10!
26 2078010 209911019 921 3% 10 10 7 00005 10 2
27 14700100 20090810 1 1.2279x 0 Y 7 0000810 200005 10 20000510 T 10000 1.0283x 04
2R OLRROONI0 T 2099110 1.0385x 10 Y 7.0000x 10 20000810 200005100 L0000 3028308
20 1SSs40x100 0 2099 8101 1 3163x10 Y 700005 10) 20000810 20000510 1 10000 30283 10¢
300 166200100 200991y ]0 14 121480 Y 7 00008 10 20000810 20000510 T 10000 30253 104
A 102008100 2099]x10 W 2136010 7000061070 200005 10 20000510 1 10000 30283107
32122406100 2099100 173800100 Y 7 0000 10 2 0000x 10 200005100 10000 30253107
331285100 20991n10 ¥ 1.6RYSx 10! 7 KON T0 2 000X T 20000510 T 1O 30283 10°
A4 LASROxI0 T 20991x10 14195x10Y 70000810 200008 10 20000510 110000 30283x 104
IS5 202505100 20091810 9.543Kx 10 1V 70000810 20000010 200005100 o000 10253 10¢
I L7808 100 2009110 M 1 1668x10 Y 7.0000x 10) 2.00005 10 20000010 110000 30283107
37 L0990k 10T 2 ouytxio 96485109 7 00008 10 20000810 200005101 LOOO0 30253104
IR L6022 009 k10 1.7852x 10 Y 7 000N 10 20000810 200000101 OO0 302538107
39 13280x10 0 2 0091x10° M 1.88209x 10! 7.0000% 10 2.0000x 10 200000100 10000 30280107
40 19160x10 0 2.0991x10°14 10204510 Y 7.00008 10 2 0000x 10 J0000x 10T 10000 3025310
J1 143106100 2.0991x10- 1 1 4510x10Y 7.00005 10 2 0000x 10 20000510 1 10000 3.0253x10¢
42 956205107 2.0991x10 4 2.2955x 107" 700008 10 2.0000x 10 20000610 1 10000 30253x 107
43 1215010 0 2.0091x 1014 1.7533x 10 Y 7.0000510 2.0000x 10 20000610 1 10000 3025310
44 15930100 2.0991x10°14 1.2780x 109 7 0000x 10 2.0000x 1O 200000100 10000 30253101
45 Lel7x10t 2.0091x10-14 1.2553x 10" 7.0000x 10 2.0000x 10 2000051077 LOODO  3.0253x 107
46 L36RONIO T 2.0991x10- 1 1.5293x 10 700005 10 2.0000x 1 2.0000x10° T L0000 3.0253x 104
47 7.9990x 107 2.0991x10° M4 2.7930x 10" 7.0000x 10 2.0000x 10 2000081070 L0000 302530104
48 146205101 2.0991x10 M4 14149510 7.00000 10 20000510 20000610 T 10000 3028308
44 1‘23|<)xm'1 2.0001x10-14 1.7273x10°9 7 00005 10 200005 10 200005101 LOONO 30253 10¢

1OOO0 302538104
LOO0O  3.0253x 107
L0000 30253104

2.0000x 1O
2.0000x 10
2000010

2.0000x 10
2.0000x 10
2.0000x 10

S0 64050x 10 2.0091x10 14 3.5502x10°¢ 70000\ 10
51 LO6SOxI0Y  2.0991x10 1 2.0355x10Y 7 0000 10
52 2.4520x100 2.0991x 101 7.4208x10-10 7.0000x 10

1 t
I ]
| 1
| !
1 |
I '
| ]
| 1
| |
| I
| |
) !
1 !
1 ]
! |
I |
I |
| ]
I ]
I I
| |
| |
I !
| |
i 1
OO0ON 10! 2000010 1 10000 30283x10¢
| |
i 1
| |
| |
| I
I |
| I
| |
| !
i |
| i
| 1
I 1
| |
| i
| |
! |
| |
| |
| 1
| !
I 1
! |
i |
| |
I I
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variuble Vatues for CULEBRA (Concluded)

Run
No.

53
54
55
50
57
S8
59
o)
61
62
063
04
6S
66
67
6OR
64
70

Porosity:

1.618Ox 10

2.1840x 10

1.7930x 10
1.6170x10
1. 4880x 10
1.7840x 10
1.4090x 10

9. 7870x 1)

11710x10
1.7810x10

LISTOx 10

1.6240x 10
1.0040x 10
20620010
2 3K70x 10
1.2380x 10

1 7800x 10

1 6170x10

_— e e e e e e el K e e e e o

2.0991x 101
2.0991x10 M
2.0991x 10 M
2.009]x 101
2.0991x10 M
20091 x 107
2.0991x 101
2009 x 10 M
2009 %10 M
2009 x10°H
2.0991x10° 14
2.0901x10°H
2.0091x 10
2.099 1 x 10 M
2.0091x10 14
20091k 101
2099110 M
2.0091x10 M

1.2544x10°
B.6449x () 10
11075¢10 Y
1.2553x 10
1.ARSEA IO
1 1dax10 Y
1 4775x 10
2.2370x10Y
1.8286x10
1LHe7xi0Y
1.8647x10Y
12488810
21744510
93043, 1010
7.6971x10°10
L16is0Y
11175x10
1.2553x 10

7.0000x 10

7 0000x 10
7.0000x 10y
7O L)

7.0000x 10

7 0000x 10

7.0000x 10

7.0000x 10

7.0000x 10
70000510
7.0000x10
T7.0000x 10

T7.0000x 10

TOKXN O

TO000C )

T.O000x10)
7.0000x 10
7.0000x 10

2.0000x 10
2.0000x10

2.0000x 10

2.0000x 10
2.0000x 10

2.0000x10¢

2.0000x10
2.0000x10
2.0000x 10

2.0000x 1)

2.0000x 10
2.0000x10

2 0000x 10
2.0000x 10"

2.0000x10
2.0000x 10
2.0000x10
2.0000x 10

BCGSSAT

2.0000x 10
2.0000x 10
2.0000x 10
2.0000x 10
2.0000x 10
2000% 10

2.0000x 10
2.0000x 1)

2.0000x 10

2.0000x 10
2.0000x 10
2.0000x 10

2.0000% 10
2.0000x 10
2.0000x 10
2.0000x 10

2.0000x 10

2.0000x 10

BCHLG  BCPCT

10000
1.06000)
1.0000
1.0000
1.0000
1.0000)
1.0000
1.0000
1.0000
10000
1.0000
1.0000
1.0000
1.0000
1.0000
10000
10000
1.0000

3.0253x 104
3028310
3.0253x10¢
3.0253x104
3.0253x 104
3025310
3.0253x 104
3.0253 10
3.0253 10
3.0253x 104
3.0253x 104
3.0253x 104
30253107
3.0253x 104
3.0253x 104
3.0253x 10
3.0253x 104
3.0253x 104
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Appendix B: BRAGFLO Relerence Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for CULEBRA

Run

| 14, l. 57. l. 1. 1. 1. 1.
2 60). 1. 11 l. l. l. l. 1.
3 52. 1. 19. l. 1. | l. 1.
4 28. 1. 43 1. l. l. 1. 1.
5 21, 1. 50. I. l. l. I. 1.
H 56. 1. 15. l. 1. l. l. l.
7 18. 1. 53. 1. l. 1. 1. l.
8 8. l. 63. l. l. 1. 1. l.
9 19. 1. 52. l. 1. I 1. 1.
10 48, ] 23 l. l. l. l. |
11 58. 1. 13. l. l. I 1. 1.
12 32 1. 19, l. 1. 1. 1, 1.
13 13, l. 58. l. B l. 1. l.
14 27. 1 44, l. 1. 1. 1. 1.
15 1. {. 60, 1. 1 ] 1. l.
16 23. 1. 48. I. 1. 1. 1. I
17 36. l. 35, l. 1. | 1. 1.
18 55, 1. 16. l. 1. 1. l. I
19 2. l. 69. l. 1. 1. l. I
20 6S. I 6. l. l. I. 1. l.
21 9, 1. 62. 1. 1. 1. 1. I
22 29. 1. 42, l. l. l. l. 1.
23 34, 1. 37 l. 1. l. 1. l.
24 37. 1. KED l. 1. 1. l. 1.
25 64. 1. 7. l. l. 1. 1. 1.
26 67. I 4 l. 1. l. 1. l.
27 49 1. 22, l. l. 1. l. 1.
28 61 1. 10. l. l. l. l. l.
29 41 1. 30. l. 1. 1. l. 1.
30 50 1. 21 l. l. 1. 1. l.
31 7 1. 64 I 1. l. l. l.
32 22 1. 49, l. 1. l. 1. 1.
33 26. l. 45, l. 1. 1. 1. I
34 38. 1. 33 I l. l. 1. l.
3s 63. 1 8. l. 1, 1. l. 1.
kD) 51 ). 20. 1. 1. 1. l. 1.
37 12 l. 59. l. 1. 1. l. I.
kY. 17 l. 54. 1. 1. 1. R l.
39 30 l. 41, 1. 1. 1, I 1.
40 62. J. 9. 1. 1. l. 1. 1
41 35. 1 36. l. 1. 1. l. l.
42 4, l. 67. 1. 1. 1. l. 1.
43 20. 1. 51. 1. l. 1. 1. l.
44 42. l. 29, l. 1. 1. l. l.
45 43. 1. 26. l. 1. 1. l. 1.
46 3] 1. 40. l. 1. l. 1. 1.
47 3 1. 68. l. 1. 1. l. 1.
48 39, 1. 32. l. l. 1. l. 1.
49 24. 1. 47. l. 1. 1. 1. 1.
50 1. l. 70. 1. 1. l. 1. I,
51 10. 1. 61. l. 1. I. I. 1.
52 70. l. l. 1. 1. I l. 1.




Appendix B: BRAGFLO Reference Tab'as

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for CULEBRA (Concluded)

Run
No.

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
6Y
70

Porosity  Permeability  Compressibility

46.
68.
59.
43,

40

57.
33

S.
l6.
54.
15.
47.

6.
60.

69

25.
53
43,

1
]
|
|
!
|
]
|
R
1.
|
|
i
|
!
I
|
]

BCPCT

|
|
!
|
}
|
]
|
1.
1.
!
|
|
!
i
]
|
|
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Appendix B: BRAGFLO Reference Tables

Table B2 1992 BRAGFLO Computed Variable Values for CULEBRAI

Run
Noo o Porosity  Penneability  Compressibility BCEXP BCBRSAT BCGSSAT  BCELG BC PCT

| L3010 T 0.0000 0.0000 700005100 20000100 20000610 110000 0.0000
2 FR2n 10 00000 00000 70000810 ! 2000010 T 2.0000x10°7 10000 0.0000
1 F72000 100 00000 0.0000) 7.0000x 10 ! 200005100 200006101 10000 0.0000
4 12840510 1 00000 00000 7.0000x 107! 200006100 200006101 10000 0.0000
5 122000100 0 0000 0.0000 7.0000x 10! 200006101 2000061000 .00 0.0000
6 1 7830x10 1 0 0000 0.0000 70000100 200006101 20000510 1 10000 00000
7 12060010 0 0.0000 0.0000 700005101 200006100 20000600 1 10000 0.0000
R LO4SONTO T 00000 0.0000 70000610 Y 200006 10°0 2000061071 0000 0.0000
9 12100100 0.0000 0.0000 7.0000x 10! 2.0000x 10T 20000101 1.0000 0.0000
10 1630x10 Y 0.0000 0.0000 7000051070 200000100 2.0000x10°0 10000 0.0000
11 17RO L0 E 0.0000 0.0000 70000x10°0 20000610 2.0000x10°0 10000 0.0000
12 13724000100 0.0000 0.0000 700005100 200005100 2000061070 10000 0.0000
13 LS00 0.0000 0 (XHX) 70000100 2.00006 1070 2.0000x10° 0 10000 0.0000
14 12590510 0.0000 0 0000 7.0000x 10! 200000107 200006100 10000 0.0000
1S 1O750x10 1 0.0000 0.0000 70000x10°0 200005100 200001070 1O 0.0000
16 1.2290<10 1 0.0000 0.0000) 7.0000610°0 200005100 22000051077 10000 0.0000
17 14460x10 T 0.0000 0 0000 7.0000x 10! 2000051070 2.0000x10°1 11,0000 0.0000
I8 L7820x107 0.0000 00000 70000x10°0 20000107 200005101 1.0000 (0.0000
19 7.6020x10°2 0.0000 0.0000 TO000x10 1 200006100 2.0000x10°T 10000 0.0000
20 2.0520x10°1 0.0000 0.0000 700005100 20000x10°0 200001077 1.0000 0.0000
21 1.0500x10°T 0.0000 0.0000 700006100 2.0000x10°7 0 2.0000x10°0 1.0000 0.0000
22 13LI0x10 T 0.0000 0.0000 7.0000x 10! 2000061077 2.0000x10°0 10000 0.0000
23 14220600 1 0.0000 0.0000 70000510°0 200005100 2.0000x10°T 10000 0 0000
24 L4STON10T 0.0000 0.0000 2000051070 200006100 200006100 1O 0.0000
25 0 2034051077 00000 0 0000 70000510 ! 200006100 2.0000x10°0 1.0000 0.0000
200 2.0780x10° T 0.0000 0.0000 700005100 20000x 100 2.0000x10°0 11,0000 0 0000
27 L6470x10°T 0.0000 0.0000 700005100 20000x100  2.0000x10°T 10000 0.0000
28 LRRYONTO Y 0.0000 0.0000 700005100 20000x 100 200006100 10000 0.0000
29 1.5540x10° 0 0.0000 0.0000 700005100 200005107 2.0000x10°7 10000 (0.0000
A0 Le620x10 00000 00000 700005107 20000x10°0 200005101 10000 0.0000
31 1.02005 101 0.0000 0 0000 70000x 10! 2000010 20000x10°T 10000 0.0000
32 1.2240510°7 0.0000 00000 70000810 1 200005107 200006107 1.0000 0.0000
33 12850x10 0 0000 O.0000) 70000510 T 200000107 2000051070 10000 0.0C00
3 LASROX10 T 0.0000 00000 700006107 20000107 200006101 10000 0.0000
35 202108100 0.0000 0.0000 7.0000x 107! 200006 10°1 200000101 1 0000 0.0000)
36 L7IR0x10 Y 0.0000 00000 70000510 ! 2000051070 200005101 10000 0.0000
37 1099010 00000 0.0000 700000100 20000x10°0 200005101 10000 0.000)
K L 19e0x10 T 00000 00000 70000810 ! 2000051070 200005100 10000 00K
39 13280810 0.0000 0 0000 70000810 200005100 200006100 10000 0 0000
40 19160610 0.0000 0.0000 7 0000x 10! 200005100 2.0000x10° T 1 OXKK) 0.0000
41 14310510 0 0 0000 0 0000 7000061070 200001070 20000510 T 10000 0.0000
42 956205107 0.0000 0 0000 70000810 ! 20000810 T 2.0000x100 10O 0.0000
43 12150x 100 00000 ().0000 7.0000x10 ! 20000107 2.0000x10°7 10000 0 0000
44 1593010 00000 0 0000 700000100 2.0000010°0 2.0000x10°0 10000 0.0000)
45 L1705 10 0 0.0000 00000 7000010 ! 200005101 20000k 10T 10000 0 0000
46 1368010 T 00000 0 0000 70000610 1 200001070 200005107 10000 0 0000
47 79990x10 1 (L0000 0.0000 7.0000810 ! 2000051070 200005100 1.0000 0.0006)
A8 14620101 00000 0.0000 7.0000x10°0 200005100 200005107 10000 0.0000
49 12310510 0 0.0000 0.0000 70000010°T 200001070 20000010 10000 0.0000
SO 640505107 0.0000 (0000 7 (000x 10! 200000100 200005101 10K 0.0000
S 10650 10T 0 0000 00000 7 0000510 ! 200005107 20000510 0 L0 0.0000
S 245200100 0.0000 0000 700000100 2.0000x10°0 200005107 OO0 0.(0KK)
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Appendix B: BRAGFLO Relerence Tables

Table B-2 1992 BRAGFLO Computed Variable Values for CULEBRA1 (Concluded)

Run
No.

53
54
58
S6
57
S8
Sy
60
6l
62
63
64
65
66
67
68
09
70

Porosity

1.61ROx 10
2 1R40x 10

179305 10

16170x10
| 48BOx 10
1 7R40x 10

1.4090x 11

9 IRTON 0
11710510

178 1ON 1O

1ISTOX10
1.6240x 1)
1.0040x 10
20620010
2 IRT70x 10
1.2380x10
1. 7800x 10

1.6170x 10

[ N P

Permeability

0.0000
0.0000
(.0000)
0.0000
0 (00
0.0000
0.0000
0.0000
0.0000
0.0000
(0.0000
0.0000
(.0000
0.0000
(0.0000
0 0000
0.0000
0.0000

Campressibility

0 0000
(.0000
(0.0000
0.0(KK)
0.0000
(.00
0 0000
0.0000
(.00
0.0000
(.(0HK)
0.0000
0.0000
().(EX)
(L0000
0.0000
0 (0KX)
00000

BCLXP

7 0000810
7.00008 10
7.0000% 10
7 0000510

700005 1O

T7.0000x 10
7.0000x10
7.0000x 10
7.0000x10

T.0000x 10
7.0000x 10

T.0000x 10
7.0000x 10
700005 10
7.0000x 10
70000810
T7.0000x 10

70000810

BCBRSAT

2. 0000x 10
2.0000x 10
2.0000x 10

2 0000x L

2.0000x10
2.0000x 10
20000x 10
2.0000x 10
2.0000x 10
2.0000x 10
20000610
2 0000x10

2.0000x 10
2.0000x 10

2 O00x 10
2.0000x 10
20000510
2 000010

BCGSSAT

200060 10

2.0000x 10
2.0000x 1)
2.0000x 1)

2 (XK0x 10
2.0000x 10
20000 10

2 0000x 10

20000510
2.0000x 10
2.0000x 10
2.0000x 10
2.0000x 10

200000 10
2.0000x 10
OO 1O

2O0000x 10
2 (M TO

1.0000
1.0000
1.0
1 O000
OO0
10000
1.0000
10000
10000
1.0000
1.0000
1.O000
OO0
1.0000
1.0000
1.0000
1.OOO0
1.0000

BCECT

0.0000
0.0000
0.0000
0.0000
0.000¢)
0 (XH0
0.000¢)
0.0000
0 000K
0 0000
0.0000
0.0000
0.0000
00000
0.0000
0.0000
0.0000
0.0000
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Appendix B. BRAGFLO Relference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for CULEBRA]

Run

BCEXP  BCBRSAT BCGSSAT

Permeability

MJ

Jc.UZ.un.Il.u.unuovjunun.L?.7.1.1..052.\.9947.%79||0,726KRIQTU:.R,#U?.I.I..SQIAW.!OO
— T ticiv — v — i — iR ET NAFR ST LCITE MRS ——F O Ao oot —

S =N TV O XA TS — IO TV XD T —CH TN O XD —Ien T, ST — 3
—HE T E N T — - - NN NNCINCINE LM e e Moo ST STt <t <t T T T 0w
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Appendix B: BRAGFLO Relerence Tables

Table B-2 1992 BRAGHLO Ranks of Computed Variable Values for CULEBRAL (Concluded)

Run
No.

S3
54
55
56
57
5K
A
60
61
62
63
64
65
66
07
608
[
70

Porosity

40
68,
SY.
43
40
57
RK)
hE
16.
54,
15
47
)
66
0y
25,
53
43

Permeability  Compressibility

|
!
|
|
|
|
1
|
1
1
]
|
!
]
|
|
!
|

!
|
|
|
|
|
|
|
I
|
|
I
|
!
|
|
!
|

BCLEAR

1
1
!
|
1
i
|
l
1.
|
|
|
!
|
|
|
|
1

BCBRSAT DBCGSSAT

|
!
|
!
|
!
|
|
1
1
!
1
|
]
1
1
|
1

|
|
!
}
!
|
]
|
|
|
)
|
|
]
!
|
|
1

BCELG

1
|
|
|
|
1
|
!
!
|
|
|
l
|
!
|
!
1

BCPCT

|
!
1
!
|
!
!
I
|
I
|
1
!
!
|
|
!
1
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Appendix B: BRAGFLO Relerence Tables

Table B-2 1992 BRAGFL.O Computed Vanable Values for CULEBRA_SEAL

Run
No. Porosity, Permeability  Compressibility BCEXP BCBRSAT BCGSSAT BCFLG BCPCT
| 2000010 ! LO000x 1018 3313000 7000051070 2.0000x10°1 0.0000 LOOOD  9.4665x10°
2 2.0000x10°! 1O000x 1018 33130810710 7000081070 2.0000x10°7 0.0000 LOGOO  9.4665x10°
3 2.0000x10 ! 1.0000x10 18 331381010 7.0000x 107 200000 10°1 0.0000 LOOOO  9.4665x10°
4 2.0000x 10! 1OO000x 1018 3313 x0 M 7000001077 2000051077 0.0000 1LOOOO 946655105
s 20000810 ! 1.0000N 10 18 3313x00°10 700008100 2.0000x10°0 0.0000 10000 9.4665x10°
6 2.0000x 107! 1.O000X 1018 L33 x10 10 7000010 1 2.0000x10 1 0.0000 LOOO  9.4665x10°
7 20000810 ! LOO0Ox10 18 33131x10° 10 2000010 1 2000051070 0.0000 1O 946653108
e 2.0000x 10! 1.OOOO% 1018 3313x10° 10 70006101 2000061077 0.0000 LOOOO  9.4665x10°
9 200005 10! LOO0OXTO 311 31x1010 200005100 200005100 0 0000 LOOOO  9.4665x10°
10 2.0000810! LOO0OX 10 IR 33131010 20000x10°0 200000107 0.0000 LOOO 9 4665x10°
E 200005101 LOOOOXTO0 T 3313810710 2.00005 107 200006100 0.0000 LOKKKY 9 4665x10°
2 20000510 LOAOOXT0 1B 33135810 10 7.0000x10° 1 200005101 0 0000 LOOOO  9.46065x10°
13 20000810 1O000OX 1018 3313 x10 10 7.0000x10°T 200005107 0.0000 LOKK  9.4665x10°
14 2.0000x10! LOOOOX 108 3313 1x10° 10 7.0000010° 1 200005107 0.0000 LOOOO 946655108
15 20000x10°! LOOOOXI0 ¥ 3313 %1010 700006107 200005100 0.0000 LOOOO  9.4665210°
16 200005107} 1.O000X 10718 333100 7000081077 20000107 0.0000 1LOOO0  9.4665x10°
17 2.00008 10! LOOOOX 1018 3313 4x 1010 700005107 20000510 0.0000 10000 9.4665x10°
18 200005101 LOO0OX 10 3313110710 700005100 200005100 00000 10000 9.4665x10°
19 2.0000x10 ! 1.0000x 1018 331300710 700000101 20000100 0.0000 LOOO 946654108
200 20000810 1.0000x 10- 1% ERIRIFSTIRL 70000010 200006100 0.0000 LOOD  9.4665x10°
21 20000010 ) LOGOOXTOTE 3313 k0 10 700000107 200005100 0.0000 LOOO  9.4605x10°
220 20000x 107! LOOOOX10 8 3313 xj0 1V 7.00005 1071 200005101 0.0000 10000 9.4665x10°
23 200000101 10000X10 18 33131000 7000001070 200005107 0.0000 LK 9.4665x10°
24 20000x 107! 10000x10 18 331310 10 TO0000T0 T 200008100 0.0000 LOO0  9.4665x10°
25 2. 0000n 10! LOOOONTO M 3330 b0 7.0000% 107! 00101 0.0000 LOO  9.4665x10°
200 2.0000x 10! 1 0000x 1018 1313000 000051077 200008107 00000 LOOOD 946655108
27 20000810 1 0000N 1018 33131x10° 10 700006107 200005100 0.0000 OO 9.4665x10°
280 200005101 10000k 10 18 3313 00t 700000101 2000051070 0.0000 LOOOO  9.4665%10°
29 200006101 1.OOOONTO 18 3313010 10 TO00KTO 2000051070 0.0 LOOO  9.4665x10°
0 2000081071 FOO0OX 1018 33130x10 10 700000100 2000051077 0.0000 LOOOO  9.4665x10°
Al 2.0000x 10! LOOOOXTO R 3313 x10 10 200000100 200006100 0.0000 LOOOO 946650105
312 2.0000x10 ! 1.0000x 10718 3313181010 700005101 200005100 00000 LOODO  9.4665x105
33 2.0000x10 ! LOO0OX1018 333K 010 700000107 20000510 1 0.0000 LOOK  9.4665x10%
4 200008107 1.O00OX 1018 33130810 10 7000051070 2.0000010°0 0.0000 LOOO0  9.4665¢10°
5 2.0000x10 ! 1.0000x 10 1# 3313810 10 7000051071 2.0000x 1070 0.0000 OO 9.4665x10°
36 2.0000x10°! 1.0000x 1018 RRIRIES VR 70000510 0 200005107 0.0000 10000 94665x10°
37 2.0000x10! 1.0000x 1018 331311010 700005107 2000051070 0.0000 100 9.4665x10°
A 2.0000x 10! 1.0000x 1018 33131810710 70000510 2.0000x10°0 0.0000 LOOOD  9.4665x10°
39 20000510 1.0000x 1018 331310710 700000 200000107 0.0000 10000 9.4665x10°
40 200005107 FO000x 1018 3313 0x 10010 7000051017 2.0000x 1070 0.0000 10000 9.4665x10°
41 2.0000x10°! LOOOOX10-18 3.3131x10 710 700005100 2.0000x10°T 0.0000 LK 9. 4665x10°
42 2.0000x10°! LOO0OX 1018 3313110710 7000001070 200005100 0.0000 1LO000D  9.4665x10°
43 200008 107! LOOVOX 10 1R 3313110710 700000100 200005100 0.0000 LOOOO  9.4665x10°
44 2.0000x 10! L0000 1018 3313110 10 7.0000510°7 220000101 0.0000 LOOO0 946655 10°
45 2.0000% 10 1.0000x 1018 3313110710 7000051077 2.0000x10°0 0.0000 LOOKKO 9.4665x108
46 2.0000x10"! 1.0000x 1018 33131x10 10 70000010 2.0000010°0 0.0000 LOGG  9.4665x10°
47 2.0000x 10! 1LO000X10- 18 3.3131x10°10 700005101 2000051071 0.0000 10000 9.4665x10°
48 2.0000x 10! LOODOX10: '8 3.313)x10°10 700008107 2000051070 0.0000 10000 9.4665x10°
49 2.0000x10°! 1.OOO0x 1018 33311010 700000101 2000051070 0.0000 LOOO0  9.4665x10°
50 2.0000x10°! 1.0000x 1018 3313110 10 70000510 2000051070 0.0000 10000 9.4665x10°
51 200005107 1LOOOOX10-18 33131510 10 70000100 200005107 0.0000 1LO000  9.4665810°
52 2.0000x10°! 100001018 3.3131x10°10 7.0000x10°0 2.0000x10°0 0.0000 LOOO0  9.4665x10°
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Appendix B: BRAGFLO Reterence Tables

Table B-2 1992 BRAGFLO Computed Variable Values for CULEBRA_SEAL (Concluded)

Run
No. Porosity

100001018
100001018
1.O000x 10 18
1.0000x 10 18
1.0000x 1018
1.0000x10°18
1.0000x 107 1%
100001018
1.0000x 1018
LOOOx 1018
1.0000x 1018
1.0000x 1018
1.0000x 1018
LOO0OX 1018
10000x 10 18
1.OM00x 1018
1.0000x 1018
1.0000x 10 18

53 2.0000x10r
54 2.0000x 10
kR 2.0000x 10
56 2.0000x 10
57 2.0000x10°
S8 2.0000x 1)
59 2.0000x 10
60 2.0000x 10
61 2.0000x 10"
62 2.0000x 10
63 2.0000x 10
64 2.0000x 10
65 2.0000x 10
66 2.0000x 10
67 2.0000x 10
OR 2.0000x 10
() 2.0000x 10
70 2.0000x 10

333X

3.3131x10

331310x10
3.3131x10
3313 x 100

33131x10

331 3Ix 10
33131100

33131x10

RIRIRIPRIN

3.3131x10
3.3131x10
3.3131x10
33131x10
33131x10
3313110
33131x10
33131x10

j_’gnl meability  Compressibility

10
10
10
10
10
10
10
10
10
10
10

10
10
-10
10
-10
10
10

BCEXP

T.O000x 1O
7.0000x 10"

7.0000x10
7.0000x 10
7.0000x 10

7.0000x 10
7.0000x 10"
7.0000x 10°
7.0000x 10

7.0000x 10
7.0000x 10

7.0000x 10"
7.0000x 107
T7.0000x 10
7.0000x 10
7.0000x 10
7.0000x 10
7.0000x 10"

BCBRSAT BCGSSAT ~ BCELG

2.0000x10°
2.0000x 10
2.0000x 10
2.0000x10-
2.0000x 10
2.0000x 10

2.0000x 10
2.0000x10

2.0000x 10
2.0000x 10
2.0000x 10
2.0000x 10
2.0000x 10
2.0000x 10
2.0000x 10
2.0000x 10
2.0000x 10
2.0000x 1

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
00000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000)

10000
1.0000
10000
10000
1.0000
1.0000
1.0000
10000
1.0000
10000
1.0000
1.0000
1.0000
1.OKK)
1.0000
1.OO00
1.0000
1.0000

BC PCT

9.4665x10°%
9.4665x105
9.4665x105
9.4665x10°
9.4665x105
9.4665x10°
9 4665x 105
9.4665%10°
9.4665x 105
9.4665x 105
9.4665x 105
9.4665x 103
9.4665%10°
9.4665x 10"
9.4665x 103
9.4665x%105
9.4665x105
9.4665x10°3
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Appendix B: BRAGFLO Reterence Tables

BRA_SEAL

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for CULE

Run

ili

TSN T O~ ONT

— Ny >
NN O — — - —— — — NN NN (o]

33

v D~ oC o — ™
NN NN oo
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for CULEBRA_SEAL (Concluded)

Run

53 1. I. l. 1. l. ] 1. |
54 I. |. l. l. 1. | l. |
55 1. 1. 1. 1. 1. I 1. 1
56 1. 1. 1. I 1. | 1. 1
57 l. . 1. L. 1. ! 1. I
58 I 1. 1. 1. 1. | I |
59 1. 1. 1. !, 1. ! l. I
60 1. 1. 1. 1. 1. L. 1. I
61 I, 1. 1. l. 1. I 1. I
62 1. 1. 1. 1. 1. | 1. |
63 1. I. 1. l. 1. | 1. |
64 1. 1. 1. 1. 1. 1 I, I
65 N 1. l. 1. 1. | 1. |
66 1. l. l. l. 1. | 1. |
67 1. l. l. l. l. | 1. |
68 L. 1. l. 1. [ 1 I |
69 1. 1. I 1. I, I 1. |
70 1. L. I I, I, ] l. 1
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Table B:2 1992 BRAGELO Computed Vanable Values for EXPERIMENTAL_REGION

Appendix B: BRAGFLO Relerence Tables

Run
Nu.

16

19
20
21
22
23
24
25
26
27
28
29
30

R
3
34
a5
6
37
Rl
19
40
41
42
43
44
45
46
47

49
50
51
52

“Porosity -

24490510 °
1.1240x 10 2
S1030x 10 2
1.6070x 102
4.3250x 10 2
5.8630x10°°
6.6520x10 2
16140x 102
1.9210x 1072
4.7300x 102
6 7690x 107
250405107
7.0630x10 7
4.0420x 102
2 1150x 1072
7.2500x10°2
4.9250x 102
1.3450x 102
7.4520x10 °
3.7170x 1072
5.5630x10°
4.4090x 102
6.0100x10°2
6.9800x 102
6.1100x10°2
5.6930x10 2
2.R620x10 °
4.1490x 102
1.4260x 10 2
3.2140x10°2
2.6760x 102
39190x 102
4.5660x 102
34580x 102
3.8780x10 2
4.0630x10°2
§.6500x10°2
6.7530x10°°
6.2320x10 2
5.4740x10 ¢
6.3580x 10 °
7.1460x 102
4.4580x10 2
7.3870x 102
29730x10°°
1.2610x10 2
6.0510x10 2
3.3090x 102
417605107
30510x10 2
1.8180x10 2
6.5110x10 2

Permeability

1 OOOOX 10
10000 T
1000 10
1.0000x 10
1.O0000x 10
1.0000x 10
1 0000x 10
1.0000x 10

1. 0000x 10

1.0000x 10
1.OOOOX 10
1OOOOX 10

1.OO00X 1)
1.0000x 1)

1.0000x 10
1.0000x 10
1.0000x 1{)

1OOOOX 10
1.OO00OX 1)
1.0000x 10

1.0000x 10

1.OOOOX 10
1.0000x 10

1.0000x 10

1.OO00Ox 1)
1.OOOOX 10
1 0000x 10
LOOOOx 10
1.0000x 10
1.OO00X 10

1.OO00x 10
1.0000x 10
1.OO0OX 10
1O 10

1.OO0OX 10

1.O000X 10

1.0000x 1O

1.0000x 10
1.0000x 1)
1.0000x 10

1.0000x 10
F.O000x 10

1.0000x 10
1.0000x 10

1.0000x 10
1.0000OX 10
1.0000x 10

1.0000x 10
1.OOOOXT0
1 0000x 10
1OOO0x 10

1.OGOOX )

Compressibility

4 4974x10 Y
1 (094x 108
2.0283x 10
6.9848x 10 Y
2438110
] 7330x10°Y
1.4978x 10"
29670x10 Y
5.8022x10Y
2.2080x10°Y
1.4676x10°
4.3931x10Y
1.3961x 109
2.6204x10°¢
5.2470x10¢
1.3536x 10
2.1107x10Y
8.3941x 1Y
1.3101x 109
2R779x 109
1. 8399x 10
2.3869x10Y
1.6845x 107
1.4157x10 9
1.6528x10°
1.7922x 10
3R8123x10Y
2.5522x10Y
7.9031x10Y
3.3674x10 ¢
4.0940x10Y
2.7166x10°Y
2.2963x10Y
2110
2.7480x 10
2.2433x 10
6.7962x10Y
1.4716%10 9
1.6156x10Y
1.8739x 10"
1.5780x 10
1.3770x10 ¢
2.35%0x10°Y
1.3239x 10
3.6606x10Y
8.9699x 10"
1.6714x10°Y
3.2635x10°Y
25341k 10Y
35606x10Y
6.1451x10Y
1.5356x10Y

- BCLEXP

70000510
7 0000x 10
7.0000x 10
7.0000x 10
7.0000x 10
7.0000x 10
7.0000x 10
7 0000x 10

7.0000x 10°

7.0000x 10
7.0000x 10
7.0000x 10

7.0000x 100

7.0000x 10
7.0000x 10

7.0000x 10
700005 1)
7.0000x 1)
7.0000x 10
7.0000x 10"

7.0000x 10

7.0000x H(F

7.0000x10

7.0000x 10
7.0000x 10
7.0000x 10"
7.0000x% 10
7.0000x 10

7.0000x10
7.0000x 10

7.0000x 1O
T.0000x 10
7.0000x 10
7.0000x 10

7.0000x 10

7.0000x 10
7.0000x 10
7.0000x 10

7.0000x 10

7.0000x 10"
7.0000x 10
7.0000x 10
7.0000x L

7.0000x10

7.0000x 1(-

7.0000x 10
7.0000510

7.0000x 1)
7.0000x 10

7.0000x10

7.0000x 100
7.0000x10°

BCBRSAT

2.0000x 10
2.0000x 1)
2 (K00x 10
2.0000x 10
2 0000x 10
2.0000x 10
2.0000x 10

2.0000x 10

2.0000x 10
2.0000x 10

2.0000x 10
2.0000x 1)
2.0000x 1)y
2.0000x Hy
2.0000x 10
2.0000x 10y
2.0000x 1)
2.0000x 1)y

2.0000x 1)

2.0000x 1y
2.0000x 10
2.0000x 10y

2.0000x 10

2.0000x 10
2.0000x 10

2.0000x 10

2.0000x 10

2.0000x 10
2.0000x 10

2.0000x 10

2.0000x 10

2.0000x 10

2.0000x 10

2.0000x 10
2.0000x10¢
2.0000x 10
2.0000x10°
2.0000x10°
2.0000x 10
2.0000x 1)
2.0000x 10
2.0000x 10
2.0000x 10
2.0000x 10
2.0000x 1)
2.0000x 1)
2.0000x 1)
2.0000x 10

2.0000x10

2.0000x 10
2.0000x 10
2.0000x 10

BCGSSAT  BCELG

0.0004)
0.0000
0.0000)
0.0000
(). {HHX)
00000
0.0000
0.0000)
0.0000
0.0000
(0.0000
0.0000
0.0000)
0.0000
0.0000
0.0000
0.0000
0.00K0)
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.000)
0.0000
0.0(KX)
0.0000
0.0000
0.000¢)
0.00(0)
0.0000
0.0000)
0.00K)
0.0004)
0.0000
0.00060
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000)
0.0(KX)
0.0000
0.0000
0.0000
0.000X)
0.0(KX)
0.00K0)

1 0000
10000
1.0000)
10000
1 (000
10000
10000
1.OOM0
10000
1.0000
10000
1.OOKK)
10000
10000
1.OO00
1.0000
1.OCK0)
1.0
| .OKHUX)
1.0000
10000
1.(O(X)
1.O0KK)
1.0000
10000
1.(KKX)
10000
1.OOO0)
1. OO0
| .OOEK)
10000
10000
1.0000
1.0000
1.0
1LOOK)
1.OCKX)
10000
10000
10000
10000
10000
1.O00)
1.0000
1.00(K)
10000
1 .O000
1 0000
1.0000)
1O
1 0000
1. 0006

pepreT

R 6734x 107
R.673dx 10
R.6734x 107
R 6734x 10!
8 673dx 104
8.6734x 0%
R 673dx10%
8.6734x109
8.6734x104
8.6734x 104
8.6734x10¢
8.6734x 104
%.6734x 109
8.6734x 104
8.6734x 109
8.673dx 107
8 6734x10%
8.6734x104
8.6734x104
8.6734x 104
8.6734x104
8.6734x104
8.6734x104
8.6734x104
8 6734x 104
8.6734x104
8.6734x 104
R.6734x 104
8.6734x10°
8.6734x 104
8.6734x 104
R 6734x10%
8.6734x10%
8.6734x10°
8.6734x104
8.6734x 10"
8 6734x10°
8 6734x10°
8 6734x 104
867345104
8.6734x 104
8.6734x10%
R.6734x104
8.6734x 104
8.6734x 10
8.6734x10°
R.6734x10°
R6734x 104
K.6734x10%
%.6734x 104
%.6734x 10
® 6734x10?

B-SS



Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for EXPERIMENTAL_REGION (Concluded)

Run

No.  Poresity”  Permeabili C ssibility BCEXP BCBRSAT  BCGSSAT ~ BCELG -BCPCT .
53 2.0520x10°7  1.0000x10-1S 5.4158x10Y 7.0000x10°1 2.0000x 10! 0.0000 10000 8.6734x104
54 6.4400x10°2 10000k 1015 1.5553x10°Y 7.0000x10°1 2.0000x10°0 0.0000 LOODO  8.673d4x10¢
55 2.6330x102 1.0000x10°'S 4.1656x109 7.0000x10°T 2.0000x 10! 0.0000 LOOK  B.6734x10¢
56 3.5470x10°2 1.0000x 1015 3.0278x10Y 7.0000x10°1 2.0000x10°T 0.0000 1.0000  8.673dx109
57 198205102 [.O0OOXx10°1S 5.6159x10Y 7.0000%10°0 2.0000x10°! 0.0000 10000 8.6734x10¢
58 2.38R0x10°2 100001015 4.6186x10Y 7.0000x10°T 2000010 0.0000 1LOO00  R.6734x104
59 5.7990x10°7  1OO00x 1018 ).7549x 1009 7.0000x10°0 2.0000x 10! 0.0000 1LOOOOD  B.6734x109
60 6.9150x10°2  1.0000x10-18 1.4313x10°Y 7.0000x10°0 2.0000x 10! 0.0000 10000 B.673dx104
Hl 1.5400x10°2  1.00O00x10°13 7.2995x10Y 7.0000x10°T  2.0000x10-0 0.0000 1OOOD 8673100
62 2.7890x 102 1.OOGOK 10715 3.91R6x10Y 70000100 2000010 0.0000 10000 B.6734x104
63 52340x10°2  LOO0Ox10-!S 1.9713x 109 7.0000x10°0 2.0000x 10! 0.0000 1O B.6734x104
64 5.3500x10°2  1.0000x 1018 1.9231x10Y 700005100 2.0000x 10! 0.0000 1LOOOO  8.6734x104
65  1.0820x10°2  1.0000x10°!S 1.0495% 108 7.0000x10°0 2.0000x 107 0.0000 OGO R.O734x 104
66 5.0410x10°2 1.0000x10°13 2.0563x10Y 7.0000x10°0  2.0000x 10! 0.0000 1O K.6734x104
67 3.3230x10°2 1.0000x10°18 3.2487x10Y 7.0000x10°0  2.0000x 10! 0.0000 O R.6734x 104
68 2.2660x10°2  1.0000x10°'S 4 8807x 109 7.0000x10°0  2.0000x10 T 0.0000 10000 R6734x104
69 4.8950x10°2  1.0000x 1018 2.1251x 10" 7.0000x10°0  2.0000x10 ! 0.0((0) LOOOO  B.6734x104
70 5.3660x10°2  1.OKKK10!S 1 9166x10°Y 70000x10°0  2.0000x 107! 0.0000 10000 8.6734x109
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Table B-2 1992 BRAGFEFLO Ranks of Computed Variable Values tor EXPERIMENTAL_REGION

Appendix B BRAQGFLO Relerence Tables

Run
No.

T X~ e w3 —

29
30
il
2
KX}
34
a5
6
37
K1
39
40
41
42
43

45
46

48
49
50
51
52

Porosity  Permeability Compressibility  BCEXP

16.

9

45,

7.
3o,
51
01.
29,
10.
41.
63.
17.
060,

K]

13
6.
41

4,
70.
30.
50).
a7,
54.
05,
56.
Sl

-

27

31
40).

8.
62,
57.
44,
5K.
67.
EL
6.

22

r¥

3
S5.
25.
5.
23

9.
60).

&[V

M.

5.
24
19.
3.
3u.

55,
i)
26.
04d.
as.

I8
10

42.
61,
0.

K.
54,

5.
I8,

SK

KN
28.
67.

l.
41,
21
RES
17.

6.
15.
2L
50).
37.

60
47
52
39
32

44.

40

3l
63,

9.
14
22.
13,

4.
33

2.
49,
6K,

16

46.
36.
48,
62,

.

BCBRSAT BCUSSAT

I
I
|
!
|
I
I
I
|
|
|
[
l
|
!
|
|
|
1
|
]
|
|
!
i
|
1
1.
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

!
!
!
!
!
!
l
|
|
!
1
1
|
1
|
|
]
|
|
|
|
|
|
I
I
|
!
l
!
!
|
|
|
!
|
!
!
|
|
!
I
|
1
|
|
I
|
|
|
|
|
|

BCELG

BCRCT

!
1
|
|
|
|
!
|
|
!
|
|
1
|
|
|
|
!
|
I
|
|
!
!
|
.
l.
|
1
!
|
]
!
|
]
|
|
|
|
[
]
|
|
|
|
[
|
!
[
!
!
l
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Appendix B: BRAGFLO Relerence Tables

Table B-2 1992 BRAGFLO Ranks of Computed Vatiable Values for EXPERIMENTAL_REGION (Concludedy

Run
No.

53
54
55
56
57
5%
59
6f!
61
62
63
64
65
66
67
68
oY
70

12. l. 59, |
89, 1. 12. |
(K. {. 53. |
8. I 43, I
I I 60). |
I5. l. 56. |
52. l. 19. |
64, . 1. 1.
6 i, 65. I,
20). 1. Sl |
46. l. 25 |
47, l. M. |

l. l. 70. |
44, l. 27. |
26. I 45, |
14. | 57. ]
42 l. 29. ]
48 I 23 |

BCBRSAT BCGSSAT — BCFLG

|
|
|
|
|
1
|
|
I
1.
|
|
1
]
|
]
]
1

1
1
!
!
|
1
|
!
I
|
!
1
|
l
[
|
|
!

BCPCT

B-5%



Appendix B- BRAGFLO Relerence Tables

Table B-2 1992 BRAGELO Computed Variable Values tor FINALSALADO DRZ.

Run
Nu.

S —

xX 4>

L)
10
1

3
13
14
15
16

T x 3

r

D ohe e 19— T

*J

AR IR e B2 N U R SO Y
: =

in
17
R}
RU}
40
41
42
43
A4d
45
460
47
aX
449
501
S1
S2

Porosity

2933KN10
V2224000

S 107310 -
SORRONI) ¢
23098510 -
S KISUI .
IS160810 -
R RURINIE
4 1074510 -
2 4250510 -
I RGO 1O -

-

-

K200 7

1 9799 10

Y6670
S 18928 10

4 6970x 10 -

P

AERLRISIIR

26960 10) ¢
JROWN O -

-

JR916010 7

ERRYVESTIE

SO0492x 10

v

5450110 ¢

2 3350x 10 -
S 50U 1)+
S 19RO 10 -
F IOV 1O -

1 4R260x 10

‘2

[RIRIES IS

§ 85550 10)

3ARSTAIO -
STT20n 10 -
59040510 -

PR

YR7000 107

4 747Ix 10

[

47765510 7

F41IRI0 -

FO3SS 0

4 3649v 10
2 ORISK 10 ¢
243350 ¢
V763810
2823x10 ¢
] 78ISx10 -

2 39% 10

S671ix10 ¢
FAbIdx)0 -
S5T247x10 ¢
S 0095 1 -
4.5720x 10 -

2 IRUKx 1)
4 SOTAN 0

P N VR R

)
a

N

Penmeabuity

1 (KX 1O
1 OO0 1O
| OODOK 1O
[ OO0 1O
1 OO00x 1O
1 OOO0OX 10
I 000010
1 000X 10
| KON 1O
1.0000Ox 10
1 OO00Ox 10O
1 OO00x 10
1 O000x 10
1 0000 1O
1 O000x 10
1 O000x 10
1 OO0OK 10O
| OO00Ox 1O
| OO0 10O
1 OO00x 10
| OOO0Ox 10
1 OO0Ox 10
| OOO0Ox 10
1 OO0Ox 10
1 .OO0DOx 10
1 O000Ox 10
1 OO0 10
1 000 1)
FOOOOXTO
1 000K 1O
1.O000x 10
1 OO00OX 10
1000010
1 OO0 O
1000010
1 OO00Ox 10
1 OO0O0x 10
I OODOK 1O
1 OOOO T
I OO 1O
I OCKKOX 1O
| OO00x 10
1 OOOOx 10
1 OO00x 10
1 OO0 10
1 OO00Oy 10
I OXEKx 10
1 OODOK 10
I OOOOX 10
| OOOOX 10
1 OO00Ox 10
1 OOD0x 10

15
15
15
14
1
ts
15
15
)4
i
18
14
15
1S
15
15
18
15
15
18
18
18
1%
14
1S
14
1%
15
15
15
15
14
15
1%
IS
15
18
15
15
1S
15
15
18
IS
15
14
15
1
14
14
15
15

Compresmbility

LTI28x 10
L ASS7x 0"
20204510 Y
1.ovloxin?
47840
| 7490410 Y
3056710 Y
LIRSV
2530810 Y
4 S4annt
2488810 Y
2 RORSA 10
SO22210"
2R3060x10 "
1 990510
209101
| RK78x 10 Y
4062310Y
2SI
2Ry 0 Y
VASSIn0 Y
20820510
| RROXN IO Y
4727010
| RiTox 10
| uROA D Y
3 ARKRY 10 Y
7891710
6H.1623x10Y
1 82740 Y
3R 0"
1 7640x10 Y
AT
27491810
2 HOXKx 10 Y
AR TR
JIS7on 10 Y
270425101
240"
JORORV IO Y
JSsiniin Y
J RISy 0 Y
3 ROKIN IO
6272510
4 0U8ON 10 Y
] KOO0
TORTIINI0 Y
| 7R09\ 10 Y
L 7930510
22900010 Y
JoalsovnY
220N 10 Y

BCEXP

9 6790
4 90005 10
6 7900010
S 1820
40710510
6 1420
1 (0090
6 4480
J2610x10
15170
5 1250x 10
7 4960
2 2490
30620510
446208010
5.3590x 10
59190
S R70x 10
20080
6O 700904 1D
225900 10
1 4340
700090
G2
D610
52600
R 1110
7 9160
O OO0
JO0408 10
LATOOx L0
K RROO
S.2200x 10
K 6520
39470510
27500510
6 V7K
Q640
HO6oON D
2400
S 7490x 10
S ARIONTO
S 0000
3 6050 1)
200010
4.6000x 10
314760
77080
37530810
ISWOx10
S 60000
1.2370

2 tora

BCURSAT

K 780010
1 4570510
1 B490x 10
1. 7260x 1)
1 OKROx 1O
I3170x 10

4

RRERIAIE

IROO0CTO
V40RO 10

T O000x 1) -

27870x 10
14 HOOX 10
LOSOOKT0)
K 3660x10
200510
1 7890x 10
1 1130x10
2947010

1640x 10

2940010

Y770x 11+

|
|
1
2 IRIONTO
2 ARKONIO

601270000 7

VOSTONTO
24700010
21 2R0x 10
V7406010
AO4O0N 10

1 JOSON) -

2 130x10
VU0
1 OS0Ox 10
2 8150x10)
2007 10
17200 10
22050x 10
1 IRION L)
INRRINNIE]
2430810
[IRREINNES
3 9040x 10
190705 10)
2 SURMN T
I SK0 L0
65170510
VI7RONTO

td o e e e e e e —

4551010 -

SOLHONTO -

I R90x |1}
23180x10
1 SO40¢ 10

-

)

BCGSSAT

200410
1.2590x 10
2 1660x10
I ROOOI0
1 4590010

v e e - —

4 790 -

1 622010
2 RS20x 1)
I ROVOx 10O
FJAK1Ox10
2003010
2 RO0x 10
2.9370x10
1 7360x10
I RSO0
21720810
3 ROOGOX 10
R6120x10
1 667010
V2ION 10
22330k 1)
1 RTIONT0
48230010
J.0430x 10

G Pd P e e m o e e e e e e e 15 e

9 9900x 1) ¢

6 ROOON T

FRYAUININR

P S270x10
VST7R0x 10
] 8530%10
2050% 10
7550510
REICIN
LO2ROX 10
1 3390x10
3 6900x 10
LO790x 10
1960510
3724010
100X 10
1 06S0x10
VASOOX 10
1 2040x10

5 7350x 10 -
9 4190x 10 -

2 AKRON 10
2 6060x ()
20750x10

[

G e e e e L e P e e o o e — — — ey

O UHHOX O -

1 9KSOx 1)
I TR0 10)
3 RROOx 10O

—_— s -

BOLLG

10000
10000
) (MKX)
1 (60Y)
1 OO00)
LOOO0
10000
1 0000
K )
10000
10000
.00
1K)
1 (KK
1 (HHX)
1. O00
1.0000)
10000
1 (O0K)
0000
1 OO0
10000
1 0000
b OO0
I 000G
10000
1 (OO0
10000
| (KKK
I OG0
1 (XHX)
1 (00N
1 OO0X)
OO0
1 OO00)
1 (X0
) OO0
I 0000
1 QLK)
1 (KKX)
| (NXX)
1 (EKN)
1 (MKX)
KUTES)
1 OO0
1 .L0KK)
1.O006)
1 0000
1 (XXX)
1 {XKX)
OO0
I OO0

perey

R 673104
8673510
R 6734010
RO73h 04
& 07310t
K67 34x 104
K67 A 00
K 673410
8 07 Wx 10t
B673x104
K 6730104
R.673x 104
K073 104
RO734x 04
807 3x 107
R 6734x104
86734100
RYARTI IR
R 07 3dx 104
R O734x 104
86734104
Ko7 x 104
K07 3% 104
K073 10
K67 3y 0
R 6730101
RYARINTIR
N VARISIR
% 074104
B 07340104
ERIYARTSIIR
8 6730101
R 6734y 10
YRERALIR
R 6710
RO7 0k 104
807440107
K 6734510
K 6730101
RoO7T3n 04
80780101
8073101
% 6734x 00
CRIYARINIIR
867300104
K670
K 67301
RV ARTIIK
K 67 34x 10"
R 673y 0t
K 674104
K673y [0

B 59




Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values tor FINAL SALADO.DRZ (Concluded)

Run
N,

53
54

JORISx10 2
T0693x10°¢
40163107
52274x10 ¢
70516x10°
25041x10°?
2RI2BNI0 2
394072101
1 6302x10 ¢
299818102
4 1109x10 2
Ao !
1R’ 10 2
37103x10°F
207508107
164340107
23166x10°
16159x10 °

. Permeabulity

100010 1S
1.0000x10 1S
1 o0oox 1018
1 O000s 10 18
1 O0DOx 10 18
100K 10 18
1000010 1S
1.0000x10 18
FODDOx 10 1S
LOO00x 10 1S
1 O000x 10 11
1O0DON D 1S
1 OO00N 10 1S
10000k 10 !¢
1 OO00Ox 10 1S
LOOOOX 101
FOO0ONT0 1S
1 0000x 10 18

3.8230«10 Y
3.5379x10 Y
2.6448x 40 Y
19241 x10Y
1 6238x 10 K
43928510 Y
3 RAYRx 1O Y
27003810 Y
6.881 6010 Y
303180
28782810 Y
A6079x)0 Y
273 28x 10 Y
3 108SxH0 ®
5383110
20941 1x10Y
4 7680510 Y
3190310 *

BCEXP

6.7410
4 7200x 10
6.5030x 10
4 X480
Y2110
6H.40060% 10
R 9§80
Y K60
B AMYOV O
2ROHINI0
37540
2 4950
25410410
O Y8010
S S840
4 8200
43270
6 2770¢ 10

28470510
1.6590510 |
3.2450x10 !
9 2770x10 ¢
S teox10 !
14880510
8.5120x10 ¢
7.03K0% 10 ¢
27910x10 !
3 5990x10 !
20000510
293200102
26410510
1.2380x 10!
S0O350x10 2
30240810
17050500
KRR

COSSAT BCELG  BCICT

1 ROO0x 10
27290510
10330x10
S2210x10
2. 7770x 10
12980x10
1127010
K 194010
1.3890x 10
25120510
2 8360k 10
B 7020x10
315100x10
I1630x10
2537010
2.9970x 10
4. K390x 10
1 1920510

|
|
|
)
N

LA
1 (KKN)
10000
10000
1 (KKK)
10000
1.(KKX)
1 (KKX)
1OOKK)
1 (XKK)
LOXKX)
100000
1O
1LOOO
1.LKX)
1 .(XHX)
1.OH06)
1 0000

R 67 44x 07
867410
R 67345104
BO73dx 0%
Ro67Mx 104
B.674x 107
§6734x 104
R 67340104
B.6734x10¢
K07 345 104
86735100
867340 104
®.6734x 104
PRYRRIR IR
86730104
R.0734x 104
B 67340109
R 6734x 104
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for FINAL_SALADO_DR?.

Run
Na, Porosity  Permeability  Compressibility  BCLXP . BCBRSAT BCOSSAT  BCILG peect
| 23 l. 48 (i} 16 41 1. |
2 30. I 41 20 20 px} | 1.
3 56. I 15. k2B K] kL | |
4 0. I 1. 82 K} Kt} 1. |
5 . l. 60, 15 RA] 26 |. |
O 68, l. k| 56 59 Y | |
7 33 l. iR 37 7 29, l. |
¥ M. I 37 57 6R 5. l. |
9 40. l. 25 16. o). n | |
10 16. l. 55 w. 14 0l l. l.
11 4(), | LI 22 48 6 l. l.
12 6. l. 35 0l 28 51 l. 1.
R 9 l. 62 41 64 52. I |
14 kE} l. n R 2. k) l. l.
15 §7 | 4. IR 41 o8 l. l.
16 S0 | 21 2. 67 1y, l. l.
17 ol). | N 55 0. 67. l. l.
18 20 l. S1 2. §2 bl l. l.
1Y 54, ] 17 40). 21 0. l. l.
20) 53 l. IR, kRN PR 57 l. 1.
2 29 l. 42 2 8] 4() l. ]
22 55 | 16 I8 . 4 l. l.
23 61 l. 10 0f) 42 ] l. l.
24 13 | SK 17 1 47 l. I.
25 6 | R 43 54 X l. l.
26 A8 l. 13 RS 44 12 | 1.
27 28 l. 43 38 Kt 14 l. |
28 h) I. 66 ) Ol 27 l. |
29 ] | 6} hl) S8 hi l. ]
30 62 l. Y | 3 2% l. 1.
3 il | 40) 10. 17 43 | |
12 67 | 4 60 h i 66 l. 1.
13 0. | ) 23 I o) l. l.
kB kD) | n 05 45 (iSH 1. l.
35 si l. 0 14 b 2} l. l.
16 52. | . 6 6S 65 1. l.
37 n | R} 59, 30 6. l. !
RY] 42 l. 249 44 n 70 | |
39 47. l. 2 S 29 7 l. ]
40 19. l. 82 3 43 0. l. ]
41 17 } 54 27 24 19 l. l.
42 kY, l. K2} 25 70. 549 | l.
43 21 1. S0 4K. 64 N l. |
44 7 1. (%) 12 46 1. l. |
45 14. ). 57, 4, 28 17 l. |
40 64, 1 7 19. 12. 2 l. ]
47 4 | 67 40, 56 46 | |
48 6. 1 5. 62 K. kY l. ]
44 6H5. l. 6O (RN 9 (R l. l.
S0 48. l. 23 1 M. a8 l. I
Sl 15, l. 56 26 S 3 ] l.
52 49, | R 45 27 (it} ] |
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Appendix B: BRAGFLO Relerence Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for FINAL_SALADO_DRZ (Concluded)

Run
No.

83
54
sS
S6
87
S¥
hi
60
61
62
61
04
68
66
7
6%
6y
70

Poresity  Pennepbility  Compressitility  BCEXP:
27. | 44 hL.}
20 | 45 20,
44 l 27. n
549 | 12. 51,

k) | O8. 0K,
1% | hR) 3.
22 | 49, 67
43 | 2K 70.

8 l. (ih] RI%
24 | 47 7
45 | 20 47
25 | 40 42
41 | a0 4.

2 | 0. as.
10 | 6l 54,
a5 | 6 50)
12 | 59 44

! | 70 30

BCBRSAT BCGSSAT

50
10

57,

17

1
62
18
13
44
(R
R}

4]
47

13

&

10

53
Ho.

18

3
4%
<
10
49
¥
s

15,

28
44
50
16
62
56
45
AR}

|

21

e

"g‘l;l g

Beper

|
|
!
i
|
]
|
.
|
|
1
|
|
|
|
|
|
!
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Table {2 1992 BRAGET O Computed Vartable Vidues for INITIAL

Appendix B. BRAQFL.O Reference Tables

SALADO DRY

Run
Nu,

10
I
12
13
14

16
1
X
14
20
A
AR}

2
M
Ve
Ni
N
K
Y
i
y
N
il
i
AS
LI}
IS
iN
iy
A0
al
N
KK
KX
48
an
1
RE
44
S0
8]
LN

Porosity

J RO IO Y

690 1D

2RI -

5013010

Jasnix Y

(IRVATHIN IS

NN TN

VIRSOVTD

22000

06770010
JATIN D
YRITNTO

1 OO0 T0 -

1 U6
1 1S90 1O
S KT 1D

PRI

RNRULTTNEIR

[IRRNITR U]
6 IS8 10

P00

238G 10 ]
OOy T
TR
Ao -

A0
KXo

|
N
|
MRRRTITS L]
DRRUNIN

AL I

K TUlOn 10

1 768w 1

NGRS

O 6600
IR
RRRIITN L

NN

ROqon 10

TR
AN
NS
AR LN

Al
:
S (KB 1)
|
|
3y

5 1 790v 10
SO0 1o
» AN 0

DRINn o

6 ST 1o

RNIEUTTTR I
| oRXn 0
| 2R 10

TR0
4 710010

Permgabibity. - Cotgressitulity

1 OO 1O
OO

1 OO0 1O
| OO TD
1 OO0 10
1 OO0 IO
1 00000
1 OB TO
I OO0 0
I OO 10
) OO 1O
| OOEK 10
1 OO0 D
I OOk T
1 OO0 10
| OGO T
| KK L0
OO0K L)
OO 10O
(EEIN NN
OOk T
OO0 1D
(LTI
(K LD
OO0 TO
(KNI 10
LTS EL
I OO 10
EETS L]
OOO0x 11
OO 10
O T
OO0 1
(W) 1O
O 1)
RETIIREN
e
OO0
OO 10
O D
(O T
TN
OO0 0
OO0 10
RTINS
[ ETIINER
Ok 0
(L)
OOCR 1O

e

'
TN
1 OO Lo
TN ORN

1

1

4

]

!
|
|

1
¥

7

!
l

Bl

1

1

3 ROGOLIO Y
] 6K 0"
V6210
MRS TR
S 4O IOY
K J08ax 10
d 20
Va8t
4 01 u0
117 i X
R RN IR
IETIRNITR
AL
LAIEINIT
1 00O 10
1 Y550 10 %
4 oOddyin
) KOS (¥
] KIVI 0 ®
fh SHouN
46970
doIns 0!
L Hiska 0
TS0
SIELR AR TT
STl
SOKInior
SOOI R
Xulyowln
IROPESS T
6 IainY
S kKNI Y
LIS IR
P28 10
RERFEE TR
S0
RTINS TR
sy
IR TR
4 KSR
NI
N IR AR T
S 2unnt
Jussivjo*t
IR T
PO VIO Y
| oot
Jufdonjot
OXNI O
K 7OU0n 0 Y
PASTvio
Db ta Y

BCLAY

Yy 6un
4 O6GOY 0
6 TOON O
S IX)
40710010
6420
| (MU0
6 44K0
42010
1 S170
S 1280n
7 Ju6t
I 90
LOb i
44620010
S WO
LRTIRVID]
S R3O0
J (NS0
6 7090x 10
2 X890 |
1 4340
T 0090
4 T00 0
Jnln
S i
LIRERIS]
T winh
GO OV D
REL IR IRLN TR
URETRA NN
K KROH)
§ 00N 10
K 680
OO0
RN INTH
UNESE
2 undh)
2 H060N 1)
TAhin b
S D
S AXAON 0
S 006K
LOOSO G
LR U TSI
g HUtN D
14700
7080
VIS0
LRI
S ORI L)
[ BRI ]

BCBRYAT

X IROO -

| 4870410
| A0y 1)
I 71260010
] URKOL 10
VA TN 0
VA4
VROOON O
LAORON O

5

TYRNN O ?

2717000
1 410010
OS50 O
X 66Uy [0
NI ENTY)
3 7X90 10
IRARINIT
294870010
RTINS
1 2940010
L9700 10
AL RISTSIT
2 ARKON ()

e e o e e e e e - —

B 1 270x 10

VOSTHON TN
SO0 |0
12RO 10
RERTNIT]
WOy |0
A0SO 0
PO
IERINNT]]
[IERINI{]
1SS0\ 10
YO0
OO
NS
1 KO0
[RRIINI]
NEERINTY
[ERR RIS}
Vundia i
VOOTON T
NEULISTS ]
bax ()

-

P L P I

st 7on 0

Y TRON O

48810010

Sl lingo?
P XU O
AILONITRE

1 SO0

BCUSSAT

2 AHNNLO
1 28901
2 ootk 10
1 XO0Ox 10
1 45908 10
4 7010
1 6220010

DRS00

1 ROUOa 10
FARIONTO
Jooionto
2 ROMNTO
NURYIITSES)
1 73006 10
URISOY D
21720010
1 ROOON T
RO1J0410
6670810
V200t
220Ul
1 X706 10
]

h

O 308 10

a
.
<

I 827w 10
VSTIRONTD
1SS0
2 408N TO
175804 1)
Lan o
o210
[EERUIIN N
OO

POYOON O -
6 ROOON ) ©
TRTUNTO Y

St -

VOO0 -

Luniinlo

IR RRTT I LI

oo
1 O6hSON 0
LSOOV T
1 J0dn 1o

S 70010

Y 9016 -

2 AKKIN D
2 a0nDx 1O
207810

6 A9 -

1 XS 1O

PRIt 2

L RKROON T

BCELG

1 OO0K)
1 (XNN)
1 OO0
1 OO0
1 OO0
1 ONKK)
1 (KNN)
| (KHX)
LS TY)
1 060
] ((NN)
| OO0
1 OO0
1 NN
1 OO0
INEETS
| 0NN
IRLETT
LT
1 0000
IKLETH
1 O0KX)
IREVTY
1 OO0
] OOKN)
] (KKX)
1 (0KX)
1 O0NX)
] O0KX)
| (OKX)
IRELET
] O0KN)
]| (HKX)
| OO0
] (KKX)
] O0KX)
| (KK
| OOKK)
1 O
| KK
] (KKX)
] (KK
] (EXN)
1 O0KN)
1 (0KK)
}OOKN)
| (RHX)
| ORKN)
] (KK
| (OUOKN)
| (XK
| (0K

perdl

4 20700108
420760108
40760108
4 70008
342070100
42070 10°
4 2076n 108
40700108
46700108
G400t
420760100
4267 10"
426700108
4 2070t
420700108
426700101
420700 100
42070 10"
4207100
G4 20708
420700
4207 08
A4 07 0°
RRTEGISTN
420700100
42070108
42000100
330700100
420700 0"
Q6070108
420700100
40760010
426700 10"
4070t
42670100
S0 100
42070 10"
42070010
4 ,‘1)’”\\“)"
426700 10"
407010
4 3!\7(\\“!1"
420760000°
KISV
4 70n 0"
J4 2670008
420700 10"
4207 10"
42076000
G4 20T 0"
426700 10°
426700
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Appendix B: BRAGFLO Relarence Tables

Tuble B-2 1992 BRAGFLO Computed Variable Values for INITIAL_SALADO_DRZ (Concluded)

Run

53
54
55
56
57
SR
WY
OL)
61
62
[$X]
64
68
{13}
67
6y
(]
0

1.8900x10) 2
1.4500x10 2
2.0030x 10 7
1 1650x10°2
4.5630x10 3
RIT10x10 Y
251005102
826005103
738404103
1.2250x10°2
41000510
3.7390x 10
74700510}
1500108
R1910x10°}
1076010 °
1.5190x 10 2
1 4RU0K 10}

1.0000x 10
1.O000x 10
1.O000x 10
1OO00K 10

OO
LOOO0x 10

LXK 10
10000x 10
FOOOOx 10

1000010

1.0000¢10
1.O0O0x 10
1.0000x 10

1O 1O

1.O000x 10

1O 1O

1000010

L OOOON T

17
17
17
17
17
17
17
17
17
17
1?
17
17
1?7
17
17
17
17

7.0621x10 Y
77681810 Y
5.554dx10 ¢
9.7206x10 "
2.5229x10 ¥
1.3097x 10 ®
4.370mx10 Y
1.3825x 10 ¥
1.5495x10 %
9 2408x 10!
TRO4SY 08
J0RISxI0 ¥
1.5314x10°F
3265810 8
139440 10 ¥
1.0855x10°F
74039x 10 Y
TI83x10 *

BCEXP BCBRSAT DBCGSSAT

6.7410
47200510
6.5030x10 !
4 K480
9.2110
6.4060x 10!
8.95K0)
98620
R.O490x 107!
2.8630x 10!
17540
2 4950
2541010
69150510 !
5 S8Y0
4.5200)
43270
627705107

2847010 !
1.6590x 10!
3.2450x 10!
9.2770x10°2
S1160x10 Y
3.4R80x 10!
R.S120x10°
7.0380x10°2
2.7910x10 !
3.5990x 10 !
2.0010x10°!
29120x10°2
2.6410x10 !
1.2380x 10!
5.6350x102
30240x 10!
3.7150x10°!
1.0130x 10!

1.8060x10
2.7290x 10
3.0330x10
§.2210x10-
2777 10
3.2980x 10
31270510
R 1940x 10
1.3890x 10
25120510
2.8360x 10
R 7020x 10
35100510
Y6306
2.5370x 10
2.9970x 10
4.8390x 10
1.1920x 10

BCELG

1.0000
1.0
1O
1.0
1.0000
10000
10000
1.0000
1. OO0
1.0000
1.0
1.0000
10000
10000
1.0000
1. (KKK
1.0
1.OO0O0)

HC[’;I

4.2670x 108
426760x105
4.26760x 105
4.2676x105
4.2070x 105
4.2676x105
4.26760x 105
4.2676x10°
4.2676x10°
4.2676x108
426705105
4.2676x10°
4.26760x 105
4.2676x 105
4.2676x108
426761103
4.2676x105
4.2076x10°
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Appendix B: BRAGFLO Reference Tables

Tuble B-2 1992 BRAGFLO Ranks of Computed Variable Values for INITIAL._SALADO_DRZ

Run

] 68. 1. 3 69 16. 4], l. 1.
2 24 1. 47. 21. 26, 23 1. 1
K 69. 1. 2 M, 33 I8 1. 1.
4 18. I 53, 52, 3l M. 1. 1.
5 54. 1. 17. 15, 3s. 26. 1. 1.
6 42 1. 29, 56. 59. 9. 1. 1.
7 63. l. 8. 37. 7. 29, l. 1
8 9. l. 62. 57, 68, 5. 1. 1
9 66. l. S. 16. 60, 33. 1. 1.
10 4. I 7. 3. 14, 61 1. 1.
It 7. 1. 64. 2. 48. 36. | ]
12 35 l. 36. 61. 25, 51. l. 1.
13 47. 1. 24, 41, 64, 52. I, 1.
14 52. 1. 19. 8. 2. Al I. 1.
15 1. 1. 70. I8. 41, 68. I 1
16 19. 1. 52. 24, 67. 9. I 1.
17 60. 1. (AR 55 20. 67. 1. |,
18 20. 1. 51 2R, 52, 2. l. l.
19 21 I S0. 40 21. 30. 1, 1.
20 48. I 23 a3, 23, §7. l. 1.
21 59. 1. 12. 2. 4. 40, l. 1.
2 64. 1. 7 3% 39, 4 I l.
23 70. l. | 60). 42. 8 l. l.
24 44. l. 27 17. 11 47 1. l.
25 61 l. 10 43 54 I8 l. |
26 51 l. 20 53, 44 12 l. l.
27 5 1 66 64. 38 14 l. 1.
28 8. l. 63 61 61. 27 l. |
29 40, l. 3l 29 SK. 61 1. 1.
30 1. l. 40 1 3 28 1. ]
31 49. I 22 10 37 43 1. 1
12 58, I 16 66. 55. 66 1. 1.
33 23 l. 48 23 19. 60 1. !
34 32. l. 39 6S. 45, 64 l. ]
35 6. l. 65 14. 51, 24 l. 1.
36 65 l. 6 6. 65. 65 I }
37 16 l. 55 59. 40 6 l. l.
IR 4. 1. 67 44. 32 70 l. l.
19 6. l. 35 S 29, 7 l. |.
40 58. 1. 13 3 43, 20 l. 1.
41 50. l. 21 27 24, 19 l. l.
42 56 1. 15 25 70. 59 l. |
43 17 1. 54 48, 69, 22 l. l.
44 12 l. 59 12. 46. B | 1
45 33 l. 38 9 28. 17 1. l.
46 67. l. 4 19. 12. 42 1. ).
47 22. ! 49 46. 56. 46 l. I
48 57. l. 14 62. 8 37 l. |
49 3 ). 68 13 9. 13 l. |
50 41. 1. A0 . 34, a5 1. 1.
51 217. 1. 44 26. 5. 3 l. l.
52 15. 1. 56 45 27. 69 l. I
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for INITIAL_SALADO_DRZ (Concluded)

Run

No. Porosity  Permeability — Compressibility — BCEXP BCBRSAT BCGSSAT BCELG BCPCT
53 46. | 5. 58. 50). 32. | 1.
54 43 | 28 20 30. 48. | I.
55 53. | 18. 32, 57. 54, | 1.
56 38. ! 33, 51, 17. 10. 1 I
57 14. i 57. 68. . 49, | l.
58 30, 1 41, 31 62. 58. | 1.
59 62 1 9. 67. 15. 55. | [.
60 29, 1. 42. 70. 13 15. | 1.
61 25. 1. 46. 36. 49, 25. | l.
62 39, | 32. 7. 63. 44, | l.
63 13. ! 58 47 36. 50). I 1.
64 1. | 60. 42. 6. 16. I 1.
65 26, | 45. 4. 47. 62 ! .
66 10 | 6! 35. 22. 56. | l.
67 28, I 43, 54, 10. 45. | .
68 37 | 24. 50. 53. 53. 1 1.
69 45. I 26. 49, 66. l. | 1.
70 2. ! 69. 30, 18. 21 i 1.

B-66



Appendix B: BRAGFLO Retference Tables

Table B-2 1992 BRAGFL.O Computed Variable Values for LOWER_SHAFT

Run

No, Porosity Permeability Compressibility BCEXP BCBRSAT BCGSSAT BCFLG  BCPCT

| 2.4490x10°2  1.0000x10°15  4.4974x10°Y 7.0000x 100 2.0000x10°T 0.0000 1.0000  8.6734x 107
2 11240 10°2 10000 10°'S  1.0094x 108 7.0000x 1070 2.0000x 10T 0.0000 10000 B.6734x104
3 51030102 1.0000x10'5  2.0283x10Y 7.0000x 107 2.0000x10°T 0.0000 1.0000  8.6734x10¢
4 1.6070x10°2 LO000101S  6.9848x10°9 7.0000x 10 2.0000x10°1 0.0000 L.OOO0  8.6734x104
S 4,3250x10°2  L.O000x 10715 2.4381x10°Y 7.0000x10°1 2.0000x10°T  0.0000 1000 8.6734x10*
6 5.8630x10°7  1.0O00Ux10°1S 1.7330x10°9 7.0000x10°T 2.0000x10-" 0.0000 LOOOO  8.6734x104
7 6.6520x10°2  1.0000x10-15  1.4978x10°Y 7.0000x 10 2.0000x10°1 0.0000 10000  R.6734x104
8 3.6140x10°°  LOOOOx101S  2.9670x107Y 7.0000x10°0 2.0000x10-1 0.0000 10000 8.6734x10¢

2.0000x10°T 0.0000 LOODO  8.6734x104
2.0000x10°1 0.0000 1.0000  8.6734x104
2.0000x10°1 0.0000 10000 B.6734x104
2.0000x10°7 0.0000 10000 B.6734x104
2.0000x10-1 0.0000 LOOOO  8.6734x104
2.0000x10°1 0.0000 10000 8.6734x104
2.0000x10°T 0.0000 10000 8.6734x104
2.0000x 1077 0.0000 1.0000  8.6734x104
2.0000x10°T 0.0000 1.OOOO  8.6734x104
2.0000x10°F 0.0000 10000 8.6734x104
2.0000x10°7 0.0000 1L.OOGO  8.6734x104
2.0000x 10 0.0000 10000 8.6734x10¢
2.0000x10°7 0.0000 1.0000  8.6734x104
2.0000x10°0 0.0000 10000 8.6734x104
2.0000x10°T0.0000 1LOO00  8.6734x104
2.0000x10°1 0.0000 10000 8.6734x104
2.0000%10°0 0.0000 1LOOOO  8.6734x104
2.0000x10°T 0.0000 1.OO00  8.6734x10¢
2.0000x 1071 0.0000 10000 8.6734x104
2.0000x10°7  0.0000 10000  8.6734x104
2.0000x 10 0.0000 10000 8.6734x10%
2.0000x10°T 0.0000 10000 8.6734x 104
2.0000x10°T 0.0000 1LOOOO  8.6734x104
2.0000x10°7 0.0000 1LOOO0  8.6734x104
2.0000x10°T 0.0000 LOO0O  8.6734x104
20000x10°T 0.0000 10000 8.6734x104
2.0000x 107 0.0000 10000 8.6734x104
2.0000x10°1 00000 1LOOO0  8.6734x104
2.0000x10°T0.0000 1O 8.6734x10%
2.0000x 1077 0.0000 10000 8.6734x10%
2.0000x10°T0.0000 1.0000  8.6734x104
2.0000x10°7  0.0000 10000 R.6734x104
2.0000x10°F0.0000 LOOOOD  8.6734x104
2.0000x10°0 0.0000 1LOOOO  8.6734x10°
2.0000x10°" 0.0000 10000 8.6734x104

Y 1.9210x10°7 1.0000x10°15  5.8022x10°9 7.0000x 10-
10 4.7300x10°2  1.0000x10°S  2.2080%10°9 7.0000x10°
L 6.7690x10°2  1.0000x10°1S  1.4676x10¢ 7.0000x 10
12 2.5040x10°2  1.0000x10°'5  4.3931x109 7.0000x 10
13 7.0630x10°2 1.0000x 1015 1.3961x10°Y 7.0000x 10"
14 4.0420x10°2  LOOOOX10°1S  2.6264x10°Y 7.0000x 10"
15 2.01150x10°°  1L.0OOOx10°'S  5.2470x10°9 7.0000x 10
16 7.2500x10°2 1L.OOOOx10° 'S 1.3536x10°Y 7.0000x 10"
17 4.9250x10°2  LOO0Ox10-'S  2.1107x10°9 7.0000% 10
18 1.3450x 1072 LOO0OX10 TS 8.3941x10Y 7.0000x 10
19 7.4520x10°2 1.0000x10°1S  1.3101x 109 7.0000x 10
200 37170x10°2 Lo000x10-15 2.8779x10°Y 7.0000x 10°
21 55630x10°2 1LOOOOX 1O 'S 1.8399x10°Y 7.0000x 10"
22 4.4090x10°2 1.0000x 1015 2.3869x 1077 7.0000x 10"
23 6.0100x10°2  LOOOOXIO 1S 1.6845x10Y 7.0000x 10
24 6.9800x10°° LOO00X 1015 1.4157x10 Y 7.0000x 10
25 6.1100x10°2 100001015 1.6528x10Y 7.0000x 1)
260 5.6930x10°2 1LOO0OXTOYS 17922109 7.0000x 1)
27 0 28620x10°2 L0000k 10-TS 3.8123%10°Y 70000x 10
28 4.1490x10°° 1000010 15 2.5522x10°Y 7.0000x 1)
29 1.4260x10°2 1000051015 7.9031%10-9 7.0000x 1
300 3201405102 1.0000x 1015 3.3674x10°Y 7.0000x10
31 2.6760x10°2 1000010 4.0946x10°9 7.0000x 10
32 39190x10°2 1LOOO0X 1015 2. 7166x10°Y 7.0000x 10"
33 4.5660x10°7 1.OOOOX10-1S  2.2963x10°9 7.0000x10
34 34580x10°77 LOO0OX10YS 3121109 7.0000% 10"
35 38780x10°2  1.0000x10°15  2.7480x10°Y 7.0000x 10
36 4.6630x10°2 100001015 2.2433x10°9 7.0000x 10°
37 1.6500x10-2 LOOGOOXTO1S  6.7962x 1079 7.0000x 10"
I8 6.7530x10°2  L.0000x10°YS  (.4716x10°Y 7.0000x 10
39 6.2320x10°7 1.000OX10°15  1.6156x10°Y 7.0000x 10
40 54740x10°2 1L.o000x1015 1.8739x10°¢ 7.0000x 10-
41 6.3580x10°°  L.OO00X101S  1.5786x10°Y 7.0000x 10
42 7.1460x10°2 1L.O000x1015  1.3770x10°Y 7.0000x 10"
43 4.4580x10°2  1.0000x1015  2.3580x 109 7.0000x 10~

44 73870x10°27 100001015 1.3239x10°9 7.0000x 10T 2.0000x10°1 0.0000 10000 8.6734x104
45 2.9730x10°2 1.0000x10°15  3.6606x107Y 7.0000x 101 2.0000x 1077 0.0000 L0000 R.6734x10%
46 1.2610x10°2 LOOOOX10'S  8.9699x10°Y 7.0000x 101 2.0000x 101 0.0000 10000 8.6734x104
47 6.0510x10°2 LOOVOX10YS  1.6714x10°Y 7.0000x10°1  2.0000x10°1 0.0000 1000 8.6734x104
4% 3.3090x102  1.Oo00Ox101S  3.2635x10°Y 700005101 2.0000x10°0 0.0000 10000 8.6734x104

0.0000 10000 8.6734x104
0.0000 LOODO  8.6734x104
0.0000 10000  8.6734x104
0.0000 1.OO00  B.6734x104

2.0000x 10
2.0000x 10°
2.0000x 10
2.0000x 10

49 4.1760x10°2 L.OO00X101S 2.5341x10Y 7.0000x 10
50 3.0510x10°2 100001015 3.5606x10°Y 7.0000x 10
51 1.8180x10°2 1.0000x10°15  6.1451x10°Y 7.0000x10
52 6.5110x10 2 100001015 1.5356x10°9 7.0000x 10
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Table B-2 1992 BRAGFLO Computed Variable Values for LOWER_SHAFT (Concluded)

Run

No.  Porosiy  Permeability Compressibility

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

2.0520x10-2
6.4400x10-2
2.6330x10°°
3.5470x 102
1.9820x10°2
2.3880x102
5.7990x10-2
6.9150%x10°2
1.5400x10-2
2.7890x10°2
5.2340x10°2
5.3500x10°2
1.0820x10-2
5.0410x10°2
3.3230x10°2
2.2660x10°2
4.8950x 102
5.3660x10°2

1.0000x 1015
1.0000x 10-15
i.0000x 10715
1.0000% 10715
1.0000x 10°15
1.0000x 1015
1.0000x10°15
1.0000x 10715
1.0000x 10-15
1.0000x10-13
1.0000x 1015
1.0000x 10°15
1.0000x 1015
1.0000x 1015
1.0000x 1015
1.0000x 1015
1.0000x 10°15
1.0000x 10-15

5.4158x10Y
1.5553%10Y
4.1656x10Y
3.0278x10Y
5.6159x10°Y
4.6186x10Y
1.7549x 109
[.4313x10°Y
7.2995x10°9
3.9186x10Y
1.9713x10Y
1.9231x10Y
1.0495x10-8
2.0563x10°Y
3.2487x10Y
4.8807x 109
2.1251x10°Y
1.9166x10°9

BCEXP

7.0000x 10!
7.0000x 10!
7.0000x10°)
7.0000x 10!
7.0000x 10!
7.0000x 10!
7.0000x 1 5!
7.0000x 101
7.0000x 10!
7.0000x10°!
7.0000x 10!
7.0000x 10!
7.0000x 10!
7.0000x 10!
7.0000x 10!
7.0000x10°!
7.0000x 10!
7.0000x 10!

2.0000x 10!
2.0000x10-!
2.0000x 10!
2.0000x 107!
2.0000x 10!
2.0000x 10!
2.0000x 10!
2.0000x 10!
2.0000x 10!
2.0000x 10!
2.0000x 107!
2.0000x 10!
2.0000x 10!
2.0000x 10!
2.0000x 10!
2.0000x 10!
2.0000x 10!
2.0000x 10!

0.0000
0.0000
0.0000
0.0000
0.0(K)
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000
1.0
10000
10000
1LOKKK)
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0300

8.6734x104
8.6734x 10"
8.6734x104
8.6734x104
8.6734x104
8.6734x104
8.6734x104
8.6734x104
8.6734x104
8.6734x104
8.6734x104
8.6734x104
8.6734x104
8.6734x104
8.6734x 104
8.6734x 104
8.6734x10%
8.6734x104
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Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for LOWER_SHAFT
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Appendix B: BRAGFLO Relerence Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for LOWER_SHAFT (Concluded)

Run

53 12. 1 59. l. l. I, l. |
54 59. 1 12. 1. 1. 1. l. 1
55 18. ! 53 l. 1 1. l. |
56 28. 1 43, l. l. 1. 1. |
57 il 1 60). l. 1. {. l. |
S8 15. | 56. l. 1. 1. l. 1
59 52 | 19. l. 1. 1. l. |
60 64. | 7. I. l. l. l. |
61 6. l. 65. l. l. I, 1. l.
62 20 l. S1. l. 1. [ 1. l.
63 46. | 25. I, ). l. 1. |
64 47. 1 24 l. 1. l. 1. |
65 I | 70 l. l. l. 1. |
66 44. | 27. I 1. I 1. |
67 26. | 45. 1. 1. 1. 1. 1
68 14. 1 57. l. l. I. l. 1
69 42 | 29. l. N I 1. 1
70 48, | 23 l. 1. l. {. ]
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Appendix B. BRAGFLO Reference Tables

Table B 2 1992 BRAGEFLO Computed Variable Values for PANEL_SEAL

Run

No, Porosity Penneability  Compressibility BCEXP BCBRSAT BCGSSAT  BCILG BCPCT

| 6.4540% 107 1.2330x10°20 PSS12x10°Y 700006100 20000x10 0 0.0000 10O 43323 10"
2 6.9050x 10 2 2.6840x10 20 L4337x107  7.0000x 100 200006107 0.0000 1LOOOO  3.3100x 100
3 6.4267x10 2 1.1750x10-20 15591109 7.0000610 1 200001070 00000 10000 44051x10°
4 74080810 2 6.3970x10 20 1.3194x 107 7.0000x10 1 20000610 1 Q.0000 LOOOO  2.4509x 10
5 7042310 2 34020x10 20 L4009 10 70000100 20000510 1 0.0000 LOOOD 304948100
O 6.7501x10°2  2.0540x 1020 14724%10Y  7.0000x 101 200006100 00000 10000 3.6310x10°
7 67660x10 5 2.1110x10°20 14683x10Y  7.0000x10°0  220000x10°1  0.0000  1L.00DO 35968« 100
R 74185102 6.5140x10 20 1372109 7.0000x 1070 2.0000x10° 1 0.0000 1LOOOO  2.4356x10°0
Y 6. 7849x 104 2.1810x10 20 1.4636x10°7  7.0000x10°T 2.0000610°1  0.0000 10000 3.5560:4x 100
10 6.5015¢10 2 1.3370x 100 15382x10°9  7.0000x 101 2.0000x10°0 0.0000 10000 421265100
1 B 54x10°2  30660x10 19 L1482x 109 7.0000x 107 20000510 1 00000 1.0000 1.4251x 100
12 60920x10 7 6.5920x10 2 FOSRAXI0NY  7.0000x 100 20000100 0.0000 10000 53803x100
13 6.2562%10 2 R.7530x10°7! LOORAXTO Y 70000x10 0 220000x10°0 00000 1000 4R776x100
14 7.7689x 10 2 1. 1930x10 M 1.2465x10Y 70000107 200005101 00000 1.0000 1.9755x% 100
IS 747895102 7.2300x10 20 F3046x10Y  7.0000x10 Y 20000100 00000 1000 2.3492x 100
16 R.6557x10°2  S5180x10 1Y 10932x10Y  70000x10 1 200005101 0.0000 10000 1.1629x 100
17 6.0226x10 2 SR470x 10! FOR0SX10Y 700005 10°0 20000100 00000 10000 5.6083x100
18 72424%10 2 4.8060x10 20 135S3%10°Y  7.0000x10°0 2000010 1 00000 100D 27058k 100
19 7.8300x10 ° 1.3260x10 VY 12348x 10 70000107 2.0000x10 1 0.0000 10000 1.9045x 100
20 6.2783x10 2 9.0040% 10 2! LOOIRXI0 Y 7.0000x 10T 200005101 0.0000 LOO0O 4 8135x 100
21 59353102 S.0290x10 2! PI0RRX10 % 7.0000x10 0 20000100 00000 1K SYORSx 00
22 7734910 2 1 125010 M 12530109 700005107 20000101 00000 LOOK0  2.0160x100
n 637905102 1 OR20x10 2 1.S720x 10 7.0000x 10 1 200005100 (0.0000 1LOOO0  4.5320x10°
24 7.6220x10 7 9.2570x 100 127545109 70000 10°T 2.0000x10 1 00000 10000 2.1567x 100
25 S7045x10 2 3.3760x 1074 PIRRIXIOY 70000100 20000107 00000 1000 6.7820x100
20 7.1304x10 ¢ 3.9610x10 20 PAIROSX IO 7.0000x 10T 2.0000x10°0 0.0000 100D 289305100
27 66134x10 2 1.6220x10 20 LSOROXTO Y 700005100 20000108 0.0000 LOODO 39401100
RH K.3995x 10 7 3.5450x10 1Y LI32x10Y 7000010 1 2000010 1 0.0000 1.0000 1.3583x [0
29 TORIIxI0 2 3eddoxin 20 FA916%109 700005107 20000101 00000 L0000 29777k 100
0 B.O0747x10 2 2.0230x10 W PIRYEX10Y  70000x10 1 2.0000x10 1 0.0000 1.(XKK) 1.64560x 100
3 6.6460x10 2 1.7160x10 20 F4994x10Y 7000010 0 20000510 1 0.0000 1.0000 3R641x 100
32 79457x10 2 1.6190x10 1Y 121325109 700005107 20000510 1 0.0000 1.0000 1.7774x 100
13 6 1584%10 2 7.3930x10 2 163795109 70000101 2.0000x10 1 0.0000 1LOO00 517105100
KB 6.8752x10 2 2 8490x 10 20 44105107 70000510 1 200005100 00000 LOOO 33696 100
15 S7582x10 ° 37040x 102 17691510 700005100 2000061070 00000 1O 6.5679x 100
16 6 6807x10 7 1 R220x 10 20 149034 10Y  70000x10° T 20000x10 T 0UXKK) OO 37848100
17 6.3385x10 2 1 0090x 10 20 1S8A2x10°7  7.0000x10 1 20000101 000 LOOD0  4.0435x10°
xR 60375510 ° 6.0000x 10 2! LO7STxI0Y  7.0000x10 7 20000510 T 0.0000 1.0000 5 55RAx 100
R0 6u617x10 1 2960010 ¢ FA42005107  7.0000 100 200005100 0.0000 OO 31998k (00
40 7.1929x10 4.4120x10 20 F3064510°Y  7.0000x10 7 200005107 0.0000 10000 278705100
41 ®S712x10°°  4.7690x10 1Y P1O6dX10 Y 700005101 2.0000510 7 0.0000 1.0000 1.2231x100
42 6 1966x10 ° 7.8970x10 2! 16262x10°Y 70000107 20000k 107 0.0000 1LOODO  S.0S4dx 100
43 8.0322x10 2 1.8800x 10 19 11975x 107 7.00006 107 200005107 0.0000 1.O000 1LOKRTRx 100
44 6.8201x10 7 23180510 20 14547510 7.0000x 107 2000010 T 0.0000 OO 3.4822x 100
45 6.9955x10°2 IR0k 20 141206109 70000101 200005107 0.0000 LOOO 3 135Rx 100
40 7.6523x10 2 9.7550x 10 20 12693 10°Y  7.0000x10 1 2000051071 0.0000 1.0000 2.1180x 100
47 0.7080x10 2 1.9100x10 20 PARI2X10Y  7.0000x 100 20000k 10T 00000 1L.OOOO  3.7235x100
48 7.5590x10 2 % 3030x10 20 P28KIx 1079 70000510 1 20000101 0.0000 1LOO00  2.239d4x 100
49 5.5150x10 ° 2 4360510 2 LRSTOX10°Y 700005100 20000101 0.0000 FO000  7.5927x 100
50 7.3170x10 2 5.4730x10 20 LA3RKXT0 Y 7.0000510 0 20000101 00000 10000 2 5868 100
51 7.0199x10 2 3.2730x10 20 14062x10°Y  7.0000x 10 1 20000610 1 (L0000 LOOO  3.0004x 100
52 AMIRNE 3 8980x 1020 LAR26x10°Y  7.00008 1070 2.0000x 101 00000 10000 2.9091x 100
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for PANEL_SEAL (Concluded)

Run

53
54
55
56
57
58
59
6()
61
62

63

8.1495x 104
7.8822x 102
R.2516x102
6.5560x10°2
7.4885%10?
5.1492x10°2
9.0000x 102
5.5835x 102
7.6860x 102
7.1746x1()2
7.3762x 102
7.5663x10°2
7.3045x 102
5.1070% 102
7.2562x10°2
6.9149x10°2
5.8844x10°2
6.5148x10°2

2.3020x10°19
1.4510x10°19
2.7460x10-19
1.4690x 1020
7.3510x10-20
1.2940x10-2!
1.0000x10-18
2.7390x 1024
1.0340x10-19
4.2750x 1020
6.0550x10-20
8.4080x10-20
5.3500x10°20
1.2030x10°2!
4.9220x10-20
2.7300x10-20
4.6060x10-2!
1.3680x10-20

1.1766x10Y
1.2250x10Y
1.1590% 109
1.5234x10Y
1.3026x 109
2.0079%10°9
1.0418x109
1.8323x 109
1.2626x 109
1.3705% 109
1.3262x 109
1.2866x10
1.3417x10°9
2.0265x10Y
1.3523x 109
1.4313x10-Y
1.7258x10Y
1.5346x10°Y

7.0000x 10!
7.0000x 10!
7.0000x10-!
7.0000x10°!
7.0000x 107!
7.0000x10°!
7.0000x10-!
T.0000x 104
7.0000x10-!
7.0000x 10!
7.0000x10-!
7.0000x 10!
7.0000x 10!
7.0000x10°!
7.0000x10°!
7.0000x 10!
7.0000x10°
7.0000x10°!

2.0000x10!
2.0000x 10!
2.0000x 10!
2.0000x10!
2.0000x 10!
2.0000x 10!
2.0000x10"!
2.0000x 101
2.0000x 10!
2.0000x 10!
2.0000x10°!
2.0000x10°!
2.0000x10-!
2.0000x 10!
2.0000x10°!
2.0000x 10!
2.0000x 10!
2.0000x 10!

0.0000
0.0000
0.0000
0.0000
0.0000
0.0CKK0
0.0000
0.0CKK0
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.00K0
0.0000
0.0000

1.0000
10000
1.0000
1.0000
1.0000
10000
10000
1.0
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

1.5736x 100
1.8461x106
1.4805x 106
4.0775x100
2.3358x 100
9.4506x 100
9.4665x 103
7.2909x 100
2.0757x 1006
2.8176x100
2.4979x 106
2.2297x 108
2.6072x% 1006
9.6921x100
2.6835x106
3.2906x 100
6.0909x 100
4.1793x 106
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Appendix B: BRAGFLO Relerence Tables

i
c
=

C XA DB NN — E

52.
39,
53
PAR
3.
44,
43,
22,

19.

19.
32
18.
48.
.

s2.
39.
53
23
M,
44
43
22,
42,
51

5
61).
57.
13,
21
2.
62.
28,
12.
56.

63

14.
54.




Appendix B- BRAGFLO Reference Tables

Tuble B-2 1992 BRAGFLO Ranks of - omputed Variable Values for PANEL _SEAL (Concluded)

Run
No, Porosity  Permeability  Compressibility  BCEXP BCBRSAT BCGSSAT  BCILG paect
53 6 64 7. | ] | | 7
54 o0 6() I | ] | | I
bR 68, 05. 6. l. ) ] | 8
56 22 22 49 | | [ | 49
§7 51, 81 20 | 1 | | 20
58 2 2 HY l. l. | I ({0
§9 70 70. l. | 1 | 1. |
60 4. 4 67, | | 1. } 67
6l 56 56. 15. ) ). | | 1S
02 41. 41. 0. 1. ! | | 0.
63 47. 47 24 | | | ] 4.
64 53 53, I8 | | | | IR
65 45, 45 kI | | | | 6
66 I 1. T0. I 1 1. } 0.
67 44, 44, 27. I I | | 27
68 KRS KR} IR | l. | | iR
(] 7. 7. 64 | l. | ] (%)
70 21 2. S0 | | | | 50
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Appendix B: BRAGFLO Relerence Tables

Table B-2 1992 BRAGET.O Computed Varable Values for SALADO

Run

No.  Porosily Permeability  Compressibiiy  BCEXP BCBRSAT BCUSSAT  BCILO  BOCPCT

| JRO6ONT0 T A 6l08 10 ] I ROBOMI0 Y 9 6790 RI800x10 7 2.3300x10 0 00000 661354100
D 6990010 Y U 772410 M I 6IRIIOR 49660810 ! 1.4570x10 ! 12500100 10000 46051100
A JROI0x10°2 1 VKAxI0 2 17632800 ¢ 6 7900x 10 ! 1 R490x 10 ! 21660x10 T 10000 9.3900x 10"
4 S56130x10 1 1 Stexto 2040310 R S I820 1.7260x10 ! PROUOKTIO L L0000 BUSIT0n
5 20860x10 2 KRAUWI0 Y S 404810 40710810 1 ORKON 0 ! PASO0x10 T LODO0 1 SRR 07
6 LTS0G0 7 240010 0 R 2085x10 Y 6 1420 1470x10 ) JI90x107 00000 SaKAINI0]
7 2800¢10 7 1 BRII0 2 230 1 (W90 315430410 7 FO220x10 0 00000 2.1849x107
K VIRSOXIO Y 4 ROTIRNO 2 10280k 6 R0 I ROOONI0 ! IREONIOTLOOOD  E A
9 205107 4 7860 M 4013x10Y 4 26010x 10! 34080 1) ! FROVONTO T 1000 6.5601x107
10 96770510 Y YuRIIx10 2! 170410 ¥ 1 5170 7 O000x 10 ¢ IARIONI0 Y T OO0 6 4060x 100
287306100 7 762510 2 4491010 % S 1280810 271706100 ! 20030x10 0 00K S ORS00
13 9R270510 Y 4 1200x10 3 P ISKInIO K 7 4900 141008 10! 2R620x100 LOODO 4 RORIIO0
K 1 6610x10 7 K 70005107 6 7406510 2.2490 3650010 ! 20000100 LOOOD 5332710
14 19600X10 ¢ 70798x10 ) SOoKI8x10Y 10620810 R A660x10 1 17360x10 0 LOMKK 2.5K28¢107
1S 11s00x10 Y 1020 M 1 000610 7 40205100 23 00x00 ! ARISOCIO L 00000 7aviddn’
1o SR700810 Y 1 9usigio 1 9SSHI0® S sy 10! PN 20720510 0 LOOG ¥ 13SexI0"
17 2 WS0x10 2 1 28E 1022 g abddx oY S U190 IR IROGOCIO T 00000 2 0090107
1% 6137010 6 760810 22 1 ROousS 0¥ AT [T A IS T 861206107 00000 1 IgMxI0?
19 62550610 Y 3ORIInI0 7Y PRI K 20050 1 16dOn1n ! LOGTOST0 T OO 3 18200107
200 17070010 C T RIOIN0 W 6 Sebuxio Y 6 090x 10 ! 1 2940810 120005100 L0000 3 T7RGOb
21 2350000 T 2RRAONID T g audxl0 Y 22800010 TY770510 5 22330510 1 00000 3 22K 00
2 200107 S A9S 0! 4.2168x 10" 14340 RETR ISR FRTIOI0 2 L0 § 729910
200 20000 S HUSAI0 A0SR0 7 OMY0 2 ARON0 LS00 10000 12710007
24 4710610 4 12023102 7 683710 4700000 612700008 264300100 10000 96048100
28 247200100 70795000 4453210 27610 YOSTONIO Y 90u00x 102 10000 S24ulxt00
20 LRR2ONIOY 1 7ARN 0 5927601009 5 2000 200m00 ! 6 806002 L0 B Sy |ab
270 2274060 Y S 286610 27 SORTTRI0 K K 130 JIRONI0 Y 7STIONIO Y 10000 1 30180
2K 2RO Y 4STOuN 10 T 4007 u K 7 9400 REVATHNTIN FS270x100 00000 1ASE 107
20 L 26R0N10 T 2 3dd 0 R OL9ON 10 6 OO0 ! Vgt VSTRONI0 T OO0 760400
RIS T T IS T IO KRR TS [T 12075410 K 20040010 ! 1 0S5O0 7 1 SSIONI0 T 00 L Rexo!
il 176050010 2 3 ARRA10 97 03371810 AR R T RISV 24050x 100 LOOKG 15025107
32 200100 6 1660x]0 S KN I0 Y B RROO 43010 ! 125505 1070 OO S.S061v 10"
1 aendn0 L0000 ! (AR LRI TR 1 0830x 10! TAI00010T L0000 Lo 0!
A 9100 Y 20K 10 128o0008 8.6520) 251500001 TO2R0x10F 00000 1 o932x107
IS 2423000 Y 3 0w0dx 0 Y 4 770K 30470000} 29070510 ! P330x10 Y L0000 6992810
A6 27120x10 7 1 SR4OxI0 Y 30310 Y 275006100 3 2080x 10! LOO6OCTO b T OO0 E9Sad 0!
37 S0uetnIo b RS0 22 228040008 6 97RO 22080x10 T0790x 10 C L0011 028x107
AR ROIONID Y S 1280k 10! 61138108 2 96.40 1 7Rioain ! 19620101 10000 S KORSY O
M L YOXI0 T 7 SRSRe 0 3! INRATSIR 26000010 1 6330x10 ) F7240x 102 10000 Lo 0?
400 227600107 287046010 T A RSN 10 Y 241605100 2430810 ! FHIOONTO D L0000 3oeaixio?
41 TRO0A107 SEREAI0 T e 2019k 10" 57000100 1AMOKI0 b LO6SONTO Y L0 S Sudenof
42 219908100 6.3096x10 2 S.0371s10Y SARIONI0 ! L49640x10 ! A3SO0VI0 T 0000 121107
AV 51700810 Y 24547x10 8 22109010 K 4.0000 39070x 10! 12040100 00000 7.8727% 100
44 39010810 Y 39K Ix10 2O55 [0 R 36050x10 ¢ 2 5980810 ! 573500107 OO0 64060x 100
A4S 9 IRT0N10 Y 2 BRAOx10 7D 1.2138x 10 % 32390410 1 SRION10 ! 4190100 L0000 T 1eluniob
46 2RBOx10 2 L7109 3 RelIxl0Y 46060610 6 S170x10 7 2ARKROCIO T LOOO0 1 1OYYN 0¥
47 6.5700%10 Y 8 7544%10°20 174460108 314700 3 7R0x 10! 260600100 OO0 2 S22 0100
AR 223005107 2 RIBI0 T dud20x10Y 7. 7080 ASS10x107  20750x10 0 00000 72100000
49 LOR20x10Y 1998310 6 BRIAxI0 K RIVARTTNTIN SOLIOV0 T 699005107 KO 1RO46n 107
S50 12R90x10 7 L R62Ix10 2 K. 7090010 Y 35390010 ! FROYOR O PORSOXTO L LOOOO | BRI 107
51 TREOXI0 Y 8 7096x10 2! 14870108 S 600 10 2380x10 ¢ LIRIOXIO S L0000 3 RRSON 00
52 4713100 1 99sax10 Y 2441810 K 3.2370 1.5040x10 VEROUXI0 T 00000 B 13Sen100
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Appendix B: BRAGFLO Referance Tables

Table B-2 1992 BRAGFLO Computed Vuriable Values for SALADO (Concluded)

Run
§3 0 LS900x10°2 467Mx10 T0621x10 Y 6.7410 28470510 1. R060x10 !

54 14500x10°T 371841022 7.76R1x10 Y 47200510 1 L6SYOXI0T 27290x 10!
55 20030x102  1.41285x10 %7 5.8544x10 ¢ 6.5030810°0 32450x10 1 3.0330x10 !

56 11650x10 2 1.6596x107 9729610 4.84K0) 927705107 £.2210x102
57 4.5630x10 Y ARUMx1022 2.8229x 108 9.2110 S160x10Y 2777010
58 RT71EI0x10Y 2.1878x10°2} 1.3097x10°% 6.4060x10° 1 3 4KROx 10! 3.2980x 10!
59 25160x102 14791102 4.3709x10Y 89580 85120100 3.4270% 10!
60 B2600x10% 9 1201x10 1.3828x 10 % 9 8620 7030107 K.1940x10°2
61 7384010 Y 1.0718x10 2 1.5495x 10 * RO400x10°0 2 7910x 101 1.3890x 10
62 1.2250x102  1.2303x1027 9.2408x 10 ¢ 286305100 3.5990x310 0 2.5120x10 !
63 4 1090x10Y 3031072 2 RO4Sx 0¥ 17540 20000107 28360510
64 AT7390x 10 Y 1 0YR2x 1072 3 0R48x 10 ¥ 2 4950 2912051002 K.7020x10°7°
65 74700x10 Y ] S48Rx 102 1.5314x10 8 284105100 26400x100  3AS8100x10!
66 3510x10 Y 4 RUIRXI0IY 32658k 10 ¥ 69180510 1 1230k 10T 316305107
67 K190 Y ) 1dR2x 102! 1.3944x10 8 §.5890 S6380x102  2.5370x10 !
68 LO760x10 7 2271022 1.0555x10) ¥ 4.82U)) 340! 2.9970x 10
69 LS190x10 7 28704x 1027 7.403ux10 Y 4270 A8 100 4 R390x10 1}
70 LIRYOXI0 Y 2.8704x10°4 7 7RYIRID K 62770510 1 1030k 10! 1.1920x 10!

“S ‘ll‘l g i

1O
00000
0.0000
0.0000
1.OMKK)
1.OOO0O
1OON0
.00
(KKK
.00
0.0000
FLAOKK)
1000
0.0000
(.(KKX)
0.((00)
1L.(KKX)
10000

BCPCT

6 0585x 100
1.4584x 107
2037x107
Y.4639x 11y’
1 4324x107
38775107
4.4298x 107
236601107
LO0RKx 107
210107
15511107
LYOR 107
K KRO7x 100
29339107
Y R4Y8x 108
1734 2¢107
1.6532x107
K1 3ddx 107
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Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for SALADO

Appendix B. BRAGFLO Reterence Tables

Run

| (i1,
2 21
3 69
4 ¥
5 84
6 42
7 6}
L 9.
Y 66
10 KE)
1 7
12 R
13 47
14 52
K] l.
16 19
17 60
18 20.
19 21
20 48,
21 59,
22 64
23 70.
24 44
28 6l
26 51
27 5,
28 R
29 40).
30 3
3l 49,
2 58,
kK] 23,
KB} 32
15 6.
36 65,
37 16.
% 4,
19 36.
40) 58,
41 50.
42 56.
43 17.
44 12,
45 n
46 67.
47 22
48 57.
49 3
S0 41.
51 27.
52 15,

Perncubility  Compressivility  BCEXP

hh
67
44
48

6.

6

15.
KR

5.

56
6d
66

20.

65,

k!
47
2
53
17

29

40,

9.
65,

§5,
67,
3s,
13
21
15
54,
59.
IR,

49,
14,

68

30,
44,
56,

59

27.
25

48,

12

.

9

19.
46.
62.
13
.
26.
45

16
26
n
1l

s

59

19

41

R}

1R
LR}
20
4y

29
]

n
0l
in

St
hRJ

1]
08
RV
67

-

30

57

40

4.
K

47

1%
12
14
27

63

1
24

24

24
24
|
|

24

24
24
1

24

24

24
I
24
|
1
24
24
1

24

24
24

24

24
24
1.

24

24
24,
24

24,
24

24

24
24,

BCPCT

16
4

27
20
48
08
56
W
414}
14
7

5

(i8]
SK

67
b

Ly

54
38
60)
3
5

4

1
17
K.
X
24
KE
40
21
1
43
9
3
47.
17.
52
KN
12
RE}
61.
10.
36.
20.
14.
18.
70.
l.
19.
49.
50.
6.
22.




Appendix B: BRAGFLO Relerence Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for SALADO (Concluded)

Run

Nu, Porosity  Permeability  Compressibility  BCEXE BCBRSAT BCUSSAT  BCELG BCpCT
51 46 5K 28 SK 50, n 24 13
b1} 41 29 o 20 30 48 I 42
h ] 53 IR I8 n 87, 54 | bR
56 kL) 2 n 51 17 10. ! 0Oy,
§7 14 0 §7. O ! 44 M 41
hL] 0. Y 41 1 6 K. 24 02
) 62 L] Y 67 15 58 24 R
60 29 14 42 0. R} 15 24 57
6 28 41 46 RS 44 25 2 30
6 K] 6 » 7. 61 44 2 hh]
0} I3 27 SK 47 I 50 | 44
6 . 20 60 42 6. 16. 24 S1
65 3 46 48 4 47 62 24 25
66 10 2 61 KR] 22 SO | 54
07 2% 42 41 54 10 45 | 29
(1] RY) N KB S0 53 53 I 4K
U] 45 25 26 449 06 | 24 40
T0 2 1 (iU} 0 1K 2 24 OX

B-78



Appendix B BRAGFLO Heletence Tables

Table B2 1992 BRAGHT O Computed Variable Values for SHAFT SEAL

Run
No

16
|7
I8
19
0
21
AR}
2
21
s
20
Al v!
2N
20

0

40

40
4R
49
S
|
S2

Porosity

SRR TRTIIN

405

JO0TW0 ]

SRAI N0

LARKU ) -

EESRUINTIN
| K86Sv0
3RO IO Y

K237 10

KOOIV S
6O W0
AL
720000 ¢
6 ORIONT0 -
SOUSKSYI0 ]

180710

[

S 71460107
R 2074007

6 AT2IN0 -

16710 ”
41080000
Jonssvio’
SO97S¢ 10 ¢
LRI
NCIINIR
J103W 0
H17e000 "
VIpan 0l

(U RRINER AT
470
2 299K\ 10 ]

FESRANTIR

)
S 750 -

-

0 605Mm 107

SRSO\ O -

IS0 -

320307

TRI2 0
622100
TLYNTIR
S 861410

N
:
JO770010 7
)
}

RTINS
7 470K 10
68130107
AELUIINTIRE

T OO0 -
90000810 -

7871000
22704010
2RI400I0
4 2N 0

-

ra

)

N

Permeabidity

169010
1 27MN O
S AKAHIN]O
I R0
JHIYIN O
ERERIS LY
I REIEIN ]
1 1320010
LOHRXOVTO
LCRRININTS!
TROSO[)
20750410
JUSONTD
4916000
J20800 10
1 0S30x 10
GRTHNTO
YJYRKON IO
7 146010
4 SO0
1 9190x 0
4 2S00
1 7220010
CENTITS TR
P 1O408 10
FASTOVTO
160
L ORION O
JOOROTD
T Y6EXOVID
190100
S.0000N 0
KOO0 10
7 85340x10)
1420510
20655010
| 46V0N 10
12620 [0
MR BN S ]
R O7(MW O
6 0530x 10
97010810
2195010
1 47X0n 10
27170n 10
20720x10
3OL30x 10
I 6HVON T
2600
JRTIRON(
23210810
I S2HNI0

e

!
i
IX

1%
9
1%
1%

1

K
1%
1%
14
Ix
E
X
IR
=
I
1
16
1

"

1%

1t
ta
1K

In
1
%
1t
1%
(W]
14
17
s
I
1%
e
1%
B
IX
IR

Conpressibility

| X102 10
R R RN
2650
P 7400 L0
2 URUSY 1O
R RRN NI
0012510
LIROWI

INERRN N
REREIINIT
1 67010

[RRITNIE
IRERRIYT
1 O610x 10
24RO

106480

| 7845410
| 1666y 10
| 8740x10
6 OV6T 0

24MN0
O3RN0
RETN SN
UESUINT]
AR Uiy 1O
6324 10
K¥ Iy 10
1050

2901410
QOO
SO0
2400010
GT4K D
O8O0 10
SO0
799710
OI8K O

RN NI
UM 10
SISMNIO
W10
2738010

e 00 e e it e e o 55 B b as Ea mm e PG L P s = P s =t e e PP PO

1 OHIRN IO

12271010
4 R70%, 10
P REIOCTO
24028010

NV

EREINTIN
ROSIHO "

SOV IO
KOSy 10

"

‘

.

4w

Y
[0}
9

0

BCLNP

T OKIN O
TORK O
7O 1O
TOOOONTD
T OO
T OO 1O
T OO0O0ON 10
TOONN IO
7 KN 1O
T O O
700010
T KK 1O
7 KK 1O
7 OO0 1O
TN 1O
T OO0 1O
700N 0
T OO0
TOMNI O
TOMMKN O
700000 10
7 00008 10
T OO0 O
T OO0 L0
7 0000y 10
T OO JO
T KN 1O
TANHHN 1O
T OO
TONHHY O
T 0000 1O
7 OO 1O
700008 10
T OO0 1O
7 0000810
TN L0
T OO O
T O00 10
7 00008 10
T O000x 10
T OO0
T OO00N 1O
T 00010
7 N0
7 O00ON 1O
7 00008 10
TOONON 1O
7 0000y U
7 000 1O
T 00008 1O
7 OON L0
T O000x 1O

BCBRSAT

20000510
2000010
200000 10
20000010
200000 10
2000010
MUCTINT
20000 1)
20000010
20000010
20000010
2000010
2000
20000010
200005 10
20000610
200008 10
20000010
2NN 10
O8O
20000510
2ONKNTD
OO0 1O
NKKON £
(KKNIN T
TSI
(KM L0
(KKK 1O
2000810
RECTRSIN
MCTTHSTE
2O 10
RELETIRT]
200000 10
20000810
200N 10
20000010
20000010
20000810
20000010
20000010
2000010
20000010
2000010
200N 10
2 (XK 1O
20000x 10
200008 10
200K 10
2000 10
2 0000x 10
20008 T

-

rstaratotrr

BCGSSAT

(O TOEH)
OO0
() OOEN)
(HOOHN)
(FOUKK)
OO0
0.0000
OO0
O 0000
O(NHK)
0 (KN}
() OO0
0 (00
(O OHKY
() (KHN)
O (XKK)
(OO0
O (KN
O KK
00000
O (XX
00000
0 (000
O (XHN)
[AT.2.0.0
6 (XKK)
OO0
(L NHK)
O DOEN)
00000
(O (KUY
O OEK)
00000
00000
O(NHK)
0 (K00
(}ONNH)
(00000
() (XHX)
0O OE0H)
(0 (000
0O (XHH)
0 (000
0 (000
(LOOO0
(LONHK)
G 0000
£ (UKD
00000
() (XHK)
() (XKK)
() (KX

BLELG

1 (000
| (OHM)
1 0060
| OO0
| OOEN)
| OOOn)
IRLLLS
1 0000
1 (000
1 000
LR
1O
1 OO00
1 O000
} OO0
10N
1 OO0
1 OO0
1 (XXX}
1 OXKK)
1 (XKD
| OCKK)
1 OOEK}
] (XKK)
| OO0
1 (XK}
1 OO0
1 OO0
1 O
1 OO0
I OEKK)
IRLLES
1 O000
| OO
| OO0
1 OO00
I 0000
] OEKN)
| OO
1 (X600
| (NKX)
1 0000
1 OO0
] OOKX)
1 0000
1 OO0
1 0000
1 ANHH)
) (KK
| 0000
1 0000
1 (000

BCrer

NE RN TN
YO28Tx 108
2AS7RN 108
LA6S0n 108
1 2367 100
4 a83x 108
N RTINSO
Y 06Uy 10
I 336Ky 100
4061848108
S 9pux 108
IRICIESTIN
24530k 108
545620108
57500108
Y 29KKx 10°
1 0779 100
6 4R20x 10"
2101t
5 SKOOL 100
755520108
REVARISIIN
7 K437 10°
| X6 0"
IERUARTEN
1 Rdbn 0"
1 993 100
4 1990x 10°
§ K587 100
2081108
3RO |08
1G24 100
ERSIIA
4 70608 1)
J 07608 10°
6 75254100
17380 108
R 7000100
IR
KLV
| 120000
Y 566 10°
328 108
8 20US\HOE
NI INTON
73873, 1008
2 661K 108
185200100
706K87x 105
296040 10°
2074 108
8 IR0 DS

B



Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for SHAFT_SEAL (Concluded)

Run
No.

53
54
55
56
57
S8
59
60
61
62
63
64
65
66
67
68
69
70

Porosity

SBIRRx 10 °
6.7354x10 2
3.9083x10 7
6.6469x10°°
5.3429x 10 2
5.4958x10 1
5.2762x10°°
2.9620x10°
40430x10 2
441735102
5.9404x10°7
3.2463x10°
7.1865%10 2
4.5003x10 2
31590x10°7°
10000810 2
5.1572x10°2
37917x10°°

Permeability

6.3790x 10)
1.5510x10
3.5290x 10
K. 1660x10
5.3740x10
9.3590x 10
5.7450x10)
3.1910x10
2.8000x10
6.3220x 10
1.2980x 10
5.8550x10
2.4680x10
6.8400x 10
1.1240x10
2.4420x10
1.3260x 10
2 0800x 10

1%
17
I8
18
1K
17
1R
1%
-1K
17
16
18
<17
18
-17
1
17

16

Compressibility  BCEXP BCBRSAT BCGSSAT

1.7480x10°Y
1.4762x10°9
2.7248x10 ¢
1.4991x10Y
1.9260x10 Y
1.8655x10Y
1.9535x10°Y
3.675Ix10°
2.6256x10Y
2.3820x10 Y
1.7071x10°Y
3.3314x 10
1.3678x10-Y
2.3335x10Y
3.4304x10°Y
1.1376x108
2.0044x10°Y
2.8162x10°Y

T.0000x 10
7.0000x 10

T.0K% 1O
7.0000x 10

7.0000x 1O

7.0000x 10

7.0000x 10
7.0000x10 1

700X 10

70000510

7000010

T7.0000x 10

7.0000x 10
7.0000x 10
7.0000x 10
7.0000x 10
7.0000x 10
7.0000x 10

2.0000x 10
2.0000x 10
2.0000x 10

2.0000x10
2.0000x10

2.0000x 10
2.0000x 1)
2.0000x 10
2.0000x 10
2.0000x 10
2.0000x 10
2.0000x 10
2.0000x 10
2.0000x 10
2.0000x 10
2.0000x 10
2.0000x 1O

2.0000x 10

0.0000
0.0000
0.0000
0.0000
0.00K00)
0.0000
0.0000
0.0000
0.0000
0.0060
0.0000
0.0000
0.0000
0.0000
0.00K0)
0.0000
0.0
0.0000

10000
1.0000
1.0000
10000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.OOKK)
1.0000
1.0OO0
1.0000
1.0000
1.0000

BCPCT

4 9859x 103
3.6664x103
6.1193x105
4.5775x 105
5.2906x105
1.9685x 105
5.1698x 105
6.3362x105
6.6294x 103
2.2547x105
1.7579x 105
5.1360x 103
3.1220x105
4.8670x 107
4.0985x 105
1.5418x 100
3.8707x 105
1.4933x 105
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Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for SHAFT_SEAL

Appendix B: BRAGFLO Reference Tables

x
4
k=1

E

2~ DN Bt —

Porosity

46.
25.
20.
49.
15.
33
3
13.
69.
34
51
45.
64.
52.
36
14.
47.
68.
56.
2.
31
30.
37.
61.
39.

Permeability

56.
44.
61.
49.

5.
40.
57.
12,

4.
37.
26.
51.
60.
30.
28,
11.

8.
23,
63.
29.
17.
59.
16.

Compressibility BCEXP BCBRSAT BCGSSAT

25.
46.

e e e e e e e m m e Rt e e e b e e e e e e e e e e e e e e e bee e et e b e hs Mt h e e v v mm ot et et b o

15.
27.
10.
22
66.

50.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for SHAFT_SEAL (Concluded)

Run
No. Porosity  Permeability  Compressibility  BCEXP BCBRSAT BCGSSAT  BCELG BCPCT
53 4%, RES 23, | 1 | 1. 17.
54 60. 47. 11, | | | 1. 24,
55 19. 25, 52. | | | 1. 46.
56 59. 3K, 12. | ] | 1. 33
57 41. 31. 30, | | | i. 40).
58 43, 65. RES } | | | 6.
59 40, 32. 31. | | | 1. 39.
60 9. 24, 62, | | | {. 47.
6! 21 22. 50). |. l. l. 1. 49
62 26. 62, 45. l. l. l. i 9.
63 50). 67. 21, | | 1 1 4.
64 1} 33. 6(). | | 1 i 38,
0HS 03, 53. 8 | | 1 l. 18.
66 27. as. 44, | i ] l. 36.
67 10). 42 61, | | | l. 29,
68 1. 3 70, 1 ] | l. 68.
6y 3K, 45, 33. l | ! I. 20.
70 17. 68, 54. ! ] | l. 3.
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for SHAFT_SEAL_2

Run
No. Porosity Permeability  Compressibility BCEXP BCBRSAT  BCGSSAT BCEFLG  BCPCT

I 5.6433x10°  55110x10 20 1.8102x 109 7.0000x10°7 2.0000x 10T 0.0000 1O 2.5806x100
2 4.3305x10°2 1.7740x 1020 2.4347x10°Y 2.0000%10°7 2.0000x 10T 0.0000 10000 3.8199x 100
3 4.0073x102 1.3420x10°20  2.6512x10Y 7.0000x10°7 2.0000x10°T 0.0000 LOOGO  4.2071x100
4 S.8422x10 2 6.5440x10°20 1.7400x 10 7.0000x 100 2.0000% 1077 0.0000 1.O000  2.4317x106
5 15889102 9.3510x 102! 2.9895x10Y 7.00005 10T 2.0000x 107! 0.0000 1O 4.7673x106
6 4.8739x 10 ¢ 2.8360x10°20 2.1384x%10Y 70000x 100 2.0000x10°0 0.0000 10O 3.2475x 109
7 1.8565x10°7 2.0950x 10! 6.0125x10"" 70000101 200001077 0.0000 10000 7.9994x 100
8 3.3804x 1002 7.8100x 102! 3.1893x10 Y 7.0000x10°1 2.0000x10°0 0.0000 10000 50738x 100
9 R28A7x10°°  5.3920x10° 1Y 1.1533%10Y 7.0000x 1000 2.0000x10°7 L0000 LOOOO  1.1722x100
10 48961x10° 2.8910x10°20 212465107 7.0000x10°0  2.00005 100 0.0000 10000 3.2260x 105
1 6.0343x10° 7.7240x10-20 1.6767x10° 7.0000x10°T 20000100 0.0000 10000 2.2961x100
12 5.5800x10%  5.2180x10°20 1.8336x10 7.0000x10 1 20000100 0.0000 LOOD  2.6299x 106
13 7.2964x10°° 2.2970x 1019 1.3434x 10" 700005100 2.0000x 1077 00000 1.(KKX) 1.5748x 109
14 6.0840x10°2  8.0630x10°20 1.6610x 1079 7.0000x10°T 2.0000x10°0 0.0000 10000 2.2623x100
1S 5.0585x10°2 3.3260x10°20 2.0484x 109 7.0000x 1070 2.0000x10°T 0.0000 LOOOO  3.0733x106
16 3.5074x102  R7150x10°2 3.0648x10Y 7.0000x 1077 200005100 0.0000 1LOO  4.8849x 100
17 5.7146x10°° 5.8610x10 20 1.7845x 107 7.0000x10°T 2.0000x10°0 0.0000 10000 2.5262x100
18 R2074x10° 5.0440x10° 19 1.1666x10 Y 7.0000x 101 2.0000x 101 0.0000 1.0000 1.1996x10%
19 6.3721x10°2 1.0340x10 19 1.5746x10°9 7.0000x 1077 2.0000x10°7 0.0000 LOOO0  2.0757x10¢
20 1.6736x 102 1.7890x 102! 6.6967x10°Y 7.0000x 1077 2.0000x 10! 0.0000 10000 8.4486x100
21 47082x10°0  2.4580x10°20  2.2194x10°Y 70000510 2.0000x10°7 00000 LOOOO  3.4123x100
22 4.6655x10° 2.3690x10°20  2.2420x10Y 7.0000x10°0 2.0000x 10T 0.0000 1OGD  3.4561x100
23 5.0975x10°2 3.4400x10°20 2.0308x10°Y 7.0000510°7  2.0000x10°T 0.0 10000 3.0377x10°
24 6.8520x10°° 1.5650x10 1Y 1.4468x10Y 2.0000x10 1 2.0000x 100 0.0000 1.0000 1.7984x 100
25 5.1999x10°  37580x10°20 1.9859x10Y 7.0000x 100 2.0000x 1070 0.0000 LOOOG  2.9401x100
260 4.1033x10°2 1.4580x 1020 2.5%34x10Y 700005101 2.0000%10°0 00000 10000 4.0882x 100
27 6.1762x10°° 8.7310x10-20 1.6324x10°Y 7.0000x 1070 200001077 0.0000 LOODO  2.2008x 100
28 3.7132x102 LOST0x1020 2881 1x10°9 7.0000x10° T 2.0000x10°0 0.0000 1LOOK  4.5936x10°
29 69933x10°7 1.7680x10-19 1.4125x 109 7.0000x10°0  2.0000x10°0 0.0000 10000 1.7241x100
0 4.7777x10°2 2.6100x10°20 2.1834x10°Y 7.0000x10°7  2.0000x10°  0.0000 LOOOOD  3.3422x100
31 2.2998x1() 2 3.0720x10-2! 4.8054x10°Y 7.0000x10°0 2.0000x10°7 00000 1OOOO  7.0071x100
32 4577210 2.1950x10°20 2.2901x%10Y 70000x10°0 2.0000%10°"  0.0000 LOOKD  3.5486x100
33 5.3975x10°2 4.4570x 1020 1.9040x10Y 7.0000x10°1 2.0000x10°0 0.0000 1.0000  2.7773x 100
M 6.6056x10°2 1.2650x10°1Y 1.5101x10"Y 7.0000x10°0 2.0000x10°7 0.0000 LOOKD  1.9358x100
35 2.5859x 107 3.9330x 102! 4.2460x10°9 7.0000x10°0  2.0000x 1071 0.0000 LOOOO  6.4330x10°
36 2.7519x10°2 4.5390x 102! 3.9748x10° 7.0000x10°T 2.0000x10° T 0.0000 10000 6.1218x100
37 4.9770x10°2 3.1000x10°20 2.0860%10°9 7.0000x 1070 2.0000x10°F 0.0000 10000 3.1490x 100
38 4.2030x10°2 1.5890x1020  2.5162x10Y 7.0000x10°0 2.0000x10°0 0.0000 1000 3.9683x100
39 3.8123x10°2 1.1340x1020 2.7997x10Y 7.0000x10°T 2.0000x10°1 0.0000 LOOOO  4.4596x% 100
40 62212100 9.0770x10°20 1.6188x10°9 7.0000x 1077 2.0000x10°7 0.0000 LOOKO  2.1714x100
41 6.2879%x10°  9.6150x10°20 1.5990x 109 7.0000x10°7 2.0000x10°0  0.0000 10000 2.1286x10°
42 5.5614x10°° 513501020 1.8405x 109 7.0000x10°T 2.0000x10°7 0.0000 1LOOOO  2.6445x100
43 33383102 7.5310x10°2! 3.2327x109 7.0000x 1071 2.0000x10°T  0.0000 10000 5.1380x100
44 7.4798x107  2.6910x10°1Y 1.3044x109 7.0000x 100 2.0000x10°0 0.0000 10000 1.4909x100
45 6.5132x10°? 1.1680x 1019 1.5350%10°9 7.0000x 100 2.0000x10°T 0.0000 1.0000  1.9900x 100
46 4.5591x10°C  2.1610x10°20  2.3001x10°9 7.0000x 1070 2.0000x10°T 0.0000 1.0000  3.5678x100
47 7.6297x10°2  3.0630x10°17 1.2738x 109 7.0000x 101 2.0000x10°7 0.0000 1LOOOO  1.4256x100
48  9.0000x10°2 1.0000x 10718 1.0418x109 7.0000x10°0 2.0000x10°T 0.0000 1.OOOO  9.4665x10°5
49 78712x10°2  3.7730x10°1Y 1.2271x 1Y 7.0000x10-0 2.0000x10°7 0.0000 10000 1.3263x100
50 2.2704x10°2 2.9950x10°2  4.8708x 10 7.0000x10°  2.0000x10°T 0.0000 10000 7.0689x 100
51 2.8140%x1027  4.7890x102! 3.8816x10Y 7.0000x 1071 2.0000x10°F  0.0000 LOOOO  6.0093x100
52 4.2389x10° 1.6390x 1020 2.4928x10Y 7.0000x10°1 2.0000x10°T 0.0000 LOOOO  3.9259x 100
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Computed Variable Values for SHAFT_SEAL_2 (Concluded)

Run

No.

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
6Y
70

Porosity Permeability  Compressibility BCEXP BCBRSAT

5. 8188x 102
6.7354x10 2
3.9083x 102
0.6469x 102
5.3429x10°2
5.4958% 102
5.2762x10°2
2.9620x 102
4.0430x10°2
4.4173%10°2
5.9404x 102
3.2463x102
7.1865% 102
4.5003x 102
3.1590x10°2
1.0000x 102
5.1572x10°2
3.7917x 1072

6.4130x10°20
1.4150x1019
1.2320x 1020
1.310x10° 19
4.2520x10°20
4.8520x 1020
4.0140x10-20
5.4420x 102!
1.3R840x 10-20
1.9120x10-20
7.1230x 1020
6.9560x 102!
2.0890x 1019
2.0540x10-20
6.4510x10°2
1.0000x 102!
3.6220x10-20
1.1140x 1020

1.7480x10°Y
1.4762x10Y
2.7248x 10
1.4991x10Y
1.9260x10Y
1 .8655x10G°Y
1.9535x10°Y
3.6751x10 9
2.6256x 10"
2.3820x10Y
1.7071x109
3.3314x 109
1.3678x 10+Y
2.3335x10Y
3.4304x 10 Y
1.1376x10°8
2.0044x 1079
2.8162x10°

7.0000x10°!
7.0000x 107!
7.0000x 10!
7.0000x 10!
7.0000x 10!
7.0000x 10!
7.0000x 10!
7.0000x10-!
7.0000x 10!
7.0000x 10!
7.0000x 10!
7.0000x 10!
7.0000x 10!
7.0000x10-!
7.0000x10-!
7.0000x10°!
7.0000x 10
7.0000x 107!

2.0000x 107!
2.0000x 10!
2.0000x 107}
2.0000x 10!
2.0000x10°)
2.0000x 107!
2.0000x 10!
2.0000x 101
2.0000x 107!
2.0000x 107!
2.0000x10 !
2.0000x 107!
2.0000x 10!
2.0000x 1071
2.0000x 10!
2.0000x 107!
2.0000x 10!
2.0000x 10}

BCGSSAT BCILG BCPCT

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
(.0000
0.0000
0.0000
0.0000
0.(K}0
0.0000

1.(OKK)
1.OMKX)
1.0000
10000
1.0000
1.0000
1.0000
1O
1.0000
1.0000
1.0000
1.0000
1000
[.OKX)
1.0000
1.0000
1.OOK)
10000

2.4488x 100
1.8622x100
4.3335x 106
1.9120x 100
2.8229x 100
2.6969x 100
2.8797x100
5.7493x 100
4.1625x100
3.7221x 100
2.3614x 100
5.2812x 100
1.6274x 100
3.6310x10°
5.4207x 100
1.0332x 107
2.9840x100
4.4871x100
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Appendix B: BRAGFLO Relference Tables

Table B-2 1992 BRAGFEFLO Ranks of Computed Variable Values for SHAFT_SEAL 2

Run
No, Porosity  Permeability  Compressibility  BCLXP BCBRSAT BCGSSAT  BCHLG BCPCT
| 46. 46. 25, ! | 1 1 25.
2 25. 25. 46. | | | 1 46,
3 20. 20. 51 | 1 | | 51.
4 49, 49, 22 | | ] | 22
S 15. 15, 56. 1 | 1 | 56
6 33, 33 38, | | | | IR,
7 3. 3. 08, 1 | 1 | 08,
8 13. 13. SK. | | | | 5%,
Y 09. 69, 2. | | | | 2
10 34, M. i7. | | | | 37.
11 S1. 51, 20. | | 1 | 20).
12 45. 45, 20, ] | | ! 26.
13 64 64 7 { | | | 7.
14 52 52 19. | I ) | 19.
15 36. 36. 35 | | 1 | s,
16 14. 14, 57 | | | | 57.
17 47. 47. 24 1 | | | 24.
18 68 68. 1 | | | | 3
19 56. 56. 15 | | | I 15.
20) 2. 2. 6y, ] I | | 69.
21 3. 31 40). | | | | 40,
22 30. 30 41. 1 | | | 41,
23 37. 37. 34 | | 1 | M.
24 61, 61. 10 | | 1 | 10.
25 39. 39. 32. 1. | | | 32,
26 22. 22. 49, 1. I ] I 49,
27 53. 53, 18, | 1. | I 18,
28 16 16. 55. | | ] | 55.
29 62, 62. 9. | | | | 9.
30 32 32 39, 1 | | | 19,
31 5. s 66. | | | | 66.
» 29, 29, 42. | | | | 42.
KR! 42, 42 29. 1 | ] | 29,
34 58. 58. 13 | | | 1 13.
35 6. 6. 65. ] | | | 65.
36 7. 7. 64. 1 1 | | 64,
37 3s. 35. 36. ] | | 1 36,
38 23 23, 48, | | | | 48.
39 18. 18. 53. | 1 | | 53.
40) 54, 54. V7. | | ] | 17.
41 55. 55. 16. | 1 ] | 16.
42 44, 44, 27. | 1 | | 27.
43 12. 12, 59, | | | [ 59.
44 65. 65. 6. | | | I 6.
45 57. 57. 14, | | 1 | 14,
46 28. 28. 43, | | 1 | 43,
47 66. 66. S 1 | | | S.
48 70. 70. 1. 1 ] | ] 1.
49 67. 7. 4, | | ] 1 4,
50 4. 4, 67. | | | 1 67.
51 8. 8. 63. 1 ] | l 63.
52 24, 24, 47. 1 | 1 | 47.
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Appendix B. BRAGFLO Relerence Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values tor SHAFT_SEAL 2 (Concluded)

Run
No. Porosity  Permeability  Compressibility  BCLEXP BCBRSAT BCGSSAT BCILG BepPCT
53 4% 48 23 | ] | | 23
54 60 61) 3! | | ] ] 11
55 19. 19 52. | | | ] 52
56 59 59, 12 | | 1 | 12
57 41. 41 30 | | i } 30
S§X 43 43 2K | | | | 2K
59 40 40 R ] | } ] 3]
60 9 Y 62 | | 1 | 02
61 21 21 S0 | | | } 50
62 26. 26 4S§. | | | | 45
63 5(0). 50 2] ] | | | 21
64 B 11 H(). ] | | | 60
68 63, 63 LB | | | | K
6H6 27 27 44 | | | ] 44
67 10. 10). 61, ! | | | {1
68 | | 70) | | | | 70)
6HY 38 K 13 | | | ] KR}
70 17 17. 54 | | ] | 54




Appendix 3 BRAGFLO Relorence Tables

Fable B0 1902 BRAGELO Computed Varable Values for TRANSITION ZONE

Run
No Poresity Penpeabidity  Compressibility  BCLAY BCBRSAT  BCUNSAT BCLLG pepl
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2 250000 L HKI0Y G eoTnio Y 23S0 T Y7060 Y 22330010 T 00000 20018100
220 260010 THIAN0 T g 21esxi0 Y ] 4340 2UR30¢10 T PR7I0010 0 Lo 2 3290x 108
210 200000107 3 S4KINI0 VOASKV 0 Y 7 0890 DARKMNIO T 48230510 7 1O Y00S| 0"
24 PATHONTO S 6 thehx O 20 76530 2700100 6 1270510 7 2 630x10 Y 10000 JaX2 0N
25 0 247208107 32380y 10 0 NIRLR NN [T 2 7010 VOSTOXIO T 9090010 7 1 (KK V1020% 10"
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Appendix B BRAGFLO Reference Tablos

Table H:2 1992 BRAGEL O Computed Varable Values tor TRANSITION ZONE (Concludedy

Run
Nu.

AR
54
55
St
87
AL
K
O
6l
602
61
64
65
60
67
OX
6HY
10

Porosity

b S900x 10 -

1 4500x 10

20030x 10 -

NG TTR

45630410
B7HHON]0

28I6NI0 -

K 2600N 10
ARSI

] 2250010

A 1090x 10
Y 7390010
T 4700x 10
RENRRIPIRIY]
K 10Ox

1 07608 10 -

1 S190x 10
I 4R90N 10

N

i

Permeablity

77628410
1 4454x 10
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| OUOSY 10
S 2ARINI0
URY 3 P LR
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-
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]
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2

Cotngressitality
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Y 70010
JR20108
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VI0SKR 10 R
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7R3N 0¥
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1 23RO 0O
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2SN
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Table B-2 1992 BRAGFEFLO Ranks of Computed Variable Values fur TRANSITION _ZONE

Appendix B. BRAGFLO Reference Tables

Run
Nu,

W 3N e e D -

Porosity

6K
24
oYy
1R
54
42
63
Y
66
KER
7
18,
47
52
|
19
60).
20

Permeability  Compressibility  BCEXP

66
16

6S.

R
8

14,

17
54
Y

67
1l
86

36

5.
20
61.

40

42
35.

KB

sh
44

30

41

2R

22.
2L
18.
27.
44,

R}

6.
60).

K}

47

4

53
17,

29

.
62
5.
17

6

6.
24

19

0.
52,
1.
51

50

23
12.
7.
1.
27.

10

20

66,

63

i
40,
22
16.
48,
3y,
6S.

6.
55
67.
KhE
13.
21
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54.
59.
3K,

4.
49,
14.
68.
30,
44,
56.

6y

21.
i,
52,
15.
56.
7.
57
16,
U3
22,
61,
4],

R
18

24
55.
2K
40,

59.

BCBRSAT BCUSSAT  BCELG

16.
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2
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Appendix B BRAGFLO Helerence Tables

Table B0 1992 BRAGE! O Ranks of Computed Vanable NValues forn TRANSTTTON  ZONE (Condcuded)

Run
No Porosity  Permeabiliy Conguesability  BOLNY BOBRSAT BCGLSSAYL BOrLG porct
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Appendix 8 BRAGKHLO Relerence Tables

Table B2 1992 RRAGH O Computed Varahle Valoes tor UPPER SHAT

Run
No Porosity Petmeabibity  Compresabalty - BOLXP BUBRSAT  BUGSSAT  BCELG BLrCT
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Appondix 8 BRAQFL.O Helerence Tables

Table B2 1002 BRAGEL O Computed Varable Vatues for UPPER SHAEFT (Conchudedy
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Appendix B BRAGFLO Reference Tables

Table B-2 1992 BRAGEFLO Rankys of Computed Variable Values tor UPPER SHAFT
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Appendix B: BRAGFLO Reference Tables

Table B-2 1992 BRAGFLO Ranks of Computed Variable Values for UPPER_SHAFT (Concluded)

Run

53 48. 49, 23, 1 1. 1. I. 22.
54 60. 17. 11. | 1. 1. 1. 54.
55 19. 37. 52. 1 1. 1. l. 34,
56 59. 1. 12. ! 1. 1. 1. 60.
57 41, 66. 30. 1 l. 1. 1. 5.
58 43, 52 28. 1 l. l. I. 19.
59 40. I. 3l 1 l. I. 1. 70.
60 9 47, 62. | 1. 1. 1. 24,
61 21. 61 50. 1 1. 1. 1. 10.
62 26. 26 45. | l. 1. I. 45.
63 50. 67. 21, 1 l. l. 1. 4.
64 1. 53. 60. | I, 1. 1. 18.
65 63. 39, 8. | 1. 1. 1. 32.
66 27. 20. 44, | l. 1. 1. S1.
67 10. 68, 61 1 l. l. 1. 3.
68 ! 19. 70. 1 1. l. l. 52.
69 38. 59 33. | I. 1. 1. 12.
70 17. 18 54. 1 l. 1. 1. 53.
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