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Abstract

Uncertainty and sensitivity analysis results obtained in the 1996 performance assessment for the Waste Isolation
Pilot Plant are presemed for two-phase flow in the vicinity of the repository under undisturbed conditons.
Techniques based on Latin hypercube sampling, examination of scatterplots, stepwise regression analysis, partial
correlation analysis and rank transformations are used to investigate brine inflow, gas generaton, repository
pressure, brine saturation, and brine and gas outflow. Of the variables under study. repository pressure igpotentally
the most important due to its influence on spallings and direct brine releases, with the uncertainty in its value being
dominated by the exient to which the microbial degradation of cellulose takes place, the rate at which the corrosion

of steel takes placé, and the amount of brine that drains from the surrounding disturbed rock zone into the repository.
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1. Introduction

Uncertainty and sensitivity analysis results for fluid flow in the vicinity of the repository under undisturbed
conditions obtained as part of the 1996 performance assessment (PA) for the Waste Isolation Pilot Plant (WIPP) are
presented. A following paper will present results for disturbed conditions.!

The results under study were calculated with the BRAGFLO program? for the three replicated Latin hypercube’
samples (LHSs) (i.e., R1, R2, R3) described in Eq. (7) of Ref. 3. In particular, the results under consideration are the
outcomes of the 300 E0 BRAGFLO calculations indicated in Table 6 of Ref. 4. The topics cohsidcred are brine
inflow (Sect.-Z), gas generation (Sect. 3), pressure (Sect. 4), brine saturation {Sect. 5), and brine and gas outflow
(Sect. 6). In each section, a number of results calculated by BRAGFLO are examined with sensitivity analysis
techniques based on examination of scatterplots, partial correlation coefficients, and stepwise regression analysis
{Sect. 3.5, Ref. 5). The sensiuvity analyses make extensive use of rank-transformed data,® the STEPWISE
program’- 8 for stepwise regression analysis, and the PCCSRC program? 10 for the calculation of partial correlation
coefficients. The specific BRAGFLO results considered are listed in Table 1, which can be used to obtain exact
definitions of the individual variables under consideration; further, the uncertain analysis inputs are described in

Table 1 of Ref. 3.

The sensitivity analysis results will be based on all 300 observations (i.e., replicates R1, R2 and R3 will be
pooled for the performance of sensitivity analyses with scatterplots, partial correlation coefficients and stepwise
regression analyses), which permits the analysis results to be based on all available information. Similarly,
summaries of uncertainty based on box plots will also use all 300 observations. In contrast, distributions of time-
dependent results will typically be shown for only replicate R1 to avoid the presentation of plots with so many
individual curves that they are unreadable. However, mean and percentile curves (Sect. 5, Ref. 11) will typically be

obtained from all 300 observations.

The results in this presentation were obtained in support of the U.S. Department of Energy’s (DOE'’s)
compliance certification application (CCA) for the WIPP!2 and are based on material contained in Chapt. 7 of
Ref. 13. -

2. Undisturbed Conditions: Brine inflow

The anhvdrite marker beds (Fig. 1, Ref. 2) provide the only significant pathway by which brine can flow from
the Salado Formation to the repository from areas bevond the disturbed rock zone (DRZ), with this flow tending to
take place at a relatvely constant rate (Fig. 1). However, the dominant source of brine into the repository is drainage
from the DRZ. which primarily takes place over the first 30 to 100 yr of the calculation due to the enhanced

permeability of the DRZ (i.e.. 1 x 10715 m?) over that of the original. undisturbed halite (i.e.. k = 10%. x = H4LPRM)



(Fig. 1). The highest cumulative brine inflow in Fig. 1 results for the sample element (i.e., element 23 in replicate
R1) that has the second highest value for anhydrite permeability (i.e., k = 10° = 7.94 x 10~'8 m?, x = ANHPRM) and
also one of the higher brine far-field pore pressures (i.e., SALPRES = 1.31 x 107 Pa).

The brine inflows from the anhydrite marker beds can occur from MB 138, Anhydrites a and b, and MB 139 at
both the northern and southern ends of the computational grid (Fig. 1, Ref. 2). As shown by the box plots'4 m Fig 2,
the flow from MB 139 exceeds the flow from Anhydrites a and b, wﬁich in turn exceeds the flow from MB 138. For~
a given marker bed, the flows from the north tend to be smaller than the flows from the south (Fig. 2). As already
- mnoted, total inflow 1o the repository exceeds total flow from the marker beds because of drainage from the DRZ.

Box plots (Fig. 2) provide an alternative way to display the information in a distribution function. The
endpoints of the boxes are formed by the lower and upper quartiles of the data, that is xg 55 and xg 75. The vertical
line within the box represents the median, xg 55. The mean is identified by the large d;)L The bar on the right of the
box extends to the minimum of xg 75 + 1.5(xg 75 — Xq »5) and the maximum value. In 2 similar manner, the bar on the
lefi of the box extends to the maximum of x5 >5 — 1.5(xg 75 — Xg 25) and the minimum value. The observations falling
outside of these bars are shown with crosses. In symmetric distributions, these values would be considered outliers.
Box plots conrain the same information as a distribution function, but in a somewhat reduced form. Further, their
flantened shape makes it convenient to place many distributions on a singie plot and also to compare different

distributions.

-~
-

As exammipation of Figs. 2 and 3 shows, considerable uncertainty exists with respect to the amount of brine that
will flow out of the marker beds and into the repository. The performance of a stepwise regression analysis (Sect.
3.5, Ref. 5) between cummlative brine flow (Fig. 2) and variables in the LHS provides a way to assess the
contribution of individual variables to this uncertainty, with variable importance being indicated by the order in
which variables enter the regression model, the changes in R? values as additional variables enter the regression
model, and the standardized regression coefficients of the variables in the final regression model (Table 2). The
candidate independent variables for the regression analyses in Table 2 consist of the following 29 variables in
Table 1 of Ref. 3 that are used as input to BRAGFLO: Brooks-Corey pore distribution parameter for anhydrite
(ANHBCEXP), pointer variable for selection of relative permeability model for use in anhydrte ({NHBCVGP),
loganthm of anhydrite permeability (A NHPRM), residual brine saturation in anhydrite (4NRBRSAT), residual gas
samration in anhydrite (4ANRGSSAT), logarithm of borehole permeability (BHPRM), logarithm of bulk
compressibility of brine pocket (BPCOMP), initial pressure in brine pocket (BPINTPRS), logarithm of brine pocket
permeability (BPPRAM). pointer variable for selection of brine pocket volume (BPVOL), halite porosity (H4LPOR),
loganthm of halite permeability (H4LPRM), initial brine pressure, without the repository being present, at 2
reference point located in the center of the combined shafts at the elevation of the midpoint of MB 139 (S4LPRES).
Brooks-Corey pore distribution parameter for shaft (SHBCEXP), logarithm of permeability of asphalt component of

shaft seal (SHPRMASP). logarithm of permeability for clay components of shaft (SHPRMCLY). logarithm of

-3




permeability for concrete component of shaft seal for 0 to 400 yr (SHPRMCON), logarithm of permeability of DRZ
surrounding shaft (SHPRMDRZ), pointer variable used to select permeability in crushed salt component of shaft seal
at different times (SHPRMHAL), residual brine saturation in shaft (SHRBRSAT), residual gas saturation in shaft
(SHRGSSAT), increase in brine saturation of waste due to capillary forces (WASTWICK), scale factor used in
definition of stoichiometric coefficient for microbial gas generation (WFBETCEL), corrosion rate for steel under
inundated conditions in the absence of CO, (WGRCOR), microbial degradation rate for cellulose under humid
conditions (WGRMICH), microbial degradation rate for cellulose under inundated conditions (WGRMICI), pointer .
variable for microbial degradation of cellulose (WMICDFLG), residual brine saturatibn in waste (WRBRNSAT), and
residual gaS saturation in waste (WRGSSAT). The variables bulk compressibility of anhydrite (ANHCOMP) and bulk
compressibility of halite (HALCOMP) were also used as input BRAGFLO but were not included as variables in the
regression analysis because the —0.99 rank correlations imposed on the variable pairs (ANHCOM};, ANHPRM) and
(HALCOMP, HALPRM) (Sect. 5, Ref. 3) results in unstable regression results (Sect. 7.2, Ref. 13). For the results
presented in Table 1 and other similar tables, variables were required 1o be significant at the 0.02 a-level 1o enter a

regression model and to remain significant at the 0.05 a-level 10 be retained in a regression model.

The regression analyses in Table 2 are all relatively successful in the sense that they have R? values between
0.86 and 0.90. For brine inflow from the marker beds, the two dominant variables in the regression analyses in
Table 2 are WMICDFLG and ANHPRM. The negative effect indicated for WMI/CDFLG results because increasing
WMICDFLG increases gas generation and thus pressure in the repository, which in turn increases resistar:.ce to brine
flow out of the marker beds. The positive effect indicated for ANHPRM results from decreased resistance to brine
flow in the marker beds. Small negative effects are indicated for H4LPOR, WASTWICK, WGRCOR and WGRMICI,
with these effects resuiting because each of these variables tends to increase gas generation and thus resistance to
brine flow out of the marker beds due 10 iﬁmased repository pressure. The variable HALPOR will be discussed in
more detail in conjunction with total brine flow into the repository. A small positive effect is indicated for
SALPRES, with this effect resulting because increasing SALPRES tends to increase the pressure gradient between the
marker beds and the repository.

The variable H4LPRM appears with negative regression coefficients for brine flow out of MB 138 North and
MB 138 South and appears with positive regression coefficients for brine flow out of Anhydrites a and b North,
Anhydrites a and b South, MB 139 North and MB 139 South. The reason for this behavior is not immediately
apparent:but 1s probably related to the assigned correlations between permeability and compressibility and the
complex interactions between permeability and compressibility in determining brine flow into and through the
marker beds. Al} things being equal, increasing HALPRM should reduce resistance to flow in the halite and. as a
result. increase brine inflow to the marker beds and thus to the repository. Similarly, increasing HALC OMP should
increase brine discharge from the halite for 2 given drop in pressure and, as a result, increase brine inflow to the

marker beds and thus to the repository. Thus. H4LPRM and HALCOMP should both have positive effects on brine




discharge from the marker beds to the repository. The appearance of HALPRM in Table 2 with both positive and
neganve effects on brine discharge probably results from the —0.99 rank comrelation between HALPRM and
HALCOMP, which produced a complex pattern of correlations between HALPRM, HALCOMP and brine discharge
(Table 3).

1t is not immediately apparent why SHRGSSAT appears in Table 2 for brine flow out of Anhydrites a and b. The
effect of SHRGSSAT is very small (i.e., the change in the R2 values with its addition is <0.01) and its selection may
be due 10 effects related 1o brine and gas movement across the part of the computational grid that corresponds to the

shaft in the repository and DRZ (i.e., regions 10, 11 in Fig. 1, Ref. 2). It is also possible that the effect may be

Spurious.

For total brine inflow to the repository, the dominant variable in the regression analysis is H4LPOR (Table 2).
The positive effect indicated for HALPOR results because increasing HALPOR increases the amount of brine in the
DRZ that is available to drain downward into the repository. This increased brine results in greater gas generation
due to corrosion and hence higher pressures in the repository. The association of higher pressures with increasing
values for HALPOR is why HALPOR has 2 negative effect on brine flow from the marker bgds to the repository.
Specifically, increased repository pressure reduces the gradient between the marker beds and the repository and thus
reduces the rate at which brine flows out of the marker beds. Smaller effects are indicated for WMJICDFLG and
ANHPRM. As previously discussed, increasing WMICDFLG reduces brine inflow from the marker beds by
increasing pressure in the repository and increasing ANHPRM increases brine inflow from the marker beds by

decreasing resistance to flow.

An alternative way to assess the sensitivity of analysis outcomes to uncertain mputs is by calculating partial rank
correlation coefficients (PRCCs) between analysis outcomes and uncertain inputs (Sect. 3.5, Ref. 5). When the
predicted outcomes are time dependent, the change in the PRCCs througﬁ time will indicate changing variable
importance. The outcome of such an analysis for the brine flows in Fig. 1 is shown in Fig. 3. The variables
ANHCOMP and HALCOMP have been excluded from the»calculation of the PRCCs in Fig. 3. Due to the —-0.99 rank
cbrrclation within the pairs ({NHPRM, ANHCOMP) and (HALPRM,‘ HALCOMP), neither variable within a pair
would appear in an analysis based on PRCCs. Fig. 3 and other similar figures show the PRCCs for all variables

whose PRCC excesds 0.3 in absolute value at some point in time.

Tn:i dominant variables for cumulative brine outflow from the marker beds identified with PRCCs are
ANHPRM, WMICDFLG and HALPRM (Fig. 3), which is consistent with the results obtained in the regression
analysis (Table 2). The positive effects for ANHPRM and HALPRM result because of reduced resistance to flow in
the marker beds and in tﬁe Salado halite, respectively. The negative effect for WM/CDFLG results because of

increased pressure in the repository and hence an increased resistance to flow out of the marker beds.




The dominant variables for cumulative brine flow into the repository identified with PRCCs are HALPOR,
WMICDFLG and ANHPRM, which is also consistent with the results obtained in the regression analysis (Table 2).
The negative effect indicated for SALPRES at very early times may be spurious. As a reminder, PRCCs provide a
measure of the linear relationship between two variables afier a correction has been made for the effects of all other
variables under consideration. As HALPOR has a PRCC of approximately 1 when SALPRES appears to have a
negative effect, the amount of uncertainty being accounted for by S4LPRES or any other variable is actually quite
small after the correction is made for the effects of HALPOR. In the ;egression analysis, SALPRES is not identified .
as having a discernible effect on brine inflow to the repository over 10,000 yr (Table 2). The positive effects
indicated for H4LPOR and ANHPRM result from increased brine drainage from the DRZ and increased brine flow
from the marker beds, respectively. The negative effect for WMICDFLG results from increased pressure in the

repository and hence increased resistance to flow out of the marker beds.

The examination of scatterplots provides an additional way to assess the effects of uncertain variables on
analysis outcomes of interest. The two most important variables identified in Table 2 and Fig. 3 for brine outflow
from the marker beds are WMICDFLG and ANHPRM. The corresponding scatterplofs show well-defined
relationships berween these two variables and curnuladve brine outflow from the marker beds over 10.000 yr
(Fig. 4). Similarly, the dominant variable for cumulative brine inflow to the repository over 10,000 yr is H4LPOR,
with the corresponding scartterplot again showing a well-defined relationship (Fig. 5).

Flow down the shaft constitutes another possible brine inflow pathway to the repository. However,ihe amount
of brine entering the repository by flow out of the shaft (Fig. 6) is insignificant relative to other sources of brine
inflow (Fig. 2). Specifically, flow out of the shaft is on the order of a few 10’s of cubic meters of brine (Fig. 6) while
flow out of the marker beds is on the order of 1,000’s to 10,000’s of cubic meters of brine (Fig. 2).

3. Undisturbed Conditions: Gas Generation

Gas generation results from the corrosion of steel and the microbial degradation of cellulose (Fig. 7). The
discretized character of cumulative gas generation for microbial degradation derives from the variable WMICDFLG,
which takes on three values. Specifically, one value, which has a probability of 0.25, specifies the inclusion of
rubber and plastics in the inventory of cellulose available for microbial degradation and results in the upper group of
curves in Fig. 7; one value, which also has a probability of 0.23, specifies the exclusion of rubber and plastics from
the inventory of cellulose available for microbial degradation and results in the middle group of curves in Fig. 7: and
one value, which has a probability of 0.5, specifies that no microbial degradation of cellulose will take place and
results in the lower group of curves in Fig. 7. The leveling off of the curves for microbial gas gengration in Fig. 7

results from exhaustion of the cellulose inventory (Fig. 8).




Microbial gas generation takes place at different rates under humid and inundated conditions. Overall, more gas
generation takes place under inundated than humid conditions (Fig. 9). However, the occurrence of gas generation
under humid or inundated conditions does not affect the total amount of gas generated by microbial action as

indicated by the lack of variability around the two asymptotes in Fig. 7.

Total gas generation is obtained by combining gas generation due to corrosion and gas gemeration due to
microbial degradation (Fig. 10), with the larger contribution coming from corrosion (Fig. 7). However, microbial

degradation still makes 2 substantial contribution to the total uncertainty in gas generation.

As already indicated, gas generation due to microbial degradation is dominated by WMICDFLG. For gas
generation due 1o corrosion, the dominant variables are WGRCOR and HALPOR, with a smaller effect indicated for
WASTWICK (left frame, Fig. 11). The variables WGRCOR and WASTWICK are important at early times because
increasing each of these variables increases the rate at which gas is generated. However, over the longer term, the
amount of gas generated by corrosion depends on the amount of steel undergoing corrosion, which in turm depends
on the amount of brine available for the corrosion process. As a reminder, brine is consumed in the corrosion
process, with the result that the amount of gas generated by corrosion can be limited by the amount of brine present
in the repository. The positive effect indicated for H4LPOR results because H4LPOR i1s the dominant variable with

respect to the amount of brine entering the repository (Table 2, Figs. 3, 5).

For total gas generation due to corrosion of steel and microbial degradation of cellulose, the dominant variables
are WMICDFLG and HALPOR, with WMICDFLG controlling the uncertainty in the amount of gas generated by
microbial degradation and HALPOR controlling the uncertainty in the amount of gas generated by corrosion (right
frame, Fig. 5). Smaller positive effects are indicated for WGRCOR and WASTWICK, which affect the rate at which

corrosion takes place, with these effects becoming less important with increasing time.

Stepwise regression analysis provides an alternative way to investigate the uncenainty in gas generation
(Table 4). For cumulative gas generation over 10,000 yr due to corrosion, the dominant variable is HALPOR, which
controls the amount of brine entering the repository. Positive effects are also indicated for WGRCOR and
WA4STWICK due 10 their role in increasing the rate of corrosion. The variable WMICDFLG appears in the regression
model with a negative regression coefficient due to its role in reducing brine inflow to the repository (Table 2,
Figs. 3, 4). The variable ANHPRM also appears in the rcgression‘model with a positive regression coefficient, which
1S consis%enx with its role in increasing brine flow into the repository (Table 2, Figs. 3, 4). The appearance of
BPINTPRS at the final step of the analysis is spurious, as may also be the case for the selection of SHRGSSAT at
Step 5. However, it is also possible that SHRGSSAT affects gas and brine flow patterns within the repository. The
exclusion of SHRGSSAT and BPINTPRS from the regression analysis reduces the R value of the final regression

mode] from 0.76 10 0.75.




As discussed in conjunction with Fig. 7, WMICDFLG completely controls the amount of gas generation due to
microbial degradation. For total gas generation due to corrosion and microbial degradation, WMICDFLG is also the
dominant variable (Table 4). After WMICDFLG, the regression analysis for total gas generation selects variables
also selected in the regression mﬂysk for gas generation due to corrosion (i.e., HALPOR, WGRCOR, WASTWICK,
SHRGSSAT, ANHPRM). The two dominant variables with respect to total gas gcncratibn are WMICDFLG and
HALPOR, with these two variables producing patterns that are easily identified in scatterplots (Fig. 12). The threc'
bands of points in the scatterplot for HALPOR result from the effects of the three values that WM/CDFLG can take

on.

The analysis outcomes amount of gas generated by corrosion (Fig. 7), amount of steel remaining in the
repository (Fig. 8) and amount of brine consumed by corrosion (Fig. 13) are highly correlated (Fig. 14). Thus, the
sensitivity analysis results for amount of gas generated by corrosion (Fig. 11, Table 4) are also indicative of the

variables affecting the amount of steel remaining in the repository and the amount of brine consumed by corrosion.

The computational grid used in the 1996 WIPP PA is based on dividing the repository into a single lower, or
downdip, waste panel and nine upper wasie panels, with the panel closures placed between these two groups of
panels (Figs. 1, 3, Ref. 2). For disturbed conditions, BRAGFLO calculations are performed with the assumption
that the associated dn'llihg intrusion takes place into the single lower panel. Further, spallings and direct brine
release calculations distinguish between drilling intrusions into upper and lower waste panels. The rationale for this
selection was based on the belief that intrusions into a downdip panel might be somewhat worse from a release
perspective than intrusions into an updip panel due to brine flow down the 1° dip on which the repository is
constructed. Given the role that distinctions between intrusions into upper and lower waste panels will play in the

release calculations, it is useful to examine the differences in conditions in these two sets of panels.

On a fractional basis, more steel is consumed in the lower waste panel than in the upper waste panels (Fig. 15).
This pattern occurs because the lower waste panel receives more brine inflow relative to its volume than the upper
waste panels. As indicated by the many level curves for fraction of steel in the upper waste panels, the corrosion of
steel ceases for many sample elements due to brine depletion. In contrast, this behavior is less pronounced for the
lower waste panel, which receives more brine inflow from the marker beds relative to its volume than does the upper
waste panels. Also, the lower waste panel receives brine that initially enters the upper waste panels and then flows

down dip into the lower waste panel.

The variables WGRCOR, WASTWICK and HALPOR have negative effects on the amount of steel remaining n
both the upper and lower waste panels (Fig. 15). That is, increasing each of these variables tends to decrease the
fraction of steel remaining. The variable WMICDFLG also appears in the analysis for the lower waste panel
(Fig. 15). The appearance of WAMICDFLG in the analysis for the lower waste panel but not the upper waste panels

results because reducing brine inflow from the marker beds has a greater impact on a per unit volume basis in the




lower waste panel than it does in the upper waste panels. Specifically, the volume of the upper waste panels is 9
times the volume of the lower waste panel. Thus, as similar amounts of brine ﬂow out of the marker beds at the
northern and southern ends of the computational grid (Fig. 2), the lower waste panel receives approximately 9 times
more brine from the marker beds for each unit of steel that it contains than is received by the upper waste panels.
Due to the linkage of gas generation and removal of steel (Fig. 14) and the fact that most gas generation takes place
in the upper waste panels, the PRCCs in Fig. 15 for the fraction of steel remaining in the upper waste panels and the
PRCCs in Fig. 11 for gas generation from corrosion appear with the éppropriate reversal in sign.

Regression analysis can also be used to investigate variable importance with respect to fraction of steel
remaining in the upper and lower waste panels (Table 5). For the upper panels, H4LPOR, WGRCOR aund
WASTWICK have negative effects on the fraction of steel rexﬁaining, which is consistent with the analysis with
PRCCs (Fig. 15). The variable WMJCDFLG is also indicated as having a small positive effect, which is consistent
with its role in impeding brine inflow from the marker beds. Small effects are also indicated for SHRGSSAT and
BPINTPRS, with the selection of BPINTPRS and possibly the selection of both variables being spurious. However,
it is also possible that SHRGSSAT may affect gas and brine flow patterns within the repository. For the lower panel,
WMICDFLG, WGRCOR and HALPOR have effects consistent with those observed in the analysis with PRCCs
(Fig. 15). The variables ANHPRM and HALPRM are selected with negative regression coefficients, which
corresponds to the role that these variables play in increasing brine flow to the repository (Table 2). The selection of
SHRGSSAT at the end of the regression may be spurious. For perspective, Fig. 16 shows scatterplots for the first

three vartables selected in each regression for fraction of steel remaining.

The patterns of steel consumption in the upper and lower waste panels propagate through into the patterns of gas
production (Fig. 17). When microbial degradation takes place, all the cellulose in the repository is consumed by
2000 yr (Fig. 8), with the result that the time-dependent patterns of gas generation after 2000 yr are determined by
corrosion. Thus, the more pronounced cessation of steel consumption in the upper waste panels than in the lower

waste panel] (Fig. 15) carries through 1o a corresponding leveling off of gas production in the upper waste panels
(Fig. 17).

The dominant variables with respect 1o gas production in the upper and lower waste panels are WMICDFLG,
HALPOR, WGRCOR and WASTWICK, although there is some difference in their relative effects between the upper
and lower panels (Fig. 17). For example, WMICDFLG remains more imporant over time for gas generation in the
upper panels than in the lower panel. The upper and lower panels produce similar amounts of gas by microbial
degradation on a2 unit volume basis; however, the lower panel produces more gas due to corrosion on a unit volume
basis because of greater availability of brine. As a resuly, WMICDFLG is more important with respect to gas
generation in the upper panels than in the lower panel. Similarly, H4LPOR is more important to gas generation due

10 corrosion in the upper panels than in the lower panel due to the reduction of the importance of HALPOR in the




lower panel owing to the inflow of brine from the marker beds. Similar results for gas generation in the upper and

lower panels are also obtained with regression analysis (Table 5).

4. Undisturbed Conditions: Pressure

Pressure in the repository under undisturbed conditions influences the extent to which contaminated brine
migrates from the repository into the marker beds and also the size of the spallings!® and direct brine!® releases
associated with initial drilling intrusions into the repository. Thus, repository pressure is one of the most important

results obtained from modeling brine and gas flow in the vicinity of the repository.

The pressure in the repository tends to initially increase rapidly and then to either approach an asymptote or
show a decreased rate of increase (Fig. 18). The results in Fig. 18 are for the lower waste panel (Fig. 1, Ref. 2);
however, due to limited resistance to gas flow in the DRZ and panel closures, pressure is almost the same throughout
the repository, operations arca and experimental area. The 1996 WIPP PA was performed with three replicated
LHSs of size 100 (Sect 8, Ref. 3), with the results for repository pressure being quite stable across replicates (Fig.
19). Thus, the distribution of this important variable that results from subjective uncertainty is being esumated quite

well within the analysis.

The dominant conwibutor to the uncertainty in pressure is WMJ/CDFLG (Fig. 18), with pressure tending to
increase as WMICDFLG increases. As previously discussed, WMICDFLG controls the amount of gas g¢herated by
microbial degradation of cellulose. At early times WGRCOR and WASTWICK are also important with respect 10
pressure, with pressure tending to increase as each of these variables increases. Increases in WGRCOR and
WASTWICK tend to increase gas pressure at early times by increasing the rate at which steel is consumed by
corrosion. However, neither variable affects the total amount of corrosion that will take place, with the result that
thetr influence on pressure tends to decrease with time. In contrast, H4LPOR has little effect on pressure at early
times. but increases steadily in importance with time. This effect results because corrosion occurs only under
inundated conditions. Given that corrosion consumes brine, increased brine in the repository results in more
corrosion and hence in higher pressures. As discussed in Sect. 2, H4LPOR is the dominant determinant of the
amount of brine that enters the repository and hence of the amount of gas produced by corrosion. The variable
HALPOR has little or no effect on pressure at earlier times because of the availability of brine from other sources and
the dominance of gas generation by the microbial degradation of cellulose. However, at later times it is the brine

inflow associated with H4LPOR that allows corrosion 1o continue.

There is a well-defined relationship between cumulative gas generation and repository pressure (Fig. 20). with
the results at 10,000 yt showing slightly more scatter than the results at 2000 yr due to increased time for gas

migration into the marker beds. The swong positive correlation berween gas generation and TEpOSHOTY pressure




resuits in the PRCCs in Fig. 11 for total gas generation and the PRCCs in Fig. 18 for repository pressure being

almost identical.

Stepwise regression analysis (Table 6) provides an alternative to the analysis based on PRCCs in Fig. 18. The
first three variables identified in the regression analysis are WMICDFLG, HALPOR and WGRCOR, which are also
the top three variables identified in the analysis with PRCCs at 10,000 yr. In addition, the regression analysis also
identifies positive effects for ANHPRM and SALPRES. Increased values for ANHPRM tend to increase brine flow
out of the marker beds and thus increase pressure by increasing gas generation due to corrosion (Tables 2, 4).
Increased values for SALPRES tend to réduce gas and brine movement into the marker beds and thus increase
pressure in the repository. Increased values for SHRGSSAT are associated with increased gas generation due to
corrosion (Table 4) and thus increased gas pressure in the repository; however, the selection of SHRGSSAT in
Table 4 may be spurious. It is also possible that SHRGSSAT may effect gas and brine movement across the
computational cells associated with the shaft (i.e., regions 10, 11 in Fig. 1, Ref. 2). Because of the srong positivé
correlation berween gas generation and pressure (Fig. 20), the regression analysis in Table 6 for repository pressure

and the regression analysis in Table 4 for total gas generaton are very similar.

Pore volume in the repository (Fig. 21) changes in response to changes in pressure (Fig. 22). Due 1o the strong
positive correlation between pore volume and pressure, sensitivity analysis for pore volume produces results similar
to those obtaimed for repository pressure (Fig. 18, Table 6). The coupling between pore volume and pressure is
implemented in the calculation through relationships determined with the SANTOS program (Sect. 4, Rc?: 2).

5. Undisturbed Conditions: Brine Saturation

Unlike pressure, there is considerable variation between the brine saturation conditions at the southern and
northern ends of the repository (Fig. 23). At both ends, brine saturation increases rapidly in the first 50 to 1000 yr
due to brine flow from the DRZ (Fig. 1) and reduction in pore volume due to compaction of the waste (Fig. 21).
After this period of rapid increase, brine saturation tends to decrease as brine is consumed more rapidly by corrosion
than it is replaced by inflow. Due to the computational grid in use (Fig. 1, Ref. 2), the lower waste panel receives
more brine inflow from the marker beds relative to its size than the upper waste panels (Fig. 2). The lower panel 1s
also at the downdip end of the repository, with the result that it can also receive brine flowing down from the upper
panels. Asa result, the Jower panel receives more brine on a unit volume basis than the upper panels and thus tends

to have a higher brine saturation.

Brine saturation is dropping to zero for some sample elements. with this tending to occur less often for the lower
waste panel than for the upper waste panels (Fig. 23). Further, brine saturation is more likely to remain at zero for
the upper waste panels than the lower waste panel. When brine saturation goes 1o zero in a given computational cell

(Fig. 3. Ref. 2). corresion stops but will resume if brine saturation subsequently increases. The complete cessation of
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corrosion is indicated by the level steel fraction curves in Fig. 15, with such cessation occurring for more sample

elements in the upper waste panels than in the lower waste panel.

The estimated mean and percentile curves for brine saturation show less stability across replicates than the
curves for pressure (Figs. 19, 24). This reduced stability results from a limited number of sample elements

producing very high brine saturations while most sample elements produce much lower brine saturations (Fig. 23).

The dominant variables with respect to the uncertainty in brine saturation in the lower waste panel are H4LPOR,
WMICDFLG, WGRCOR, WASTWICK and ANHPRM (Fig. 23). The positive effect for HALPOR results because
increasing HALPOR increases the flow of brine into the lower waste panel from the DRZ in the first 50 to 100 y1 of
the calculation and thus contributes to the rapid rise in brine saturation during this early time period (Fig. 23).
However, some of this rapid initial increase in brine saturation is also due 1o the compaction of the repository at early
tirnes (Fig. 21). The pegative effect for WMICDFLG results because increasing WMICDFLG increases pressure in
the repository, which in turn increases pore volume and decreases brine inflow from the marker beds. Both of the
preceding effects will tend to reduce brine saturation. The negative effects for WGRCOR and WASTWICK resuit
from increasing the rate at which brine is consumed by corrosion. which in turn tends 10 reduce brine saturaton by
both removing brine and increasing pore volume due to increased pressure. Finally, the positve effect for ANHPRM

results because increasing ANHPRM increases brine flow from the marker beds and thus increases saturation in the
lower waste panel.

Similar effects are also indicated for HALPOR, WMICDFLG, WGRCOR and WASTWICK in the analysis for
brine saturation in the upper waste panels (Fig. 23). However, the patterns of importance for H4LPOR and
WMICDFLG are changed, with H4LPOR showing greater importance over the entire 10,000 yr period than for the
lower waste panel and WM/CDFLG showing a significant effect at only early times. These changes occur because
brine inflow from the marker beds is more important in determining saturation in the lower waste panel than in the
upper waste panels, with the result that WMICDFLG has more influence through time on the saturation conditions in
the lower waste panel than on the saturation conditions in the upper waste panels. Because WMICDFLG has less
effect through time on the saturation conditions in the upper panels, HALPOR will correspondingly tend to remain

more important through time.

Regression analvsis provides an alternative way to investigate the effect of uncertain variables on brine
saturation mn the uprp:r and lower waste panels (Table 7) and produces results similar to those obtained with PRCCs
(Fig. 23). For the lower panel, the variables H4LPOR, WMICDFLG, WGRCOR, WASTWICK and ANHPRM
identified with PRCCs are also identified in the regression analysis with effects of the same sign (i.e.. saturation
increases as H4LPOR and ANHPRM increase and saturation decreases as WMICDFLG, WGRCOR and WASTHWICK
increase). Further. the regression analysis identifies WRBRNSAT and H4ALPRM as having negative and positive

effects. respectively. on brine sawration in the lower panel. The positive effect for HALPRM results because
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increasing HALPRM tends to increase brine flow into the repository. The reason for the negative effect associated
with WRBRNSAT is not clear; intuitively, it seems like increasing WRBRNSAT should increase brine saturation. A
possibility is that increasing WRBRNSAT makes it more difficult for brine to flow into the repository as brine
saturation is reduced below WRBRNSAT in individual computational cells due to consumption in the corrosion
process. Another possibility is that the use of brine saturation and WASTWICK to define an effective saturation for

the implementation of corrosion (i.e., S o) may result in the small negative effect observed for WRBRNSAT.

For the upper waste panels, the variables H4LPOR, WGRCOR, WMICDFLG and WASTWICK are identified in
both the PRCC analysis (Fig. 23) and the regression analysis (Table 7) as having similar effects on brine saturation.
In addition, the regression analysis also identifies WRBRNSAT, HALPRM and ANHPRM. The positive effects for
HALPRM and ANHPRM result from increasing brine inflow to the repository. It is also possible that increasing
HALPRM and ANHPRM may increase brine saturation by increasing gas movement away from the repository, which
would reduce pressure and thereby reduce pore volume and thus increase brine saturation. As for the lower waste
panel, the reason for the selection of WRBRNSAT with a negative regression coefficient is not immediately apparent.

For perspective, scanterplots for the top three variables in each of the regression analyses in Table 7 are shown in Fig.

25.

In addition to brine saturation, brine volume in the waste panels is also important because it influences the
amount of dissolved, and hence mobile, radionuclides in the repository. Volume of brine in the upper waste panels
tends to increase at very early times (i.e., in the first few hundred years) and then decrease monotonically“(Fig. 26).
In contrast, brine volume in the lower panel shows a more complex pattern of behavior, with brine volume tending to
increase over the entire 10,000 yr period for some sample elements and displaﬁng a pattern of early increase

followed by monotonic decrease for other sample elements (Fig. 26).

The dominant variables with respect to brine volume in the upper panels identified by PRCCs are HALPOR,
WGRCOR and WASTWICK, with brine volume tending to increase as HALPOR increases and decrease as WGRCOR
and WASTWICK increase (Fig. 26). These effects result because H4LPOR influences the amount of brine that enters
the repository due to drainage from the DRZ (Fig. 3, Table 2) and WGRCOR and WASTWICK influence the rate at
which brine 1s consumed by corrosion (Fig. 13, Table 5, with fraction of steel remaining having a rank correlation of
—1 with amount of brine consumed). The negative effect for S4LPRES at early times is probably spurious and

results from HALPOR having a PRCC close 1o 1.

Regression analysis provides an alternatve determination of variable importance for volume of brine in upper
panels (Table 8) and also identifies HALPOR, WGRCOR and WASTWICK as ‘important variables with similar effects
as in the analysis with PRCCs. In addition. the analysis indicates that brine volume increases as ANHPRM and
HALPRM increase and decreases as WM/CDFLG and WRBRNSAT increase. The effects of these variables have

been previously discussed in the context of brine saruration. Indeed, the sensitivity analvses for brine satration




(Fig. 23, Table 7) and brine volume (Fig. 26, Table 8) are very similar due to the substantial correlations that exist

between brine saturation and brine volume in the upper and lower waste panels (Fig. 27).

As for the upper waste panels, the sensitivity an.ﬁlyses for brine volume in the lower panel (Fig. 26, Table 8) are
very similar to the corrcspoﬁding results for brine saturation in the lower panel (Fig. 23, Table 7). In particular,
brine volume tends to increase as HALPOR, ANHPRM and HALPRM increase and tends to decrease as
WMICDFLG, WGRCOR, WRBRNSAT and WASTWICK increase, with these effects having been previously discussed .

in conjunction with brine saturation.

6. Undisturbed Conditions: Brine and Gas Outflow

The anhydrite marker beds provide a possible pathway by which brine can flow away from the repository
(Fig. 28). However, the amount of brine that leaves the repository through the marker beds (i.e., at the boundary
between the marker beds and the DRZ) tends to be smaller than the amount of brine that enters by this pathway (i.c.,
compare Figs. I and 28). Most sample elements result in no brine flow away from the repository in the marker beds

(i.e., less than half of the sample elements result in nonzero cumulative brine flows in Fig. 28).

The largest brine flows away from the repository take place in MB 139, with the next largest flows taking place
in MB 138 and the smallest flows taking place in anhydrite layers A and B (Fig. 29). Further, the brine flows from
the repository into the shaft tend to be intermediate in size between those into MB 139 and 138 (Fig. 29), although
the largest flows into MB 138 are larger than the largest flows into the shaft.

The PRCCs in Fig. 28 indicate that WMICDFLG and HALPOR are the two most important variables with
respect to brine flow away from the repository, with this flow tending to increase as each of these variables increases.
Increasing each of these variables increases gas generation and thus pressﬁre in the repository, which in tum
increases the pressure gradient into the marker beds. The scatterplots in Fig. 30 provide a summary of the effects of
WMICDFLG and HALPOR at 10,000 yr.

The variables WAM/CDFLG and HALPOR are also the most important variables for brine movement mto the
individual marker beds (Table 9). In additon, small effects are indicated for several other variables. Increasing
WGRCOR and WASTHICK 1ends to increase brine movement into the marker beds due to their role in increasing
pressurc.. and increasing S4LPRES tends to decreass movement into the marker beds by increasing marker bed
pressure. Positive effects are also indicated for ANHPRM and HALPRM. These two variables potentially play a dual
role by initially increasing brine inflow to the repository and thus pressure due to gas generation by corrosion, and
then by reducing resistance to brine flow away from the repository as pressure increases. The individual regression
models tend to have relanvely low R- values (ie., 0.51 10 0.62) due to the large number of vectors in which no brine

flow into the marker beds akes place (Fig. 30).
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The last regression in Table 9 is for brine movement in the shaft away from the repository at the top of the DRZ.
The size of the movements is small and typically around 10 m? (Fig. 29). A number of variables are identified as
affecting this movement but the final regression model has an R? of only 0.58. The two most important variables are
WMICDFLG and SHRGSSAT, with brine flow away from the repository tending to increase as each of these
variables increases. Increasing WMICDFLG increases pressure in the repository and hence the movement of brine
away from the repository. Increasing SHRGSSAT changes brine flow patterns in the vicinity of the shaft. For
perspective, scatterplots for WMICDFLG and SHRGSSAT are presented in Fig. 31, with the positive effects indicated
in the regression model apparent but weak.

Brine flow away from the repository in the marker beds provides a potential mechanism for radionuclide
transport to the accessible environment. However, flows across the land withdrawal boundary (i.e., the subsurface
boundary of the accessible environment) away from the repository are zero or very small for most sample elements
(Figs. 32, 33). Generally, more flow crosses the land withdrawal boundary moving away ﬁ'om the repository to the
north than to the south (Fig. 33). However, it is 2 mistake 10 assume that the brine flows in Fig. 33 crossing the land
withdrawal boundary originated in the repository. The pressurization of the marker beds can cause the md\'emem
across the land withdrawal boundary of brine that was initially present in the marker beds and has never had contact
with the waste. For perspective, cumulative flows from the shaft into the Rustler Formation are also shown (Fig. 33).

Again, it is a2 mistake to assume that these flows necessarily originated in the repository.

The dominant variable affecting bripe flow in the marker beds across the land withdrawal boundar;' away from
the repository is ANHPRM, with this flow tending 10 increase as ANHPRM increases due to reduced resistance to
flow (Fig. 32, Tablc 10). The regressions for flow to the south (Table 10) have low R? values (i.e., 0.20 to 0.23) due
to the large number of zero results (Fig. 33). However, the models for flow to the north and also for total flow are -
also rather poor with R? values of 0.80, 0.59, 0.33 and 0.65 (Table 10) due to the large number of zero or very small
flows (Fig. 34). However, when flow does occur, it takes place for larger values of ANHPRM and also tends to

increase as ANHPRM increases (Fig. 34).

The last regression in Table 10 is for brine flow out of the shaft into the Culebra. Brine flow out of the shaft is
much greater than brine flow into the shaft at the repository (Figs. 29, 33). Thus, most of the brine exiting the shaft
into the Culebra did not enter the shaft directly from the repository. The vanables SHPRMCLY and SHPRMHAL
appear in the regression model with positive regression coefficients because incréasing their values reduces
resistance to flow. The variables H4LPRM and SA4LPRES appear in the regression model with positive regression
coefficients because increasing their values tends to increase brine movement from the Salado halite to the shafi.
Finally, WMICDFLG also appears in the regression model with a positive coefficient because increasing its values

tends 10 increase repository pressure and thus increase brine movement away from the repository.
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Gas flow can also take place in the anhydrite marker beds away from the repository, although little appreciable
gas movement takes place for most sample elements (Fig. 35). Most gas movement in the individual marker beds
tends to take place to the north (Fig. 36). In particular, MB 139 South experiences little gas inflow due to the
tendency of brine to drain to its interface with the DRZ (Fig. 36).

The dominant variable in determining the amount of gas that moves away from the repository is WMICDFLG,
with gas movement tending to increase as WMICDFLG increases due to increased repository pressure (Fig. 35,
Table 11). In addition, gas movement tends to increase with increasing values for HALPOR, WGRCOR and
ANHPRM, and to decrease with increasing values for ANHBCVGP and SALPRES. Increasing H4LPOR and
WGRCOR increases gas generation and hence pressure in the repository. Increasing ANHPRM increases repository
pressure by increasing gas generation due to corrosion and also reduces resistance to gas flow into the marker beds.
In contrast, increasing SALPRES reduces gas flow into the marker beds by increasing the pressure within the marker
beds. The negauve effect for ANHBCVGP indicates that gas is more likely to move into the marker beds when the
Brooks-Corey modsl is in use. The very low R? value for gas movement into MB 139 South (i.e., 0.28) results from
the large number of sample elements in which no gas movement takes place (Fig. 36). Scatterplots for the three most
important variables with respect to gas movement away from the repository (ie., WMICDFLG, HALPOR and
ANHBCVGP) are given in Fig. 37, with the positive effects for WMI/CDFLG and HALPOR and the negative effect
for ANHBCVGP being discernible within these plots.

Very little gas movement takes place through the shaft to the Culebra (Fig. 36). Due to the Jarge number of zero
and very small (ie., probably numerical noise) results, the corresponding regression analysis (Table 11) produces
rather poor results (i.e., R2 = 0.49). However, examination of scatterplots shows the nonzero gas releases tend to be

associated with small values for SHRGSSAT (Fig. 38).

The increased pressurization of the marker beds that results from gas generation in the repository can cause the
marker beds to fracture and increase in pore volume (Fig. 39). However, pressure induced fracturing does not occur
for most sample elements. Fracturing occurs almost equally 1o the north and south of the repository, with perhaps a
slight tendency 1owards a greater increase in fracture-induced pore volume to the north (Fig. 40). Due to changes in

pressure, the additional pore volume associated with fracturing can both increase and decrease with time (Fig. 39).

Due to its infiuence on volume of gas generated and hence repository pressure, WAMJCDFLG is the most
important variable with respect 10 pore volume increase due to fracturing, with pore volume tending to increase as
WMICDFLG increases (Fig. 39, Table 12). In addition, pore volume tends to increase as HALPOR and WGRCOR
increase due 1o increased gas generation and to decrease as SALPRES increases due to reduced gas and brine inflow
10 the marker beds (Table 12). However, the R? values for the individual regression models tend 1o be low (i.e.. 0.31

to 0.49 in Table 12} due to the large number of observations that result in no increase in pore volume. Scatterplots
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for the effects of BMICDFLG, HALPOR, SALPRES and WGRCOR on pore volume increase at 10,000 yr are shown
mn Fig. 41, with the two strongest trends involving WMICDFLG and HALPOR.

Fracturing is of concern because it can create zones of enhanced permeability between the repository and the
boundary with the accessible environment (i.e., the land withdrawal boundary), which is 2.75 km from the
repository. The longest observed fractures were approximately 2 km in length (Table lé) and thus did not reach the
accessible environment. Further, most sample elements result in no fracturing of the marker beds (Table 13). As for -

fracture volume, fracture length can both increase and decrease with time due to changes in pressure (.Fig. 42).

Fracture volume (Fig. 40) and length (Table 13) are highly correlated. Specifically, rank correlations of 0.9999,
0.9994, 0.9997, 0.9996, 0.9991 and 0.9987 exist between fracture volume and length for MB 138 North, MB 138
South, Anhydrites 2 and b North, Anhydrites a and b South, MB 139 North, and MB 139 South. Thus, the
sensitivity analysis results obrained for fracture volume (Table 12, Fig. 41) also apply to fracture length.

7. Discussion

Uncerainry and sensiuvity analysis procedures based on Latin hypercube sampling. examinarion of scatterplots,
siepwise regression analysis, partial éorreiation analysis, and rank transformations were used to investigate brine
inflow, gas generaton, repository pressure, brine saturation, and brine and gas outflow in the vicinity of the
repository under undisturbed conditions. Regression anélyscs and partial correlation analyses baseg on rank-
wansformed data gencraﬂy performed better than analyses based on raw (i.e., untransformed) data. In some cases,
nonlinear relationships between the input (i.e., sampled) and output (i.e., predicted) variables gave rise to poor
results with rank-transformed data; in these cases, the examination of scatterplots was used to develop an

understanding of the relationships between the input and output varjables.

The sampled variables were assigned distributions that characterized subjective uncertainty.> Thus, the ‘
presented uncertainty and sensitivity analysis results are showing the effects of subjective, or state of knowledge,
uncertainty and result from an integration over the probability space (S, 4 . Py,) associated with subjective
uncertainty (Sect. 5, Ref. 11). Further, all results are conditional on the existence of undisturbed conditions at the
repository, which is equivalent to being conditional on the element X, o of the sample space S, associated with the

probability space (S, 4 . p,,) for stochastic uncertainty that corresponds to undisturbed conditions (Sect. 12.
Ref. 4).

Of the results under smdy, repository pressure is potentially the most important due to its influence on
spallings!*- 17 and direct brine!® releases. In particular. no spallings and direct brine releases are believed to have
the potential to occur when repository pressure is below § MPa, which is the pressure exerted by a column of drilling

fluid at the depth of the repository.!® The uncertainty analysis showed that. in the context of the assessed subjective
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uncertainty in the analysis, there is a significant likelihood (i.e., degree of belief) that pressure in the repository under
undisturbed conditions will rise above 8 MPa (Fig. 18). Further, this assessment was found to be quite stable over
the three independent LHSs in use (Fig. 19). Sensitivity analysis showed that the uncertainty in repository pressure is
dominated by the extent to which microbial degradation of cellulose takes place, the rate at which the corrosion of
steel takes place, and the amount of brine that drains from the surrounding disturbed rock zone into the repository
(Fig. 18, Table 6).

Brine saturation can affect direct brine releases, with no direct brine releases taking place for saturations below
approximately 0.4 (Figs. 8, 11, Ref. 16). Brine saturations were generally lower in the upper (i.e., updip) waste
panels than in the lower (ie., downdip) waste panel (Fig. 23). In both the upper and lower waste panels, the brine
saturation was often too low to produce direct brine releases. The uncertainty in brine saturation was dominated by
the amount of brine that drains from the surrounding disturbed rock zone into the repository, the rate at which the
corrosion of steel takes place, the extent to which brine wicking into the waste occurs, and the extent to which
microbial degradadon of cellulose occurs (Fig. 23, Table 7). Brine saturation was not used in the calculation of

spallings releases in the 1996 WIPP PA but may be an important input in future calculations of spallings

releases 17. 19

Another analysis outcome of importance is pressure-induced fracturing in the anhydrite marker beds in the
vicinity of the repository and the subsequent movement of brine away from the repository in these fractures. Such
brine movement is potentially important because it can transport radionuclides away from the rcpo;itory. The
uncertainty analysis showed limited fracturing of the anhydrite marker beds, with ndne of the fractures reaching the
boundary of the accessible environment at approximately 2.8 km from the repository (Fig. 42, Table 13). Further,
little brine flow across the boundary with the accessible environment and away from the repository was observed

(Fig. 33), with most of the flows having never been in contact with the waste.

Brine flow up or down the sealed shaft is also of potential importance. However, the shaft seals were found to
be quite effective, with essentially no brine flow between the repository and the Culebra Dolomite taking place in the
shafts (Figs. 6, 29, 33).

1n additon to providing insights on the uncertainty in predictions of important variables and the input variables
that give.rise to this uncertainty, the uncertainty and sensitivity analysis techniques in use provide a powerful tool for
rﬁode! verification. In particular, the extensive sensitivity analysis results provide an opportunity to examine many
analvsis outcomes for anomalous behavior that may be due to an error in the development of the underlying model or

the implementation of the analysis. Fortunately, no such errors were found.

The development of rwo-phase flow modeling as part of the WIPP PA can be traced through a sequence of

uncertainty and sepsinvity analyses performed as part of the 1991 WIPP PA (Refs. 20-25). the 1992 WIPP PA




(Vols. 4, 5, Ref. 26) and the applications of a systems prioritization methodology (Ref. 27). The general tendency
~ through ume has been toward more detailed representations of the geometry of the repository and the processes that
take place in the vicinity of the repository. As more detailed modeling and more refined parameter values are used,

the trend has been towards lower estimated repository pressures.

Although of interest by themselves, results contained in this presentation also constitute inputs to other parts of
the 1996 WIPP PA. In particular, pressure results are used as input to the spallings calculations,!’ pressure and
brine saturation results are used as input to the direct brine release calculations, 16 and brine flow patterns are used as

input to the radionuclide transport calculations.?8-
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Cumnulative brine flow into DRZ (BRAALIC) and into repository (BRNREPTC) under undisturbed
conditions.

Cumulative brine flow over 10,000 yr into DRZ (BRM38NIC, BRM38SIC, BRAABNIC, BRAABSIC,
BRM39NIC, BRM39SIC, and BRAALIC) and into repository (BRNREPTC) under undisturbed conditions.

Partial rank correlation coefficients for cumulative brine flow from marker beds (BRAA4LIC) and cumulative -
brine flow into repository (BRNREPTC) under undisturbed conditions with ANHCOMP and HALCOMP
excluded from calculation.

Scatterplots for cumulative brine discharge from the marker beds (BRAALIC) over 10,000 yr under
undisturbed conditions versus WMICDFLG and ANHPRM.

Scatterplot for cumulative brine inflow to the repository (BRNREPTC) over 10,000 yr under undisturbed
conditions versus H4LPOR.

Cumulative brine flow down the shaft at the upper boundary of the DRZ (BRN_DNSH) under undisturbed
conditions.

Cumulative gas generaton due to corrosion (FE MOLE) and microbial degradation of cellulose
{CELL_MOL) under undisturbed conditions.

Time-dependent messes of steel (FE_KG) and cellulose (CELL_KG) in repository under undisturbed
conditions.

Cumulative gas generation due to microbial degradation of cellulose under inundated (CELLIM_J) and
humid (CELL_M_H) conditions for undisturbed conditions.

Cumulative gas generation due to both corrosion and microbial degradation of cellulose (GAS_MOLE)
under undisturbed conditions.

Partial rank correlation coefficients for cumulative gas generation due to corrosion of steel (FE_MOLE) and
cumulative gas generation due to corrosion of steel and microbial degradation of cellulose (GAS_MOLE)
under undisturbed conditions with ANHCOMP and HALCOMP excluded from calculation.

Scatterplots for total gas generation over 10,000 yr due to corrosion of steel and microbial degradation of
cellulose (GAS_MOLE) under undisturbed conditions versus WMJICDFLG and HALPOR.

. Cumulative volume of brine consumed by corrosion (BRN_RMYV)) under undisturbed conditions.

. Scanerplot for amount of gas generated by corrosion (FE_MQLE), amount of steel remaining in the

repository (FE_KG) and amount of brine consumed by corrosion (BRN_RMJ) at 10.000 yr under
undisturbed conditons. The scatterplot for amoumt of brine removed should actally be a straight line. with
the resolution at which computational results were stored inroducing the scatter in the plot.

Uncenainty and sensitivity analysis results for fraction of steel remaining in upper waste panels
(FEREM_R) (upper frames) and lower waste panel (FEREM W) (lower frames) under undisturbed
conditions.
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Scatterplots for fraction of steel remaining in upper waste panels (FEREM_R) (left frames) and lower panel
(FEREM_W) (right frames) for undisturbed conditions at 10,000 yr versus HALPOR, WGRCOR and
WMICDFLG. )

Uncertainty and sensitivity analysis results for cumulative gas generation due to corrosion and microbial
degradation in upper waste panels (GASMOL_R) (upper frames) and lower waste panel (GASMOL_W)
(lower frames) for undisturbed conditions.

Uncerainty and sensitivity analysis results for pressure in lower waste panel (WAS_PRES) under
undisturbed conditions.

Mean and percentile curves for three replicated LHSs for preséure in lower waste panel (WAS_PRES) under
undisturbed conditions.

. Scauerplots at 2,000 and 10,000 yr for cumulative gas generated by corrosion and microbial degradation

(GAS_MOLE) under undisturbed conditions versus pressure in repository (WAS_PRES).

. Total pore volume in repository (PORVOL_T) under undisturbed conditions.

Scanerplots of pressure in repository (WAS_PRES) at 10.000 yr under undisturbed conditions versus total
pore volume in repository (PORVOL_T).

. Uncertaimnty and sensitvity analysis results for brine saturation in upper waste panels (REP_SATB) (upper

frames) and lower waste pane] (HAS_S47B) (lower frames) under undisturbed conditions.

. Percentle curves for three replicated LHSs for brine saturation in the lower (W4S_SA7TB) and upper waste

panels (REP_SATB) under undisturbed conditions.

. Scanerplots for brine saturation in upper waste panels (REP_SATB) (left frames) and lower waste panel

(WAS_SATB) (right frames) for undistwrbed conditions at 10,000 yr versus HALPOR, WGRCOR,
WASTWICK, WMICDFLG and ANHPRM.

. Uncertainty and sensitivity analysis results for brine volume in upper waste panels (BRNVOL_R) (upper

frames) and lower waste panel (BRNWOL_W) (lower frames) under undisturbed conditions.

Scatterplots for brine saturation and brine volume in upper (BRNVOL_R, REP_SATB) and lower
{(BRNVOL_W, WAS_SATB) waste panels under undisturbed conditions at 10,000 yr.

28. Uncerainty and sensitivity analysis results for cumulative brine flow into marker beds away from repository

(BRA44LOC) under undisturbed conditions.

. Cumulative brine flow over 10.000 yr away from repository in marker beds (BRM3S8NOC, BRM3850C,

BRAABNOC, BRAABSOC, BRM39NQOC, BRM39SOC, BRAALOC) and up shaft (BSCL8AOC) under
undisturbed conditions.

. Scancrplots for cumulative brine flow away from the repository over 10.000 yr in marker beds (BR44LOC)

under undisturbed conditions versus WAM/CDFLG and HALPOR.

. Scanterplots for cumulative brine flow in shaft at boundary of DRZ and intact halite (BSCL8AOC) over

10.000 vt under undisturbed conditions versus WMICDFLG and SHRGSSAT.

Uncerainty and sensitivity analvsis results for cumulative brine flow in marker beds across land withdrawal
boundary away from repository { BR4.4LLWC) under undisturbed conditions.

22




LI
LI

2. 40.

g.41.

ig. 42.

Cumulative brine flow over 10,000 yr away from repository in individual marker beds at-land withdrawal
boundary (BRAM3SNLW, BRM38SLW, BRAABNLW, BRAABSLW, BRM39NLW, BRM39SLW, BRAALLWC)
and in shaft at boundary with Rustler Formation (BRNSHUC) under undisturbed conditions.

. Scatterplots for cumulative brine flow in marker beds across land withdrawal boundary away from -

repository over 10,000 yr for MB 139 North (BRM3INLW) (left frames) and all marker beds (BRA4LLWC)
(right frames) versus (ANHPRM), (HALPOR) and (WMICDFLG).

S. Uncertainty and sensitivity analysis results for cumulative gas flow into marker beds away from repository

(GSAALOM) under undisturbed conditions.

. Cumulative gas flows over 10,000 yr away from repository in individual marker beds (GSM38NOC,

GSM38S0C, GSAABNOC, GSAABSOC, GSM39NOC, GSM39S0OC, GSAALOM) and in shaft at boundary
with Rustler Formation (GSMSHUPC) under undisturbed conditions.

. Scatterplots for curmlative gas flow in marker beds away from repository (GSA4LOM) under undisturbed

conditions over 10,000 yr versus WMICDFLG, HALPOR and ANHBCVGP.

. Scatterplots for cumulatve gas flow in shaft away from repository at boundary with Rustler Formation

(GSMSHUPC) under undisturbed conditions over 10,000 yr versus SHRGSSAT.

. Uncertainty and sensitvity analysis results for total pore volume increase in marker beds (P¥OLJ_T) under

undisturbed conditions.

Pore volume increase due to fracturing in individual marker beds (PVOLI38N, PVOLI3ES, PVOLIABN,
PVOLIABS. PVOLI39N, PVOLI39S, PVOLI _T) at 10.000 yr under undisturbed conditions.

Scatterplots for 1otal pore volume increase due to fracturing in marker beds (P¥OL/_T) at 10,000 yr under
undisturbed conditions versus WMICDFLG, HALPOR, SALPRES and WGRCOR. i’

Uncertainty and sensitivity analysis results for length of fracture zone in north MB 139 (FRACX39N) under
undisturbed conditions.
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Fig. 1. Cumulative brine flow into DRZ (BRAALIC) and into repository (BRNREPTC) under undisturbed
conditions.
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Fig. 3. Partial rank cormelation coefficients for cumulative brine flow from marker beds (BRAALIC) and cumulative
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Fig.5. Scatterplot for cumulative brine inflow to the repository (BRNREPTC) over 10,000 yr under undisturbed
conditions versus HALPOR.
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Fig. 6. Cumulative brine flow down the shaft at the upper boundary of the DRZ (BRN_DNSH) under undisturbed
conditions.
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Fig.7. Cumulative gas generation due to corrosion (FE_MOLE) and microbial degradation of cellulose
(CELL_MOL) under undisturbed conditions.
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Fig. 8. Time-dependent masses of steel (FE_KG) and cellulose (CELL_KG) in repository under undisturbed
conditions.
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Fig.9. Cumulative gas generation due to microbial degradation of cellulose under inundated (CELL M_I) and
humid (CELL_M_H) conditions for undisturbed conditions.
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Fig. 10. Cumulative gas generation due to both corrosion and microbial degradation of cellulose (GAS_MOLE)

under undisturbed conditions.
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. Partial rank correlation coefficients for cumulative gas generation due to corrosion of steel (FE_MOLE) and

cumnlative gas generation due to corrosion of steel and microbial degradation of cellulose (GAS_MOLE)
under undisturbed conditions with ANHCOMP and HALCOMP excluded from calculation.
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Fig. 12. Scatterplots for total gas generation over 10,000 yr due to corrosion of steel and microbial degradation of
cellulose (GAS_MOLE) under undisturbed conditions versus WMICDFLG and HALPOR.
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Fig. 13. Cumulatve volume of brine consumed by corrosion (BRN_RMV) under undisturbed conditions.
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Fig. 14. Scatterplot for amount of gas generated by corrosion (FE_MOLE), amount of steel remaining in the
repository (FE_KG) and amount of brine consumed by corrosion (BRN_RMV) at 10,000 yr under
undisturbed conditions. The scatterplot for amount of brine removed should actually be a straight line, with
the resolution at which computational results were stored introducing the scatter in the plot.
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Fig. 15. Uncertainty and sensitivity analysis results for fraction of steel remaining in upper waste panels

(FEREM_R) (upper frames) and lower waste panel (FEREM_W) (lower frames) under undisturbed
conditions.
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Fig. 17. Uncertainty and sensitivity analysis results for cumulative gas generation due to corrosion and microbial
degradation in upper waste panels (GASMOL_R) (upper frames) and lower waste panel (GASMOL_W)
(lower frames) for undisturbed conditions.
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Fig. 18. Uncertainty and sensitivity analysis results for pressure in lower waste panel (WAS_PRES) under

undisturbed conditions.
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Fig. 19. Mean and percentile curves for three replicated LHSs for pressure in lower waste panel (WAS_PRES) under

undisturbed conditions.
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Fig. 20. Scatterplots at 2,000 and 10,000 yr for cumulative gas generated by corrosion and microbial degradation
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Fig. 21. Total pore volume in repository (PORVOL_T) under undisturbed conditions.
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pore volume in repository (PORVOL_T).
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1.0

Brine Saluration Lower Pansl: WAS_SATB

08
.

0.6

BRAGFLO (EO, R1, R2, R3)

Vot-Averaged Brine Saturation Lower Pane! (WAS_ SATB)

40
Time{10° yr)

r—— e B R E_—
]
} pTRC IS 1
;- "‘::sg .
'F Dbt . W
1z e -
(22N R Y ----.. -—-
L¥2 <" =< < < -()
'55' ORZ
L (4 UR3 -4
0
 » Mean

8.0

Brine Saturation Upper Panels: REP_SATB

0.5

o
>

d
X

BRAGFLO (EOQ, R1, R2, R3)
Vol-Averaged Brine Saturation Upper Panels (REP_ SATB)

A e e — )
; f\ A R1 .
s N O R2

o~ ] E
| » D\ )\ R3 -
| & Y N Mean 3
A —=== Median
e = R 10th Percentile
™ LSRR =7 90th Percentiie |
Ly A " —_Y
L Vo
L5
b

Time{10% yr)

TRI-6342-5145-0

Fig. 24. Percentile curves for three replicated LLHSs for brine saturation in the lower (WAS_SATB) and upper wasle

panels (REP_SATB) under undisturbed conditions.

>




5 B B 8 § &

Brine Saturation Upper Panels: REP_SATS

I
8

- - T - T — B - B
& B & 2 I B

Brine Saturatlon Upper Panels: REP_SATH

B

BRAGFLO {EO, R1, R2. R3)

T T T T v T .

. Tene: 10000 yr .

- - . .1

‘.. - .. «* "

- 'Y, . . .
_‘ . 5 © : * . * .'."
N e L T, “ .,-. -- .

e L \.fg—.-,.-ﬁi“-.s
4 8 12 B 20 24 28
Halite Porosity: HALPOR (107%)
BRAGFLO (EO, R1, R2, R3)

e g T T T T T T

L. Teme: 10000 yr
.

;. -: . - .

- . .
-« ™o e’ o .
"en L AP -2
.-f_:.;.r_ T N e S Vel
i —— >

0 2 4 6 8 10 12
Corrosion Rate: WGRCOR (10715 mys)

14 186

BRAGFLO (ED, R1, R2, R3)

T Pl T T T T T
0so b Time: 10000 yr  J

o .

-

<

)

!l 075 :

w

=

K3 "

S 0.60 1

-«

[ - .

3 . °

o4t . :

3 .

c

-] . s

® 030 + .

2 .

2015 .‘:. . * . * . J

& . by . " o ol . L I . .

PR s - & « *
NS - T LI S L I B
C00 035 030 045 060 075 090

Fig. 25. Scatterplots for brine saturation in upper waste panels (REP_SATB) (left frames) and lower waste panel
(WAS_SATB) (right frames) for undisturbed conditions at 10,000 yr versus HALPOR, WGRCOR,
WASTWICK, WMICDFLG and ANHPRM.

Brine Wicking Term: WASTWICK

Brine Saturation Lower Panel: WAS_SATB Brine Saturation Lower Panel: WAS_SATB

Btine Saturation Lower Panel: WAS_SATB

BRAGFLO (EQ, R1, R2, R3)

i R RS L 1 1 )
0.90 _E . Time: 10000 yr .
i
075 H . K
060 H - Iy
: -
045 H s o
. :
0.30 H ‘ 17
l .
0.15 H bs
l 1
' 1
000 h . I 1 ) : 1
0.0 0.3 0.6 0.9 12 1.5 1.8
Microbial Gas Generation Flag: WMICDFLG
BRAGFLO (E0, R1, R2, R3)
l(. ] 1] . 1 ) . 1
-~ Time: 10000
oot 2 L. e 1Ry
075 . -
0.60 . .
0.45 . e 1
K . =, ..,...
0.30 AP
- " « * :‘
[T ] % e
0.15 .ty
.
H R v
. . ) . N
0.00 & Y AT bt e |
4] 2 4 [ B 10 12 14 16
Comosion Rate: WGRCOR (10-%° m/s)
BRAGFLO (E0, R1, R2, R3)
2 L kS 3 ] .« & 3 S
0% ¢ ]
ors | ]
1
0.60 1
045 b
0.30 b 4
0.15 b .
0.00 b R L L

-21.0 ~20.5 -20.0 ~18.5 -18.0 =185 —-18.0 ~17.5 ~17.0

Logarithm Anhydrite Permeability {m2): ANHPRM
TRI-6342-4911-0




Brine Volume Upper Panels; BANVOL_R (104 m3)

Brine Volume Lower Panel: BRNVOL_W (108 m®)

6.0
5.0
4.0
3.0

2.0 NS
AN,

Fig. 26.

BRAGFLO (E0, R1)
Brine Volume in Upper Panels (BRNVOL_R)

T T ] vy gy

7 7 ¢ ] s

\QELANE LML S0 B B S e St e I e

6.0
Time (10% yn)

4.0

BRAGFLO (EQ, R1)
Brine Volume in Lower Panel (BRNVOL_W)
o]

T 1 T

LERE B S

4.0 6.0
Time (10% yn)

1.00

0.75

0.50

0.25

0.00

-0.25

-0.50

artial Rank Correlation Coefliclent

o -075 L

~1.00

1.00

0.75

0.50

0.25

0.00

~0.25

~0.50

Partial Rank Correlation Coefficlent

~0.75

~1.00

BRAGFLO (EO, R1, R2, R3)
Brine Volume in Upper Panels (BRNVOL_R)

1] 1] 1 ) 1

-] Dependent Variable e
BRNVOL_R

-l ——HALPOR
WGRCOR
—-— WASTWICK
- ——-SALPRES

prag—a—x g

__—.—--——_———--'_"
il
- ——

-------
........

- 45 6.0
Time (103 y©)

BRAGFLO (EO, R1, R2, R3)
Brine Volume in Lower Panel (BRNVOL_W)
L3 1

' i i i

- - —— —— -

Dependent Variable
- BRNVOL_W

—— HALPOR
WGRCOR
—-— WMICDFLG
ANHPRM
—— WASTWICK

J ) )} - J
4.5 6.0
Time (10°yn)

TRI-5342-4918-0

Uncertainty and sensitivity analysis results for brine volume in upper waste panels (BRNVOL_R) (upper

frames) and lower waste panel (BRNWQOL_W) (lower frames) under undisturbed conditions.
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Fig. 27. Scatterplots for brine saturation and brine volume in upper (BRNVOL_R, REP_SATB) and lower
(BRNVOL_W, WAS_SATB) waste panels under undisturbed conditions at 10,000 yr. '
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Fig. 28. Uncertainty and sensitivity analysis results for cumulative brine flow into marker beds away from repository

{BRAALOC) under undisturbed conditions.
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Fig. 29. Cumulative brine flow over 10,000 yr away from repository in marker beds (BRM38NOC, BRM38SOC,
BRAABNOC, BRAABSOC, BRM39NOC, BRM3950C, BRAALOC) and up shaft (BSCL8AOC) under
undisturbed conditions.
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Fig. 30. Scatterplots for cumulative brine flow away from the repository over 10,000 yr in marker beds (BRAALOC)
under undisturbed conditions versus WMICDFLG and HALPOR.
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Fig. 31. Scatterplots for cumulative brine flow in shaft at boundary of DRZ and intact halite (BSCLSAOC) over
10,000 yr under undisturbed conditions versus WMICDFLG and SHRGSSAT.
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Fig. 32. Uncertainty and sensitivity analysis results for cumulative brine flow in marker beds across land withdrawal
boundary away from repository (BRAALLWC) under undisturbed conditions.
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Fig. 33. Cumulative brine flow over 10,000 yr away from repository in individual marker beds at land withdrawal
boundary (BRM3SNLW, BRM38SLW, BRAABNLW, BRAABSLW, BRM39NLW, BRM39SLW, BRAALLWC)
and in shaft at boundary with Rustler Formation (BRNSHUC) under undisturbed conditions.
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Fig. 34. Scatterplots for cumulative brine flow in marker beds across land withdrawal boundary away from
repository over 10,000 yr for MB 139 North {(BRM39NLW) (left frames) and all marker beds (BRAALLWC)
(right frames) versus (ANHPRM), (HALPOR) and (WMICDFLG).
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Fig. 35. Uncertainty and sensitivity analysis results for cumulative gas flow into marker beds away from repository

(GSAALOM) under undisturbed conditions.
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GSM38S0C, GSAABNOC, GSAABSOC, GSM39NOC, GSM395S0C, GSAALOM) and in shaft at boundary
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Fig. 37. Scatterplots for cumulative gas flow in marker beds away from repository (GSAALOM) under undisturbed
conditions over 10,000 yr versus WMICDFLG, HALPOR and ANHBCVGP.

47




Pore Vol Increase MBs: PVOLI_T (104 m?)

BRAGFLO {E0, R1, R2, R3)
[y 1 ) i i i i 1 [

800 [ Time: 10000 yr

700 .

S00 | - n

001 . nt

200 |- 7

Qas in Shaft Rustler: GSMSHUPC (mole)

100 et Ny
%s .
O [ - ':'.‘L . .

000 0.05 0.10 0.5 020 0.25 030 035 040
Shaft Residual Gas Saturation: SHRGSSAT

TRI-6342-5146-0

Fig. 38. Scatterplots for cumulative gas flow in shaft away from repository at boundary with Rustler Formation

5

(GSMSHUPC) under undisturbed conditions over 10,000 yr versus SHRGSSAT.
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Fig. 39. Uncertainty and sensitivity analysis results for total pore volume increase in marker beds (PVOLI_T) under
undisturbed conditions.
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Fig. 40. Pore volume increase due to fracturing in individual marker beds (PVOLI3SN, PVOLI3SS, PVOLIABN,
PVOLIABS, PYOLI39N, PVOLI39S, PVOLI_T) at 10,000 yr under undisturbed conditions.
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Fig. 41. Scatterplots for total pore volume increase due to fracturing in marker beds (PVOLI_T) at 10,000 yr under
undisturbed conditions versus WMICDFLG, HALPOR, SALPRES and WGRCOR.
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Fig. 42. Uncertainty and sensitivity analysis results for length of fracture zone in north MB 139 (FRACX39N) under
undisturbed conditions.




Table 1. Results Calculated by BRAGFLO Considered in Uncertainty and Sensitivity Analyses
for Fluid Flow in the Vicinity of the Repository under Undisturbed (i.e., E0) Conditions

BRAABNIC—Cumulative brine flow (m?) out of north anhydrites A and B into disturbed rock zone (DRZ)
(i.e., from Cell 556 to Cell 527 in Fig. 3, Ref. 2)

BRAABNLW—Cumulative brine flow (m’) in north anhydrites A and B across land withdrawal boundary (i.e.,
from Cell 561 to Cell 562 in Fig. 3, Ref. 2)

BRAABNOC—Cunmilative brine flow (m3) out of DRZ into north anhydrites A and B (i.e., from Cell 527 to
Cell 556 in Fig. 3, Ref. 2)

BRAABSLW—Cumnlative brine flow (m?) in south anhydrites A and B across land withdrawal boundary (i.e.,
from Cell 550 to Cell 549 in Fig. 3, Ref. 2)

BRAABSOCG~—Cummlative brine flow (m3) out of DRZ into south anhydrites A and B (ie., from Cell 482 10
Cell 555 in Fig. 3, Ref. 2)

- BRAALLW—Cummlative brine flow (m?) in all MBs across land withdrawal boundary (i.e., BRM38NLW +
BRAABNLW + BRM39NLW + BRM38SNLW + BRAABNLW + BRM39SLW)

BRAALOC—Cummilative brine flow (m?) out of DRZ into all MBs (ie., BRM3SNOC + BRAABNOC +
BRM39NOC + BRM38SNOC + BRAABNOC + BRM3950C)

BRM38NLW—Cumulative brine flow (m?) in north MB138 across land withdrawal boundary (i.e., from Cell
593 to Cell 594 in Fig. 3, Ref. 2)

BRM38NOC—Cumulative brine flow (m3) out of DRZ into north MB138 (i.e., from Cell 587 to Cell 588 in
Fig. 3, Ref. 2)

BRM385/C—Curmnlative brine flow (m>) out of south MB138 into DRZ (1 e., from Cell 571 to Cell 572 in
Fig. 3, Ref. 2)

BRM38SLW—Cumulative brine flow (m?) in south MB138 across land withdrawal boundary (i.e., from Cell
566 to Cell 565 in Fig. 3, Ref. 2)

BRM38SOC—Cunmlative brine flow (m3) out of DRZ into south MB138 (i.e., from Cell 572 to Cell 571 in
Fig. 3, Ref. 2)

BRM39NIC—Cumulative brine flow (m>) out of north MB139 into DRZ (i.e., from Cell 540 to Cell 465 in
Fig. 3, Ref. 2) --

BRM39NLW—Cumulative brine flow (m3) in north MB139 across land withdrawal boundary (i.e., from Cell
545 to Cell 546 in Fig. 3, Ref. 2)

BRM39NOC—Cumulatve brine flow (xﬁ3) out of DRZ into north MB139 (i.e., from Cell 465 to Cell 540 in
Fig. 3, Ref. 2)

BRM_>9SIC——Cumulame brine flow (m?®) out of south MB139 into DRZ (i.e., from Cell 539 to Cell 436 in
Fig. 3,Ref. 2)

BRM39SLW—Cumulative brine flow (m?) in south MB139 across land withdrawal boundary (i.e., from Cell
534 1o Cell 533 in Fig. 3, Ref. 2)

BRM39SOC—Cumulative brine flow (m*) out of DRZ into south MB139 (i.e.. from Cell 436 to Cell 339 in
Fig. 3. Ref. 2)




Table 1. Results Calculated by BRAGFLO Considered in Uncertainty and Sensitivity Analyses
for Fluid Flow in the Vicinity of the Repository under Undisturbed (i.e., EQ) Conditions
(continued)

BRN_DNSH—Cumulative brine flow (m’) down shaft at upper boundary of DRZ (i.e., from Cell 654 to Cell
653 in Fig. 3, Ref. 2)

BRN_RMV—Cumulative brine (m’) consumed in repository by corrosion (i.e., in Cells 596-625 in Fig. 3,
Ref. 2)

BRNVOL_R—-Brine volume (m?) in upper waste panels (i.e., in Cells 617-625 in Fig, 3, Ref. 2)
BRNVOL _W-—Brine volume (m°) in lower waste panels (i.., in Cells 596-616 in Fig. 3, Ref. 2)

BRNREPTCG—Cummilative brine flow (m’) into repository (i.e., into region corresponding to Cells 596-625,
638-640 in Fig. 3, Ref. 2)

BRNSHUC—Cumulative brine flow (m®) up shaft at boundary between Salado and Rustler Formations (i.e.,
from Cell 660 1o Celi 661 in Fig. 3, Ref. 2)

BSCL8AOC—Cumnlative brine flow (m) up shaft at boundary of DRZ and intact halite (i.e.. from Cell 653 to
Cell 654)

CELL_KG—Mass of celiulose (kg) in repository (i.e., in Cells 596-625 in Fig. 3, Ref. 2)

CELL_M_H—Cumnlative gas generation (mol)} in repository due to microbial degradation of cellulose under
inundated conditions (i.e., in Cells 596-625 in Fig. 3, Ref. 2)

CELL M _F—Cummiative gas generation (mol) in repository due to microbial degradation of cellulose under
inundated conditions (i.c., in Cells 596-625 in Fig. 3, Ref. 2)

&<

CELL MOL—Cummlative gas generation (mol) in repository due to microbial degradation of cellulose (ie.,
CELL M H+CELL M ]

FE_KG-—Mass of steel (kg) in repository (i.e., in Cells 596-625 in Fig. 3, Ref. 2)

FE_MOLE—Cumulative gas generation (mol) in repository due to corrosion (i.e., in Cells 596-625 in Fig. 3,
Ref. 2) .

FEREM_R—Fraction of steel remaining in upper waste panels (i.e., in Cells 617-625 in Fig. 3, Ref. 2)
FEREM_W—Fraction of steel remaining in lower waste panel (i.e., in Cells 596-616 in Fig. 3, Ref. 2)

FRACXABN—Length (m) of fractured zone in north anhydrites A and B (i.e., in Cells 556-563 in Fig. 3,
Ref. 2)

FRACXABS—Length (m) of fractured zone in south anhydrites A and B (i.e., in Cells 548-555 in Fig. 3,
Ref. 2) .

FRACX38M—1 ength (m) of fractured zone in north MB 138 (i.e., in Cells 388-395 in Fig. 3, Ref. 2)
FRACX385—Length (m) of fractured zone in south MB 138 (i.e.. in Cells 564-571 in Fig. 3, Ref. 2)
FRACX39N—L ength (m) of fractured zone in north MB 139 (i.c.. in Cells 540-5347 in Fig. 3, Ref. 2)

FRACX395—Length (m) of fractured zone in south MB 139 (i.e.. in Cells 532-339 in Fig. 3



Table 1. Results Calculated by BRAGFLO Considered in Uncertainty and Sensitivity Analyses
for Fluid Fiow in the Vicinity of the Repository under Undisturbed (i.e., EO) Conditions
(continued)

GAS_MOLE—Total cumulative gas generation in repository (i.e., FE_MOLE + CELL_MOL)

GASMOL _R—Cumulative gas generation (mol) in upper waste panels due to corrosion and microbial
degradation (i.e., in Cells 617-625 in Fig. 3, Ref. 2)

GASMOL_W—Cumulative gas generation (mol) in lower waste panel due to corrosion and microbial
degradation (i.¢., in Cells 596-616 in Fig. 3, Ref. 2)

GSAABNIM—Cumulative gas flow (mol) out of north anhydrites A and B into DRZ (i.e., from Cell 556 to Cell
527 in Fig. 3, Ref. 2)

GSAABNOCG—Cumulative gas flow (molj out of DRZ into north anhydrites A and B (i.e., from Cell 527 to
Cell 556 in Fig. 3, Ref. 2)

GSAABSIM—Cumulatve gas flow (mol) out of south anhydrites A and B into DRZ (i.e., from Cell 355 to Cell
482 mm Fig. 3, Ref. 2)

GSAABSOC—Cummlanve gas flow (mol) out of DRZ into south anhydrites A and B (i.e., from Cell 482 10 Cell
555 in Fig. 3, Ref. 2) '

GSAALIM—Cumulaove gas flow (mol) out of all MBs into DRZ (i.e., GSM38NIM + GSAABNIM +
GSM3INIM + GSM38SNIM + GS4AABNIM + G5M39SIM)

GSAALOM—Cumulative gas flow {mol) out of DRZ into all MBs (i.e., GSM38NOC + GSAABNOC +
GSM39NOC + GSM38SNOC + GSAABNOC + GSM3950C) &
GSM38NIM~—Cumulative gas flow (mol) out of north MB138 into DRZ (i.e., from Cell 588 to Cell 587 in
Fig. 3, Ref. 2) o ‘

GSM38NOC—Cumulative gas flow (mol) out of DRZ into north MB138 (i.e., from Cell 587 to Cell 588 in
Fig. 3, Ref. 2)

GSM38SIM—Cumulative gas flow (mol) out of south MB138 into DRZ (i.e., from Cell 571 to Cell 5372 in
Fig. 3, Ref. 2)

GSM3850C—Cumulative gas flow (mol) out of DRZ into south MB138 (i.e., from Cell 572 10 Cell 571 in
Fig. 3, Ref. 2) '

GSM39NIM—Cumulative cas flow (mol) out of north MB139 into DRZ (i.e., from Cell 340 to Cell 465 in
Fig. 3, Ref. 2)

GSM39NOC—Cumulatve gas flow (mol) out of DRZ into north MB139 (i.e.. from Cell 465 to Cell 540 in
Fig. 3, Ref. 2)

GSM39SIM—~Cumulative gas flow (mol) out of south MB139 into DRZ (i.e., from Cell 539 1o Cell 436 in
Fig. 3, Ref. 2)

GSM39SOC—Cumulartive gas flow (mol) out of DRZ into south MB139 (ie., from Cell 436 1o Cell 539 in
Fig. 3. Ref. 2)

GSMSHUPC—Cumulative gas flow (mol) up shaft at boundary between Salado and Rustler Formatons (i.e.,
from Cell 660 to Cell 661 in Fig. 3. Ref. 2)




Table 1. Results Calculated by BRAGFLO Considered in Uncertainty and Sensitivity Analyses
for Fiuid Flow in the Vicinity of the Repository under Undisturbed (i.e., E0) Conditions
{continued)

PORVOL_R—Pore volume (m?) in upper waste panels (i.e., in Cells 617-625 in Fig.‘3, Ref. 2)
PORVOL_T—Total pore volume (m>) in repository (i.e., in Cells 596-625 in Fig. 3, Ref. 2)
PORVOL_W—Pore volume (m’) in lower waste panels (i.e., in Cells 596-616 in Fig. 3, Ref. 2)

PVOLI_ T—Pore volume increase (m?) due to fracturing in all MBs (i.e., PVOLI38N + PVOLIABN +
PVOLI39N + PVOLI38S + PVOLIABS + PVOLI39S)

PVOLIABN—Pore volume increase (m’) due to fracturing in north anhydrites A and B (i.e., in Cells 556-563
in Fig. 3, Ref. 2)

PVOLIABS—Pore volume increase (mr’) due to ﬁ'actunng in south anhydrites A and B (i.e., in Cells 548-355 in
Fig. 3, Ref. 2)

PVOLI38N—Pore volume increase (m’) due to fracturing in north MB138 (i.e., in Cells 588-395 in Fig. 3,
Ref 2) '

PVYOLI385—Pore volume increase (m’) due to fracturing in south MB138 (i.e., in Cells 564-571 in Fig.
Ref. 2)

LI
-

PVOLI39N—Pore volume increase (m°) due to fracturing in north MB139 (i.e., in Cells 540-347 in Fig.
Ref. 2)

(2

PVOLI395—Pore volume increase(m’) due to fracturing in south MB139 (ie., in Cells 532-539 in Fig. 3,
Ref. 2)

REP_PRES—-P:@ (Pa) in upper waste panels (i.e., average pressure calculated over Cells 617-625 in
Fig. 3, Ref. 2)

REP_SATB~—Brine saturation in upper waste panels (i.c., average brine saturation calculated over Cells 617-
625 in Fig. 3, Ref. 2)

WAS_PRES—Pressure (Pa) in lower waste panel {i.e., average pressure calculated over Cells 596-616 in
Fig. 3, Ref. 2)

WAS_SATB—Brine sawradon in lower waste panel (i.e., average brine saturation calculated over Cells 596-
616 in Fig. 3, Ref. 2)




Table 2. Stepwise Regression Analyses with Rank-Transformed Data for Cumulative Brine Flow
over 10,000 yr into DRZ (BRM38NIC, BRM38SIC, BRAABNIC, BRAABSIC, BRM39NIC,
BRM28SIC, BRAALIC) and into repository (BRNREPTC) under Undisturbed Conditions

MB 138 North: BRM38NIC MB 138 South: BRM38SIC Anhaand b North: BRAABNIC | Anhaand b South: BRAABSIC
Step* |  Variable® | SRRCS | RM Variable SRRC | R? Variable SRRC | A Variable SRRC | R
1 | ANHPRM 0.75 | 0.54 | ANHPRM 0.73 | 051 | wMICDFLG | -072 | 043 | WMICDFLG | -0.66 | 0.43
2 | WMICDFLG | -052 | 0.80 | WAICDFLG | 055 | 0.80 | ANHPRM 0.60 | 0.79 | ANHPRM 059 | 0.77
3 | HALPRM 020 | 0.84 | HALPRM -0.18 | 0.83 | HALPOR -0.15 | 081 | HALPOR -0.16 | 0.80
4 | HALPOR -0.12 | 0.86 | WGRCOR -0.12 | 0.85 | WGRCOR -0.16 | 0.84 | WGRCOR -0.16 | 0.83
s | wGRCOR —0.12 | 087 | HALPOR -0.11 | 086 | S4LPRES 0.12 | 0.85 | SALPRES 0.11 | 0.84
6 | SALPRES 0.11 | 0.88 | S4LPRES 0.10 | 087 | wasTWICK —0.09 | 0.86 | HALPRM 0.11 | 035
7 | mASTWICK -008 | 0.89 | WASTWICK | -008 | 0.88 | HALPRM 0.09 | 0.87 | mASTHICK | -0.09 | 086
8 | wGrRMICT -0.06 | 0.89 | WGRMICT ~0.06 | 0.88 | SHRGSSAT -0.05 | 0.87 | SHRGSSAT —0.05 | 0.86
MB 139 North: BRAM39NIC MB 139 South: BRM39SIC MBs Towk: BRAALIC Repository Total: BRNREPTC
Step | Variable SRRC | R | Variable SRRC | & | Variable SRRC | A | Variable SRRC | R
i WAMICDFLG | 065 | 042 | WAMICDFLG | -0.65 | 043 | WMICDFLG | -0.66 | 0.43 | HALPOR 088 | 0.77
2 | ANHPRM 060 | 0.78 | ANHPRAM 057 | 0.75 | ANHPRM 0.59 | 0.75 | wMICDFLG | -026 | 085
3 | HaLPOR -0.16 | 0.80 | HALPRM 0.19 | 079 | HALPOR -0.16 | 0.80 | ANHPRM 0.18 | 0.88
4 | HaLPRAM 015 | 0.83 | HALPOR -0.16 | 0.81 | WGRCOR —0.15 | 0.82 | WRBRNSAT | -0.09 | 0.89
5 WGRCOR -0.15 | 0.85 | WGRCOR -0.15 | 0.84 | HALPRM 0.14 | 0.85 | HALPRM 0.09 | 0.89
6 | SALPRES 0.12 | 0.86 | SALPRES 0.12 | 0.85 | S4LPRES 0.12 | 0.86 | WGRCOR -0.08 | 090
7 | wASTWICK —0.10 | 0.87 | wASTWICK | -0.10 | 0.86 | WASTWICK -0.10 | 0.87 | wasTwICK | -0.06 | 0.90
* Steps in stepwise regression anaiysis. -
b

A4
Vanables lisied in order of selection in regression analysis with ANHCOMP and HALCOMP excluded from entry into the regression model.
Standardized rank regression coefficients in final regression model.
Cumulative & value with entry of each variable into regression model.

"

Table 3. Rank Correlations between ANHPRM, ANHCOMP, HALPRM, HALCOMP and Cumulative
Brine Flow from the Marker Beds over 10,000 yr under Undisturbed Conditions

ANHPRM 1.0000

ANHCOMP -0.9887 1.0000

HALPRM 0.0131 -0.0026 1.0000

HALCOMP - -0.0084 -0.0021 -0.9836 1.0000

BRM38ENIC 0.7343 -0.7222 -0.1670 0.1773

BRM38SIC 0.7162 ~0.7036 -0.1384 0.1496

BRAABNIC 0.5890 ~0.5740 0.1314 -0.1160

BRAABSIC 0.5769 ~0.5621 0.1518 -0.1355

BRM39NIC 0.5840 ~0.5670 0.1931 -0.1775

BRM39SIC 0.5399 ~0.5429 0.2274 -0.2115

BRAALIC 0.5804 ~0.5640 0.1850 -0.1694
ANHPRM ANHCOMP HALPRM HALCOMP
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Table 4. Stepwise Regression Analyses with Rank-Transformed Data for Cumulative Gas
Generation over 10,000 yr due to Corrosion of Steel (FE_MOLE) and to Corrosion of Steel
and Microbial Degradation of Cellulose (GAS_MOLE) under Undisturbed Conditions

Corrosion of Steel: FE_MOLE Corrosion of Steel and Microbial Degradation

of Cellulose: GAS_MOLE
Step? Variable® SRRC: R2d Variable SRRC R?
1 HALPOR 0.73 0.55 WMICDFLG 0.62 0.39
2 WGRCOR 0.39 0.69 HALPOR 0.57 0.72
3 WMICDFLG -0.20 0.73 WGRCOR 0.28 0.80
4 WASTWICK 0.11 0.74 ANHPRM 0.08 0.81
5 SHRGSSAT 0.09 0.75 WASTWICK 0.07 0.81
6 ANHPRM 0.09 0.76 SHRGSSAT 0.07 0.82
7 BPINTPRS 0.07 0.76

Steps in stepwise regression analysis.

Variables listed it order of selection in regression analysis with ANHCOMP and HALCOMP excluded from entry into regression model.
Standardized rank regression coefficients in final regression model.

Cumulative R vahae with entry of each variable into regression model.

Table 5. Stepwise Regression Analyses with Rank-Transformed Data for Fraction of Steel
Remaining and Total Gas Generation in Upper (FEREM_R, GASMOL_R) and Lower
(FEREM_W, GASMOL_W) Waste Panels at 10,000 yr Under Undisturbed Conditions

ke
Fraction Sieel Remaining Upper | Fraction Steel Remaining Lower Total Gas Generation Upper Total Gas Generation Lower
Waste Panels: FEREM R Waste Panels: FEREM W Waste Panels: GASMOL_R Waste Panels: GASMOL_W

Step* | Variable? SRRC® | ¥ Variable SRRC | R Varizble SRRC | ®° Variable SRRC | ®

1 HALPOR -0.78 0.63 | WMICDFLG 0.46 20 | WMICDFLG 0.65 0.43 | WGRCOR 0.47 023

2 WGRCOR ~035 0.75 | WGRCOR -0.45 041 | HALPOR 0.58 0.77 | HALPOR 0.45 0.44

3 WMICDFLG 0.12 0.76 | HALPOR -0.38 0.56 | WGRCOR 0.24 0.83 | ANHPRM 0.33 0.35

4 WASTWICK -0.10 0.77 | ANHPRM -0.25 0.63 | WASTWICK 0.07 0.83 | WMICDFLG 0.17 0.58

5 SHRGSSAT -0.08 0.78 | HALPRM -0.09 0.63 | SHRGSSAT 0.06 0.83 | HALPRM 0.12 0.59

6 BPINTPRS —0.06 | 0.78 | SHRGSSAT 009 | 0.64 SHRGSSAT 0.08 0.60

* Steps in stepwise regression analysis.
b Variables listed in order of sclection in regression analysis with ANHCOMP and HALCOMP excluded from entry into regression model.
¢ Swandardized rank regression coefficients in final regression model.

& - g . . . .
Cumulative £ vaiue with entry of each variabie into regression model.
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Table 6. Stepwise Regression Analysis with Rank-Transformed Data for Pressure in the Repository
(WAS_PRES) at 10,000 yr Under Undisturbed Conditions

Step? Variable? SRRC® R
1 WMICDFLG 0.71 0.52
2 HALPOR 0.45 0.73
3 WGRCOR 0.23 0.79
4 ANHPRM 0.11 0.80
5 SALPRES 0.07 0.80
6 SHRGSSAT 0.06 0.81

2 Steps in stepwise regression analysis.

b Variables listed in order of selection in regression analysis with ANHCOMP and
HALCOMP excluded from entry into regression model.

¢ Standardized rank regression coefficients in final regression model.

9 Cumulative R value with entry of each variable into regression model.

Table 7. Stepwise Regression Analyses with Rank-Transformed Data for Brine Saturation in the
Upper (REP_SATB) and Lower (WAS SATB) Waste Panels at 10,000 yr Under
Undisturbed Conditions

Brine Saturation Brine Saturation =

Upper Waste Panels: REP_SATB Lower Waste Panel: WAS _SATB
Step? Variable? SRRC* R Variable SRRC R?
1 HALPOR 0.53 0.27 WMICDFLG -0.59 0.39
2 WGRCOR ~-0.53 0.55 WGRCOR -043 0.57
3 WASTWICK -0.35 0.67 ANHPRM 0.23 0.62
4 WMICDFLG -0.15 0.70 HALPOR 0.21 0.66
3 WRBRNSAT -0.10 0.7 WRBRNSAT -0.18 0.69
6 HALPRM 0.09 0.71 WASTWICK -0.16 0.72
7 ANHPRM 0.08 0.72 HALPRM 0.11 0.73

* Steps in stepwise regression analysis.
Vaniables listed in order of selection in regression analysis with ANHCOMP and HALCOMP excluded from entry into regression model.
Siandardized rank regression coeflicients in final regression model.

(%

Cumulative R value with emry of each variable into regression model.
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Table 8. Stepwise Regression Analyses with Rank-Transformed Data for Brine Volume in the Upper
(BRNVOL_R) and Lower (BRNVOL_W) Waste Panels at 10,000 yr Under Undisturbed

Conditions
Brine Volume Brine Volume
Upper Waste Panels: BRNVOL R Lower Waste Panel: BRNVOL_W
Step? Variable? SRRC* R Variable SRRC R?

1 HALPOR 0.57 0.31 WMICDFLG -0.52 0.30
2 WGRCOR -0.51 0.57 WGRCOR -0.39 0.44
3 WASTWICK -0.34 0.69 | HALPOR 0.33 0.55
4 WMICDFLG | —0.12 0.70 | ANHPRM 0.28 0.63
5 ANHPRM 0.10 0.71 WRBRNSAT -0.20 0.67
6 WRBRNSAT -0.10 0.72 WASTWICK -0.15 0.69
7 HALPRM -0.09 0.73 | HALPRM 0.13 0.71

Steps in stepwise regression analysis.

b Variables kisted in order of selection in regression anabysis with ANHCOMP and HALCOMP excluded from entry into
regression model

Standardized rank regression coeflicients in final regression model

¢ Cumulative R value with entry of each variable into regression model.

Table 9. Stepwise Regression Analyses with Rank-Transformed Data for Cumulative Brine Flow
over 10,000 yr away from Repository in Marker Beds (BRM38NOC, BRM38SOC,
BRAABNOC, BRAABSOC, BRM39NOC, BRM33S50C, BRAALOC) and Up Shaft
{BSCLBAOC) Under Undisturbed Conditions

MB 138 North: BRA38NOC MB 138 South: BRM38S0C | Anh 2 and b North: BRAABNOC | Anhaand b South: BR4ABSOC
=

Step? Variable® SRRC® | R¥ Variable SRRC | R Variable SRRC | R? Variable SRRC | R
1 - { WMICDFLG 057 | 032 | WMICDFLG 0.55 | 030 | WMICDFLG 057 | 031 | WMICDFLG 057 | 031

2 HALPOR 033 § 043 | HALPOR 035 | 042 | HALPOR 048 | 055 | HALPOR 044 | 051
3 | SALPRES -0.18 | 047 | ANHPRM 0.17 | 045 | WGRCOR 0.18 | 0.58 | WGRCOR 0.17 | 0.54
4 | ANHPRM 0.17 | 049 | WGRCOR 0.16 | 048 | SALPRES -0.15 | 0.60 | SALPRES -0.15 | 0.56
5 WGRCOR 0.14 | 051 | SALPRES -0.16 | 0.51 | HALPRM 0.09 | 0.6 | ANHPRM 0.12 | 057
6 WASTHICK 0.10 | 0.52 HALPRM 0.09 | 058

MB 139 North: BRM39INOC MB 139 South: BRM39SOC MBs Total: BRAALOC Up Shaft: BSCL8AOC

Step® Variable? SRRC® | g Variable SRRC | ”® Variable SRRC | R* Variable SRRC | &°
1 WMICDFLG 39 | 034 | wMICDFLG 0.61 | 037 | WMICDFLG 0.61 | 036 | WMICDFLG 048 | 025
2 | HALPOR 045 | 055 | HALPOR 040 | 0.53 | HALPOR 044 | 0.56 | SHRGSSAT 033 | 036
3 WGRCOR 0.19 | 058 | WGRCOR 0.18 | 0.56 | WGRCOR 0.19 | 0.59 | HALPRM 025 | 042
3 | S4LPRES 0315 | 0.61 | SALPRES -0.15 | 0.59 | SALPRES -0.15 | 0.61 | HALPOR 024 | 048
5 HALPRM e | 06l HALPRM 0.09 | 062 | WGRCOR 020 | 052
SHPRMHAL 0.18 | 035
WASTWICK 009 | 056
SHBCEXP 0.10 | 057
ANHBCVGP 0.09 | 058

Steps in stepwise regression anahvsis.
® Variables listed in order of seiection in regression anahvsis with ANHCOAMP and HALCOAMP excluded from entry into regression model.

¢ Standardized rank regression cozflicients in final regression model.

€ Cumulative R value with cnoy of each vanable into regression model.




Table 10. Stepwise Regression Analyses with Rank-Transformed Data for Cumulative Brine Flow
" over 10,000 yr Away From Repository in Individual Marker Beds at Land Withdrawal
Boundary Away from Repository (BRM3SNLW, BRM38SLW, BRAABNLW, BRAABSLW,
BRM39NLW, BRM39SLW, BRAALLWC) and in Shaft at Boundary with Rustier Formation
(BRNSHUC) Under Undisturbed Conditions

MB 138 North: BRM3SNLW MB 138 South: BRAM38SLW Anh a and b North: BRAABNLW | Anhaand b South: BRAABSLW

Step* | Variable® | SRRC | &M Variable SRRC | # Variable SRRC | B Variable SRRC | R
1 | ANHPRM 088 | 038 | WMICDFLG 030 | 0.09 | ANHPRM 070 | 050 { WMICDFLG | 031 | 0.10
2 | WMICDFLG | 012 | 0.79 | ANHPRM 023 | 0.14 | WMICDFLG | 0.19 | 0.54 | ANHPRM 022 | 015
3 | HALPOR 0.08 | 0.80 | HALPOR 0.16 | 0.17 | HALPRM 0.13 | 0.57 | HALPOR 0.16 | 017
4 ANHBCVGP | -0.16 | 0.19 | WRGSSAT -0.11 | 058 | ANHBCVGP | —0.16 | 020
5 SALPRES -0.14 | 021 | ANHBCVGP | 009 | 059 | SALPRES -0.14 | 022
6 WASTWICK 013 | 03

MB 139 North: BRMIONLW MB 139 South: BRM39SLW MBs Total: BRAALLWC Shaft to Culebra: BRNSHUC

Step Variable SRRC | B Variable SRRC | ”* Variable SRRC | & Variable SRRC | R
1| HALPRM 037 | 0.13 | BMICDFLG | 030 | 0.10 | ANHPRM 0.72 | 033 | SHPRMCLY | 072 | 031
2 | ANHPRM 034 | 025 | ANHPRM 026 | 0.16 | HALPRM 024 | 0.59 | HALPRM 049 | 075
3 | WMICDFLG | 022 | 030 | WASTWICK | ©.16 | 019 | WMICDFLG | 019 | 063 | suPRAHAL | 019 | 079
4 | ANHBCYGP | -014 | 032 | HALPOR 0.13 | 020 | ANHBCVGP | -0.09 | 0.63 | WMICDFLG | 007 | 079
5 | mastwick 012 | 033 WASTWICK 0.08 | 0.64 | SILPRES 007 | 00
6 WRGSSAT 008 | 065

® Steps in stepwise regression analysis.

® Variables listed in order of selection in regression analysis with ANHCOMP and HALCOMP excluded from entry into regression model. oy
¢ Standardized rank regression coeflicients in final regression model.

9 Cumulative R* value with entry of each variable into regression model.




Table 11. Stepwise Regression Analyses with Rank-Transformed Data for Cumulative Gas Flows
over 10,000 yr Away From Repository in Individual Marker Beds (GSM38NOC,
GSM38S0C, GSAABNOC, GSAABSOC, GSM39NOC, GSM39SOC, GSAALOM) and in
Shaft at Boundary with Rustler Formation (GSMSHUPC) Under Undisturbed Conditions

MB 138 North: GSM38NOC MB 138 South: GSM38SOC | Anhaand b North: GSAABNOC | Anh a and b South: GSAABSOC
Step® | Variable® | SRRCC | RM Variable SRRC | R? Variable SRRC | R® Variable SRRC | R?
i WMICDFLG 059 | 035 | WMICDFLG | 059 | 035 | WMICDFLG 0.60 | 037 | WMICDFLG 0.59 | 036
2 | HALPOR 026 | 043 | HALPOR 029 | 0.44 | HALPOR 0.33 | 049 | HALPOR 032 | 046
3 | anHBCYGP | -028 | 050 | ANHBCYGP | —0.24 | 0.50 | ANHBCVGP | -022 | 0.53 | ANHBCVGP | -0.20 } 0.50
4 | WGRCOR 0.19 | 054 | WGRCOR 0.15 | 0.52 | WGRCOR 0.19 | 057 | WGRCOR 0.16 | 0.52
S | SALPRES -0.16 | 056 | ANHPRM 0.15 | 0.54 | ANHPRM 0.17 | 0.60 | SALPRES -0.16 | 0.55
6 | HALPRM 0.16 | 058 | SALPRES —0.15 | 056 | SALPRES ~0.10 | 0.61 | ANHPRM 0.13 | 057
7 | SHRGSSAT 0.10 | 0.59 | HALPRM 0.13 | 0.58
8 SHRGSSAT 0.0 | 058
MB 139 North: GSM39NOC |  MB 139 South: GSM3950C MBs Total: GSAALOM Up Shaft at Rustler: GSMSHUPC
Step Variable SRRC | R Variable SRRC | R? Variable SRRC | R? Variable SRRC | R?
1 WMICDFLG 0.66 | 0.44 | WMICDFLG | 049 | 024 | WMICDFLG 061 { 038 | SHPRMCON | -0.43 | 0.20
2 | ANHBCVGP | —0.18 | 047 | SALPRES -0.17 | 0.27 | HALPOR 0.34 | 0.50 | SHRGSSAT | 041 | 0.37
3 | ANHPRM 0.15 | 050 | WGRCOR 0.13 ] 028 | ANHBCVGP | -022 | 054 | SHPRMCLY 035 | 049
4 | SALPRES -0.13 | 051 WGRCOR 0.20 | 0.58
5 | WGRCOR 011 | 053 ANHPRM 0.15 | 0.61
6 SALPRES -0.11 | 062

2 Steps in stepwise regression analysis.
5Variables listed in order of selection in regression analysis with ANHCOMP and HALCOMP excluded from entry into regression model.

-~

¢ Standardized rank regression coefficients in finai regression model.
4 Cumulative B2 value with entry of each variable into regression model.
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Table 12. Stepwise Regression Analyses with Rank-Transformed Data for Pore Volume Increase Due
to Fracturing in Individual Marker (PVOLI38N, PVOLI38S, PVOLIABN, PVOLIABS,
PVOLI39N, PVOLI39S, PVOLI T) Beds at 10,000 yr Under Undisturbed Conditions

MB 138 North: PVOLI38N MB 138 South: PVYOLI38S Anh a and b North: PVOLIARN Anh a and b South: PVOLIABS
Step® | Variable® | SRRC® | R Variable SRRC | R* | - Variable SRRC | R? Variable SRRC | R?
1 WMICDFLG 042 | 0.16 | WMICDFLG 042 | 6.17 | WMICDFLG 049 | 0.24 | WMICDFLG 044 | 019
2 | HaLPOR 0.29 | 025 | HALPOR 0.29 | 0.26 | HALPOR 028 | 0.32 | HALPOR 030 {028 |
3 | SALPRES —0.20 | 029 | SALPRES -020 | 0.30 | SALPRES 024 | 038 | SALPRES 018 | 0.31
4 WGRCOR 0.13 | 0.31 | WGRCOR 0.13 | 0.32 | WGRCOR 0.12 | 0.39 | WGRCOR 012 | 033
5 SHRGSSAT 0.11 | 0.41 | SHRGSSAT 012 | 034
6 HALPRM -0.11 | 042
MB 139 North: PVOLI39N MB 139 South: PVOLI39S MBs Total: PVOLI T
Step Variable SRRC | R? Variable SRRC | R® Variable SRRC | R?
I WMICDFLG 053 | 027 { WMICDFLG 052 | 0.26 | WMICDFLG 0.54 | 0.28
2 | HALPOR 037 | 041 | HALPOR 0.34 | 0.38 | HALPOR 0.37 | 042
3 | SALPRES -0.21 | 045 | SALPRES -0.21 | 0.42 | SALPRES -020 | 0.46
4 | WGRCOR 0.15 | 0.47 | WGRCOR 0.14 | 0.44 | WGRCOR 0.16 | 0.49

2 Steps in stepwise regression analysis.

b Variables iisted in order of selection in regression analysis with ANHCOMP and HALCOMP excluded from entry into regression model.
€ Standardized rank regression coefficients in final regression model. )

4 Cumulative R? value with entry of each variable into regression model.

Table 13. Number of Observations Producing Fraciure Zones of Different Lengths in Individual
Marker Beds (FRACX38N, FRACX38S, FRACXABN, FRACXABS, FRACX39N,
FRACX39S) at 10,000 yr under Undisturbed Conditions

Fracture Distance
Marker Bed Sm 30m 100 m 400 m 1030 m 1900 m
MB 138 (N): FRACX38N 02 9 10 5 2 5
MB 138 (S): FRACX38S 0 6 14 6 5 0
Anh A B (N): FRACXABN 1 6 11 14 7 5
Anh A B (S): FRACXABS 1 6 12 12 2 0
MB 139 (N): FRACX39N 10 15 19 16 3 0
MB 139 (S): FRACX39S 8 15 25 5 1 0

2 Number of observations out of 300




