5.0 INDIVIDUAL PROTECTION REQUIREMENTS

Section 8191.15 of 40 CFR 191 provides that disposal systems “shall be designed to provide a
reasonable expectation that, for 10,000 years after disposal, undisturbed performance of the disposal
system shdl not cause the annual committed effective dose, received through all potential pathways
from the disposal system, to any member of the public in the accessible environment, to exceed 15
millirems (150 microseverts).” The Individual Protection Requirements were addressed by DOE in
Chapter 8 of the CCA.

Previous EEG Comments

The DCCA did not provide dose calculations to determine if the individual protection requirements
had been met. Consequently, EEG had no comment on this requirement in our review of the DCCA
(Nelll et d., 1996). EEG has not made any previous written comments to DOE or EPA on Chapter
8 of the CCA.

EPA Response to Chapter 8

In the CCA DOE concluded that the only mechanism for undisturbed releases and a dose to an
individua was from migration of brine from the repository in anhydrite marker beds to the accessible
environment. This contaminated brine was pumped to the surface and diluted to decrease total
dissolved solids to 10,000 milligrams per liter. The individual was assumed to drink 2 liters per day
of this diluted water. The redlization with the highest concentration of radionuclides (out of 300
realizations) was used for the dose calculation.

EPA requested that DOE provide analyses of other exposure pathways beside the drinking water
pathway evduated in Chapter 8 of the CCA. DOE provided this analysisin their February 27, 1997
response to EPA’ s request for additional information. The additional pathways scenarios anayzed
were: (1) farm family inhalation; (2) farm family ingestion; and (3) cattle rancher. DOE dose
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estimates for the maximum realization were 0.47 mrem for drinking water and 0.46 mrem from

ingestion (the other scenario doses were negligible).

EPA aso made their own Dose Verification Evaluation and included this Technical Support
Document (U.S. EPA, 1997k) with the proposed rule. Pathways evaluated were drinking water;
crop, soil, meat and milk ingestion; inhalation; and direct radiation. EPA calculated doses of 0.49

mrem per year from drinking water and 0.16 mrem for all other pathways.

EPA agreed that the DOE scenario assumptions were conservative and actually unlikely. Also, that
the CAG (U.S. EPA, 19964) requirements were fully met. Therefore, they concurred in the adequacy
of DOE’s Individual Protection Requirement evaluation.

EEG Evaluation
The EEG checked both DOE’s and EPA’s dose calculations. Agreement was within 5%.

CCA calculations of the concentration and quantity of radionuclides reaching the accessible
environment in the anhydrite interbeds were taken as agiven by EPA. EEG has not checked these
calculations either but they appear reasonable. Also, the limited quantity of contaminated water
calculated to reach the accessible environment (a maximum of 216 m®) was not invoked by DOE or
EPA in their calculations. This limited quantity of contaminated water would preclude EPA’s
caculated 30-year radionuclide buildup in soil (which contributes less than 1% of the other pathways

dose).

We consider two inhalation and soil ingestion pathways to be more likely than those considered by
DOE and EPA. These are: (1) resuspension of solids from undiluted brine used for dust control
about aresidence; or (2) resuspension of solids from a mud pit where the contaminated brine has
evaporated. The brine could be in the mud pit as a result of an aquifer pump test, an oil or gas

borehole, or as aresidue from awater treatment process (such as reverse osmosis). However, these
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scenarios result in estimated doses that are lessthat 0.1 mrem/y. So, these scenarios, though perhaps
more reasonable, lead to lower doses than calculated by DOE and EPA.

EEG agrees that this requirement has been adequately and conservatively evaluated. We consider
thisto be a closed issue.
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6.0 EVALUATION OF EPA’SRESPONSESTO EEG’S
COMMENTS

The EPA has provided responses to some of the EEG comments on the CCA provided to the
EPA before the March 17, 1997, deadline. These responses are found at the end of each
Compliance Assessment Review Document (U.S. EPA, 1997b). References have been made to
these responses in the relevant chapters in this report. For the sake of completeness, the EEG

review of these responses are grouped together in this chapter.

Section 194.14 (CARD 14)

Issue 14.T: The probability of encountering a brine reservoir during drilling and the

reservoir’s potential volume are under estimated.

103. The CCA assumed that the probability of encountering a brine reservoir is a function of
reported brine encounters expressed as a percentage of total boreholes drilled. The
problem with this assumption is that drillers are not required to report brine encounters;
moreover, drillers tend not to report such encounters unless they result in significant
delays or cause other problems during operations. Thus, the eight percent brine encounter
rate used in the CCA dramatically understates the actual rate, which probably lies
somewhere between 50 and 100 percent. (103)

525. The EEG does not find the CCA reservoir volume assumption of 32,000 to 160,000 m® to
be justified. (525) (11-H-12.4)
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EPA response to Issue T:

EPA found that DOE’s representation of brine pocket occurrence probability and brine
pocket size/volume in the CCA were not consistent with available information. EPA
directed DOE in letters dated March 19, 1997 (Docket A-93-02, Item I1-1-01, enclosure
3) and April 25, 1997 (Docket A-93-02, Item Il1-1-27) to conduct new performance
assessment modeling that includes modified parameter values. EPA requested that the
brine pocket probability be modified to a range from 1 percent to 60 percent, and that this
occurrence be sampled rather than a fixed value of 8 percent. In addition, EPA requested
that the parameters regarding rock compressibility and porosity (e.g. Castile
COMP_RCK), as well as how the brine pocket volume is sampled, be modified in the
mandated Performance Assessment Verification Testing (DOE, 1997b and 1997c). This
approach effectively modified the sampled brine pocket volume to include more
representatively the possibility of higher brine pocket volumes, including that of WIPP-12.
As aresult of the PAVT, EPA found that the original brine reservoir characteristics were,
in fact, acceptable. For more discussion on this topic, aso see this CARD, section 14.B.5,
EPA’s Technical Support Document for Section 194.14: Content of Compliance
Certification Application (EPA, 1997a) and the Technical Support Document for Section
194.23: Parameter Justification Report (EPA, 1997¢€).

EEG assessment of EPA response to Issue 14.T
The Performance Assessment Verification Test has demonstrated that the brine reservoir
characteristics have a large effect on predicted repository pressure and brine saturation.
The EEG believes that the Performance Assessment Verification Test is a valuable set of
calculations that were needed to demonstrate the robustness of the performance

assessment calculations.

The characterization of the potential high pressure brine pocket used in the PAVT is much
more accurate than the representation used in the CCA calculations. There are two
parameters used in the PAVT that are still inaccurate. First, the PAVT uses a sampled
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pressure range of 11.1 to 16.5 MPa gage for the Castile brine, based on regional
occurrences of brine, rather than the 12.6 MPa gage measured at WIPP-12. WIPP-12
brine almost certainly protrudes under the WIPP repository. However, it was found that
the pressure range used in the PAVT leads to prediction of more and larger brine releases
than the single value of 12.6 MPa (Rucker, 1998).

Secondly, there is poor justification for the 1% lower end of the EPA range for the
probability of encountering a pressurized brine pocket. The 60% upper end is based on an
electromagnetic survey of the WIPP site (U.S. DOE, 1996c, 2.2.1.2.2) that indicates brine
is likely under about 60% of the repository. Most importantly, the probability of hitting
brine under WIPP should be based on local WIPP information and not the entire Delaware
basin. The calculated size of the WIPP-12 brine reservoir and the existence of boreholes
around WIPP-12 that have not encountered brine in the Castile constrain the WIPP-12
reservoir such that the reservoir must extend under the repository (Neill, 1997d). The
brine indicated by the electromagnetic survey must be part of the WIPP-12 reservoir.
Hence, the probability of encountering brine should be modeled as 60%. Thus, the PAVT
under represents the probability of encountering a brine reservoir while overestimating the

effect of the reservaoir.

Section 194.23 (CARD 23) Models and Computer Codes

| SSUE 23.A: Cuttings/Cavings and Spallings M odel

97.

The CCA fails to consider cavings that occur as the drill bit passes through the waste,
cavings from particle impact, cavings from helica turbulent flow, and radioactive brine

gjected before spallings.
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EPA Resolution of comment 97

EPA disagrees with the comments. The cavings submodel rigorously considers the impact
of helical laminar flow on cavings release by numerically solving a series of non-linear
integra equations. Because of complexities in the turbulent flow regime, similar
mathematical treatment is not possible and it is necessary to resort to empirical
procedures. DOE accounts for the helical flow component in the turbulent regime by using
arotation factor (F) which increases the erosion as compared to that calculated by uniaxial
flow (Docket: A-93-02, 11-G-1, Volume V, Appendix CUTTINGS _S, WPO #37765, page
47). For radioactive brine to be gected from an inadvertent human intrusion borehole
which penetrates waste, two conditions must be met (Docket: A-93-02, 11-G-1, Volume 1,
Chapter 6, Section 6.4.7.1.1, page 6-152):

The waste must be under sufficient pressure to drive the drilling mud from the
borehole (greater than 8 MPa). Mobile brine contaminated with radionuclides

must be present.

The direct brine release conceptual model as implemented with the BRAGFLO_DBR code
addresses this issue of gection of radioactive brine (Docket: A-93-02, 11-G-5). The
cavings model does not explicitly consider erosion from particle impact as the drill bit
passes through the waste. Any such erosion would be of very short duration (about four
minutes for fully compacted waste at a drilling rate of 50 ft/h). Borehole enlargement from
particle impact would produce lower flow velocities for the drilling mud and reduce the
erosion calculated by the cavings model. Consequently, EPA believes that any impact from

this process is included within the range of calculated cavings rel eases.
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EEG Assessment of comment 97.

98.

The EEG concurs with EPA’ s assessment.

The spallings model assumes constant pressure, athough blow-out is a phenomenon
related to pressure differentials. There are severa methodological problems with the
experiments (e.g., no dimensiona analysis, no vent sengitivity analysis, etc.). The model
considers only particle didodgment, not lifting or lofting. Limited parameters are sampled
or calculated (e.g., particle diameter, but not waste permeability, cementation strength,

drill bit diameter, or radioactive content of waste).

EPA Resolution on comment 98

EPA agrees that the spallings conceptual model was initialy inadequate. However, these
inadequacies result in higher releases. Since the Conceptual Model Peer Review Panel
found the spallings model implemented in the CCA to be inadequate, DOE conducted a
significant computational and experimental program as documented in Docket A-93-02,
Item 11-G-23. These new computational approaches include consideration of pressure
transients. On the basis of this new material, the Peer Review Panel determined that the
gpallings model used in the CCA resulted in the calculation of release volumes which are
reasonable and may actually overestimate expected releases (Docket: A-93-02, [1-G-22,
Conceptual Models Third Supplementary Peer Review Report, April 1997, page 12).

The new computationa approach predicts extremely small spallings volumes for al gas
pressures below lithostatic pressure. EPA has concluded that, since the spallings model in
the CCA considers only particle dislodgement from the waste and not lifting or lofting of
dislodged particles up the borehole, the approach taken by DOE is conservative. Larger
particles dislodged from the surfaces of radia fractures in the waste will not be lifted 2150
ft to the land surface. In Docket: A-93-02, 11-G-23, page 1-3, the tensile strength of
saturated surrogates waste was measured to be 0.074 MPa while that of dry waste was
0.15 MPa. This may be compared to a value of 1 Pa used for the cementation strength in

228



the spallings model. Thus the tensile strength in the spallings model was conservatively
assumed to be several orders of magnitude lower than determined by tensile tests on waste
surrogates. As discussed in detail in Section 1.2.3.2.4. of the '194.23 Technical Support
Document- Models and Computer Codes, the use of a single value for the drill bit

diameter is reasonable.

In the CCA, DOE chose to treat the radioactivity released by spalings as the average
radioactivity in the repository (Docket: A-93-02, 11-G-1, Volume 1, Chapter 6, Section
6.4.7.1, page 6-151) and based this position on the fact that the spallings model presumed
that waste was eroded from fracture channels extending over a large portion of a waste
room. In contrast, radioactive releases from cuttings and cavings were based on randomly
sampling three of 569 waste streams for each intrusion. In this case the argument was
made that cuttings/cavings removed only a localized volume of waste. Thus, the approach
taken by DOE is consistent with the conceptual model in each case (ibid., page 6-189). It
may further be noted that the CCDFs for waste volume removed by cuttings/cavings and
gpallings are about the same magnitude (see Figures 4.2.2 and 4.4.3, right frame, mean in
Helton and Jow 1996, pages 4-6 and 4-22, Docket: A-93-02, 11-G-07). Thus, if waste
stream variability were incorporated into spallings releases, the results would be roughly
comparable to those for cutting/cavings which as can be seen in Figure 4.2.3 (ibid., right
frame, mean, page 4-6) are well below the EPA release limits. Since the average activity of
the CH-TRU and the RH-TRU waste is essentially the same (ibid., page 4-1), and since
the spallings model considers removal of waste from throughout an entire room, omission
of RH-TRU waste from the spallings model will not have a significant impact on
calculated releases.

EEG assessment of comment 97
The newer spallings model (Hansen et a., 1997) and subsequent peer review resolves this
comment. However, the issue of an adequate spallings model remains. As shown in

Section 2.4 of this report, the newer codes fail to model expected repository conditions.
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Thisis still amagor concern.

262b. The CCA failsto consder RH-TRU waste in the spallings scenario.

EPA Resolution on comment 262b

EPA agrees [sic]. EPA believes that combining the RH-TRU waste streams into a single
volume-averaged stream is a reasonable modeling simplification. This is supported by the
fact that the average activity in the RH-TRU and the CH-TRU waste is about the same
while the probability of encountering CH-TRU is about seven times greater. Consequently
cuttings releases are dominated by CH-TRU (Docket: A-93-02, 11-G-07, Helton and Jow
1996, page 4-1).

DOE Response to issue

669

670

The conceptua models used to characterize the spallings and direct brine release
processes were developed to describe the effects of rapid depressurization of large
volumes of interconnected, homogeneous, and relatively permeable waste material. The
models do not apply to the effects of rapid depressurization on the relatively small and
relatively well isolated volumes anticipated for the RH-TRU waste. RH-TRU waste will
be emplaced in boreholes in the halite walls of the waste disposal region. . .The volume of
pressurized fluid available within a single RH-TRU canister will be far too small to
displace the drilling fluid within the borehole, and therefore intrusions directly into an RH-
TRU canister are very unlikely to result in a spall or direct brine release event. Intrusions
into CH-TRU, waste near an RH-TRU emplacement borehole will draw spalled material
and contaminated brine from the more permeable CH-TRU waste, rather than from the
RH-TRU waste. It is therefore correct not to apply the spallings and direct brine release
models to RH-TRU waste. (11-H-21.26)

DOE chose to model cuttings and cavings releases of RH-TRU waste using a single,

average activity level for RH-TRU waste based on consideration of information available
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in the Baseline Inventory Report (BIR) Rev. 2 (Appendix BIR of the CCA). Individual
waste streams are reported for RH-TRU waste. Most of these waste streams represent
small volumes of material, however, and the probability assigned to the penetration of
many of these individual categories by an intrusion borehole would have been below the
regulatory threshold of 10° in 10* yr. Rather than neglect these low-probability events,
the DOE has included them in the analysis by lumping them, and their activity loads, into a
single category with the other, more abundant RH-TRU waste that dominates the volume-
averaged activity of RH-TRU waste used in the performance assessment. The activity
levels that might be calculated by random combinations of large numbers of waste streams

plus backfill would closely resemble the overall average activity. (11-H-21.27)

EEG assessment of EPA comment resolution

535

The EEG is satisfied that neglecting RH-TRU in spallings calculations and using a single
waste stream to represent RH-TRU in the cuttings and cavings model are acceptable
modeling approximations. The primary reasons for this assessment are that RH-TRU will
be less that 1% by volume of the transuranic inventory of the repository and that the high
activity levels in the RH-TRU waste are from fission products that will have significantly
decayed in the first two hundred years of burial. While the present activity of RH-TRU

waste varies many orders of magnitude, the transuranic content of the waste does not.

The spallings modédl is defined as gas driven entrainment of solid particles. The spallings
model should include the effects of brine. (11-H-12.14)

EPA Resolution of Comment

EPA disagrees with the comment. Spallings occurs only if the pressure in the intruded
waste panel exceeds 8 MPa. As the gas pressure increases, the brine saturation in a waste
panel decreases (Docket: A-93-02, 11-G-07, Helton and Jow 1996, page 5-1). Thus, at

pressures where spallings can occur, less brine is available for release. In addition, the
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spallings model uses the average radionuclide concentration in the waste to develop the
source term (ibid., page 4-7). If some radionuclides are dissolved in brine which is
transported along with solid waste to the surface, this radioactivity will have been
accounted for by the solid material since mass must be conserved. The spallings model
addresses all the radioactivity as if it remained with the solids rather than partitioned
between the solid and the brine. Direct brine releases in which brine flows up the borehole
after intrusion are accounted for by the direct brine release model (Docket: A-93- 02, 11-
G-05). EPA believes that this “double counting” of solid spall releases and waste
mobilized by brine overestimates releases from these mechanisms and therefore is

adequate for use in PA and is conservative.

EEG assessment of EPA comment 535 resolution

536

In light of the newer spallings model (Hansen et d., 1997), the inclusion of brine release in

the spallings model is a minor concern.

With the composition of the waste ranging from large pieces of metal to ash, it is unlikely
that the waste will degrade to a uniform grain size. There has been no analysis to show
that the releases calculated by sampling for a uniform distribution size bounds the release
from a heterogeneous medium. (11-H-12.15)

EPA resolution of comment

EPA agrees that a uniform particle size is not appropriate. The CCA does not assume that
waste degrades to a uniform particle size. Waste particle diameters in the spallings model
were assumed to be distributed log-uniformly from 4x10° to 0.2 m (Docket: A-93-02, |1-
G-1, Appendix PAR, page PAR-115). Spallings releases are dominated by transport to the
surface of solids of small particle size (see, for example Fig. 4.3.5 in Helton and Jow 1996,
page 4-14,Docket A-93-02, I1-G-07). Since use of a loguniform distribution biases
parameter selection during LHS sampling to smaller (i.e.,, more conservative) vaues,

releases will be higher with this parameter distribution. In addition, it was deduced from
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the findings of the Expert Elicitation Panel on waste particle diameters that the particle
range was most probably between 1 mm and 10 cm which would reduce the spallings
release (Memorandum entitled "Estimate WIPP Waste Particle Sizes Based on Expert
Elicitation Results: Revision 1" from Yifeng Wang to Margaret S. Chu and Md G.
Marietta, Sandia National Laboratories, SNL WPO# 46936, June 27, 1997). The use of
the mean particle size in determining the shear strength of the waste is a reasonable

approach to characterizing the fact that the waste does not have a uniform particle size.

EEG’ s assessment of the EPA comment resolution

537

539

The EPA missed the point of this comment. The spallings model used for the CCA
calculations did assume a uniform particle size. The uniform size was assumed to be
uncertain and was therefore sampled from a range. However, the issue is no longer

pertinent to the CCA because of the development of the newer spallings model.

[DOE argues that] a larger initial spall will be followed by less erosion than a smaller
initial spall, resulting in the same fina void ration. We find two errors in this argument: 1)
The pressure difference between the waste repository and the hydrostatic pressure of the
drilling mud can be over 6 MPa, three orders of magnitude above pressure differential
need for explosive spal. 2) The second argument presupposes, without justification, that
the erosion volume is larger than the initial spall volume and that the cavity caused by the

initial spall will be partialy filled by the erosion process. (11-H-12.16)

The spallings model does not include a sensitivity to scale leading the developers of the
gpallings model to state extrapolation of release volumes to WIPP, using the parameters
evaluated using small scale laboratory models, has the potential for grossly under-
predicting such releases. (11-H-12.18)
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EPA resolution of comments 537 and 539

538

The CMPRP was not satisfied with several aspects of the spallings model as implemented
in the CCA (see, for example, Docket: A-93-02, 11-G-1, Volume XII, Appendix PEER,
PEER 1, page 3-88 to 3-93). However, based on additional information subsequently
developed by DOE and included in the Spallings Release Position Paper (Docket: A-93-
02, 11-G-23), the Panel concluded that the model was reasonable and probably
conservative (Docket: A-93-02, 11-G-22, page 12). EPA agrees with this position and

believes this responds to EPA’sinitial concerns.

The model tests the erosion portion of the spallings phenomena for waste with no
cohesive strength, but not the initial explosive phase, nor the effect of cohesion. (I1-H-
12.17)

EPA resolution of comment 538

EPA disagrees with the comment. The spallings model used in the CCA assumed that the
cementation strength of the waste was 6,895 Pa or 1 psi (Docket: A-93-02, 11-G-10,
Appendix PAR, page PAR-190, ID #3245). Testing of surrogate waste mixtures as
described in Spallings Release Position Paper (Docket: A-93-02, 11-G-23, page 1-6)
indicated that the strength of the waste was substantially higher than assumed in the CCA
with the average tensile strength of saturated waste being 74,000 = 40,000 Pa. Thus, the
amount of spallings should be reduced as compared to that calculated in the CCA. (see
response to comment 537 above.) EPA believes this increased waste strength would
mitigate the impact of the “initial explosive phase” and that total releases would be well
below the 0.5 to 4.0 m® range used in the PAVT calculations.

EEG’ s assessment of the EPA resolution of comments 537, 538, 539

EPA’s assumption that the new spallings model is adequate to answer al spallings
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540

concerns does not address EEGS concerns.  EEG believes that relying solely on the
results from the new spallings model may be underestimating the importance of the issue.
For example, the new spallings model cannot simulate all expected repository conditions.
Locally varying waste permeability or different gas viscosities cause the code to produce
erroneous results. It is therefore suggested that the EPA |ook more closely at the newer

model before dissmissing any comment on spallings.

The “gas erosion” and the “stuck pipe’, considered by the DOE in earlier performance
assessments, have been excluded from the CCA spallings model. These two phenomena
could cause releases that are over an order of magnitude larger than the largest releases
calculated in the CCA. (11-H-12.19)

EPA Response to comment 540

EPA does not believe it is necessary to include gas erosion and stuck pipe processesin the
CCA gpdlings model. Gas erosion and stuck pipe releases occur only if the waste
permeability is less than 1x10™° m? (Docket: A-93-02, 11-G-1, Appendix CUTTINGS S,
page 37). In addition, the gas pressure in the intruded panel must exceed 8 MPa for gas
erosion and 10 MPa for stuck pipe processes to occur. Based on earlier experimental
work, DOE used a value for waste permeability of 1.7x** m? (see discussion in Section
1.3.2.7.4 of the TSD for '194.23 - Models and Computer Codes). More recently, DOE
measured the permeability of surrogate waste mixtures based on current understanding of
waste mixtures and degraded waste characteristics and determined the permeability of
waste surrogates to be 2.1x10™ to 5.3x10™* m? on two samples (Docket: A-93-02, |1-G-
23, page 2-18). Based on the available waste permeability information, EPA concluded
that the gas erosion and stuck pipe processes should not occur because permeabilities will
be greater than the 1x10™° m? threshold.
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EEG assessment of EPA comment resolution
EEG dtill considers “stuck pipe” and “gas erosion” as potentially important processes in

the calculation of spallings releases. See Section 2.4 of this report.

| SSUE 23.F: Three Dimensional Processes and Boundary Conditions

553 The EEG concludes that the use of a 2-D geometry in the BRAGFLO may introduce
significant non-conservatism into the CCA calculations. The FEP S1 needs to be
reexamined with appropriate consideration of the impact of increased brine saturation on
calculated estimates. (11-H-25.4)

EPA response to comment 53
EPA disagrees with the comment. The work that is most relevant to this concern is the
FEP Screening Analysis titled S1: Verification of 2D-Radia Flaring Using 3D Geometry,
WBS No. 1.1.6.3, SANDIA WIPP CENTRAL FILES-A: 1.2.07.3: PA:QA:TSK:S1,
ERRATA - February 19, 1996 (SNL WPO #30840). In this work, a simplified version of
the two dimensional CCA PA grid was tested against a corresponding three-dimensional
(3-D) model. BRAGFLO was used in both two-dimensiona (2-D) and 3-D simulations,
and TOUGH28W was used to model the 3-D simulations only. Simulation results were
compared for cases with an average repository gas generation rate, and a gas generation
rate that was double the average. The results of the second case, in which the gas
generation rate was doubled, indicates that a combination of pressure induced fracturing
and the 1-degree dip cause flow paths which are different for the 2-D and 3-D grids. Once
fracturing of the interbeds occurs, the 3-D mode displays an immediate migration of gas
primarily out of the west side of the repository into the anhydrite layers, accompanied by
brine inflow to the repository. This phenomenon is not seen in the results from the 2-D

model, in which the west side of the repository is a no flow boundary, which demonstrates
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that the 2-D and 3-D simulations show local variations. However, the results also show
that the predictions of brine flow to the accessible environment are smilar for both 2-D
and 3-D grids. With respect to increased brine saturation, Figures 7 and 12 of the FEP
Screening Analysis referenced above (WPO# 30840), shows the average gas saturations
calculated with the 3-D simulations of TOUGH28 and both the 2-D and 3-D versions of
BRAGFLO. Simulation results are compared for the base case and twice the base case
generation rates, respectively. These curves indicate that gas saturations are higher in the
2-D smulations (WPO# 30840, page 27). Since brine and gas saturations are inversely
related a similar trend would be observed for the brine saturations. In the Performance
Assessment Verification Test (PAVT) , it was determined that the greatest potential
releases could be attributed to those associated with spallings and direct brine releases.
Furthermore, these releases are pressure controlled and will not occur if repository
pressures are below 8 MPa. The fact that the 2-D model may overestimate gas saturation
by underestimating brine saturations will lead to the prediction of higher gas pressures
than those that would have been predicted with the 3-D configuration and this will result
in more conservative estimates of releases. Based on this, EPA believes that the 2-D
geometry used in the BRAGFLO CCA PA caculations is a reasonable ssmplification and

that the predicted results are conservative.

EEG assessment of EPA resolution of comment 553

The EEG does not consider thisissue to be resolved. See Section 2.10 of this report

Issue 23.W: CCA Parametersand PAVT Parameter Selection

550

The data and rationale for the sampled distribution of the waste-room residual-brine
saturation is presented on pages PAR-27 through PAR-31. . .The non-conservative
distribution of 0 to 0.560 reduces the estimated releases of direct brine release [sic|.
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Appropriate ranges for the waste room residual brine saturation are a constructed
distribution using values from the eight unconsolidated materials;, a uniform distribution
from 0.0783 to 0.277, or auniform distribution from 0 to 0.277. (11-H-25.1)

DOE Response to the Issue

845

The comment about the distribution of O to 0.560 for S [residual brine saturation of wr
waste] being non-conservative is not correct because one should not be using a value just
because it is more conservative. Instead, the use of a particular distribution or vaue
should be based on how closely it represents the processes being modeled and how
accurately it reflects realistic expectations of what will occur in the repository. The range
of 0 to 0.560 was therefore chosen on the basis of being both reasonable and realistic. (11-
H- 45.6)

EPA’ s Response to Comment 550 and 845

The residual brine saturation is that value at which no more flow will occur even with
further decreases with capillary pressure. The range used for the CCA is based on
literature values for unconsolidated materials. EPA agrees with DOE’s comment, in that
DOE has selected a reasonably representative range value for the wastes. This parameter
will change with time, as the wastes gradually compacts, the porosity will become lower
and the residual brine saturation will increase due to the increased capillary pressure of the
smaller pores. Therefore, the low end on the distribution represents coarse material prior
to waste compaction and the high end would be representative of fairly compacted waste.
EPA’s basic philosophy in dealing with such uncertain parameters has been to be
reasonably sure that one or more of the following criteria are true : 1) that the values
selected for a parameter in question leads to conservative results; 2) that the results are
relatively insengitive to that parameter, or 3) that the selective range is representative of
the actual parameter values. In the case of brine saturation, the complexity of the problem

does not alow a predetermination to be made regarding whether a certain range or
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distribution is conservative. A further complicating factor is that the BRAGFLO computer
code contains a wicking function that allows gas generation to occur even if the capillary
pressures are low (Appendix BRAGFLO). Based on modeling experience EPA believes
that residual brine saturation is insensitive and that the selected values does not impact the
final results to a significant degree. EPA is confident that the range and distribution placed
on the residua brine parameter are reasonably representative of the wastes and are
adequate for use in the CCA PA calculations.

EEG assessment of EPA resolution of comment 550

551

Based on the information presented during the January session of the conceptua model
peer review panel and to the particle size expert dicitation panel that some waste may be
consolidated, the range of sampled residua brine saturation of the waste in the CCA
calculations was appropriate.

Even though the parameter ranges recommended by Beauheim are more reasonable than
the ones used in the CCA, the EEG disagrees with the recommended values for reservoir
volume because the range includes the value derived from testing the ERDA-6 brine
reservoir and initial pressure because of the use of data from twelve other brine encounters
in the Salado. . . The recommended initial pressure range of 16.5 to 11.0 MPa gage is
based on pressure measurements from thirteen Castile brine encounters. At WIPP-12 the
measured pressure was 12.6 MPa gage. Therefore, the reservoir pressure should be a
constant value of 12.6 MPa gage in the revised CCA calculations. (11-H-25.2)

EPA’ s response to comment 551

No response given.
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EEG assessment of EPA resolution of comment 551

552

See resolution to Issue 14.T on page 224.

If the samples distributions of parameters used in the CCA caculations are in error, but
include the likely values of those parameters, should the CCA calculations be acceptable?
The EEG position is that, under the these conditions, the CCA calculations should be
repeated with the best estimate of the parameter distributions available. The use of afaulty
distribution of one parameter biases the CCDF curves and confuses the assessment of
uncertainty. The use of more than one faulty parameter set makes the assessment of
uncertainties impossible because of the complex non-linear nature of the performance

assessment models. (11-H-25.3)

EPA’s general response to Issue 23.W and to comment 552

EPA performed a thorough review of the parameters and the parameter development
process (see Section 12.4 on requirement 8194.23 (c)(4) above in CARD 23 -- Models
and Computer Codes, EPA Technical Support Document for § 194.23: Models and
Computer Codes (Docket A-93-02, Item 111-B-6); and EPA Technical Support Document
for § 194.23: Parameter Justification Report (Docket A-93-02, Item 111-B-14)). EPA
reviewed parameter packages in general for approximately 1600 parameters used in the
CCA Performance Assessment calculations. EPA further reviewed parameters record
packages and documentation in detail for more than 400 parameters important to
performance of the disposal system. Records reviewed include the Docket: A-93-02, I1-G-
1, Volume 1, Chapter 6, Tables 6-8 through 6-27, page 101 to page 166, A-93-02, I1-G-1,
Volume XI, al of Appendix PAR, WIPP parameter entry forms (464 Forms), Parameter
Records Packages (PRP), Principa Investigator Records Packages (PIRP), Anaysis
Packages (AP), and Data Records Packages (DRP). The evaluation included a review of
the expectations listed in the “Compliance Review Criteria” for 8194.23(c)(4) above in
Section 5.4.2. As a result of substantial information gathering at the Sandia Records
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Center, EPA was able to uncover on its own substantial necessary documentation
supporting most of the parameters used in the CCA PA. EPA first examined the sources
of different parametric values used in the computer codes. EPA found that 416 (26.4%)
of the 1571 parameters used in the CCA PA calculations are well-established constants
found in general literature and genera engineering knowledge. EPA discovered that DOE
derived 887 (56.6%) of the parameters from experimental data, either from its own
experiments or from journal articles. EPA aso found that 89 (5.7%) are waste-related
parameters derived from the waste inventory report (see docket: A-93-02, 11-1-1, Volume
11, Appendix BIR). EPA found that DOE selected the values of 149 (5.9%) parameters
using professiona judgment of its employees. Approximately 194 (12.3%) parameters
were “legacy parameters’ originally used in DOE’s 1992 PA and again incorporated in the
CCA PA (see Docket: A-93-02, 11-1-31, Comment No. 11).

EPA sdlected 465 parameters on which to concentrate its analysis. EPA selected

parameters to review based on the following criteria:
parameters that appeared to be important to compliance or seemed to be poorly
justified, such as material permeabilities and porosities, particle size, brine reservoir
characteristics, pressures, solubilities of actinides, and waste inventory information,
parameters that control various functions of the CCA PA computer codes that

appeared to be important to compliance, such as permeability threshold, and dispersivity
characteristics of the Culebra,

other parameters EPA used to evaluate the overall quality of SNL’s documentation

traceability, such as reference constants and general reference values.

The purpose of the parameter review was to verify that DOE’s documentation includes
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adequate information to fulfill the compliance review criteria of section 12.2, for
8194.23(c)(4) of this CARD. For greater detail about EPA’s examination of the specific
parameters in each category, see EPA Technical Support Document for Section 194.23:
Parameter Justification Report (Docket A-93-02, Item [11-B-14).

EPA strongly believes that EPA-mandated Performance Assessment Verification Test was
done with the best estimate of the parameter distributions available. EPA did an exhaustive
review of the parameters used in the CCA PA and altered those needed and required DOE
to repeat the calculation with the necessary changes. See A-93-02, I11-B-5, I1-G-26 and
[1-G-28 for documentation of the changed parameters and their impact on potential

rel eases.

EEG assessment of EPA resolution of comment 552
Though the EPA did a thorough job in evaluating the parameters for the PAVT, the EEG
believes that the performance assessment evaluation is still incomplete. For example, the
EPA studied the evidence carefully when considering the Castile Brine Reservoir
parameters and selected relevant values to assign to the parameter. Yet, the solubility of
certain actinides in Salado and Castile brines or the partition coefficient of actinides for
sorption onto the Culebra Dolomite and the probability of brine reservoir encounter were
inadequately addressed. These few examples play an important role in compliance, as
studied by the EEG in senditivity analyses (Section 2.2 of this report). The synergetic
effect off all parameters is unknown, and it is important to characterize each parameter
carefully. The EEG believes that this has not been done, and perhaps a new performance
assessment should be conducted with parameter values that are more easily justified

through experimentation.

554  The sampled parameter for the probability of microbial gas generation determines
whether cellulose and plastics and rubber will be degraded by microbial action after

242



closure of the repository. . . It is the opinion of EEG that the numerica vaue of this
parameter constitutes expert judgment. Given the importance of this parameter to the
estimates of radionuclide release, this parameter should be demonstrated to be either
solidly based on scientific evidence or be conservative. The justification for this parameter

presented in support of the CCA does neither of these. (11-H-25.5)

DOE response (11-H-45)
The interaction of gas generation with other processes in the repository is complex.
Because of this, an a priori determination of a meaningful, conservative selection from the
possible processes of gas generation is difficult. The suggestion of the EEG that microbial
degradation should aways be specified, i.e, a 100% probability, is not necessarily
conservative since this would tend to reduce brine inflow. Therefore, to be consistent with
the treatment of uncertainty throughout the performance assessment, the DOE assigned
probabilities to gas generation processes to ensure that assessment results reflect the
uncertainty associated with the occurrence and extent of these processes, i.e., both

possi ble outcomes be sampled.

The conceptual model for gas generation in the WIPP repository includes two dominant
generation processes. metal corrosion and microbial degradation of organic material. The
probabilities of occurrence of these processes were established through a procedure that
included careful review of uncertainty suggested by experiments conducted specifically for
the WIPP, literature review, and consideration of local scale processes in the disposa
room. Given the presence of brine, it is reasonable to assign a 100% probability to metal
corrosion. However, there are considerable uncertainties associated with the occurrence of

significant microbia populations. These are:

(1)  Whether micro-organisms present in the waste are capable of carrying out

the potentially significant processes that generate gas identified by Brush®.
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2 Whether these microbes will survive for a significant fraction of the 10,000

year period of performance of the repository.

(€)) Whether sufficient electron acceptors (oxidants) will be available to any

microbes that survive.

4 Whether enough nutrients, especially N and P, will be available.

Electron acceptors and nutrients will be present in the repository (see Appendix BIR7).
Therefore, points (3) and (4) relate to the uncertainty as to whether these materials will be
physically and chemicaly available to any microbes that survive. Brush® discussed these

issues in more detail.

In addition to uncertainty over the possibility of microbial activity, there is also uncertainty
over the amounts and types of biodegradable waste. It is reasonable to assume that readily
biodegradable material such as cellulosics will be consumed if microbes are active.
However, plastics and rubber are much less biodegradable than cellulosics and may not
contribute to the gas generation process. Two factors may potentially increase the
biodegradability of those materials. (1) long time scale; (2) co-metabolism. Over a time
scale of 10,000 years, the chemical properties of plastics and rubbers may change, possibly
resulting in enhanced biodegradability. Furthermore, micro-organisms may co-metabolize
plastics and rubbers with cellulosics and other more biodegradable organic compounds.
All of these uncertainties precluded the use of experimental and/or modeling studies to
quantify the probability of significant microbial gas generation in WIPP disposa rooms
and the probability of significant microbial degradation of plastics and rubbers for the

performance assessment cal culations to support the CCA.
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To incorporate the uncertainty about the dominant processes of gas generation, the DOE
assigned a value of 50% to the probability of significant microbia gas generation and 50%
to the probability of significant microbia degradation of plastics and rubbers in the case of
significant microbial gas generation. In other words, steel corrosion alone occurs in 50%
of LHS sample vectors, steel corrosion and microbial degradation of cellulosics occursin
25% of LHS sample vectors, and steel corrosion and microbia degradation of cellulosics,
plastics, and rubbers occur in 25% of LHS vectors. Thisis consistent with the treatment of
uncertainty throughout the PA calculations (see Appendix PAR, page PAR-6, Delta
Distribution). As the EEG requests, it is also based on scientific evidence as to the likely
gas generation processes and ensures that all the possible complex interactions between

gas generation and other processes are accounted for.

The EEG also states that the gas generation probabilities used should be peer reviewed. In
fact the Conceptua Model Peer Review Panel have done this (see Appendix PEER,
Section 1). With regard to the gas generation model probabilities, the Panel stated (p.
3-144 to 145):

“Regarding microbially induced gas generation, the model assumes that the
probability of degradation of cellulose and plastics/rubber will be 50% and that in
the event that biodegradation occurs there is a 50% probability that plastics and
rubbers will aso be degraded.” [Illustration callout and illustration omitted in this

guote]

“This assumption is based on mgor uncertainties that are described in Section
3.21.2.4 below, and represents a judgement. For performance assessment
purposes, this assumption will result in less gas generation than if one were to
assume total consumption of all the organic materiad. There is apparently no

scientific evidence that plastics/rubbers degradation will occur at all with certainty,
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based on contemporary experience. The possibility that products from microbia
degradation of cellulose, and perhaps radiolysis by alphairradiation, could combine
to break down the relatively stable plastics polymers to more consumable
fragments suggests the probability should be non-zero. It is difficult to argue for a
value higher or more precise than 50%, unless there were more robust long-term
data, or experience with plastics degradation in, for example, landfills. Therefore,
for performance assessment purposes, the assumption regarding plastics/rubbers

appears to be adequate.

With regard to the degradation of cellulose, the long list of uncertainties identified
in Section 3.21.2.4 below suggests that less than full probability of significant
microbia degradation of this more readily consumable materia is a reasonably
valid assumption. Also, it does not appear scientificaly valid to assume that either
al or none of the celulose will be degraded in light of the <ignificant
uncertainties that microbia populations would remain viable to the extent of
complete cellulose degradation. DOE is not seeking a worst case in performance
assessment.  Therefore the 50% probability is a reasonable assumption for

modeling purposes.”

The DOE believes this excerpt shows that the Conceptual Model Peer Review Panel fully
understands the goals of performance assessment in general, the purpose of model and
parameter selection, and in particular the basis and reasonableness of the DOE gas

generation model.

EPA’ s response to comment 554
EPA has examined information to support these parameters. See EPA Parameter
Justification Report (Docket A-93-02, Item 111-B-14),
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Section 5.25, for detailed discussion of the PU, PROPMIC parameter.
Section 5.33, for detailed discussion of the AM, PROPMIC parameter.

EEG assessment of EPA resolution of comment 552
It appears from the response that EPA did not understand the question. The EPA
response in Section 5.25 and Section 5.33 (U.S. EPA, 1997m) addresses concerns of

Plutonium and Americium sorption onto microbial colloids and humid colloids.

The sampled parameter for the probability of microbial gas generation determines whether
cellulose and plastics and rubber will be degraded by microbia action after closure of the
repository. No degradation of cellulose or plastics occurs in the calculations with a 50%
probability. Only cellulose degrades in 25% of the sampled vectors. Cellulose, plastics,
and rubber degrade with a probability of 25%. The preliminary sensitivity analysis report
(Helton, 1996) lists this parameter as the largest influence on the variation of total
calculated release from the WIPP repository.

The documentation supporting this parameter does not contain any numerical justification
for the probabilities assigned to this parameter. All of the hand calculations performed to
calculate the gas generation parameters are included as attachments to the memo of Wang
and Brush (1996). Calculations for the degradation probabilities are absent from these
attachments. It is the opinion of EEG that the numerical value of this parameter
constitutes expert judgment. Given the importance of this parameter to the estimates of
radionuclide release, this parameter should be demonstrated to be either solidly based on
scientific evidence or to be conservative. The justification for this parameter presented in

support of the CCA does neither of these.

The numerical values of the degradation probability parameter should undergo peer review
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consistent with expert judgment. Otherwise, the parameter should be conservatively set to

always specifying microbial degradation of cellulose, plastics, and rubber.

EEG assessment of DOE’ s response

557

The parameter used to set the probability of microbia degradation in the CCA calculations
is not derived analytically but instead was a result of interpretations that constitute expert
judgment. The EEG suggested that the probability of microbial degradation should
undergo peer review as parameter obtained using expert judgment. It was suggested that
without this peer review the microbial degradation parameter should be set to always
specifying microbial degradation of cellulose, plastics, and rubber. The EEG has been
convinced by DOE’s arguments that setting the parameter to always specifying microbial
degradation of cellulose, plastics, and rubber is not appropriate. The central point remains
that the probabilities used in the CCA calculations are a result of expert judgment. As
such the parameter is required to be peer reviewed using the procedure outlined in 40
CFR Part 194.26. The conceptua model peer review does not meet the requirements
outlined in the section.

If asingle value for the consolidated waste permeability is to be used for direct brine
release, then it should be 2.4x10™ m? and not 1.7x10™ n? . (11-H-25.8)

DOE' s response to comment 557

The [waste permesbility] value of 2.4 x 10™ n? is both reasonable and is as technically
correct as the 1.7 x 10™ m? value. There has been no technical reason offered which
would justify using the higher value instead. (11-H-45.5)

EPA’ s response to comment 557

EPA has examined information to support this parameter. EPA believes that a single value
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instead of a probability distribution is justified for permeability. See EPATechnical
Support Document for Section 194.23: Parameter Justification Report (Docket A-93-02,
Item 111-B-14), Section 5.19, for detailed discusson of the BLOWOUT, APORO

parameter.

EEG assessment of EPA resolution of comment 557

Refer to EEG Chapter 2.4 for full explanation of EEG’ s concerns and responses.

Section 194.27 (CARD 27) Peer Review

ISSUE 27.A: EPA should look carefully at Peer Review conclusions

2 Our impression is that certain panels have performed a thorough and credible review,
while others have not. Our recommendation to the EPA is to review the bases of findings
of the panels and subject them to your own critical review by the EPA staff, contractors,

or formally assembled peer review groups. (522) (11-H-12.1)

EPA’sresponse to Issue A
EPA’s audit of DOE's records did not result in any findings that substantially
compromised the credibility of the process used to implement the peer reviews required by
Section 194.22(b) or Section 194.27(a) (see “EPA Compliance Review” under 194.27(b)
above). As stated in EPA’s response to comments received on the proposed compliance
criteria, “The Agency does not intend for peer review of DOE’s activities to supplant or
replace the Agency’'s review of compliance applications. . . Regardless of the
recommendations or judgments made by the peer review groups, al decisons on the
adequacy of the compliance application will be EPA’s and EPA’s alone” (Response to
Comments Document for 40 CFR Part 194, pp.9-6 to 9-7). In other words, EPA
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recognizes that peer review contributes to but does not supplant the Agency’s independent
review. EPA therefore considered peer review panels findings in technical areas in
conjunction with other information relevant to compliance. EPA’s consideration of the
scope and findings of the required peer reviews may be found in CARD 22 — Quality
Assurance, CARD 23 -- Models and Computer Codes, CARD 24 -- Waste
Characterization, and CARD 44 -- Engineered Barriers.

EEG assessment to EPA resolution of comment 2

It appears that discussions on severa issues dealt by peer review groups may have been
made without EPA’s own analysis. An example is the new spallings code. The peer
review accepted the conceptua model, without an actual testing of the code. The EEG
found that after conducting a thorough sensitivity analysis with the codes, variations in
several parameters may lead to conclude that the CCA spalled volumes are not
conservative. If the EPA had conducted their own analysis, they too would have reached
to the same conclusion. The same can be seen with the issue of actinide solubility or

actinide partition coefficient (K).

Section 194.32 (CARD 32) Scope of Perfor mance Assessment

ISSUE 32.A: The CCA does not adequately address the effect of fluid injection on the

repository

12

The DOE has chosen “ soon after disposal” to mean 50 years in the context of the fluid

injection scenario. However, in the 1991 DOE dicitation of expert opinion on future
activities in the vicinity of WIPP, one of the four teams addressed fluid injection and
assigned probabilities of waste brine disposal associated with other industria activities for
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14

15

16

the full 10,000 years. Further, the probability of a large number of such injection wells,
within the site was predicted to increase with time. (526) (11-H-12.5).

The discussion of fluid injection in Appendix SCR of the CCA isincomplete and largely
incorrect. For example, Appendix SCR mentions gas injection for natural gas storage in
the Morrow Formation but fails to mention natural gas storage in the Salado Formation. It
is argued that the differences between the geology at WIPP and the Vacuum Field and
Rhodes-Y ates Field provide for more potential thief zones below the WIPP horizon in the
event of water escaping the injection zone. However, field evidence strongly suggests that
brine injection into the Bell Canyon below the WIPP horizon appears to be leaking into
the Culebra aguifer above the WIPP horizon. The CCA provides no experimenta evidence
such as the measurement of water quantities in the anhydrite beds of the Salado Formation
to support the CCA speculation. (527)(11-H-12.6)

The claim that there will no waterflooding on the scale of Rhodes-Y atesis aso
undermined by field evidence. (528)(11-H-12.7)

While the Delaware sands, including those around the WIPP produce large volumes of
water, they are nonetheless, technically and economically amenable to waterflooding as
well as CO2 flooding. (529)( 11-H-12.8).

The CCA-SCR notes that state regulations do not allow injection pressures to exceed the
rock fracture pressure. However, that portion of the regulation applies to the target
injection zone and not any overlying formations. The producing reservoirs near WIPP are
greater than 7,000 feet. One consequence of greater vertical distance is that the surface
injection pressure is automatically approved for 1,400 psi or 0.2 ps per foot. This
corresponds to 2,400 ps a the WIPP horizon which is well in excess of the fracture
pressure of the anhydrite beds in the Salado Formation.(531)( [1-H-12.10).
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17

Stoelzel and O’ Brien consider only salt water disposal and assume an injection depth of
260 feet, a surface injection pressure of 850 ps, and a pressure at the WIPP horizon of
1,900 psi. However, pilot water flooding operations near WIPP are underway for
reservoirs at 7,000 feet depth and have been approved to inject at a surface pressure of
1,400 psi, which in the event of communication, would exert a pressure of 2,400 psi at the
WIPP horizon. Hence, the anhydrite beds in the Salado Formation would fracture, as
successfully argued by Hartman and brine would migrate for miles in the inadvertent
waterflooding hydro fracture scenario. (532)(11-H-12.11).

EPA’s comment to Issue 32.A

DOE evauated fluid injection in connection with the scope of the performance assessment
but rejected the scenario on the grounds of low consequences. EPA evaluated DOE's
Hartman Scenario and also performed an independent fluid injection analysis; see EPA
Technica Support Document for 194.32: Fluid InjectionAnalysis (EPA 1997b). The
results of these studies show that effective permeability in marker beds is probably lower
than that used in the PA, and that other factors (such as injection rate, injection interval,
etc.) also play a very important role in fluid injection. EPA agrees that under very
unrealistic conditions, modeling can show fluid movement toward the WIPP under an
injection scenario. These conditions include those modeled by Bredehoeft, such as steady
state flow, two well scenarios, and pulsing flow. However, when modeling assumes more
realistic but sill conservative conditions, fluid movement sufficient to impact disposal

performance of the WIPP does not occur.

In addition, EPA believes that geologic and hydrogeologic conditions in the Hartman area
are different than in the WIPP area, which aso precludes one-to-one comparison of
conditions at the WIPP and at the Bates lease. For example, the Castile Formation is not

present in the Bates area, but over 1,000 feet of Castile is present in the WIPP area. Also,
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the present oil well completion practices in the Delaware Basin are substantially improved.
Injection rate, pressure, target and fluid volume related regulations are different and are
closely monitored by the state agencies. EPA concludes that the model representation in
DOE studies, including two-dimensional analysis, appears to be appropriate for the
intended use, because the model uses radial flaring in the z direction to capture compatible

volume in the 360 o flow to compensate for 3D simulation.

EPA aso requested (see Docket A-93-02, Item I1-1-17) that DOE consider different
factorsin its fluid injection modeling (Stoelzel and Swift, 1997). Refer to the discussion in
this CARD under 194.32(c). EPA concluded that DOE'’s initial modeling studies (Stoel zel
and O'Brien, 1996) and supplemental modeling studies (Stoelzel and Swift, 1997 and
Docket A-93- 02, Item 11-1-36), together with EPA’s own fluid injection analysis (EPA
1997b) dl indicate that DOE’s screening of fluid injection from consideration in PA is
appropriate. EPA also notes that DOE considered waterflooding for the undisturbed
(historical, ongoing, and near future time frame) and screened it from consideration based
upon consequence. In so doing, DOE is not required by the Compliance Criteria to

evauate this FEP for the long-term future.

EEG Assessment to EPA Resolution of Issue 32.A

Asdiscussed in Secion of 2.6 of this report, the EEG disagrees with the EPA on thisissue.

| SSUE 32.C: The CCA does not adequately consider solution mining of potash

4

The CCA (Appendix MASS, p. 87) clams that the DOE is not aware of any ongoing

solution mining in the Delaware Basin. However, that activity has been ongoing for
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severa decades in southeast New Mexico, including the Delaware Basin, to provide brine
for ail field drilling operations. Furthermore, state records show fluid injection for solution
mining of halite is expanding into areas closer to the WIPP to meet the needs of drilling
activitiesin that area. (533)(11-H-12.12)

8 The CCA inappropriately eliminates solution mining for potash. DOE relies on current
regulations which do not fully cover all scenarios, nor do they prevent solution mining for
potash. (751) (I1-H-32.12)

DOE’ s response to Issue 32.C
It is unlikely that potash mine operators in the vicinity of the WIPP will elect to use
solution mining in the future, even once Sylvite deposits are fully mined out by
conventional excavation methods, because conditions are economically unfavorable, as
noted by Heyn (1997), a potash mine operator within the Delaware Basin. Points raised by
Heyn (1997) are summarized below: (1) Solution mining requires heat to increase the
ambient temperature of the injected water in order to increase the dissolved salt capacity
of the brine. Thisis usually accomplished by taking advantage of geothermal heat found in
deep wells or mines. Most solution mines are at depths in excess of 3,000 feet (910
meters). The potash ore bodies in the vicinity of the WIPP are less than 1,740 feet (530
meters) below the surface. Also, the cost of evaporation equipment to recover the
potassium salts may be prohibitive. (2) Solution mining of the Sylvite ore bed in the
vicinity of the WIPP would result in excessive solution of unwanted mineras and clays
because the ore zone is too thin. Solution mining usualy requires an ore bed thickness in
excess of 10 feet. (3) Unavailability and cost of fresh water in the area would impede
implementation of solution mining. (4) Potash ore reserves in the vicinity of the WIPP are
too low in potash grade and the life expectancy of the mines is too low to justify the cost

of constructing a solution mining refinery. Thus, it is likely that the potash bearing ore
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zones in the vicinity of the WIPP will continue to be extracted using conventional room
and pillar methods, rather than solution mining. (724)(11-H-24.19)

EPA’s response to Issue 32.C
EPA agrees that the CCA did not appropriately treat solution mining of potash; however,
DOE provided supplemental information concerning solution mining in response to public
comments e.g., DOE, 1997i, 1997m, and Docket A-93-02, Items II-H-44 and 11-H-45).
DOE indicated that the target potash intervals for conventional room and pillar mining are
Zones 4 and 10, which would aso be the target horizons for solution mining. DOE
concluded that the effects of solution mining relative to changes in overlying Culebra
hydraulic conductivity are included in the modeled effects of room and pillar mining. The
increase in hydraulic conductivity is related to the reduction in confining stress. Unless the
mean confining stress is reduced to zero, the increase in hydraulic conductivity will be
considerably less than what DOE has considered in PA. However, DOE indicated in
supplemental information that solution mining is not likely in the vicinity of WIPP because
fresh water for mining is limited and the overall procedure is cost prohibitive. Also,

langbeinite, which is the primary target of extraction, is not readily soluble in water.

EPA noted that a permit is being sought for a pilot solution mining venture in the Carlsbad
area. However, it is not possible to accurately predict the future possible minable zones if
mining techniques are refined. Solution mining is presently not being done and may not
take place in the future, and solution mining would likely include those horizons already
included in the room and pillar mining modeling assumptions. With the supplemental
information, EPA concludes that DOE has sufficiently addressed the potentia effects of
potash solution mining and that they were addressed within the scope of the PA.
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EEG assessment of EPA response to Issue 32.C

EEG’ sresponses to EPA are:

EPA’s conclusion that potash solution mining is not likely at WIPP relies on solicited
comments that are factually incorrect and inconsistent with the published scientific

literature.

DOE and EPA maintain that excavation mining captures the effects of solution mining
on the hydraulic conductivity of the overlying aquifers. However, based on the scientific
literature, the prediction of subsidence above solution mines can be much more complex
than the prediction of subsidence due to excavation mining. This issue needs to be
reevaluated for the fina rule for WIPP.

Potash is a resource used for the production of food, therefore it appears to be
incorrect to calculate a probability of mining based on past potash production which was
inherently dependent on past mineral economics and the availability of high grade ore. It
also seems reasonable to assume that low grade potash ores will eventualy be mined to

meet world demand.

ISSUE 32.D Potash reserve assumptions ar e contradictory and/or inadequate

8

The CCA claims credit for addressing the issue of potash mining. However, the CCA
underestimates the areal extent of potash reserves and the potential impact of the
excavation mining of potash within the site and on adjacent federal and state properties.
The use of only existing releases adjacent to the site does not account for the currently

economical potash reserves. . . Further, the Department of Interior notes that potash ore
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has been and can be economicaly mined at ore concentrations less than current lease
grade. (560) (11-H-25.11)

EPA’s response to Issue 32.D
EPA concurs that the DOE and BLM minable footprints do not coincide. Relative to
potash, the CCA indicated that only the 4th and 10th horizons are economic reserves,
although remaining ore zones are considered resources that would be mined with advances
in thin-seam extraction technologies. However, the minable footprint presented in the
CCA on Figure 2-38 does not entirely match or coincide with the locations or information
presented by Griswold in NMBMMR 1995. DOE provided supplementa information
concerning the minable potash footprints, in response to stakeholder questions (Docket A-
93-02, Item 11-H-45). Although the minable footprints identified by DOE and Department
of Interior differ, DOE concluded that this is due to the difference between the definition
of “resources’ and “reserves.” (Reserves are  hose resources that are currently
economically recoverable with currently available technology, and resources are mineral
deposits that are not currently economical or have not been discovered.) That is, DOE
contended that their estimates were based on actua minable reserves, which are less
pervasive than resources. However, DOE also contended that this approach is consistent
with the intent of Section 194.32(b), which states that DOE must consider resources

similar in quality and type to those currently extracted.

EEG assessment of EPA response to Issue 32.D
The EEG has conducted a sensitivity analysis pertaining to the extent of potash reserves
within the controlled area. The conclusion is that with current models and the
implementation of mining in those models (increase in effective transmissivity of the
Culebra), the scenario has little effect. However, smply increasing the transmissivity
within the Culebra does not account for al processes involved in subsidence due to

mining, and other parameters, such as fracture width, or porosity may be significantly
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changed. Therefore, the EEG concludes that a more accurate portrayal of mining should

be included in the performance assessment, including extent and consequence.

| SSUE 32.1: Justification of FEPs screening

3 Operations involving the screening and other processing of FEPs are inadequately
documented. 25% of the original FEPs list was eliminated with no documentation of the
process; 70% of the remaining FEPs have essentially no more documentation than what
appears in the CCA. The documentation for the other 30% also appears to be incompl ete.
The rationale for excluding many of the FEPs from the PA is not documented in the CCA.
(559) (11-H-25.10)

EPA’ s response to Issue 32.1
In general, EPA found DOE’s screening anayses and justifications for inclusion or
exclusion of FEPs to be adequate. However, EPA determined that additional information
or justification was necessary regarding certain FEP issues (e.g., dissolution, brine mining,
solution mining, and fluid injection). Public comments also identified similar deficienciesin
the screening andyses for some FEPs in the CCA. DOE provided supplementa
information addressing EPA’ s questions and public comments (Docket A-93-02, Items: 11-
[-24, 11-1-31, 11-1-34, 11-1-36, 11-1-37). EPA reviewed the information and concluded that
DOE’'s responses have adequately addressed all its concerns regarding FEPs and

scenarios.

EEG assessment of EPA response to Issue 32.1
The EEG does not agree that the screening of FEPs in the CCA were adequate. The fluid
injection scenario (Section 2.6 of this report), for example, addresses severa concerns of

the inadequacy by the DOE and EPA in their analysis. Also, arguments can be made on
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the Air Drilling Scenario (Section 2.5) and issues surrounding production well ERDA-9
(Section 2.14).

Section 194.33 (CARD 33) Consideration of drilling eventsin perfor mance assessment

| SSUE 33.B: The Performance should incor porate lower plug permeabilities

555. Borehole lifetime should be a sampled parameter in the CCA calculations or else the DOE
should provide demonstration that variations in borehole lifetime do not effect [sic] the
rel ease estimates. (555)(11-H-25.6)

EPA response to Issue 33.B:

EPA reviewed natural borehole degradation processes and the subsequent effect of these
processes on borehole permeability. Based on available information (e.g.,, WPO# 41131
and Appendix PAR, p. 192), EPA found that a constant value of permeability 10 m?
throughout the regulatory period would not be conservative because of pressure buildup
in the repository. The Agency believes that, primarily due to the solidification of drilling
muds within the borehole in time, variations in the permeability of borehole plugs will
occur and that a lower value of permeability would be more redistic than the constant and
relatively high permeability value that DOE used.

EPA agrees that DOE gave little credit to factors that could sustain or enhance the
potential effectiveness of plugs. Although DOE provided a combination of site-specific
and theoretical judtifications in support of plug parameter assignments, the assumed value
of the plug permeabilities is subject to uncertainty and EPA determined that a modification
of DOE borehole plug permeability values was necessary. EPA required that EPA-
mandated PA smulations be conducted using lower permeability values (parameters used
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in model- CONC_PLG maximum of 10" m?, BH_SAND maximum of 5x 10"’ n?) to
account for possible cases in which complete degradation does not occur throughout a

well, or natural materials and mud provide additional layers with sealing properties.

EEG assessment of EPA resolution of Issue 33.B
The EEG suggested the borehole plug lifetime should be a sampled parameter based on
two observations. 1) It is likely that the performance assessment calculations are sensitive
to the assumed borehole plug lifetime. 2) Borehole plug lifetime is an uncertain
parameter. The use of a constant value for borehole plug lifetime in al the calculationsis
inconsistent with DOE’s guidelines for sampled parameters. Contrary to the assertion in
the DOE response (11-H-46), the EEG did not argue that the estimate of 200 years is

unreasonable.

The DOE (l1-H-45) claims that borehole plug lifetime uncertainty is accounted for by
assuming that two percent of the plugs are continuous (long-lived) and hence do not

degrade (I1-H-46). Thisclaim iswrong.

The EEG recognizes that sampling borehole plug lifetimes would be impractical using the
present performance assessment design. The DOE should investigate the influence of
borehole plug lifetimes on repository conditions and assess the potential impact on CCDF

caculations.

The EPA mandated verification test used a range of permeabilities of degraded boreholes
that extended lower than the range used in the CCA calculations. The lowest permeability
effectively limits flow through the borehole. The effect may have similar consequences to
the effect on the repository conditions of long lived borehole plugs. Thus, the EPA
mandated verification test may, in conjunction with the CCA calculations, provide a bound
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on the influence of variable borehole lifetimes. This, however, is speculation and needs to

be confirmed.

Issue 33.D: The estimated probability of intersecting a pressurized brine reservoir is
adequately/inadequately justified, and E1 intrusions will not necessarily affect disposal

system performance.

219. EEG finds no justification for assuming only eight percent probability of intercepting a
pressurized brine reservoir in the Castile Formation, 800 feet below the repository.
(219)(A-50 [11-H-12])

EPA response to Issue 33.D:

EPA found that DOE’s representation of brine pocket occurrence probability in the CCA
was not consistent with available information. EPA requested that the brine pocket
probability be modified to range from 1 percent to 60 percent, and that it must be a
sampled value rather than a fixed vaue of 8 percent. These values were used in the PA
verification test (PAVT). Results of the PAVT indicated that the modified Castile Brine
Pocket parameters increased releases (DOE 1997a, 1997b). However, the resulting PAVT
CCDF curves, while closer to the EPA limit than PA CCDF curves, are still well below the
EPA limits. EPA agrees that the E1 scenario does not always enhance radioactive releases
in al instances. Refer to CARD 14-- Content of Compliance Application for further
discussion of brine pocket probability.

EEG assessment of EPA resolution to Issue 33.D
There is poor justification for the 1% lower end of the EPA range for the probability of
encountering a pressurized brine pocket. The 60% upper end is based on an
electromagnetic survey of the WIPP site (US. DOE, 1996¢, 2.2.1.2.2) that indicates brine
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is likely under about 60% of the repository. Most importantly, the probability of hitting
brine under WIPP should be based on WIPP, not the entire Delaware basin. The WIPP-
12 brine reservoir is of sufficient size to protrude under the repository. The existence of
boreholes around WIPP-12 that have not encountered brine in the Castile constrain the
WIPP-12 reservoir so much that it is almost certain that the reservoir extends under the
repository (11-H-25). The brine indicated by the electromagnetic survey must be part of
the WIPP-12 reservoir. The probability of encountering brine should be modeled as 60%.

The PAVT thus underrepresents the probability of encountering a brine reservoir.

Section 194.41 (CARD 41) Active Institutional Controls

|SSUE 41.B: DOE should provide specific commitments preventing human intrusion for

100 years

1 EEG recommends that EPA should require DOE to provide specific commitments on
how they will prevent human intrusion for the first 100 years. As part of building a
credible argument, the CCA should also take into account the pessimism of its own expert
elicitation on the limited effectiveness of active institutional controls. (562) (11-H-25.13)

EPA response to Issue 41.B:
Upon preliminary review of the CCA, EPA requested that DOE provide specific
commitments concerning AlCs for the WIPP site, including fencing, signs, and site patrols
(Docket A-93-02, Item I1-1-01). DOE provided the requested information (Docket A-93-
02, Item 11-1-07, Enclosure 1c). DOE aso described legal prohibitions on resource
extraction and other activities at the WIPP site that function as AICs, such as the erection
and testing of passive institutional controls and the implementation of the site monitoring

plan.
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DOE did not conduct an expert elicitation for the purpose of determining how long the
proposed AlICs specifically are expected to be effective. As EEG noted, an expert
eicitation conducted prior to the promulgation of the final Compliance Criteria resulted in
predictions of AICs effectiveness generally (see A-93-20, Item I1-H-25). However, DOE
did not rely on these predictions in proposing that AICs will be completely effective for
100 years. EPA believes that it is fully within DOE’s capacity to maintain the proposed
controls for 100 years after disposal, is discussed under EPA Compliance Review for
Section 194.41(a) above.

EEG assessment of EPA resolution to Issue 41.B
Title 40 CFR 191.14 (&) requires maintenance of active institutional controls for aslong a
period of time as is practicable after disposal, but the credit in performance assessment
may not be taken for more than 100 years. The DOE has proposed controls for 100 years
and has assumed no drilling in the repository for that period. The EEG agrees with the
EPA’s finding for this requirement, but recommends that if in the final rule EPA finds
WIPP to be in compliance with the standards and proposes to grant certification, oversight
by the federal (other than DOE) and state authorities should be required to ensure

vigorous implementation of the active institutional control.
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Section 194.43 (CARD 43) Passive I nstitutional Controls

| SSUE 43.B: DOE’sproposal for PICscredit isor isnot acceptable

5 Based on DOE’s experience with institutional controls in the recent past, a claim of 99%
credit for passive institutional controls for 700 years does not appear justifiable. (561) (11-
H-25.12)

EPA response to Issue 43.B
EPA proposes to deny DOE'’s application for PICs credit for two reasons. First, DOE did
not employ expert judgment to derive the credit. EPA stated in the preamble to 40 CFR
Part 194 that “the degree to which PICs might reduce the future drilling rate can be
reliably determined only through expert judgment” (61 FR 5232). Instead, DOE
developed a proposal and submitted it to a peer review panel of three experts. EPA does
not view peer review as equivalent to expert judgment. The Agency laid out explicit

requirements for the conduct of expert judgment in Section 194.26.

Second, EPA found that DOE’ s analysis does not account persuasively for the uncertainty
associated with the forecasting the effectiveness of PICs. EPA does not concur with the
conclusion of the PICs peer review panel that DOE’'s proposed credit is reasonable.
Among other issues, EPA considers DOE’s assertion that every aspect of the PICs design
is virtually certain to endure and be understood for the proposed period to be contrary to
EPA’s specification in Section 194.43(c) that “[i]n no case. . . shall passive institutiona
controls be assumed to eliminate the likelihood of human intrusion entirely” (61 FR 5243).
Thistopic is discussed in greater detail in EPA Compliance Review for Section 194.43(c).
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EEG assessment of EPA resolution of Issue 43.B
The EEG agrees with this determination of denying credit for PICs for reasons stated by
the EPA in U.S. EPA (1997c), as well as for reasons that EEG has previously submitted
to the EPA (see Appendix 8.2-Passive Institutional Controls).

Section 194.44 (CARD 44) Engineered Barriers

|SSUE 44.A: Borehole plugs, shaft seals, panel closure, and backfill should/should not be

considered engineered barriers.

5 Shaft seals are at best an attempt to undo the damage done to the natural environment
when the shafts were excavated, and therefore cannot be an engineered barrier as distinct
and complementary to the natural barriers. (545) (11-H-12.24)

6 Like the shaft seals, panel closure systems (separation of waste panels by engineered
structures) cannot be considered to be engineered barriers because they too can at best be
imperfect attempts to restore the original natural system. Panel seal is not included in the
examples of engineered barrier in EPA definition (Section 191.12). (546) (11-H-12.25)

7 The fact remains that the purpose of including MgO in the WIPP repository is to control
the chemical conditions in the WIPP repository to alow assumption of lower actinide
solubility values. It may therefore satisfy a need for the Containment Requirement of the
Standards, but does not provide complementary added assurance visualized by the
Assurance Requirements (40 CFR 191.14). (547) (11-H-12.26)
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8 Since the stated requirements for plugging the boreholes (Section 3.3.4 and Figure 3-10 of
the CCA) are much less stringent than the shaft seals, the borehole plugs have a lesser
clam as engineered barriers. The NRC specificaly excludes borehole sedls as part of an
engineered barrier system. Hence, the borehole plugs should not be considered to be an
engineered barrier. (548) (11-H-12.27)

EPA response to Issue 44.A
Section 194.14(b)(1) required DOE to include in the description of the disposal system
information about engineered barriers, i.e., “any materia or structure that prevents or
substantially delays movement of water or radionuclides toward the accessible
environment,” as defined at Section 191.12. The CCA treated panel seals, shaft seals, and
borehole plugs as features of the disposal system design, and EPA evaluated them in that
context. For a discussion of these features, see Section 194.14(b)(1) and Response to

Commentsin CARD 14 — Content of Compliance Certification Application.

For the purpose of complying with the assurance requirements at Section 194.44, DOE
proposed to implement one engineered barrier -- magnesium oxide (MgO) backfill. EPA
believes that DOE adequately demonstrated in the CCA and supplementary information
that MgO will serve to prevent or substantially delay movement of water or radionuclides
toward the accessible environment. For more discussion of the effectiveness of MgO
backfill, see Section 194.44(a) above in this CARD, as well as Response to Issue C below.

EEG assessment to EPA resolution to Issue 44.A
Title 40 CFR 191.14 (d) requires use of both engineered and natura barriers in the
repository design. The CCA proposed a chemically-buffering magnesium oxide backfill as
the only engineered barrier, and the EPA has accepted in the proposed rule the DOE (U.S.
DOE, 1996¢) proposal to satisfy this assurance requirement. The EEG view is that while
there are still some questions about the efficacy of the chemical buffer aspect of the
magnesium oxide (MgO) backfill (see Appendix 8.4, section 2.3 of this report), this
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engineered feature has been selected primarily to enable DOE to use numerical values of
certain parameters in the containment requirement calculations. The MgO backfill may
not therefore be considered to satisfy this assurance requirement in a strict sense of the
philosophy of these requirements. Incorporation of backfill in the WIPP design is
nevertheless a good idea and the EEG has been recommending a sat/clay mixture as
backfill for years. A pure MgO backfill does not have the benefit of the chemical
retardation of radionuclides that clays afford, but may help keep the repository chemical
environment stable. The EEG would prefer addition of clays such as commercialy
available bentonite to the backfill, but is willing to accept emplacement of MgO backfill

for the sake of operational ease and efficiency.

As to the distinction between “engineered barriers and “engineered features’, it is not
based on the standard (40 CFR 191), or its criteria (40 CFR 194). The CCA (U.S. DOE,
1996¢) included these “features’ in the section on “engineered barriers’, hence the EEG

comment.

267



T REFERENCES

Aunenenn Saeicty of Mecnanical Crydeeems. [977, Quality Asswranee Propran Reyuirernents for
Muclear Facilities. Wew York, N American National Standerds Tostiute, ANSIFASME
MOA-LS 2197

American Society vl Mechanical Bopineers. 1089 Quality Assurunce Prouram Bequirtermen s for
the Colleetion of Seientific and Technies]l Inforration for Sire Characlerization of High-
Level Muclear Wasie Repesitories. INew Youk, NY: American Nattonal Standards Tnslitie,
AMEIASKE NOpA-3-1989.

Aumercan Socicty of Mechanical Eoygineers, P2, Qualitv Assurance Requiremerts for Wuclear
Factlity Apphcations, 1% Addenda, Parr 2.7 w0 ASMENQA-2-1989 ed. New Tork, NY-
American Wattonal Standards 1nsticute, ANSTASME NOA22-1990,

Arnetican Sowciety of Mechanical Fogineers. 1994 Cmiality Assurance Peosam Bequircments for
Mencloar Facililies, MNew York, NY: American Nationu] Siandacds Institee, ANSLASMWE
NOQA-1-15%4.

Bailey, I 19900, Aaraest B3 mermemmdem on water [evel rises in the Culebm Dolomite mooilor
wells trom I Bailey, petraleum ennioeer af lie Wew Maxico State Land OTice to Marsh
LaVenue, Interra Conaulling Company and costractor to Sandia Walional Laboratociss.

Boauheitn, EL. 1987, Intespretetion of the WIFP13 Multipad Pumping Tost of the Culebra
Dlolmndte at the Waste Isolation "lat Plant (WTPP) site, Sandia Matienat Laboratortes,
SAMTIRT-2436,

Beavbeim, R.T.. 1289, Interpretation of 12-1184 Hydraulic Tests and the H-11 Multipad Pumping
Test of the Culebra Tlomite at the Waste lnelation Flot Plant.  Saodia National
Lakaratimies, SANTE9-0330,

Beauhzam, L L. 1990, Januarsy 12 woport frera B E. Beauheim ou recont rése in the Culeles water
levels aroomd the WL site s the Sandia National Labewlores Tluid Flaw and Tramspom
Division 5354,

Bewobeim, RLL 1996, "Obtervations of water lovel rices e the Culehrs Aquifor.” in Tyid [njecdon
foor Sl Wuler Disposal and Enbanced OiF Recevery asa Potential Prohlen for the WIPP-
Proceedings of a hune 925 Wark=hop and Analvsis, by Matthew K. Silva. Afhugquarque,
M Envitonmesta! Fealvadon Group, EBEG-62, 30-52,

268

Pamnasn



Beavheim, 1.1, 1997, Jaouary 16 memamndom from R L. Beaheim to Palmer Yanghn on
Bovizions b Castile Rrine Rescrvoir Pammeter Packaoes,” Sandia National Lebomtories,
WIORIEE2.

RBewulsim, L and 24, Holt 19900 “Ilydrogeslopy of thie WIPP site,” in Geolopical and
Hodroloniend Suxdies of Evaporites in che Northern Delawae Basin for the Waste Taolution
Fiton Mlant (WIPE), Mew Mexica, Field Lrip #14 Gandehook. Geclagical Socicty of Ameniea
19590 Annual beeting. [rallas. TH: Dullus Cteological Society,

Rerglend, TW. 1994, Memorandum af recond. "The Direct Removal of Waste Caused by a
Driliing Imrusion inks 2 WIPE Panel - a Position Paner.” Sandia Nanenal Laboraiones,
WEOHSER2,

Blaing, B.L.. |7, Dyvaleation of Minimum K Patametsr Valnes for Culchra Transipor. Sandia
Mational Laboratories, WCRd 1944,

Boneau. D, 1992, Mareh 17 atfidavic in support. of the application of Yates Petrolenm Corporatiom
for administrative review by the Duvean of Land Managenient Siute Dimeclor of Dectsions
of the BLM Carlshad Arza Manager denying fowr applications for permt to doll wells m
Sections 11 and 14, T225, B3 IT.

Tredehwe, 1.0, 19972, Alr Drilling tou WIPT. La [londa CA: Hydrodvmamics Crowp.

Brodehoedl, 110, 1997k, Eartman Semnana Implications tor WP La Honda, CA: Bydeo-
daramnics Groump.

Bredehocft, -.T.I'}. 1667, Julv 2% merorandum, Rebultal: Techniral Review of The Hartman
Sccnario Implicadions {or WIPE {Bredehoeft, 1997} by Swifi, Stoelxel, Beavhiem, and
WVaughn - June £3, 1097, Hydrodynamivs Graup, La Toenda, CA

Bredehoett, 1D, and W, Gerstle. 1997, The Hartman Scenunv Revisited lmplications for WIPP,
Lat Homda CA: Uhe Hydrodynamics Cnoup.

Broadbead, B.F., 17 Luo and S, Speer. 1996, “Evaluation of ol and gas resourees at 1he WIEP
site. Svoopsis end presemation,” in Fluid Ijeciion lur Sak Warter Disposal and Enhanccd
Clil Recovery as a Potential Prablem for the WiPP: Procoedings of o Tune 1995 Wk slwp
and Analysiz, by Matthaw K, Silva Albugueeque, N Envirommental Evaluation Gronp,
FEG-02, 21-37,

Broadhead, 1.E, F, Luo and 3% Spear. 1995, Bvaluation ol Mineral Resowuces at the Waste

Tsalution Filot Mant (WP Siwe. Cirlsbad B Westtngheuse Elcetne Corpuratiom, Waste
Fsglagioon Division, vol, 3. chap, X

265




—————yp

Brown. I. 1995, “Cabin Lake field summany.” in Symposinm of the Gl and Gas Ficlds of
southcastenr Mew Mexico. Roswell, W3 Roswali Gerdogical Socicty, 191-193.

Brwsh, LA 1920, June 22 reemorandum from L. H. Brush, Sandia Natiomy] Laborateries to W,
Daub, DOE WTEF Project Ottice.

Drusk, LM and TME, Anderon. 1989, Fehnwry 14 intomal Sandia MNatienal Teahoratories
memorandum to B. Butcher on estimates of gas production raes, polentials, and periods, ond
dissolved radiomaiide concentrations [ the WIPP Supplcmenral Environmental Impact
Etatenncnt.

Brish, T.H. and AR, Lappin. 1990 August 1 inéemal Sandia Malonal Leporatarizs memorandum
w LLR Anderson on additional cstimares of s pooduciion rates and -adicnoclide
sHebiles For use in models of WTPP disposal rooms. mema 4 in SANTISES-230%,

Burean (3'Lumd Managememt Roswet! Disenct. 1993, PreBmirary Map Showing Distributon Of
Potash Fesources, Carlsbad Mining District, Eddy And Tea Counties, New Mexicn.

Bulcher, B.M, 1989, Waste Isalavion Pilot Plast Siuuloted Woste Compesitions and Meehanical
Propomies. Sandia Yagonal Laboratories, SANER®O-0373.

Buccher, B M 199 Juiy 24 memerandun fram B. M. Butcher to M. G. Marteita, on disposal
room ponsily and perrncability values For disposal raam perlyrmance asszssment, Samdia
Wutional Laboratoctes. '

Butcher, B.ML, TW, Thompeon, 8. G, VanBuskirk and N.C. Pacti. 1991 Mechanival Compaction
ot Waste Isolation Piot Plant Simulaied Waste, Sandia Mationa Laborerories, SANTIO0- |
[ 204, .

Carnpbell, FAMLEE. Walker end AL, Porter. 1964, Mew Mexico Ol Conseovalion Cormissien |
Urder Approving Appticarion of Tewxses Ine, for a Watecllood Projecs, Lea Coundy, Mow
Mexivn. C'aze Mo, 3086, Order Mo, B-2748 Judy 29,

Caran, D7, AL Ammijo and A L. Porer. 1969, Wow Mexica (hl Consereation Cotmmission Orcder
Approving Applicalion of Texaco e, for 2 Walerflond Expansion and Amondeent of Order
Mo, R-2738. Lea County, New Mexica, Case Mo 4277, Order No, B-2745-A, December

.

Chan, I2Y., B0, Hughesand L. Palerson, 193, “Transiem vy low arcund boeeholes,” Transprl
m Parons Media Ui |37-152,



—_— e

Chupezn, T.B. 1986, Sigble Tsotones in Southesstern New Mexico Gronndwaeer: Implications
for Datine Recharge in the WIPT Arcs. Sunls Fe, NM: Environmeaiz] Evaluation Growp,
EEG-35.

Chapman, .6, 1988, Chemicnl il Badiochemical Characteristics of Growlwaler i the Culehra
Bolomite, Sontheastcrn Mew Mexlee, Semia Te, WM Environmental Evualuation Group,
EF-39

Chedurved. T 1987, WTPP Site and Vicinity Geological Field Trp, A Report ol a Mesting 1eld
on Jarmary 17-18, 1980, Santa Fe, N Trvimamental Evaluation Group, EEG-Y.

Chatweend, Lo 1984, Oceumence of Gases in The Salado Fermation. Santa Fe, M Environmental
Ervaleatton Grnup, Fl-25.

Chaturvedi, L. 1993, "WIPP-related geolonical issues," i Carlsbad Remon, Mew Meswo apd Wast
‘Texas MNew Mexico Ceolopical Sociely Guidebook, 4% Field Conference, October o-%,
1993, Socorma, B New dexico Geolopical Society, 531-338.

Chamrvedi, L. aod TE., Chappell. 1985, The Rustar Formation as 2 Traesport Mediom for
Coneaminated Groundwater. Samta Fe, NM: BEovirmoomental Tvaluation Group, FEG-32.

Chamnvedi, L., W, WL, Lee. ME. Stlva, T.WL Clemue and .01 Wendl. 1997, “Evaluation of the
lang-teem inteerity of WILE," in the W 97 Proceedings: HLW, LLW, hMired Wases and
Envircnmentsl B estoralion - Working Towards a Cleaner Eavironmert, March 2-6. 1997,
Tucson, A5 Wi Srmposia, [ns., 204,

Colome, J. and 1% Kuase, 1994, Operation of a Potassian Ore Plul Cavem. Meeling puper,
prcscnted at the SMRET-Fal! cnesling 1o 1994 1annover, Gereany. Woodstock, [L: Solotion
hAining [lasaarch lnstmic.

Ceme, 1.8 1996, Moy 28 letter Som L. Cene, 1,5, BLAM Rosacll Distmicl Manager to William
I Lerday, Direcior of lhe Mew *Mexioo Gl Conservalian Divisin.

Cook, AN, LR Myer, NG.W, Cook and F M. Thoyle. 19HE “The effects of tortuosits on Naw
Lo by matoral fractuces,” in Rock Mechanies Contribetions aind Challziges, by Husoulid
and Jolnsoa. Woterdany, Mothordamds: A A, Balkema.

Cross, JE. B Evart and B.F, Creeaficld 1989 "Wodeling the lehavior of enzanic degragdeation
products,” in Scientific Basis for Nuclear Waste Sanagcmcnt 5H: Syneposium held October
10-13. 19%%, od, W, Lutze and B_ C_Towirg. Pitsburgh, PA: baterizls Research Society,
TIR-T22,




L Appalnia Consulting Engineees, Inc. 982, Diaga File Reporr: ERDA-6 and WIPP-12 Testing.
Adngucrgue, Mg Westingoause Electrie Crcrporalion.

B Appalonia Consnlting Faginecrs. Ing, 1971, Geotechnics] Field Data Report Bo, 4: Geolopical
¥apping and Water Toflow Testing in the SPDV Ventilation Shaft Alluguerque, WM
Wastinghouse Eleciric Coporaion

Davis, 1.G. and T8 A. Shock. 1970, "Solution mining o thin bedded potash." Mining Enginecrin o,
k) 106-109,

Davis, 5. 1997, Bddy Potazh to Close. Corren, Armus. Newspaper Serving Bddy Cowny, New
Maxicy, Septembar 26,

Davis, SN and £ Murphy. 1987, Duting Ground Water und the Evabuution of Repositaries for
Radwactive Wastes. 15,5 Nyclear Repulztory Commmissiown NUREGATR-491 72,

Delabla, I, T Giimenes, M E. Torere and 1 Casa. 1993, “Mecherism of wnirdiated T, £y
dissolulion in 2at| and MaCl, brings at 25" " in Scientific Bagy for Nuglcar Waste
Management XV 8 ymposium held Oclober 2327, 124, Kyoto, Tapan, eq, }. Mirakumj
ond K. C, Ewing, Pitrshurgh. #A; Muotcrials Research Socicty, G061 5

Dhals, 3 19975 T, Ay 24 letter from G, Dials, U.5. Depurtment of Energy, wm B Trowremo, 1A,

Foviromrenial Prpleetion AZENCY, second response Package to EPA™s fetter of Decomber
19, 1994,

Thals, GG, 19670, meptembor 16 forter with aviachment trom . CHals, DOE tn W trgereLle, respones
o o Dacemnbee 3, 1995, letter on gas-driven geacking in WIPE sock sal,.

Dial=, 3. 19970 Tyne 13 letler from G [hials, Manager, DOEATAD ) K. Meill, Direcrar, R

Dials, &, 1997, March 12 Ielter thom 1, Diats, DOT o . Trovale, EPA, ET'4 Dhovket A5,
IT-H-24,

Diumon, HW. Jr.  19gs. “Ihe Solution Minfng Rescarch Instilgte - an update”, i Sixd;
[otermaticnul Symipostam on Salt, Taromto. Ontaric. Canacdy, May 2428, PR3, e, B .
Schreitwer amd H, L. Harner, Alexamlria, VA: sa); Iestitnte, Z; 3.1,

Duchrow, G, I Fitz and M. (nmsuhow. 00, “Posdbilities for profitable camnaliilite exraction in
Fazt Gemmany" Phosphores & Lassium, ne. 168 {May-Junzy: 26-32.

Dda, 1R, 6317, Medley, ko und W05, Deskins, 1905, “Sirang wrowth projeeted for Wderbatunced
drilting.” il and Gas Jourm Special, |Sepferaber 23); 4777

272




———

Duke Engineering & Services. 1997, Exhanst Shaft: 'hasc £ Hvdraulic Assessment Das Report
Imvolving Dirifling, Inetalbation, Water-{Quality Sumpling, and Teating of Fiezometers 1-17.
Westinghouse Waste Imulatian Divisivn, DOEWIPPS7-2178.

Dulion, 3P, 80, Hovorka and 4.G. Cole. 1996,  Application of Advanced Hoeseryot
Chareterization, Simnlation and Production Optimizziion Sirategies i Muximize
Kecoverics in Slope and Basin Clastic Reservoirs, West Texas (Deluware Basin) Anoual
Repur, March 31, 1905 i March 30, 1996, U.E. Leparimeat of Energy, DOTURIC 4936-5,

[haton, 5.P.. (iR, Asquith, M.D. Barton, A{k Cole, I Gogas, M.A Wialik, B.1. Clift and ET.
Cozman, 1997, Applicstion of Advanced Reservoir Chaendietizarion. Stmulaiun and
Pruduction Optimizalion Srategies ta Mayimize Recoveries in Slope and Bazin Clasie
Reservoirs, West Uexas (Dreluware Basin) Armual Report, March 31, 1996 10 Muarch 3,
1297, U5, Department af Energy, THILBCS 149351,

Environmenid Fyatuation Group, 1983, BEEG Review Comments vn the Geotechnica] Repores
Previded by DOT v LEG Under fhe Stipulated Aygreement Through Mundi 1, 1983, Sanla
Fe, WM: Emvironmendsl Fvalvation Group, EEG-2Z,

Felmy, &.R., I3 Hai, ) A Schewrke and 1L, Byan, 198% "The solubility af phmonivm hrdeezide
iy diluze solution end in high-ionic-steength hrines.” Radiochimica Acta 48: 2433,

Flanders, W A and B.M. Delauw. 1993, *Updatc case nstors: perfonaanes of the Twofreds
wermary OO project,” in Proceedings of the SEE Annual Technical ConfercneesReservoir
Enalncering. Tiousten, Texas, {etober 3-6. Richardson, TX:  Souisy of Pettoleum
Fnuineers, BPE 26614

Frupcis, A J B Gillow and M Giles, 1997, Microbral Ges {leneration Under Txpected Waste
Tzalation Pitot Plant Bepositsey Conditions. Sandia National Laboratories, SANDS-1581.

Frecze, G.A.. KW, Larson and PLB. Drvics, 1995, Couplad Mulliphase Flow and Closurs Analysiz
of Kepository Response to Waste Generated Gas at the Waste Lsolation Pilid Plarr {WIEF).
Sumulin Mational Laboratnries, S0 D=1 956

¢taizbaucr, E. 1997, %30 vears suluilon micing in Altasses, Ansira," meeting paper, presented
ol he Salinen Ausna GinbH in Craow., Poland, May §1-14, 1827, Deerfield, il: Sclution
3ining Research Lnatiiule.

Ciallegos, J.E, and M1 Condon, 1594, Plaintits' Muotion in Limine Prohibiting Taxacs {rom
Oitering Opinions of Jobn F, Pivens Based on Walserflows o the WIFF Area. 1lartnan va.
Texaco., Movember 22, 1994, Hadmano vs, Lexaco, No. 5F 93238700, Firs. Tudicial
District, Counly of Banta Fe, Stale af Mow hdexion.




Geratle. W. |99, December 3 letter from W. Gerstie o H. OLeary in EPA Doacket 4-93.02, 11-H-
it

UGerstic, W. 1998 Povate communication

treratle W, and J, Bredchosfl 1997, Lipear Elastic Maodel for Hydrofrarture o W1PF and
Compatison with BEAGELO. La Ilenda, {A: Hydrodynamics Gronp.

Creeslle, W, F. Mendenhall and W Wawersik, 1945, Predietion of Gas-Thiven [ydrofeaotpres at
WIPP. Albuguerque, W Lniversity of Mew Mexicen, Depaniracnt ol Civil Enginesring.

Creenficld. B.F,, A Moreton, MW sptadler, 51, Wilkiany: and DR, Wondwork [492 “Thz
effects of the degradalion of yrgaic materials in e ey field of & radigactve wase
repositery." Scientific Basis for Muclear Waste Munagemeat XV oy Symposium held
November 4-7, 1991, srasboury, Franee, ¢d. C, G, Soenhret IMitlsburch, PA: Materiais
Rezcarch Soctety, 200.306,

Uriswold, GB. 1977 Site Selection and Evalualion Studies of the Waste Tsolatton Prlot Plunt
(WIFPL Los Medafio, EBddy Cownty, IWhi Aibuquerque. NM:  Sandia Natiooal
Laboratories, SAMNDT 0244,

Urozz, M. and TW, Thompson. 10904, Analysis Packape (o the Remi=Analytical Calculutions
Condueled in Suppor of au Alleratve wpatlings Model: Mathod 11 - the Quasi-Stakic
Model, AThuguerque, NM: Sandia Nabonal Laboratores, WPOH27392,

Ge-chow, M. 1997, *Solubon twining of potask ore,” mestigg paper. presentecd ar the ShEI

Mecting in Howston, Tavas, Ciet 18-23, 1992, Wondstock, TL: Solution vIning Resecarch
Drstitule,

Hansen, F.I3., ME Faowles, T.W. Thompsan, M. Grross, LD, Melennun and IF. Schatz, 1507,

DPlesicription und Evaliration of 4 Mechmalsticull Bazed Conceploal Madel £ Spatl. Sandia
uticnal Taborlotges, 5 ANTWT- | 364

urme, LC and CR. Williameon.  JUE%, "LDeeg-water density cwrment deposits of Toelsware

i darn geoup [ Ferroian), Deluwars [3: i, Lexas and New Mavion.” Amedoan Asanation
of Formleums Genlogists ulletin 72 (3. 299-317.

Hartman, 1, 1943, Meverher 72 letier to Sundia Nobtional Labaratories man sTHitting 1 copy of o

Cvmoptaint of Lrespass, Muisance, and Wisse filed in the Fedory] L0t G the THatrice of
New Mextea, CTVI3 13408

274




D

Helton. . 1996, Memo: Preliminary summary of oneertainty and sensitivity analvsis resalts
oblained in support of the 1946 Complhianes Certification Application lor the Wasts Isolatinn
Fiial Pigru, Sandia Mationak Laburatorias,

Helton, 1O EW. Garner, B.F. Rechard, DX, Ruwlesn and PN Swift. 12, Prefiminary
Comparison with 40 CFR Part 191, Subpart B for the Waste Jxolation Pilat Plant. Sandia
Mationgl Laboratories, SANDUI-08931,

Herrery, 5, 103 Jaunary 20 Tirst Judicial Diserict, Comnty of Santa e, State of New Mexieo, Case
Mo, 3P 93-2387 {{), pudement in Hamman vs, Texaco.

Hevo, LW, 19970 Febroary 24 letler from [ W Hevoy, MO Kaliom e B F. Weiter, Sardix
Mational Laboguiries on porash seluiion mining st WIPF site.

Neva, LW, 1M7h. Febrary 26 letter frots . W, Heyn, TMC Foalivnn to Epvimmmietital Prodection
Apency, Docket A-93-02, potash selutivn mining on WIPE reservation '

Higks, T W, 1997, March 7 memorandum from T. W, 1licks, Galson Soiences Ltd 1oP. M. Swill,
Sandia Mattopa! Lakaratorcs an soleion puning for petash.

Nalt, Bb. and DWW, Puwers, 1485, Faies Variability and Pogt-Tiepositional Aderation Wilhin the
Rustler Fopmation in the Vicinior of the Wasts lsalation Pilot Plang, Southeastern New
Mexice, Westinghouse Flecinie Curporation, DOEWIPP-RE-(Hit.

lHoward, B.A, 1996, Aneid 3 meme from DA, Newned, Westinghouse Eleetric Corporation 1 dviz!
Warigtta Sandis Mutional Lahoratory, future miniog event in the performunce.

Hummel, W. 1993, Orgamiz Complexsdon of Raktonuclides in Cemen! Pore Water: A Case
Swudy. Pauf Scherrer Instimt Repart Th-31-95-03, PES-03-617.  Sandia Nalionu]
[Luboratories, WEORITS 16

Musizain, M. and 5, Krshneswani. 1980, *1L-238 semies rdioactive disequilibriur i proundwiaters:
implication to the argin of gacess U-254 and fawe ol reactive pollutants.” Geochimica el
{ cemochinica Acta 44: 12871201,

1% (ilobal, Ine. 1996, Anngal Report 1994, Scoving the Mex: Agdenltueal Revohmion.
Nerthbrook, F: INMC Global, 26, 27,

Jackson, T3, 1977, *Solodon ruining pamps new Jife inle Cane {reek potash oine.” Eogimeenng
and Mining Tournal, (luky) o S9-54.




Jacobs, L. 199%. "Texsen wins lax break,” Hobbs News Son, 19 Febroary, pp. 1, 5.

Taeger, J.C. and NLOUW, Cook. 1974, Tundamentals of Rock Mochanies, 29 editiann Londan
Chapman and Hall.

lermic, ML, 1994, Bock Mechanics in Salt blining. Roverdsm, Netherlandy; A.A. Balkema.
chap. 13.

Jones, LW, 1968, "Hard-t- el sa0d gives up secondary cil in West Texas" Wurd {H),
(Heplambery o 72-740,

Keboe, T M. April 29 Jetter from L, FKehoe, Asgstant Commicsimer ol Mesw Mesdco Public
Lands to William J. LeMay, Diresior of the New Mezxico O Conscrvation Divisien.

Kenney, J.W.and 5.C. Ballard. 199 Preoperational Radistion Swveilance of the WIPP Project
b D710 Donng 1989, Albuquerque, KM Envicommenizt Dvalugtion Growo, EEG=47.

Kirkes, (i.R. and R.T). Fvans. (997, Injection Methods: Cvrrent Praclices and Failure Kates in the
Beluoware Bazin, L5, Deparmnent of Crerey, DOEVTPE-97-2244,

Kirkpalrik, R, W.A, Flanders and 1%, DePauw. 1985 *Peformance of e Toeatreds i,
mjceion project.” in Proceedings of the S0k Society of Petreleum Engioeers Anneal Technical
Conlerenve, Lok Vegas, Novada Seprember 23, 1985, Richardson. T30 Society al Petruleum
Iingmnesys, 89-101.

Raombkuw, T.F. 1597, “Numerical ermors nssagialed with modeling transport and matrix diffusion
[absz.]." BEos Trans, AGUTE(1T): 5138,

Konkow, L.F. 1998, Fedrwary personal conumunication, email, from L. Kontkow 1o 1., Chatuoeedi,

Konikow, [T, I Gowde. and Gz Harberger, 106, A Three-Limensional Melhad-ofs
Churacteristics Solute-Transpatt Modet {(MOC3D). U, Geologzicw] Survey, USG5 L 96
120a67.

Freitler, C.W. MLA. Akhter, WF, Mullican W1, AKX Avalien and A F. Fryar, 1994, Ahandoned
Well Chursctenzation: A Methodefooy o Tvaluate Begional Hydewalie Contonls o Flow fom
Tivdrocarbon Bescrvoins i Underground Sources of Drinking Waler,  Avstin Tewes:
University of Texas at Austin, Burcau of Econmuic Genlogy.

Lambeit, 5.4 198Va. Fessibility Stody: Applicability of Geochronelogic bethods Tnvelving
Badiwocarbon and Other MNuglides 4o the Groundwater ydrdogy of the RBusiler Tarmation.
Bindia Mutaonai Tahorplonics, SAMDEG-1054.

B

o e b

—_—— k=== —

e e ———— - -

A e ——————————— - -



Lambert, 8.0, 19K7h. “Nighla-ssorope smdies of promndwaters in Southeastern Mew Mexico,
SANDES-10T8c," in the Rustler Formation at the WIFP Hite, Repart ol g Waerkshap on the
Geolopy and TTydmlegy of the Rustler Formation as it felates to the WIPTF Project, od. by
Lokesh Chaturvedi, Santa Fr, NM: Environmental Evalustion Group, FRG-34.

Lamber. 5.5, and J A, Carter. 1987, Ummium-Tsolope Syslmmutivs m Cmmoundwaters of tie Rostler
Fornation Nocthern Delaware Bazsin, Southeastern Mevws BMexico, 1! Principles and Preliminary
Ficmubts, Sandia Feational Laboratoncs, SARNDET-0338,

Larson, W, 1994 E-anail memmo from W, Larvon 1o 3. F, Lonl, P Vaughn, and M. 5. Y. Chu
o frociore model ideos,

Lavenue, %T. i991. Jamary 28 Sandia Madonal Laboratorias mernorandum to dismribution on the
agnomslovs Culebra woater-love! mises noar The WTPP aide, Sandia Nabipoal Tebormajomes THwd
Flow and Transport Division 6344,

Lee, W.W.-L_ L. Chatwvedi 5, K. Silva, K Weiner and BLH. Meill, 1994, An Appeaisal of the
1902 Prelimipary Perivrmance Assessrnent lar the Waste Jsolotion Pilo Planl Alhuguerogue,
Mhi: Environrnanmal Evaleation Group. EEG-5T,

Lemke, LR, 1YW, Bzrehmd and B A, Cale, 199G, Blowmit Expenmenms Lsiyg Fine Grained Silica
Rand 10 an Axisymetnc Geormetey, Albegeergue, MM New Mexicn Engneering Resgarch
Institute, NMERT 1996/7/32350,

Lowenstein, T.K_ 1987, Post Burial Alteration of che Permian Rustler Formarion Evaporites.
WIPF Site, New Mexion, Santa T, NM: Tinvimnmental Fvalvation Crronp, REG-36,

Lulzer, .5, L% . Thompson and B.W. Butcher. 1991, *Compaction and perrmeabiliy of simulaiesd
wasle,” in Rock Moechynics #s ¢ Molidisciplinsry Sciense Proceedings of the 52% U5,
Smwaoainm, edired by 1. C. Boeaiars.  Rotterdam, Metheriands: A A Balkema, 693- 702,

Lyosss, WAL 1984 Adrand Cfas Dailfing Manuaal. Houwston, T Gl F Pullisking Company .

bdckacden, MLL 1996, laraary 2 latter trosn M. (L Meladden, Assisiant Mumaper, TMOE Carlsbad
Arca Office to Eobert H, Medl, Dircetor, Envireroscntal Evatuation Groop.

Mapmmder, LB., L.H. sSules and T.1. Yelverton, 1950, "Konew of the means 520 Andres unin (OO,
Lerlary proqecl.” SPT Foamil of Metrolenm '['n:-:hnﬂlng:.-', (hfuy] : O3H-644.

Ml MLA. 1998, "Comnpaositional simulatiors of 8 €Oy flood in Ford Geraldine Tooi, Texas.”

Papcr prepared for prescatation at the 998 5PE Permian Basin il and Gas Recovery
Conferenes, Midland, Texas, 23-26 March, SFPE 391H,




May B, 1995a “Livinosion Ridge Deleware, field swnmary,” i Byinpasiom ol the O] aod Gas
{"ields of Southenstern MNew Mexico, Roswell, WA Boswell Crenlowical Socieny, 264-266,

May, B 1445h. "Lost Tank Delawars. lield anunary.” in a Symposicm ol the Oil amd ¢ Fields
of Southeastern Now Mewice. Roswoil NM: Roswell Geologieal Sociery, 2R0-282,

Mercer, IW, and B.RAMr, 1979 Tnlenm Uata on the Ueahvdroligy of the Mropozed Waste
Tsirlation Pitol Plame Site Southeast New Mexico. 115, Gealogical Survey, PTRGE WRE T9-RR.

Monroe, W.W., ME Silva, 1.7, Lerson and FM. Cre. 1000 *Camposition paths in four-
component gvilems; cffects ol dizsolved methune on 113 O02 flood perfurmance.”  SPF
Reservuir Engineering, {August) 1 373432,

hontis, (i M3, “Permian busin operators press Gy injection proprams," il ancd (s Journal,
{Auogust 1) 1023,

Murphy, M.B. 1997 Advanced (il Feeovery Technofogies for fmproved Recovery from Alope
Bazin Claslic Reservoir:, Nash Deaw Brushy Canyon Pogl, Eddy Counly, New dexico, Annual
Eeport September 25, 1945 g Septoriber 24, 1996 119 Lepariment of Eoergy,
DOEBC145941 -4,

Mativnai Archives and Records Administration, OMTice of the Federal Rzgmier, 1997, “gclear
Sadery Manapement, Qualily Assurance Requirements.” 10 €Code of Foderal Heruladons Mar
&30 120 Washinglon, ThC s UK. Government Printing (dTee,

Mational Reascarch Coungil, Cauunission oo Genssienees, Buvinnment. and Pesources, Poard on
Rudinacrive Waste Management, Commies on the Waste Isolacion Pilot Planl. 006, The
Waste Twalation Fild Plamk A Polentia® Solulion for the Dispresal of Tropswanic Waste,
Washmaron, 0. C.; Mational Academy Pess,

helll, RH. 1997z, Tebruzry 7 letler from R, . Weill, 1'0G o Frank Marginowskl, CRA on the
request lor information (rom the Januery 21 meeling,

Metll, L 19970, Sareh {4 lorter trom B, H, MNeidl le F, Marcicowski,

Meill, R 190%e. Asgust 20 letter lrom B, H. Neill, FEG ta (. Thalz, DOL an Juna 30 megsing,
IPA Docker A-93482 10-0-1 17,

Meilf, BR.H, 19974 March 14 leller from K. [T, Weill, EECE o FPA Docket on WERPR CCA BEPA
Tockar A-93-02, [[-H.33.

27



Neill, RH. and FE. Channetl. 1583 vglential Problems From Shipment of High-Cune Conlent
Conlact-Handled Trunsumnic {(CH-TRLT Waste W WIPY?. Sumta Fo, MM: Environmental
Lvaination Gronp, EEC-24.

Neill, .., J. K. Chapmell, L. Chaturvedl, .5, Little, K, Rebfeldt and P. Spiepler. 1983,
Fvaigagion of the Suitsbilie of the WIFP Site. Qapta be, NM: Environmental Evaluation
Group, EEG-23.

Neill, ®H.. L, Chaturvedi, W WL, .ee, T.M. Cleme, MUK, Silva, 1.W. Kenney, WL, Barllett and
w A, Walker. 1596, Review uf the W' Diraft Applicstion to Shuw Compliance with EPA
Transuranic Waste THepoz: Standerds. Albugquerque, WM: Enviremmental Evaluation Growp,
FEG-61. '

Mighoe, M. T. 1982, State of the Art of Solutton Mining for Salt, Potash and Sody Ash Woodstock,
IL: Saluton bining Ressarch InsTitute, Rescarch Project epart o, $2-{MMp2-SMEL

Novak, CF. 1997, Aprl 27 emarandum feem C. F. Novak to R, Vano THnum, FCabcululions
of setnide salubilities in WIPE SPC and RRDAS brines weder Mgtd beckfill scenazios
ceitaining nesquetetite or hydromageesile os the Mat-C0, sobubifitr-liaiting phase.” Sandia
heational Lahoratotics, WPOR3e1 24,

Mawak, C.F., H.W. Tapenguth, C.C. Lrafis and 1. THhouge. 1994, Actdnide Soues Lerm Paper.
Revision |, Nowvember 15, Handia Mationyd Laboratarics,

uelear Enerey Agency, [ntermnations] Aromic Energy Agcncy. 1997 \uternulional Peer Keview
of 1he 1406 Performance Assessment of toe TLS. Wses Esolatinn Pilol Plang (WIPT), Tasy-les-
Monlineaws, France: Orpanisation for Foonemic {ooperation und Developroeni.

Fulhols, E., 3. Bruno and I Grenthe. 1944, #Un the influenee of carbinarc on mincral dizaolution:
IL The oluhility o micracrystalline Th; n £0,-H, 0 media " Geochim. Cosmeclin. Acta 55:
Hl5-0dA.

Oweerchy, VAL 1597, The solubilior ol plwonium under canditions expectzd in the WIPY
repositery. Albugquerque, WL Epwirommental Evulaation Geowp, wpublished.

rake 1. 1996, Technical memorandim w EiA Theclet A-92.58, WPP-cxamination ol mining
ond hredraniic condunidiy,

Powiers. DVW. 13, “Ohservalpons of the efferts of water flovdiog on he Salgde Tormak .
Synupsis and presatitation,” [uid Imjection for =all Watcr Thsposal and Enhanced Chl
Recovery as a Potential Iroblem for the WIFE: Proceedings of a Fune 1985 Woekshon and
Analysiz, by Maithew 1. Silva Albuguerqne, Mhi: Eminounenal Fvalustion Group, LEG-61,
63-TE.

2




PMevavers, DWW, and TLy FTall 194, "Secimentolopy of the Rasiler Fonmation near the Waste
[solation Piiot Plani (WIPE) site " in {realogical and Hydrological Studies of Evaporiles in the
Morthern Debuwarc Basin for the Waste Tselufion Pilot 1Mant OWIFE), Mew Mexicn, Field Trip
=14 Guidshook. Creslogizal Sociewy of America 1980 Annual Ideetir. Drallas, TX: Dailas
Crealipical Society,

Powess, LW, 8.0 Tambat, 8.F. Sheffor, LR, Tl and WD, Weart, 107% Creoloaicak
Churactarization Repore Waste Tzolation 1=lae Plat {\WIFP) Site, Sountheastern Mew Mesico.
Sundia Nulronal Laborstorics, SANDTE-1505,

Pyral-Mofte, T.1., LE. Mver, BGOW. Cook and 1AL Wilherspoor. 1987, "1 Iydraulic and
mechenical peoperiies of natuesd rachess In low permeability rock.” in Preccedings Sixth
Totormational Congrass on Rock Mechanics, Montres] Canada,  edited by Hergot and
Yongsaissal. Rotierdam, Nedersnds: AA Talkema.

Rai, D.. A, Felmy, ThA, Moore and M, Masam, 19935, “The solubiliey of ThiEv) and T2V}
hydrous exides in concentraled NaHC, and Ma, L0, salutons,” in Scientific Basis For e lear
Wasle Managermeni. V11 Symposiom held October 23-27, 1504, Kyoto, Japun, ed. T.
Pfurakaeni und B, L. Esing, Pirtzmurgh. PA: Materials Eessarch doeiety, 1143-1150.

Ramey, D, 1985, Chemistry of the Rusiler Fluids. Synte Fe, NM: Environmental Fyaluation
Group, FEG-3].

Ramey, T3 1970, Way 3 memomodum fiem T LL Ramey, Dheecior, Wew Mesdeo (11
Conservation Thvision 1o Juhe F, (YLeary on waterflows o and near waterflool projocts in Tea
Clogamr,

Famey, ITr 1977, Angus 2 Wew Mexico Ol Cotservation Commission Adninistrative Ordar
Approving Applicalion af Texaen, Ine. 1o sxpund 15 lthodes "B" Federu] Water Flood Praj=ct
in hi Phode Paal In Lea Counry, New Mexico, Onder WEX Na. 434,

Ramery, ILIn 1595 "Resulaliim pentaining o oil and gas drilline,” in Fvatusion of “Mineral
Rezawrces at the Wasle Isoleten Piigr Plast [WIPF) Site. Curlebad, WM- Westinphouse
Elevine Corpuecation, Waste Tsolation Bivision, vol, 3, uhap. Ix

Rameses. 1.5, Wallace and H .M. Tow. 1909 Analvsts Packegs for the Colebra Flaw s Lransport
Caleuiatioes (Task 21 ol the Perforinance Assersment Andlses Suppoeting the Compliance
Coatilvativn Applicalion, Analvsis lan 019, Version {Ht, Decarmhor 11, Sundia Mulional
Fuhoratories, WP 14,

Fao, LT, 1996, Decernber 17 lewrer fiom T F. kao, PNNLBauelle to W W.-L. T.ee, ZEG
wnwwrring Lee™s Tiecoraler 2, 145454,



Raven. K. and J. Gale. 1985, *Waler #low in a satural fractuee is 4 fupction of siress and sample
eize.! Joprmul of Rock Mechanrics smt bdinaral 3eience Absimets 22 {4); 251 =201,

Ravtock Yellowhaife Resouree Toe, 1956, Annual Repurt

Reed 10.T.. S Ofkzjima. and MK Richmonn, 1934 “Stability of plutomiwm (Y1) in sclecled WIPE
hoines.” Radiochetmica Ao 66067 W3-111.

Reed ToT, [hG. Wepmans and MK, Richmann, 1986, Actinide SlahilirpSolubilily in Sinwlaled
WIFE Reines Projcei; Slaility of Pav1, NpWT). and UGVE) simulated WP Bone. Tmerdm
Repott. Argonne, |1 Arponne Nadonwd T.abomtory.

Rucker, D.F. 179R. Sensitivity Analysis of Parformance Parameiers Ulaed in Modeting the Waste
Telesicn Pilot Flant. Abbuguergue, Mhi; Tnvitoumental Tvafnation Grogp, 1o be publishod ay
1 EG-0,

Sandia Natienal Labomtories. 1982, Busic Data Keport for dnllhale WL 12 {Wasie 1zalation Filat
Plunt - WIPP). Handia Wational Laberatories, SANDE2-2334,

Sunria Mationi [aboratornes. 1989, Systems Analysis, Eoog-Term Radanuclide Trunsport, and
Diowe Assessments, Wars 1solution Filo: Planl (WIFP), Southeasezm New Mexico, Sambia

mational Lobamtorics, 3AMLESDIGE

2 ardia Mational Laboratores. 1980, Prelimineey comparizen with 40 CER 191, Subpart B 1or the
Waste Tsolation Pilol Plant. Sandia Matlonai Laboratories, SANDI0-2347.

Sandia ?*-Iuii-::nﬁal Laborawries. 1991, Preliminary compatison with #1 CFR 195, Subpart B for the
Waste Tsoladin Pilot Plant Sandia Natinnal Laboratories, §ANDL-08 B3/1-3.

Sundia [Nationa] Taboratones, 1997, Preliminary Morformunes Assessment for tha waste Isoiation
Dibal Plant, Sandiz Mational | shoratorizs, CANDYZ.0TOE -5

Gupdia ™atonst Luboratorics, 1597, Chemieal Conditions Model: Results of the WD Back [l
Bffimagy Tnvestigation, REA Drovkel A-93-02, TT-4-3%

Sanrls, 1P, 1997, “Paotash 19%6.* Epgineering & Wining Jowmal 198 (Apdl) . 56-8.
Gearfe. TF. JU0G. "Poiash”™ Foginesting & Miniog lournal 197 (March) : &4-68.
Soarls, P, 1995, “Palush. Engineering & Mining Jonmal | {Mareh) : B-TT.

Sewards, T, 1991, Charseerization of Fractire Sovfuces in Dofomise Rk, Culebra Dolomile
Meinber. Fastler Farmation. Sandia Matiooal Laboratomies, SAMNCHHI-TIRD,

241




Sewards, T.. 12 Glenn and £ Miel. 19913, Mincralogy of the Rustler Fornuton in the WTPP-10
Core, Sandia National Laborulirics, SAMDOET-TU36.

sevartls, T, ML Williarns and K. Kial. 1991, Mmzralogy of the Culebra Dolomite acmdwer of
Ihe Bustler Formation, Sandia Mitumal Taboraworics, SANDOI- KR,

Seveards, T, A Breatls, R Glann, LIYB. Mackinmo 2 M0 Riegel. 1997 Watare gnd Cenesis
of (Clay Minerals of the Rustior Formiativn in the Vicinity of the WIPP in Southeasiern New
Meeon. Sandia Mativnai Labwrataties, SANTIONIS60.

Sharz, LE. 1997 Waste ~pallings Caleulations, wefinfenl reporl, Jel Mar, CA: Tohn £ Shate
Hasearch & Consubing, lic.

Slovk, 1. 1985, “Solmion miring of alulile salts - i seopa and its fukre, " in Salts & Drines “&5:
Proceedings of the Sympasiun Solutiog Minme o Salts and Brives, New York, Now Vark
Pebruary 23.26, |9RS, od. W T, Schlin, New York, NY: Sociery of hining Gopinesrs of thy
American fnstimte of Mimng, Metalinrgical and Petrofoam Fnpineers,

Shock, D.A, and 163 Tigvis, 970, *Salntion Miitiny fasi sitos - Carlsbed Basin, New Wexicn." jn
Ihtd Symyposiom an Bt Clescland, O Morthens O {roolowic Survey, ng., 433438,

Siegel, MDD ST Lanbert and K L Fobinsm, ed. 1049] Hydrogrochenicat Sludies of the R paler
[ onmatinon and Related Rocks in e Wastz Isalation Filot Plant Arey, Southazslem New Yexico,
sandiz, Matiima) Lahorateres, SANDER-0194.

Silva, MUK, 1994, tmplicalions at 1he Prescnce of Petroleum Reaourees on the Inkzprily of the
WIPE. Albuguergue, NM: Envivornmental Fvalouiicn Giroirp, FEG-55,

Nilva, MUK, 1005 Fluig Injeclion fiwr Sale Water Dhsposn] and Enduanced il BEeovary ug g
Potenlial I'rubjem for the Wipe: Prowsedings of u June 1993 Workshop and Anatyses.
Albucuergus. NM: Eaviraunental Evalnation Civup, FEO-62.

Selva, MUK and FM. e 1987 "Toffert ol ol composivon on minhmm nkathility pressure - part
1 soluhiliey of hydeocarbans jn denae {00, SPF Beservoir Lnginesring, iNovember) : 46%-
478

brmpsen, HI. A1 Horozes, FLIY. Anderson, M. Frier, (3.05. Mathicw and BT, Deck. 1985
Mobility of Bsdionuckide in High Chluride Tnvironments. 1.5 Nuclear Regulatory
Conurmizgion, NUREGA R—4217.

Srnil, ¥ 1887 *Glabal peplation amul the pirogen cyote.” Scleniific Americun, HUTL I

282



Smith, 0O, 19900 “Corvession of a flooded polsh mine to soluien tiomng.” Phosphorus &
Pulazsiom, no. 168 (Ioly-Aagust) o Z3-28,

Sovder, BB, 1985, Dissolution of Halite snd Gypsum, and Hydrkion of Acbydate to Gypsum,
Rustler Formation in the Visinity of the Waste [salalion Pilot Plant, Southeasiern New Mexico,
118, Gealagical Sarvey, THGI-0FR-85-239.

Stalkup. Tl 1983, Miscible Dizplacemant. ew York, NY: Society of Potroleum Logireers of
ARME.

Sioelzel, 30, and .G, O Brgn. 1906, The Bffeety al Saiewater Disposal and Waterflonding on
WIPE, Sandia Mateno Laborarorics, WPCRSIR37

sroelzel, T and PO Swift. 1997, Supplemantary Analvscs ol the Tifecrs of Saltwater Disposal
and W arerflooding on WEPP. Sandia hational Lahoratories.

Taber, J1. D Murdin and $.5, Scoght. 19972, "FOR screcning orileria revisied - part 1
introduction to screcping eitenia and enbanced rocovery field pmjects”  SPE Roserviir
Engincening, [Auwpest) @ 183-19%,

Tahber, 1.1, TIb. Martin and ¥.8, Serght. 1997h. "BOR scrocping eriieria mevisied - par X
appiications and impaet v il prices." SPE Reservoir Engineering, (August) o 19-205.

Tebander. 8. 12 and B E. Westerman, 1996, Hydrogen Generation by Metal Comosion in Simolated
Vusle Tsolation Plet Mant Environmerts. Sandia hatoral Laboretemes, 5ANDY96-2535.

Ter-azhi, k. and B. Peck, 1948, Suil Mechanics i Erpincering Practice. Mew York, NY: John
Wilew & Somns, [ns.

Theash, .02 1979 “Twolnals Field « terriary 01l rocovery prujec,” presentcd at the 1973 SPE
Annual Tochoicad Contarence and Exhibition, Seplember 23-36. SFE Paper 3332

Trautl, KM, 5.0, Boera, and 38, Guzowskl, 19930 xpert Judgemont on Marhers w Teler
Thadverrant Hinnan Inio-ion inm the Waste 1solation Pilol Pluol Sandia Mational Laboratorics.

SADIZA- (3R

Trovate. B 1406, Acaust 14 Jetor wilk alwchroet Gom Direetor, EPA, Cbes of Ramatwm and
Tndaar Adr ta (recrge Dials, hManaper, D Carishad Arnes Ufdce.

I;hland. £1.W, and W5, Randall. 1986, 1984 Annual Watee Quality Datz Repost for the Waste
Teaation Pilot Plant, U5, Depariment of Enerzy, THOEASTPE-R6-(045.

253




Uhland, bW, WS, Randall and R C. Carrasco. 1987, 19387 Annua| Watar (hiality Deuy Benort Mor
the Wiste [selation Pilot Manl. [T Department of Energy, [MOEWIEP-87-005,

TLE. Congrass. 1096, The Waste Isolation Prlott Planl Tand Withdrawat Act, [Mubfe Law =579
October 30, 1992, @ amended b I*ubiiz Law 194-207 boptember 23,

(7.5, Department of Energy, 1980, Final Frvironmenral impact $tatement, Wasle Isolation Pllot
Flapt, DOEELS-0026

LY. Trepeetment of Ercrgy, 4lbuguergue Uperations (Hfce. 1934, Dresian Crileria Wasic
Zzolation T'ilal Plant {WTFP), Revised Mitsion Congept-1l. WIPIYDOE-L7].

LT3, Department of Eneryy, {00, Cuality Assuramee, DOT Ordar 570060

LS. Bepartiien) of Fnergy, 1993, Test Thase Plan for the Waste [solation Pilot *lant.
NOEWTPRES-01 1, Revision 1. '

LS. Department of Brerry, Carlshad Arca Office. 1994, TR Waste Characterzation Chnakity
Assurunee Program [Fan, dratt. NOEWIPR/CAD-04-1010,

LLS. Dhapariment al Uoerey, Caglsbad Ares Qlfice.. 19954, Transuranic Waste Charavterizatinn
Quafity Assurance Propram Plun, DOEACAC-G4 10110,

115, Department of Energy, Office of Envirgnmental Masugement. 19956, Closiag Lthe Cirgle an
the Splicting of die Atom. THIEEM-0266.

(L5, Eleparh::.aent ofErenry, 1995, Drali Tite 40 CFR 19/ Complianee Certification Application
for the Wastc Isuiation Mgl Plan. Dieaft-De e CAG-2055,

U5, Peperinenc of Fnerev, Carlstagl A Offfice. 19982, National Transueanic Wil
Management Plan, DOEMNTI-96-1204, Revision 1,

1.3, Deparimeanr of Enarpy, Carlshed Arvsa Office. 10960, Drality Azsnrasee Progrem Dicament,
DOBCAG-XIM 2, Revision 1 und Revision (b £904,

5. Departonent of Tlncrgy, Curlsbad Azca OFfice. 1996c. Title 46 CFiz Fart 191 Comiplianee
Cettifiestion Applicativn for the Waste Isoladan Pilot Pla Fingd, DOBACAO-1005-2184 (2
vials, b,

VL5, Depyrmmeniof brergy, 1496d, Waste Isclative Pilot Planr Disposal Phase Draft Supalemental
Lnvironmental Impact Stalement, drafi supploment. THOLETS 0026-5-2.



i1.48. Depariment of Fuergy, Carlshad Area Offics. 1997a. Tapew Elichtaton on WIPT Wastz
Purlicle Sive Distrihution(s) Draring the 10,000 Year Repuladory Post-Closure Period.  Final
Report.

1.5, Depurleent of Energy. 1997b, Gevlechnical Avalysiz Repoet for July 1%45 - June 1996,
DO -5F226]

11.%. Depanment of Enerey, Curlybad Area Office. 1997¢. Mational TRIT Wastc Munagement Flan.
DOEMNTPE-96-1204, Rev. 1.

1.5, Depariment u) Tinerpy, Carlsbad Area QOMice. 1997d. Injecnon Methods: Current [ractices and
Faibare Rstes in the Trelaweare Bacin, DOESVIPP-97-2240.

115, Department of Enerwy. 199%. Cuwent Drilling Pructics in the Vicinity of WIFP. DOEAYIFT-
O8-1507.

1.8, Envirommentsl Protection Ageney, |985. Favironmental Standands for the Manageinent and
Dispasal of Spent Huelear Fuel, High-Level and Transuranic Radioactive Wastes; Fine! Rule.
Federal Regisler (Septenbar 195 vol, &0, noe 282, pp. IB0G0-358088,

11,5 Frvimnmemal Protection Ageney. 1993, Cavirorenental Radiation Prowclion Standards for
Managemen' antd Disposal of Sperr Nuclsar Feel, Thigh-Level ard Transuranie Radeoctive
Wastes., 40 Codz of Foderl Regalations Pfart 191,

L1.%. Environmicntal Profevhion Agency. 1096, Critorea for the Cerdlicalion and Recartification of
the Wiste 1solation 1ilos IPlant's Comphiznse with the 40 CFR Part 191 [hsposs] Reguiatiens:
Final Rule, Fedoral Register (February 8) vol. 61, no. 28, pp. 32245245,

115, Fnvironmentsl Prodection Apsncy, Office of Eadistivn and [ndaor Air. 1996a, Complisnce
Apphicativn Luidance for 40 CFR Part 194, LEA 4020005 4,

1.5 Environmental Pratcction Agency. 19972, Audit of the Parameler Traceabilin and
malification ol Txisling Data, Locket A-25-02, TT-3-48.

U0 S, Fovirommentad Protection Agency, 1997k, Complaance Application Review documents Tor
the CHteria for the Cerdi Reation and Re«Cerification of the Waste [salation Pilet lant’s
Complianee with the 40 CEFL Tart 191 Disposyl Reowdations: Propescd Cerfifiestion Theeisiom.
ERFA 402-R-97-013,

115 Prviroamental Protection Agency. $997¢, Criterda [or the Certification and Racertification of
the Waste Tsdwtion Milot Plant’s Compliance sith the 40 CFR Part 191 Tigpesal Regulateons:
Certfication Iwecision; Provosec Kuale, Federn] Rewisier {Oetober 303 vol, 62, no. 210, pp.
SET9Z.5HEIE.

IKS




il &, Epvircamental Protection Agency. 1997d, Guidance Jur the Tmplementaiion of EPAS
3 andards for Manazement and Sturage of Transuranic Wusee {4 CFIL Part 191, Subpart A) at
thie Wasle lsolation Cilor Plant (WIPE), FPA 402-R-97-U01.

119, Environcnentsl Protection Apency, 1997e. Tevhnical Supputt Uhceumett for Seclian 19427
spalbings Evaluation, EPA Duocket A-33-02, uI-h-10.

[1%, Frironrnentel Protectiom Ageney, 1997F Technical Supputt Tegumett for Seelion F94.20
spallings Gyaluation, EPA Docket AE02 1-B-11.

% Wryirormental Protection Agency. 1997¢. Technival Support Nacwnenl for Section 19414
Cemtent of Compliznes Cermification Application, EPA Ducket A-93-02 1II-B-3.

115 Hpvimrmentl Protection Agency. 1997h. Tecluies] Support Document for Section 194,22
Flsid injection Analvsis. FPA Docket A-95-402, I17-B-22.

U 2. Environmendl Protection Agecey. 19974 Technival Support Documenl jur Section 194 .35:
Complianee Aszessment Statistics, FTA Diockel A-93-02, 11-B-2E,

1T % Environmentd Proteciion Aganey. 1997, Technical Suppoct Docyment far Section 184,14
Assessruent of K s Used in CCA, EPA Ducket A-53-01, Li-B-4.

1.9, Trvitenraenw! DProteetion Agency. 1997k Tecknical Support Dogumnent for Beclion
194.164.51_ 194.52, and 194,33 Dusc Vebdation Evaluation, EF & Dacket A-93-02 11-B-*5.

79 Prnwviconmenml Protection Agency, 1997, lechmicat Suppar Dhreament for Section 194,27
odels end Compuler Codes, TPA Dockes A-93-02, TH-3-6.

115, Errvirgnmantal Prowection Agency. 1997m. Technical Support Document for Sectinn 194.23;
Fararnerer Fisification Repoer, EPA Docket 4-93-02, 1i-B-1 4.

L & Frvironmental Prolection Ageocy. (998, TPAs Analysis of Air Dnlling at the WIPF. EI'A
Drocket A-03-02, Iv-a-1

[..%. (Fencral Accounting OQftice. 1939, Drinking walee standard: are nat prevenliop cottanminalioe
frrmm imjected oil end gae wasles: 1S, General Accounting Office, Resvwees, Community, and
Feonomie Development Division.  Washington, D Govemment Printing CHiice,
GACHRCED-89-97.

Van Kirk, CW, 1594, Scptombet §6 repom CORCCTIHRY, 5410 WA hloww-oue January 995 oo the

rBates Tegse” Seelans 1l and 15, lownship 26 South, Range 37 Bast, BT, L Couniy,
Mew Mexico.

286




Wwollace, MG, R, Beavheiro, C. Stocksan, MA, Mantel], K. Brinster, B, Walmot and T. Corbet
VO35, FLPs Sureenien Analvais, NS-1: Pevey Lake Data Collectivn and Compilation. Sancha
Mulichial Laboratorizs, W= W60, :

Wang, Y. and L. Brush, 1996, January 26 memorandum from Y. Waag and L. Brush o M. Tiemy,
WEtirnales ol Cras~enaration Paramelens G the Long-Terrn WIPP Parfoemance Assessiment.”
sandia Mational Laboralaories, WPOR314943,

Wash, B, 1982, “Twelreds seved by CO. flood." Dol Dt (Julv)y: 32-533.

Wawersik, W.R., LW, Carlsan, 1A, Henfling, 1], Boms, B L. Beanhiem. C.L. Howerd and BB
Robess. 1997 Hydraulic Fracturing Tests in Anbwdrite Interbeds in the WP, Marker Bads
A% and 144 RSandia Bational Laboratories, SARTS-03%6.

Weart, .1, 1993, December 1 lerer from WId Weart, Sandia Mational Taborelone- WI1HL*
Seientific Programs Mamager W Mark W Fred, Dirccter of U5, Thepariment of Encray, CHies
ol Wasle hMananemsant I'yojzct,

Weiner, LT, T Vlerbart, O.1, Tait aod DLVL, Clak. 1995, Bardia National Laboratornss, Wasile
leolation Filot Plam. Anudvsis of Aciinide Onddation Stales in ¢he WIPT. Hasdiz National
Labrmuuoes, WINOHAST,

Weslinghonse Flectric Carporation, 1958, Opsraticnal Envirommental Mendloring Plim for the
Waste Isolation Pilot PlanL 1.5, Departtnent of Encrgy, DOFESTPP-88-015.

Westinghouse Fleetric Corpotation, Waste Laptation Divisien, 1994, Wusle Lilation Piler Plan
Frviromraental Monitoring Mlan, 1.5, Depertment of Casroy, DOEWIPP-94-024,

Weslinghvuse Flecteic Coporation. Wasie Isvialion DHvision, 1993 WIPF Amnuval Sie
Environmental Beport for Calendar Year 1984 Westinghmose Tlectde Corporatian,
DOEAWTPR-A5-024.

Weslinghuess Clecttic Corporation, Waste Talation THvision. 1940, Wasts 1sodation Filot Flam
Site Environmental Repor. lor Calendar ¥ ear 185, UL5. Deparument of Lueepy, DOLAN -
-2 THE

Witinghouse 1dectric Corporation, Wasle Isolation Division. 1997, Wasie Tualation Pilot Pl
Sire Eovircnnyenta] Peporl foe Calendar Year 1996, T1LE. Depurtraent of Exergy, DOLEWIPP-
RT-1225.

Wihite, 1. 39495, "Las Mademaes Delaware, field sommary,” m Symposioes o8 e Ol and Gas Fiebds

ol Suutheastzn New Mexien, Roswell, N Roswell Geplogiedd Society, 275-277.

27




Wilson. C, I3, Porer, ), Gibbans, E. Orvald, G, Sjublom and T. Capotuacie, 1097, Fipal Fespurt

Waste Isoletion Filod Plant Conceprual Mudls Third Supplementary Peer Review Report.

Carlshae], MA: 11,9, Depariment of Gneray, Certshad Area Office.

Zheng, L., €. Xuehun and 1. Vinesho, 1991, “Me-type detaved cxpansive cement” Coment agd
Conerete Reearch 21 [6) ; 1045-105T,



ACRONYMS
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WIPP Waste Isolation Pilot Plant
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February 7, 1997

Mr. Frank Marcinowski, Director

Center for the Waste Isolation Pilot Program
U.S. Environmental protection Agency
Office of Radiation and Indoor Air

401 M Street SW

Washington, DC 20460

Dear Mr. Marcinowski:

At our January 21, 1997 meeting, you regquested our comments on the WIPP Compliance
Certification Application (CCA) now, because the end of the 120 day comment period on March
17 may be too late for you to seriously consider our comments in your deliberations on the CCA.
We are therefore submitting our partial comments on the CCA at this time for your consideration.

The EEG has identified many specific issuesin its evaluation of the WIPP-CCA. These issues can
be grouped in the following broad categories:

° Lack of sufficient justification in disqualifying several features, events, and processes
(FEPS) from consideration.

° Insufficient basis for selecting certain conceptual models and regjecting others.

° Incorrect estimation of probabilities of certain events.

° Insufficient justification or erroneous assumptions in assigning values for several input
parameters.

The EEG has attended most of the meetings of the WIPP/CCA Peer Review Panels that were
organized as required by 40 CFR 194.27. Our impression is that certain panels have performed a
thorough and credible review, while others have not. Our recommendation to the EPA isto
review the bases of findings of the panels and subject them to your own critical review by the
EPA staff, contractors, or formally assembled peer review groups.



Mr. Frank Marcinowski

Page 2
February 7, 1997

In reviewing the CCA, the EEG does not accept the arguments of "no consequence” to delete the
otherwise plausible features, events and processes, and to justify incorrect values for certain input
parameters. Such arguments, made on the basis of piecemeal, limited sensitivity analyses, may be
misleading in projecting the relative importance of scenarios, conceptual models and input
parameters for CCDF calculations. We strongly recommend that the EPA regject al such "no
consequence’ arguments and demand that a fresh set of calculations be performed after the EPA
has examined the robustness of all the CCA assumptions regarding FEPs, conceptual models,
numerical models, probability assignments, and input parameter values, and has provided
alternative models and numbers to the DOE. This comment also applies to the recommendations
of the peer review groups. The Conceptual Model Peer Review Group, for example, provides
solid technical arguments for not accepting certain conceptual models advocated and used in the
CCA, but then has found them acceptable on "no consequence” basis without providing sufficient
explanation for such acceptance.

Comments on specific issues are enclosed. These are arranged as brief papers that can be read as
stand-alone documents. We plan to submit additional comments to you in this format, asthey are
developed in the next few weeks.

Sincerely,

Robert H. Neill
Director

RHN:LC:js
Enclosures. EEG Reviews of the WIPP-CCA,
Plutonium Solubility
Chemical Retardation
Spallings Mode
Fluid Injection
Brine Reservoir Assumptions
Engineered Barriers

cc:  Ms. Jennifer Salisbury, NMEMNRD
Mr. Lindsay Lovejoy, J., NMAG
EPA docket for WIPP (A-9302)



Environmental Evaluation Group Review of the WIPP-CCA, 2/7/97
CHEMICAL RETARDATION VALUESFOR THE CULEBRA

In the event of a borehole intrusion, the Culebra Aquifer, which lies 400 meters above the WIPP
horizon, is one possible groundwater pathway for release of radionuclides to the accessible
environment. Chemical retardation is expected to slow the transport of radionuclides through the
fractured dolomite of the Culebra Aquifer. However, the DOE application has used values for
estimating retardation coefficients that appear to lack justification.

Faced with alack of field data and limited column test data for WIPP, the DOE CCA used
retardation values from crushed rock samples in the laboratory to represent field conditions.
Justification by the DOE is based on the following observations.

1) Sorption can occur in pores of various scales.

2) The surface area to volume ratio in crushed rocks sorption tests are similar to in-situ
Culebra dolomite.

3) For long flow paths and long flow times radionuclides have sufficient time to diffuse into
these pore spaces and sorb.

While EEG agrees that there appears to be a reasonabl e theoretical basis for using crushed rock,
the EEG disagrees with the final data used in the CCA. Empirical sorption tests were done for all
permutations of four types of brine; CO, levels of 0.033%, 0.24%, 1.4%, or 4.1%; and no, low,
intermediate or high levels of organics. Because DOE plans to add M 4O as backfill, the fugacity
of CO;, in the repository is expected to be 10”. Thus, EEG discarded the results for CO, levels of
0.24%, 1.4%, and 4.1%. EEG also discarded results that did not meet DOE's own quality control
criteria, and the results from a set of mechanistic sorption experiments because the dolomite was
not from the Culebra. The average of the batch results formed the upper end of a uniform
distribution.

Results from flow-through experiments using rock cores formed the lower end of the uniform
distribution. In some cases, there was no radionuclide breakthrough at 300 days, so a minimum
estimated Ky, assuming breakthrough at 300 days was used.

The DOE did not include the influence of organics on K4 values. In batch tests, even low
concentrations of organics dramatically reduced K4 values. The impact of organics areincluded in
the Kd values recommended by EEG.

The following tables show the Kd values used in the CCA, and the values suggested by the EEG
using the criteria described above.
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Table 1. Kgsused by DOE in CCA.

Oxidation
State Am Pu U Th Np
11 20 - 500 20 - 500
\Y; 900 - 20000 | 900-20000 | 900- 20000 | 900 - 20000
\Y 1-200
VI 0.03- 30
Table 2. Kqsrecommended by EEG.
Oxidation State Am Pu U Th Np
[, 1v, V, VI
73-314 83-270 0.35-5 0.15-15 10-21




Environmental Evaluation Group Review of the WIPP-CCA, 2/7/97

PLUTONIUM SOLUBILITY-EXPERIMENTAL MEASUREMENTSVERSUS CCA
CALCULATED VALUES

Where brine has dissolved waste in the repository, direct drilling provides a vertical pathway for
the long-lived actinides to return to the environment. Plutonium constitutes 87% of the initial
radioactivity in the performance assessment calculations. Oxidation state is a factor that has an
impact on the plutonium solubility. The DOE CCA assumes that the plutonium in the repository
will be either at Pu(l11) or Pu(IV), with 50% probability of one or the other. However, the
solubilities are not measured for Pu(l11) or Pu(IV). Rather, the solubility of Pu(lll) is calculated
using thermodynamic data for Nd(I11) and the solubility of Pu(lV) is calculated using
thermodynamic data for Th(1V).

While solubility experiments show that regardless of the initial oxidation state, Pu (V1) dominates
at steady state conditions, it is not included in the performance assessment calculations. Pu(V1)
has a high solubility in the conditions anticipated for the WIPP repository by the CCA.

The magnesium oxide backfill is anticipated to keep the repository at a pH of 10 and reducing.
Reed et a. (1996) reported, that for brine at pH of 8 to 10, and reducing conditions, Pu(V1) is
stable with an apparent solubility of 10* M. While it has been argued that corrosion of the steel
drums would result in areducing environment, Rao (1996) found that it was not possible to
reduce Pu(V1) below Pu(V) despite adding more iron per unit mass of plutonium than could be
expected in the repository, even assuming complete dissolution of the steel containers. Clark and
Tait (1995) also concluded that Pu (V1) is stable in WIPP brines. Table 1. compares the
calculated values used in the CCA and the measured values reflective of conditions anticipated in
the repository.

Table 1. Solubility of plutonium as deter mined by calculations and experiments

Source of Brine CCA calculations Experiment, Reed et al.
Castile 5.7x10°M 8x10°M
Salado 4.4x 10°M 9x10°M

The experimental evidence leads to the following conclusions:
1) Pu(V1) will be stable in the WIPP repository.

2) Thereisno support for the assumption that plutonium will stabilize in either oxidation state
Pu(lIl) or Pu(1V).
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3) The calculated results used in the DOE CCA are significantly different from experimental
results for WIPP brines under anticipated repository conditions.

The EEG therefore recommends using the experimental values determined by Reed et al. (1996)
shown in Table 1, for the CCA calculations.
References
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Environmental Evaluation Group Review of the WIPP-CCA, 2/7/97
SPALLINGS MODEL
1. Critique of the Model Used in the CCA

For the purposes of the WIPP Compliance Certification Application (CCA) calculations, spallings
refers to the entrainment of solid waste during the venting of high pressure gas from the
repository in the event of adrilling intrusion. Spallings will occur when the roof of a waste room
is penetrated by adrill, if the pressure in the room is sufficient to overcome the hydrostatic
pressure of the drilling mud, about 8 MPa. Visual inspection of gas pressures calculated by the
BRAGFLO code' indicates that over 80% of the undisturbed repository calculations predict
pressures over 8 MPa after 10,000 years, with roughly 25-30% reaching this level in less than
1,000 years. The highest pressure calculated was nearly 16 MPa. The CCA calculations predict
gpallings to be a very important release mechanism. Spallings contributes to over 50% of the
release estimates for human intrusion and was the largest form of release in over 10% of the
calculated histories. The largest calculated release was less than, but within a factor of five, of the
EPA normalized release limit for the 10% probability level.

The EEG finds the spallings model as used in the CCA to be inappropriate on three counts; 1)
exclusion of brine from the spallings scenario, 2) the conceptual model of the spallings process,
and 3) the experimental basis of the model vaidation. The spallings model is defined as gas
driven entrainment of solid particles. The effect of brine in the waste panel isignored. Brine may
effect the spallings process in three ways. Capillary forces from low saturation may provide a
binding force that inhibits spall which is conservatively ignored. Brine may also increase the
effective driving force of the spall process increasing the amount of spall. In addition, the brine
would contain radionuclidesin solution. The CCA does include brine release from the penetration
of the repository as a separate, longer term, two-phase flow calculation using repository
conditions that are unmodified by the spall process. The spallings model should include the
effects of brine.

For the spallings calculations, waste is assumed to be composed of uniform sized granules held
together by a cohesive strength of 1 psi (0.007 MPa). The grain size is a sampled parameter in
the CCA analysis. With the composition of the waste ranging from large pieces of metal to ash, it
isunlikely that the waste will degrade to auniform grain size. There has been no analysisto show
that the releases calculated by sampling for a uniform distribution size bounds the releases from a
heterogeneous medium.

Spalling can be viewed as atwo step process. First, the explosive depressurization of the waste
near the drill puncture, lasting a few seconds, followed by the erosion of channels through the
waste by gas further from the puncture location, lasting hundreds of seconds. However, the
spallings model includes only the second process. Two justifications are presented for ignoring
thefirst process: 1) The pressure drop increase resulting from gecting the drilling mud from the
drill string isarelatively ow process, 2) the erosion process will proceed to a stable void
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configuration independent of the initial entrainment. In other words, alarger initia spall will be
followed by less erosion than a smaller initial spall, resulting in the same find void ratio. We find
two errorsin thisargument: 1) The pressure difference between the waste repository and the
hydrostatic pressure of the drilling mud can be over 6 MPa, three orders of magnitude above the
pressure differential needed for explosive spall. 2) The second argument presupposes, without
justification, that the erosion volume is larger than the initial spall volume and that the cavity
caused by theinitial spall will be partialy filled by the erosion process.

The spallings model was validated by DOE using a set of bench scale experiments. A four inch
high cylindrical cavity of 20 inchesin diameter was supplied with high pressure gas through a
plenum around the circumference. A vent of variable diameter was placed in the center of the top
of the cylinder. The cylinder was filled with silicasand. The experiments were run by stepping
the pressure maintained at the plenum. The pressure was held constant until no more material
was entrained, then stepped to a higher value. These essentially steady state experiments do not
encompass the highly transient spallings phenomena. The model tests the erosion portion of the
spallings phenomena for waste with no cohesive strength, but not the initial explosive phase, nor
the effect of cohesion. The inclusion of cohesive strength in the spallings model reduces the
calculated spall mass by as much as two orders of magnitude. The attached figure shows the
sengitivity of the model to waste strength assumptions. The figure presents plots of mass
removed by spallings as a function of sampled particle diameter. Each plot represents the mass
removed for an assumed waste strength. The waste strength is varied from O to 2 psi.

The experiments indicated increasing spall with increasing diameter of the vent. The spallings
model does not include a sengitivity to scale leading the developers of the spallings model to state
"Extrapolation of release volumes to WIPP, using the parameters evaluated using small scale
laboratory models, has the potential for grossly under-predicting such releases’.

In their initia review, the conceptual model peer review panel deemed the spallings model to be
inadequate.® Subsequently, the DOE has reconvened the peer review panel twice to reassess the
gpallings model among others. The DOE presented additional information intended to
demonstrate both the validity of the spallings model and the conservatism of the calculations. The
peer review panel still considers both the model and the case for conservatism to be inadequate™.

The EEG therefore recommends that further development of the spallings model be pursued. The
gpallings model should be validated by a set of experiments that adequately smulate the expected
processes of spalling in the event of human intrusion into the waste repository. These
experiments should include:

a) the effects of varying the brine saturation

b) investigation of the effects of heterogeneity

¢) both the rapid depressurization and longer term erosion through channels
d) the effects of varying the waste strength
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€) investigation of scale influences
2. Exclusion of Two Processes from the Spallings M odel

Two potentially important processes, viz., the "gas erosion” and the "stuck pipe", considered by
the DOE in earlier performance assessments’, have been excluded from the CCA spallings model.
These may occur if the gas flows into the drilling mud because the pressure in the repository
exceeds the hydrostatic pressure of the drilling mud but the flow rate is insufficient to expel the
mud from the drill string. These two phenomena could cause rel eases that are over an order of
magnitude larger than the largest releases calculated in the CCA.

Waste permeability has a strong influence on the gas flow rate through the waste. At lower flow
rates, the drilling mud may be able to wash the spall material from the drilling cavity. Thisis
termed gas erosion. |n the SPM-2 report®, releases from 44 to 356 m® were considered possible
from gas erosion. Compare this to the maximum calculated release of 4 m® in the CCA
caculations’. If the amount of spall is above the carrying capacity of the drilling mud, then the
gpall will press against the drilling string, lowing the rotation of the drill bit. The normal
response of adrilling crew in such circumstances is to raise and then lower the bit in order to
clean out the cavity. In the SPM-2 report®, releases from 43 to 238 m® were considered possible
from stuck pipe type spall.

Gas erosion and stuck pipe have been excluded from the spallings model because the waste
permeability assumptions of the CCA calculations are above the threshold for gection of the
drilling mud from the drill string. The SPM-2 report® assumed 10™*° n’ to be the threshold
permeability. However, this threshold is not well defined. It certainly isrelated to the pressure in
the repository.

The CCA (Chapter 6, p. 6-100) states that simulated waste compacted under a lithostatic load
yielded waste permesbility in the range of 10™ m? to 10*° m”. The CCA assigns the waste
permeability as a constant at 1.7x10™ n, as "representative of the average value of compacted
waste." Thereis no indication that the effects of neglecting the permeability uncertainty on the
CCA spallings model were considered®.

The permeability of the waste is a critical parameter in determining the plausibility of these
processes occurring. The value of the permeability should therefore be carefully chosen to reflect,
as accurately as possible, the future conditions in the repository. If the potential cementation of
the waste by magnesium chloride cement and salt precipitates is considered, the waste
permeability may be even lower than the 10*® m? lower band assumed in the SPM-2 report®.

The Engineered Systems Peer Review Panel did not consider these processes or the validity of
their deletion from the spallings model. They considered the waste permeability to be adequately
determined for the BRAGFL O calculations, but did not consider its potentia effect on these
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processes, or the effect of MgO backfill in reducing waste permeability.

The EEG recommends that a more realistic value or arange of values should be assumed for the
waste permeability parameter and potential for the "gas erosion” and the "stuck pipe" processes
be included in the spallings scenario with a better defined permeability-pressure threshold.
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BRINE RESERVOIR ASSUMPTIONSIN THE CCA

The EEG sees no justification for assuming only 8% probability of intercepting a pressurized brine
reservoir in the Castile Formation 250 meters below the repository. The fatal flow in the CCA
argument for 8% is the assumption that the oil and gas wells that did not report encountering
brine did in fact not encounter a brine reservoir. The fact is that the drillers are not required to
report brine encounters to the state or federal authorities and no mention would be found in the
records unless undue delays or hazardous conditions are encountered.

The 8% probability also ignores the data from WIPP-12 and the TDEM survey over the
repository. The borehole WIPP-12 is located north of the repository within the WIPP site. 1t was
drilled to the bottom of the Salado Formation in 1978 and deepened in 1981 at the EEG's
suggestion. The DOE contractor (Popielak et a., WIPP-TME-3153, 1983) estimated the volume
of the reservoir to be 2.7 million m* (17 million barrels). For the maximum possible reservoir
thickness of 24 meters, the surface footprint of a cylinder containing this volume would have a
diameter of more than 3 km. Asthe attached figure shows, the WIPP repository is most likely
underlain by the brine reservoir encountered by WIPP-12. In addition, the TDEM survey (SAND
87-7144) gives an indication of the presence of brine at the upper Castile horizon. To try to
assign specific areas of the presence of brine from this geophysical survey would be over-
interpretation of the geophysical data. Combination of the WIPP-12 data and the results of the
TDEM survey indicate the existence of brine under the repository. Any borehole drilled into
Castile under the repository should therefore be assumed to encounter brine.

The EEG does not find the CCA reservoir volume assumption of 32,000 to 160,000 m® to be
justified. Thisis based on the assumption of depletion of reservoirs by future drillers - 100%
probability of encounter for the depletion assumption, while only 8% for releases!

The attached table shows the comparison between the characteristics of the WIPP-12 brine
reservoir and the CCA assumptions.

The WIPP site was moved twice; in 1975 after the borehole ERDA-6 encountered a brine
reservoir, and again in 1982, after WIPP-12 encountered brine. The CCA assumptions of
probability should be redlistically based on the site specific information, and the characteristics
should be based on the WIPP-12 experience.

The DOE Conceptual Model Peer Review Panel, in their December 1996 report, essentially
agrees with the EEG position, but has accepted the DOE position that there is no significant
consequences of the probability and volume assumptions.

The EEG does not accept the "no consequence" argument that is based on piecemedl, partia
sengitivity analyses.
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Comparison of WIPP-12 Brine Reservoir and the CCA Assumptions

Parameter WIPP-12 (m?) CCA (m®)
Total Reservoir Volume 2.7 x 10° (a) 32,000 to 160,000 (d)
Projected Max. Artesian Flow 55,821 (b) 5,200 (e)
Flow to Surface During Drilling 4,306 (c) 400 to 2,100 (f)
€ WIPP/TME-3153, p. H-54
(b) WIPP/TME-3153, p. H-55
(c) WIPP/TME-3153, p. H-9; Actua "unavoidable" flow
(d) DOE/CA0O-1996-2184, Table 6-26
(e) CMPRR-Suppl., 12/1996, p. 42; To the Culebra, after 6 encounters

(f)

CMPRR-Suppl., 12/1996, p. 42; In 10,000 years
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ENGINEERED BARRIERS FOR WIPP

The EPA regulations require engineered barriers to be included in the repository design as an
Assurance Requirement (40 CFR 191.14d and 40 CFR 194.44). The philosophy of the Assurance
Requirementsis clearly stated in the "Overall Approach of the Final Rule" (Federal Register v. 50,
no. 182, p. 38072), as follows:

In contrast to the containment requirements, the assurance reguirements were developed from
that point of view that there may be maor uncertainties and gaps in our knowledge of the
expected behavior of disposal systems over many thousands of years. Therefore, no matter
how promising the analytical projections of disposa system performance appear to be, these
materials should be disposed in a cautious manner that reduces the likelihood of unanticipated
types of releases. Because of the inherent uncertainties associated with these long time
periods, the Agency believes that the principles embodied in the assurance requirements are
important complements to the containment requirements that should insure that the level of
protection desired is likely to be achieved.

With respect to the engineered barriers as an assurance requirement, the "Overall Approach of the
Fina Rule" states:

Designing disposal systems to include multiple types of barriers, both engineered and natural,
reduces the risks if one type of barrier performs more poorly than current knowledge indicates.

The CCA (Sec. 3.3) describes four types of engineered barriers in the design of the WIPP disposal
system: (1) Shaft Seals, (2) Panel Closures, (3) Backfill around the waste, and (4) borehole plugs.
EEG does not consider either of these to be engineered barriers, for the following reasons:

Shaft Seals

Shaft seals are at best an attempt to undo the damage done to the natural environment when the
shafts were excavated, and therefore cannot be considered to be an engineered barrier as distinct
and complementary to the natural barriers.

Note that the 40 CFR 191.12 definition of a"Barrier" includes the following examples of
engineered barriers, but does not include "shaft seals'.

... A canister, awaste form with physical and chemical characteristics that significantly
decrease the mobility of radionuclides, or a material placed over and around waste, provided
that the material or structure substantially delays movement of water or radionuclides.

The repository standards for the high-level nuclear waste repository (10 CFR 60) specifically
exclude shaft seals from engineered barrier system. "Engineered Barrier System™ is defined in 10
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CFR 60.2 as:
Engineered barrier system means the waste packages and the underground facility.
and

Underground facility means the underground structure, including openings and backfill
materials, but excluding shafts, boreholes, and their seals (underline added).

Panel Closures

Like the shaft seals, panel closure systems (separation of waste panels by engineered structures)
cannot be considered to be engineered barriers because they too can at best be imperfect attempts
to restore the origina natural system. Panel seal is not included in the examples of engineered
barrier in the EPA definition (40 CFR 191.12).

The Marker Bed 139 lies directly below the WIPP repository and is connected to the floor of the
waste rooms through extensive fractures, floor upheaval and milling of the floors. Water (with
anomalous lead content acting as atracer) seeping down from the exhaust shaft has moved 400 ft
through the marker bed from the base of the air exhaust shaft to the waste handling shaft in a
short period of time during 1995-96. This pervasive marker bed would not allow effective
separation of the panels unless the entire floor of the repository is dug down 10 ft and grouted.

According to the CCA (p. 3-27, lines 19-20), "The panel closure system was not designed or
intended to support long-term repository performance.” How then can it be considered an
engineered barrier for the long-term performance?

Backfill Around the Waste

The DOE plans to put sacks of magnesium oxide (MgO) over and around the waste drums to try
to control the future chemical conditions in the repository. The expectation is that MgO will react
with the carbon dioxide (CO,) that is produced from microbial action in the repository. Removal
of CO, will result in alkaline conditions in the repository. Since the experimentally determined
solubilities of radionuclides are lower in dkaline (high pH) conditions, the emplacement of MgO
and its postul ated effect allows assumption of lower solubility valuesin the CCA. This
assumption resultsin lower postul ated releases to the accessible environment and thus helpsin
showing compliance with the Containment Requirements (40 CFR 191.13) of the EPA Standards.

Since the publication of the CCA, the DOE has argued that the MgO is not needed for showing
compliance with the Containment Requirements because the mean CCDF without MgO, although
showing higher releases than "with MgO", still is within the compliance limits. Such an argument
is based on a partia calculation without atering other assumptions and input parameters, and
therefore appears meaningless. The fact remains that the purpose of including MgO in the WIPP
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repository is to control the chemical conditions in the WIPP repository to alow assumption of
lower actinide solubility values. It may therefore satisfy a need for the Containment Requirement
of the Standards, but does not provide complementary added assurance visualized by the
Assurance Requirements (40 CFR 191.14).

Borehole Plugs

Since the stated requirements for plugging the boreholes (Section 3.3.4 and Figure 3-10 of the
CCA) are much less stringent than the shaft seals, the borehole plugs have alesser claim as
engineered barriers than the shaft seals. The EPA Standards (40 CFR 191.12) do not include
borehole plugs as an example of engineered barriers. The NRC specifically excludes borehole seal
as part of an engineered barrier system (see the quote under Shaft Seals section above). Hence,
the borehole plugs should not be considered to be an engineered barrier.

Incidentally, Figure 3-9 ("Approximate Locations of Unplugged Boreholes") does not include two
deep abandoned oil and gas wells that are located within the WIPP site: Badger Unit Federal in
Section 15 (between WQSP-3 and H-5 in the northwest part of the WIPP site), and Cotton Baby
Federal in Section 34 (east of H-11 in the southeast corner of the WIPP site).

Recommendation

The EEG has recommended a multi-barrier approach for WIPP since the beginning of the project.
The EPA regulations aso require such an approach as "assurance requirements’. According to
the WIPP Safety Analysis Report (App. A), 88% of the WIPP bound waste is planned to be
processed. At the least, the DOE should take credit for such reprocessing in the WIPP
performance assessment and the CCA. EPA should encourage DOE to process the waste to
make it insoluble.

Enclosure:
Information from the draft 1996 WIPP SAR
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(Enclosures)

Information from the draft 1996 WIPP SAR

Appendix A, page A-4 to A-15

Dataisfrom fina row of cumulative values for each waste form

Stored Drum Equivalents
Final Waste Form Not Processed To Be Processed
Combustible 4194 23570
Filter 976 72
Graphite 616 1845
Heterogeneous 6355 104300
Inorganic Non-metal 1168 12911
Lead/Cadmium Metal 83 31
Sdt Waste 34 68
Sails 95 1862
Solidified Inorganics 15651 30670
Solidified Organics 1077 3311
Uncategorized Metals 3348 48751
Unknown 129 188
Various 0 20105
Subtotal of column 33726 247684 Total stored
281410

Percent of Total Stored 11.98% 88.02%

Notes from the 1996 draft SAR
Final SAR Expected late Jan. 1997
W.T. Bartlett 1/21/97
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FLUID INJECTION AND SOLUTION MINING
The EPA Requirement and the CCA

The EPA criteria (40 CFR 194.32 c) requires an analysis of the effects of fluid injection
activities on the disposal system, prior to disposal and soon after disposal. The CCA has
screened out the fluid injection scenario within the site on a "regulatory basis' and adjacent to
the site on the basis of "no consequence” and has provided a number of arguments why it
should not be considered in the performance assessment for WIPP. This paper is a critique of
the CCA arguments contained in Chapter 6 and Appendix SCR. The EEG has reviewed the
Stoelzel and O'Brien’ assumptions (discussed in the CCA and later in this paper), and finds the
critique by John Bredehoeft? (enclosed) to provide additional compelling arguments for not
accepting that analysis to be valid. A copy of a consequence analysis by John Bredehoeft® is
also enclosed. This preliminary analysis clearly establishes the importance of considering the
fluid injection scenario in predicting the near-term and long-term integrity of the WIPP
repository.

How Long in the Future?

The DOE has chosen "soon after disposal” to mean 50 years in the context of the fluid
injection scenario. However, in the 1991 DOE dlicitation of expert opinion* on future
activitiesin the vicinity of WIPP, one of the four teams addressed fluid injection and assigned
probabilities of waste brine disposal associated with other industrial activities for the full
10,000 years. Further, the probability of alarger number of such injection wells, within the
site, was predicted to increase with time (Ref .4, Table 1V-16).

With respect to natural resource recovery activities surrounding the WIPP, the surrounding
public lands are managed by either the Federa Government or the State of New Mexico. In
addition to federal law, state and federal agencies know that thisis aresource rich area and
have developed additional policies for the effective recovery of these resources consistent with
federal and state law. The Federal Land Management and Policy Act® states that public lands
and resources are utilized to "meet the present and future needs of the American people" and
take into account the "long term needs of future generations." This federal law does not limit
consideration of natural resources on public landsto "near future” nor to "existing leases." On
the contrary, federal agencies such as the Bureau of Land Management have explicitly argued
that I%ﬁees can plan and submit plans for resource recovery activities outside their actua
leases’.

Review of Appendix SCR Arguments

The discussion of fluid injection in Appendix SCR of the CCA isincomplete and largely
incorrect. For example, Appendix SCR mentions gas reinjection for natural gas storage in the
Morrow Formation but fails to mention natural gas storage in the Salado Formation. Itis
argued that the differences between the geology at WIPP and the Vacuum Field and Rhodes-
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Y ates Field provide for more potential thief zones below the WIPP horizon in the event of
water escaping the injection zone. However, field evidence strongly suggests that brine
injection into the Bell Canyon below the WIPP horizon appears to be leaking into the Culebra
aquifer above the WIPP horizon (see the discussion in Ref.7, section 3.1.6). Further, the
CCA provides no experimental evidence such as the measurement of water quantitiesin the
anhydrite beds of the Salado Formation to support the CCA speculation.

The claim that there will be no waterflooding on the scale of Rhodes-Y ates is also undermined
by field evidence. The proposed waterflood at the Avalon Unit will recover 8.2 million barrels
of oil by injecting 141 million barrels of water for forty years through nineteen injection wells
into the Cherry Canyon and Brushy Canyon members of the Delaware Mountain Group. At
Rhodes-Y ates, approximately 41 million barrels of water were injected through eighteen
injectors over a 26 year period. Further, the pressure maintenance wells at the Cabin Lake
Unit, at the northwest corner of the WIPP Site are injecting 1.4 million barrels of water per
year compared to 200,000 bbls water that were injected per year through the two pilot
pressure maintenance wells at Rhodes-Y ates.”

The CCA Appendix SCR argues that waterflooding on the same scale as the Vacuum or the
Rhodes-Y ates Field is unlikely because oil poolsin the vicinity of the WIPP are characterized
by channel sands with thin pay zones, low permeabilities, high irreducible water saturations,
and high residua oil saturations. However thin pay zones tend to maximize vertical sweep
efficiency and have a history of successful waterflooding throughout the United States,
including the Delaware Basin. "Low" reservoir permeabilities of oil reservoirs near the WIPP
area has not detered waterflooding in the mature oilfields of the Delaware Basin. Further,
mature oil fields in the Delaware Basin have responded favorably to carbon dioxide flooding.
The observation of high irreducible water saturationsisirrelevant. A waterflood is not
designed to reduce the water saturation. A waterflood designed to reduce the oil saturation
and increase water saturation in the reservoir by producing the oil. The CCA comment on
high residual oil saturations does not speak to the economics of waterflooding. While the
Delaware sands, including those around the WIPP, produce large volumes of water, they are,
nonetheless, technically and economically amenable to waterflooding”® as well as CO,

floodi ng7,9,10,11,12.

The CCA-SCR cites New Mexico state regulations as also protecting the WIPP. However,
the emplacement of a salt isolation string is not intended to address the needs of a 10,000 year
nuclear waste repository. It isrequired to meet the near term safety concerns of the potash
industry™. Further, even oil and gas wells equipped with a salt isolation string are restricted
from drilling through potash reserves or near potash mining operations. With respect to brine
injection wells, the potash companies and oil companies have documented their

concerns' 1,

The CCA-SCR notes that state regulations do not allow injection pressures to exceed the rock
fracture pressure. However, that portion of the regulation applies to the target injection zone
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and not any overlying formations. The producing reservoirs near WIPP are greater than 7000
feet. One consequence of greater vertical distance is that the surface injection pressureis
automatically approved for 1400 ps or 0.2 psi per foot. This corresponds to 2400 psi at the
WIPP horizon which iswell in excess of the fracture pressure of the anhydrite beds in the
Salado Formation.

Asto state regulations in general, state regulations for fluid injection have been in place for
decades. Documented problems with fluid injection projects throughout southeast New
Mexico identifies the limitations of state regulations. In the case of waterflood brine migrating
through the Salado and damaging another oil company property, thereislitigation and
monetary compensation'’*®. In the case of a nuclear waste repository, there are performance
assessment calculations. However, the CCA does not include this scenario in the performance
assessment calculations.

Stoelzel and O'Brien M odel

The fluid injection scenario on adjacent properties for the near future has been screened out by
the DOE citing low consequence as determined from calculations by Stoelzel & O'Brien®. It
should be noted that atwo dimensional, vertical model was used. Further, the assumptions
used in the calculations (DOE SCR) either underestimate or fail to consider hydraulically
fractured Salado anhydrite permeability, permitted surface injection pressures in the vicinity of
WIPP, injection pressure gradients, the volume of disposal brine that is typically injected by
oilfield operations, and the anticipated time of fluid injection activities.

The model assumes atotal of 7x10° cubic meters of brine was injected during a fifty year
period. Thisisequivalent to 4.4 million barrels of brine. The David Ross AIT Federal #1 salt
water disposal well, which is less than a mile from WIPP, alone has injected more than 5
million barrels brine in five years of operation. And thereis no basis for assuming that
industria fluid injection will not continue for the full 10,000 years.

Stoelzel and O'Brien consider only salt water disposal and assume an injection depth of 4260
feet, a surface injection pressure of 850 psi, and a pressure at the WIPP horizon of 1900 psi.
However, pilot waterflooding operations near WIPP are underway for reservoirs at 7000 feet
depth and have been approved to inject at a surface pressure of 1400 psi, which in the event of
communication, would exert a pressure of 2400 psi at the WIPP horizon. Hence, the
anhydrite beds in the Salado Formation would fracture, as successfully argued by Hartman'’
and brine would migrate for miles in the inadvertent waterflooding hydrofracture scenario.

Solution Mining

In 1979 the EEG recommended™ that the DOE consider solution mining for salt as an
intrusion scenario. The CCA (Appendix MASS, p. 87) claims that the DOE is not aware of
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any ongoing solution mining in the Delaware Basin. However, that activity has been ongoing
for several decades in southeast New Mexico, including the Delaware Basin, to provide brine
for ailfield drilling operations. Furthermore, state records show that fluid injection for
solution mining of halite is expanding into areas closer to the WIPP to meet the needs of
drilling activities in that area.

Asto future mining of potash, solution mining is the only method that can be reasonably
predicted for the Carlsbad District?®. In Canada and the United States, solution mining is used
for recovery of sylvite. Langbeiniteisnot readily soluble. So if solution mining is employed
in the vicinity of the WIPP Site, it will be to recover only sylvite. While no specific plans have
yet been formulated,

al minesin the Carlsbad area have held open the option of using solution mining once
their sylvite deposits are fully mined out. The concept would rely on the fact that the
open spaces left over from mining would alow ore remaining in pillars to be
recovered®.

How can the CCA regject the solution mining scenario, if private companies surrounding the
WIPP site are holding the option of using solution mining?

EEG Recommendations

Based on atechnical analysis of available information, the EEG recommends that the CCA
include the effect of fluid injection and all other resource recovery activities for future and
existing wells drilled within the site and adjacent to the site. These activities should include:

e \Waterflooding for enhanced oil recovery.

e Carbon dioxide flooding for enhanced oil recovery.

e Sat water disposal from oil production and other industrial activities.
e Solution mining for halite and sylvite.
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MEMORANDLUM
To: Liedsay Lovejoy, IT.
From: John Bredeboeft
Subjea: Hartman Scenaria

Hantman Scenaris—Iniredugzbon

The siecalled Harmman Saenano is based upen & o suct m the Taedaware Basio, In 99 [, Harmman,
an fependient oil operator, attempred 4o drill 2 well on the Batss lease approximately 2 miles from the
fhodes Yares warcr-Food project operated by Texaca  Tle Hartman 22 Baes well cocouncersd brine ar 2
dizath of 2240 fner; the drilliog had to be termurared st 2280 fmel.  Tn 1933, the Barss #1 well was drilied
wihour encounteriog prosserized bone

Watar flooding was stared o the Rhodes o feld in 1950, Texaco inideicd a pikot water Heod in
1954, The water Hoad was extended in the Rnoces feld in 1974, There are seversl active water Hoaod

projects in the Rhodes Yates ans,

1 reanehyzed the Hastman Scroeae. In doimg so, 1 first eximaced the fransossivity of the Bates ¥
2 well thet Aowed oxtensively. From the ransmissivity, [ estimaced the penmeabilicy. This should be
abvicus, but we are ood tosally sure what sopstituted the permeaabie zone o the Bates ¥ 2 well T then: 13
commpared this esrimats of permeainlny wath thase mepamed st WIPF, and 2) estimated the indaw to WIPE
saauld the permeahilities a1 the Bates § 2 gies apphy in, che vicingty of WIPP

Transmissivity & Fernnesbiling

The Bates # 2 well flowed 840 gem, or b9 eybic fest par seoond (cfi) The shur-in pregsure af the
lamd gucface wag 1000 pgi—approximanzly 2000 feet of bead at the land surface (Van Kirk, 1994 Kpiwing
tro1k the Sow rete and che well-head, shut-in prassuce there pre several methods that can be atsed (g esticate
permeability, 1 frst usad the Theim, steady-sale salufion for radiad flow @ 2 well and zalved far
transragzvity, T, I ehert compared chis resvle to regulis from bwo ather estimanng procedurey.

The diffiqu'ty with the Theim approach is that we dg nor kngw how far out the cone of depressian
fgr the Batas # * well exctendes. [We can detine the ocher Faundary of the cone as the point where the
Srawdown caused by flow oo the wedl is pegligible.) T agsayned yeveral Sfferent radiel distences foc e
axtent of the cone {r7), and make the cdoulntions.  The difecing radial distances brocket the cone. As we
see, (he esonseeas de nal vary a gread deal—by a factor of galy eaes which & amall in estimating
(JET T TSR AT

T=23Qlogfrn¥ [ 2ads -5}
where T = fansmissividy
£} = weli production rats

PO Box 352 (234 Scenic Dird La Honda, CA %028 {415) T470441747-0273 fax jdbredeDasl com
weh site: www mediacity, o /~bydragup
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1 and ry are selected radiol distancss frony Uie cemeer line of the well Bore, 1 zhose r at the wall of
the bueehole aopraximatsly 9.5 B {] toct diameer well bare—alchcly larger chan tee dall S 1 e
r. be che adial esient of 12 coee OF depiesmon—he distanae at which the drawdovn is nealigrble.

{87 - 9;) i5 the toral drawdoswn withan the uene of depression coused by e well—E000 pai.
(Parhaps [ neef o ampisy 10s explanction, Wheno the well is Aoawing the pressvre ar the well haad
iz atmosphenic—which o generedly definad as ¢ The weli head. sho |- poessurs pives a us an
tndicariom of what the Jocmation pressure wiold be withand the well fliowing. The torzl poesswee
drop when the wel? iz flowing ia 1000 3si. e could be smaller due te feietion Josses in the well
bore —a smaller pezssore drop @Xves a higher esumate of permeabilicy - Tl odai pracsure drop
goross the core of depressicon i aleo t000 psi.;

I acsume the brme procuced 8 preseure of 0.3 psi per foar af heine  (Van Kine, 1994, repetts the cormal
préssaure gradiene far saturaced salt water as 2,323 pai pe foar [ amplified she calowdation By rounding to
N5

With ry = 1,000 B.

T— 23x L% lewd1,0000; 0.5}/ {28 « 2000} — G Gl L fraec

With r, = 10,007 ¢
T=23%x|9%log (10006 0/0.5) ¢ (27 x 2000.40) = 00015 frsec
With ry= E00,200 ft
T=23x1.0xlog 16000000577 (20 x 2D0.0 = Q0L Biface
With e, = 1,000,000 &
T=23x]1 9ol COCHGOGS S (2 x 20000) = 022 e
We can also estimate fhe [Tansmissevity Lsing estimating procedures sugiregied ey Theis of 2l

(L9623 for pumped wells, and by Hl-:l-‘-d:uFI'I et gl (19823 for dowing wells  The spectiic vapasics is & 4
gpmo per foot of drawdown, or 200098 7 ¢ see per foor of drawdown The Theis estirnane welds:

T = gpecific capocity x 2000 {in units of galions mer day per fooc)
T =04 x 2000 = BN millons per dav por foor = 2001 Aige,

Bredehoefi et al [1583) produced & graphical tvpe surve: wse of e1e Bredehoeft ot al. retbic? vieldy

I~ QM feec
Theestiimuies compars Bvoeshiy; the values vary by only o tector of tee. Siace transmigsdty
can vary over 15 arders of magmitude, 4 factor 9F Lwe vanation (1 00%%] in the sstimaés 15 conzidered quite

gend.

The parmeabilicy i6 Imss clear. oaly becapse vve 9o not know throceh whet vecical thickness of eack
brine Apwel. The drilling crcowrtersd Brane aL 4 depth of 2240 feer, and vwas ssopped v L0G Mok Aow A
TR0, Agquming che cndre 40 Feat was permesble, 1he

MO Bon 357 (2 Scenle Dry La Hondn, A S4020 {415) 704417470072 fax jdbredeiXaol.com
web gike: werw, mediacily . cami=liyirmgup
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sanifiey o Barss R EMEFTY transport 0 e earth

k = T+ thicknass = ©.000 / 41 ) = 0LOD02E Blem
or k= O000TS fmdsac
k= 675y Lo pt

Implications of the AnsfyMs—Comparizon to WIFP

It shouid be remembered that these members ore carimaesd by spphang 2 model for redial foow

ta'fromn oowetl  The ectimate 15 s0me kind of an averags permeabilicy that applies o the entics cone of
depragsion e the oeell. In ocher werds, it s an estienare of the ropicmal permeabil*ty with rhe dssnmed

enne of depredsion.

Tha permeability of the Anhvdre mwhen bty wirs messured in-gw ar WIPE The range
anfvdeics markar ed prrmeability data uied in PA g

% arhydere- wrdistushed 741" 1o 107 wm”

k anhvdnte—ibnedrocfracture madimum valos [Pa) 10 m

Hartman— Bale # 2 Tax 0t

The perme ity esvcguarcred in the Barcs # 2 well aleost surely represeets kydro-frachured
anhydrite in the Saladg Formadon The shut-in predsure of the Bates well was [$00 ¢ ar land srrizos.
Thers wese ceparts of ail fisld brine infection activities In e ey with 1000 psi land sarface prazeurce and
higher (Wan Kirk, 1994} Dennis Powess reported: “far ohe Ridus Foes weater food, the infection
fregoure o7 e surface ran £200 pR and cbove. S0mE MEeRR pretfweet anprogched 2000 pai o de
surface. " (Rubva, 1994, po 67 A pressure of 1000 pe ar lane murface i approximately lethostatic at 4 depth

of 2000 et

The conscneus inferoretation of wiid happened io the Rbodes Yates ares ia thor soter injectic at
high pressure cansed massive hvdrawli: fractunng anthio the Salado Formacior  Mumsrous wells hawe
encaumersd Hows of water in the Salada (Van Kirk, 1994}, The hydraudic frzcruring bas incressed the
Balafa permeabibity on & remonal scabe. Martomam won bus Lear su on the basis af chis pepothess. Thes
interpoetation is consistent with our analyss of e pesmeability encouctered in she Bates £ 2 well,

Povenidal Flaw tp WTPP

It is of interes to cavulse die fow o WIPP through the enbodnids manser beds, [ wid do twao
calrulatons with 1) vnfractured anbydrte, and 71 bydro-fracsured anfiedrite. L owibl ese a simplified madel
for anelveis. 1 meks a rumber of agsumpnoms

L. tac-dimensional, areal Bow {1, v incomsined marker beds 132, & and B.
2. #oud comnectaod Detween the mgker beds amd WIEF,
3. single-phase. loguis] fhaw only:

4. steady Aow {nod (ranzispLl

PO Bot 352 (134 Seenic Or) La Handa, €A F4020  (415) Ta7-0dd 17470273 fax  jidbredoflaoloom
web 23le: www iediaeiry ooy rd coguap
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Sty £ arersy gmd @HerEn IRTREnaer 1 e @aridl

5

thiat fluif 38 injecsed with & pressure B 8 Langd sufice of 106K psi {62 acmuospheresi—oressuTes
l3ke that measuced B¢ the suctac = in the Bares o 2 well, [This 5 lower than the 1204-2044) pa
pressures reporied for surface pressures of injectinn wells in the Texzacn Rhodes Ydies wager
fload. As woe will see, FOGC psi pases probisme.)

1lanl he casing of the irdecrion wsil (REs, and LO00 psi surlace pressme iy utposed on markse
beds 139, A end B

i 18 hydro-fracru-ed case that the merker beds have a reonn] permeability egual to that al the
Baes = 2 site—7 55 107 m' ;. (This assumriion deservey moee explasation [ sogpes ed
ahone that the hydiaulie fractunng o she vomty of the Texaca Rhodea Yates watss fossd
increscesed the pesmeabnlity on a rewwonal scale. [ em azsureing hae sinsiler, repenat acale
hydraubic fractunng uekues 10 the viamty of WIEP.}

the repomtery 35 &l hydrosteiic precure ang remuane ar hydrodralie fresaure; (Eary i the
histary of the repository the pressurs teuld be more rearly abmosphedie. As the répogitony
recaives sgnificant fAosw the pressore will increase. For this analysis, I negles both the early
pressizme history Relow hvdrastase, aod the later pocential preasure build-up a>owe redrostark
I pae examunes the pressyre hiatanes of WIEE comrsted by PA, hadrostatic pressuse is the
dominate mode }

sinee Lhe resiun af the mode? i firnpe, Tagsune po Bew boondaries a3 the edyge of (he modeled
reglon. 4§ heye boundaries fores [he fow to go to WIPP where the head 15 held brdrostatie.
Ideally, we would Bke ao bead build-wp at the boundanes, a5 ooe can see belaw there 12 same
Build-up a1 The medel bowndanes, This condition san be melaxed by motzoding the miedsl
cutward T e bpdroeTactured caws the permeatility 16 increzeed in 2 cesiocted wred: therefone
Che: cutes, me=flnw bokendary gy fon a5 bad an essumpoon 83 might appear #t ficy glance.
The regien model is feirly farge; and the beendardes are somewhat removed from the ares of

principal inpzrast. 3

The refales are surunzrized in the Following table:

Tarle b Flaw to SWIPFP

M dal 1

hadel =

Dvstance from Well-head ParmeabzlTy Flow -ae

well 1o WIPE prossuce [Tl ' my i sec m'/ day
2 km 1004 o' 75107 000048
Tkm L0 Tex 1™ sx 207 4300

[L37,000 ¢ yr)

Noee- -the GOPrarIstare foeE POre ValitRIE af St PeRnaredry, qifer o S eddfrms, 18I0, con '

Lt 15 ol intenesd o exactane the hesd disibyibon progduced by Usis mode’s. The fesd iy the same for
each permeability disgnbition; escn teush, ay Tahle | ghows, he Bowd ace quine diffesent The aoached
Figmure 15 an ssometne projecian a0 e bead.  One can picturs the fow o vou temember e Aow 13 direcdy
donmet the gradient i hend —it 35 analogaus 140 o marbbe rolling dewn k0.

PO Bok 351 {2M Soenic Dr} La flanda. CA 94020 (405) TAT-044 770273 (s jdbredesackoom

wek site: www.meduity conr—hydrogup
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Tetedies in maxy e eREEEY IRIREDOET i IR ETr

Cobd nding Remarks

Injectron fuid pressuces in the vicinity of the Bates |ease were high Tt seems clear from the data

that the pressures were sufficicnely high to produce massive hydraelic factaing over 8 [arge ance thot
inchricd tae Bates ¥ 2 weell. The porroeabilicy, 85 astimated from the weel], i five ordecs of magmmtude hogher

tien the highest urdizsbed messursments at WIPP. On the cther band, the Batas # 2 well permesbiity s
three arders of megtitude Jower thas the matmem hydro-fracrare permeability used in Performance

Aoergement.

Fluid injectiva in the vicinicy of WIFE has the porentiad 10 quickly 621 1be repositors wich brine
siauld the operation be gitilar oo that which occuwired in the Aciniiy of the Baws lease  Toe Hanman
Scepario s net casty drdissed.

Referénces

Bredeheefi, IO, C.E. Nevzd md P.C DL Millsy, T8, Hemvomal fTow i the Lot Aquife: @ s de the
rofe of conining layvers: U S, Creodogical Survey Water Supply Faper 2237, 45 p.

Silva, MK, 1596, Fluid infecion for g woprer disposa! gad enbvmeed ol recevery oy a povential prodlem
Jar the WIPP: proceedingy of @ Jume J7F worksfor anud areelyss; Peblication of Mew Moaco
Environmenta! Evaluation Greep ¢ BEG-42, 188 .

Theis, .V, B.H. Brown and BB, Meyer, 1967, Sreimcting the trananiribilior of mpeifers from e
specific caparity G welly: 1L S Geoloereal Survey Water Supply Paper 1336-[, p 1113531-11341,

Van Kirk, C., 1554, Beparr cororremg ol warer Sow-out Sormiary, TRR) ot Doty fease —gecrions [
e L, it 6 ek, roere 27 e, MWD, Lea Cownty, ew Mizice: 16 @, plo Simeey s

Aoy,

PO Box 35} (234 Seenic Dr) La Honds, CA 99030 (415] 747-04417d7-0272 [ax  jdbrededaci.com
web tte: wrww . thedingiby comd-hydrogup
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Srudles o MASE cac ERCrEY AraTsEern an dhe earth
JOFIN BREDEHOEFT FRO MNAL

privcipef
Samtary 1 FPUF
MEMORANDUM
To: Lindsay Lovejoy, Jr.
From: John Bredehoclt
Subeeat: Huriman Scenarie—Srogzek 0" Brien Amabyyis
Inirod uction

Stoezel'Bricn di # crossaesiona] analvad. T rendeied a crosg-soctank gy campare with our
wreal analysiy and showr you the diffarence.
Analrzs

i sedected 3 croas-secion strp thar is raa model cells in width-—a 1033 wedth of 90 magers. Thia
i approximapehy gs wide as the smaller dimension of (the repoginory Faor print A5 befars, T placed rhe
inpecticue well 2 krn from e reposioory. 1 used U pecneabiliny estimates fon: the Heepgan § 2 Baes well.
| assumed an iggection pressure of (000 psi et dand surface; held the méposatery at ydegscatie hepd; end did a
Seady=faw caleulatkan,

This analyais is analagous to our prendous analysis excep: that we now have Oow onby in the cross-
secrianal srip. Enclosed is an isomeinic plot of head for ompariaon

Resalis
The results are summanzed in the fzlowing table:

Tablz 1 Flow (o WTPB

Distance from Wellshead Permesbikity Flow rate
rzll 1o WP pressaere £psi) m" m® i aee ot f day
Moded | (areal) 2 km L{EX] lor'* Tx 10" (GG
Model 2 (aren’} 2 &m 1000 TEy " Sx kT #30.0
{159,000 m'Avr
Modled A {stfip) 2 km 100 7.5x [0 [ Ré.4

(11,600 miyT)

Mutr—ife QUproGimoe ol pone wodeme of e Fepomiory, arer e salf defirms, w S0000 m*

As vou can s, Tedncting e fuw 19 a4 crossssaciional strip reduces d (o approcimacsly 1¢S5 of the amaunt
in Areal mosdel. This 13 dhe <onceptug] difFulty with the Stosrcl-0°Brien approach

PO Boa 351 (13 Scenec Br) La Honda, CA %4020 (J15) M7 L7472 T fux jdbredemaol.com
web fite: www.mediacity . com/~hvdrogup
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Fhees 1M ICE ol ZHEFTTV IR INERE f phe etk
WIPE Analytis

Flow toffram WTRE i ihree dimensional. Sandia elaims, gecheps commecdy, that anelyzng the tult
3D flow problem i mwach tn compuer int=nsive to be peactical fir PA - Fos this ressen the problem is
idealized carreotly inlo & plane—a cmss-secrion in the cage of WTPP, | Twe dimensicnal anahyses, either
areal—x_ v: o7 ¢ross-geclional—sx z; or radial—r, z, are che rule ir angl yzing 0w problemoas.) Any of ZD
geomelry is an appredmations for the 30 problem. The simplificatian 35 8 comaromiss—sometimes pocd,
and sometime par 5o good.  ¥au can see thar the Srcezel-0'Bried croas-section was nor very good for

anal:,lzing fees Lo WIPP.

te prasdous PA analvses 8 radial formmulatson wes uzed inowhich mdial distandes wers measared out
ward fram the disposal reom Taus formulaton did not handle the connection betaeen the disposal pamwel
ancl the regt af the repositone very weall, Thic was changed to a cross-section in an «ffort to imnprove ihis
portien of the modeling. The oew cross-section wili not do well i heodline fow ourward in the marker
seuls, e radiad moded was better io thos instance.

1 kocw tho! Chack Byrum is concerned paout the 20 approximations uses in WIPE Ph. EPA has
had HydroGeotomc loakong mto these dpproximatons.

My muat reareion is that mest of the approxamarions ascocarad wich the cross-tectoonad analyss wied
in BRAGFLOW are proba>ly okay—aiauining a 20 enalysis is the only ane praciical. As I suppested 10
Sandia whes it wes preseored, the Stoezel-0' Erien cross-seccion congepr oaed for analysis was poor, at st

PO Bux 333 (234 Scenle Dey T.a Hondr, CA 34020 (L5} Td7amS1TA0=0273 Max Jd bredealasd.com
wel vite; www, med |acity.eom/~hydrogup
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HOF WYOMING BOULEVYARD. M.E.
EINTE F-2
ALEWILERGUE, MEVY MEAIKLD ST103
1S0G) B2E- 003
FAX (G041 929-1062

March 14, 1997
Director,

Center for the Waste Isolation Pilot Plant Program
U.S. Environmental Protection Agency

Office of Radiation and Indoor Air

401 M. Street SW.

Washington, D.C. 20460

Dear Mr. Marcinowski:

Enclosed please find the EEG'’ s additional comments on significant issues arising from our review
of the WIPP Compliance Certification Application (CCA). This package of 14 papers
complements the package of 6 papers submitted to you on February 7, 1997, following the same
format.

Please note that as we continue to explore deeper into the assumptions, professional judgements,
calculations, conceptua and numerical models, and secondary documentations related to the
CCA, we are bound to come up with additional issues to be sesolved. We do not view the March
17, 1997 deadline as a bounding date for communicating additional concernsto the EPA. Given
the significance of the decision that the EPA has to make, and the time that the DOE has taken to
prepare this application since EPA originally promulgated 40 CFR 191 in 1985, 4 months of
review timeis not enough. Actualy, the review time was much shorter since many of the issues
that we have identified required areview of the Sensitivity Analysis Report that was provided to
the EEG on January 20, 1997, and additional materials that have only recently been added to the
Records Packages at the Sandia National Laboratories.

A detailed review of the July 1995 DOE draft CCA (DCCA) was provided by the EEG to the
DOE in February 1996 and later published as the EEG report, “Review of the WIPP Draft
Application to Show Compliance with EPA Transuranic Waste Disposal Standards’, EEG-61,
March 1996. The EEG has not received comments on that review from the DOE to date, and we
have found no changes between the draft and the final CCA as aresult of the EEG review (EEG-
61). Inour additiona comments on the CCA to be provided in areport that we plan to publish
this year, we will analyze our comments on the DCCA and how they have been treated in the
CCA. Atthistime, we are formally submitting a copy of EEG-61 to you and to the Docket as
part of our comments on the CCA.



Mr. Frank Marcinowski

Page 2
March 14, 1997

The issuesidentified in EEG-61, our letter and encloserues date 2/7/97, and this letter and the
enclosures, should therefore be considered to be our forma comments on the CCA submitted to
you before 3/1797 deadline. Asyou can see, we have concentrated our efforts so far on
reviewing the Containment Requirement related issues of the CCA. We will provide comments
on the other parts of the 40 CFR 191 subpart B compliance as we review the compliance with
them.

The overall EEG recommendation to the EPA at this point isto require the DOE to include
consideration of additional scenarios like water-flooding and solution mining, with corrected
conceptual models and parameter values in showing compliance with the Containment
Requirements of the EPA Standards, 40 CFR 191. EPA should also require robust engineered
barriers as part of the Assurance Requirement of 40 CFR 191.

Sincerely,

Robert H. Neill
Director

RHN:LC:pf
Enclosures; EEG Reviews of the WIPP CCA

Brine Reservior Assumptions in the CCA (Revised)

Faulty Sapling Ranges

Brine Inflow from Salado: 2D versus 3D Geometry in BRAGFLO
Probability of Microbial Degradation

Borehole Plug Lifetime

Inconsistency Between Direct Brine Release and Spallings Geometry
Waste Permeability Vaues

Random Emplacement of the Waste in the Repository

Residual Brine Saturation of Waste

Compendum of Direct Brine Release Problems

Active Institutional Controls

Passive Ingtitutional Controls

Potash Mining

Documentation of FEPs and Parameters

ccC: Ms. Jennifer Salisbury, NMEMNRD
Mr. Lindsay Lovejoy, J., NMAG
EPA Docket for WIPP (A-9302)
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BRINE RESERVOIR ASSUMPTIONSIN THE CCA (Revised)

This section updates EEG's previous submission of 2/7/97 to the EPA on brine reservoir
assumptions. A new section, "Revisions to Parameters' has been added to addressissuesraised in
the January 16, 1997 memo of Rick Beauheim to Palmer Vaughn'. No other changes have been
made to the origina submission.

The EEG sees no justification for assuming only 8% probability of intercepting a pressurized brine
reservoir in the Castile Formation 250 meters below the repository. The fatal flaw in the CCA
argument for 8% is the assumption that the oil and gas wells that did not report encountering
brine did in fact not encounter a brine reservoir. The fact is that the drillers are not required to
report brine encounters to the state or federal authorities and no mention would be found in the
records unless undue delays or hazardous conditions are encountered.

The 8% probability also ignores the data from WIPP-12 and the TDEM survey over the
repository. The borehole WIPP-12 is located north of the repository within the WIPP site. 1t was
drilled to the bottom of the Salado Formation in 1978 and deepened in 1981 at the EEG's
suggestion. The DOE contractor (Popielak et a., WIPP-TME-3153, 1983) estimated the volume
of the reservoir to be 2.7 million m* (17 million barrels). For the maximum possible reservoir
thickness of 24 meters, the surface footprint of a cylinder containing this volume would have a
diameter of more than 3 km. Asthe attached figure shows, the WIPP repository is most likely
underlain by the brine reservoir encountered by WIPP-12. In addition, the TDEM survey (SAND
87-7144) gives an indication of the presence of brine at the upper Castile horizon. To try to
assign specific areas of the presence of brine from this geophysical survey would be over-
interpretation of the geophysical data. Combination of the WIPP-12 data and the results of the
TDEM survey indicate the existence of brine under the repository. Any borehole drilled into
Castile under the repository should therefore be assumed to encounter brine.

The EEG does not find the CCA reservoir volume assumption of 32,000 to 160,000 m® to be
justified. Thisis based on the assumption of depletion of reservoirs by future drillers - 100%
probability of encounter for the depletion assumption, while only 8% for releases!

The attached table shows the comparison between the characteristics of the WIPP-12 brine
reservoir and the CCA assumptions.

The WIPP site was moved twice; in 1975 after the borehole ERDA-6 encountered a brine
reservoir, and again in 1982, after WIPP-12 encountered brine. The CCA assumptions of
probability should be redlistically based on the site specific information, and the characteristics
should be based on the WIPP-12 experience.

'Beauheim, R., Revisions to Castile Brine Reservoir Parameter Packages, memo to P.
Vaughn, in WPO 31084, Sandia National Laboratory, January 16, 1997.
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The DOE Conceptual Model Peer Review Panel, in their December 1996 report, essentially
agrees with the EEG position, but has accepted the DOE position that there are no significant
consequences of the probability and volume assumptions.

The EEG does not accept the "no consequence" argument that is based on piecemedl, partia
sengitivity analyses.

Revisionsto Parameters

On January 16, 1997, Rick Beauheim of Sandia National Laboratories recommended revising five
parameters describing the Castile brine reservoir conditions’. The reasons for these changes are
presented in the parameter record packages WPO 31070, 31072, 31082, 31083, and 31084.

Even though the parameter ranges recommended by Beauheim are more reasonabl e than the ones
used in the CCA, the EEG disagrees with the recommended values for reservoir volume because
the range includes the value derived from testing the ERDA-6 brine reservoir and initial pressure
because of the use of data from twelve other brine encountersin the Salado. The combination of
the TDEM survey and the estimates of the areal extent of the WIPP-12 brine reservoir provides a
strong evidence that the WIPP-12 reservoir and the brine under the repository are one and the
same. Therefore, only the WIPP-12 brine reservoir characteristics should be used to define the
parameters used in the CCA performance assessment.

Beauheim points out that the parameters should be constrained by what he terms the productivity

PR = V%

ratio (PR), given by:

Where V isthe sampled reservoir volume, C; is the rock compressibility and ¢ is the porosity.
Beauheim's recommended range for this constraint is 7x10* to 4x10? m*/Pa, in which the 7x10™
m’/Pavalue is from ERDA-6 data and 4x10° m*/Pa is consistent with the WIPP-12 data. The
constraint PR should be fixed at 4x10 m*/Pain order to agree with the WIPP-12 data, and the
ERDA-6 data should not be used because it isirrelevant to the present WIPP site. Thus, with
porosity fixed, the reservoir volume (V) should be inversely correlated with the sampled value of
rock compressibility so that PR equals 4x10° m*/Pa. Attached is a figure from an October 3,
1996 memo from Rick Beauheim to Les Shephard® showing PR calculated from the sampled
parameters of the CCA calculations. The figure has been modified to point out the 4x10? m*/Pa
value determined for WIPP-12. Only five out of 300 samples were as large as the WIPP-12

Swift, P.N., K.W. Larson, and R.L. Beauheim, Treatment of Castile Brine Reservoir in
the 1996 CCA Performance Assessment, Memo to L.E. Shephard, WPO 41885, Sandia National
Laboratory, October 3, 1996.
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measurements. Thisfigure clearly demonstrates the inappropriateness of the Castile brine
parameters used in the CCA calculations.

The recommended initial pressure range of 16.5to 11.0 MPa gage is based on pressure
measurements from thirteen Castile brine encounters. At WIPP-12 the measured pressure was
12.6 MPagage. Therefore, the reservoir pressure should be a constant value of 12.6 MPagagein
the revised CCA calculations.

Comparison of WIPP-12 Brine Reservoir and the CCA Assumptions

Parameter WIPP-12 (m°®) CCA (m°)
Total Reservoir Volume 2.7 x 10° (a) 32,000 to 160,000 (d)
Projected Max. Artesian Flow 55,821 (b) 5,200 (e)
Flow to Surface During Drilling 4,306 (c) 400 to 2,100 (f)
(@  WIPPITME-3153, p. H-54
(b)  WIPPITME-3153, p. H-55
(c) WIPP/TME-3153, p. H-9; Actua "unavoidable" flow
(d) DOE/CA0O-1996-2184, Table 6-26; Beauheim (1/16/97
Memo to Vaughn) revised the estimate to 100,000 to 1,700,000 m?
(e) CMPRR-Suppl., 12/1996, p. 42; To the Culebra, after 6 encounters

(f)

CMPRR-Suppl., 12/1996, p. 42; In 10,000 years
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Environmental Evaluation Group Review of the WIPP-CCA, 3/14/97
FAULTY SAMPLING RANGES

Recently, arguments have been made that if the sampled distributions of parameters used in the
CCA caculations arein error, but include the likely values of those parameters, then the CCA
calculations are acceptable. We disagree. Under these conditions, the CCA calculations should
be repeated with the best estimate of the parameter distributions available. The use of afaulty
distribution of one parameter biases the CCDF curves and confuses the assessment of uncertainty.
The use of more that one faulty parameter set makes the assessment of uncertainties impossible
because of the complex non-linear nature of the performance assessment models.

In this report we state our case in two ways - first by example and then abstractly. The most
notable occurrence of afaulty parameter distribution is the Castile brine reservoir volume
distribution used in the CCA calculations. The error has been admitted by DOE and considered
by the conceptual model peer review pand.

1) The Brine Reservoir Example

This example demonstrates the pitfalls of accepting parameter errors as inconsequential in a
piecemeal fashion. The conceptual model peer review pane accepted the argument that the brine
reservoir parameters were acceptable because the correct values were effectively included in at
least some of the sampled vectors. They also concluded that the brine reservoir interception
probability was inconsequentially in error because encounters with a brine reservoir, E1 events, do
not have substantially different consequences from intrusions that do not encounter brine, E2
events. They reached this conclusion through inspection of results presented for the entire set of
sampled vectors. Firgt, their basic conclusion was flawed because the repository system is too
complicated to be evaluated using the data presented. Second, they had no way to evaluate the
effect of the biases introduced by the flawed reservoir volume parameter distribution on the data
presented.

The EEG understands that the DOE currently considers the parameter distribution for the brine
reservoir volume to be from 10° to 1.7x10° m? rather than the range of 3.2x10" to 1.6x10° m® as
used in the CCA calculations®. In the first supplemental conceptual model peer review report, the
panel concludes that the error in volume is of no consequence because the pore compressibility-
volume product range of the calculations includes the correct range”.

®Beauhiem, R., Revisions to Castile Brine Reservoir Package Packages,memo to P.
Vaughn, in WPO#31084, Sandia National Laboratories, January 16, 1997.

*Wilson C., D. Porter, J. Gibbons, E. Oswald, G. Sjoblom, and F. Caporuscio,
Supplementary Conceptual Models Peer Review Report, DOE, Dec. 1996, Page 41.



EEG/Faulty Sampling Ranges/3/14/97/p.2

Later, the peer review panel used the comparison of plots of brine inflow, brine saturation, and
gas generation from the both E1 and E2 intrusions to conclude that the intersection of the brine
reservoir insignificantly impacted the releases and hence the probability of intersecting a reservoir
was unimportant to the CCA calculations. The plotsincluded data from all vectors of replicate 1
with no indication of which data were from vectors with the acceptable pore compressibility-
volume product range.

The data the peer review panel used for their decision was inadequate. This conclusion is based
on our interpretation of Figures 5.1.6 and 5.1.7 of the preliminary senditivity analysis report on the
CCA Calculations’. Figures5.1.6 and 5.1.7 contradict the panels conclusion. Figure 5.1.6
presents volume and EPA unit releases for the different specified second intrusion times for an
initial E1 intrusion at 350 and 1,000 years. Figure 5.1.7 presents similar release data for initial E2
intrusions. For initia intrusions of 350 years, and especialy at earlier second intrusion times,
Figure 5.1.6 presents substantially larger volumetric and radionuclide releases. The average
volumetric release is almost two orders of magnitude higher for a second intrusion at 200 years
after the E1 event compared to the E2. Because of assumed solubility differencesin Castile and
Salado brine, the normalized EPA release is only afactor of 30 higher 200 years after an E1 at
350 years. Since EEG has stated elsewhere that the solubility differences for plutonium are much
smaller than assumed for the CCA, the comparison of volumetric releases may be a better
indication of the differences. However, such a comparison is biased toward low volumetric
releases in the case of aninitial E1 event by the use of a flawed distribution of the pore
compressibility-volume product.

With a pore-compressibility-volume product equivalent to WIPP-12, the probability of brine
reservoir encounter set to 1. and, plutonium solubilities consistent with experimenta data, the
possibility that direct brine release will violate the compliance criteria can not be ruled out based
on our present understanding of the CCA modeling.

2) General Considerations

Construction of CCDF curves to demonstrate compliance with 194 Part B requires estimates of
the uncertainty in parameter values. Sampling over the parameter uncertainty ranges incorporates
this uncertainty in the CCDF curves. Sampling aso provides some assurance that deviations from
reality, of best estimates for the repository system, will not have disastrous consequences. Thus,
the parameters ranges must capture the true uncertainty in the results, unless compensating
conservatism is used.

°J. Helton, Preliminary Summary of Uncertainty and Sensitivity Analysis Results Obtained
in Support of the 1996 Compliance Certification Application for the Waste I solation Pilot Plant,
Memo, Dec. 23, 1996.
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If the parameter ranges are in error then the mean value of the CCDF curves will be biased and
the distribution of the curves no longer represent the uncertainty in the understanding of the
WIPP site. An error in this context means an incorrect representation of current understanding
and should not be confused with an inaccurate understanding. Errorsin the analysis are
recognizable and correctable. The concern here is the consequence of recognizing an error but
failing to correct for it. The basis for such adecision could be that the error does not matter or
leads to higher CCDF curves. The decision to not correct a parameter error should only be made
if the effects of the parameter are completely understood and the insensitivity or conservatismin
the results can be clearly demonstrated.

Demonstrating the consegquences of errorsin most of the CCA parameter ranges would be
difficult. The difficulty is compounded by potential interactions of errorsin more than one
parameter. Not only the effect on the CCA calculations must be demonstrated but the effect on
potential calculations under conditions that may be caused by the other parameters must also be
included. The effort could easily be much greater than the effort of a completely new set of CCA
calculations and yet till fail to provide an adequate demonstration of the consequences.

The most reliable way to eliminate concerns about parameter errorsis to rerun the CCA
calculations with the proper values. It makes little sense to do so in a piecemeal fashion. The
CCA caculations should be rerun only after a complete evaluation of the current set of
calculations. Otherwise it will be nearly impossible to credibly provide reasonable assurance that
the compliance criteria are met.



Environmental Evaluation Group Review of the WIPP-CCA, 3/14/97

BRINE INFLOW FROM SALADO: 2-D VERSUS 3-D GEOMETRY IN BRAGFLO

The 2-D geometry used in the BRAGFLO appears to have caused an under-prediction of brine
inflow to the repository and thus may have resulted in a significant under-prediction of the direct
brine release. This assumption may also have effected the amount of releases predicted by the
gpallings scenario.

The justification for modeling the repository in a pseudo 3-D manner (2-D radial flaring) rather
than in afull 3-D geometry has been provided through evaluation of FEP S-1'. The summary
memo of record for the FEP S-1 screening analysis discusses the impact of the 2-D assumption on
1) brine flow through the anhydrite layers to the 2.4 km boundary, 2) flow to the top of the shaft,
3) brine flow up the borehole, and 4) the repository pressure. That memo® does not consider the
effects of the 2-D assumption on the inflow of brine to the repository, and on the spallings or
direct brine releases.

The amount of projected inflow of brine in the repository directly effects the gas pressure in the
repository. Table 5.5.3 of the sensitivity analysis reported’ lists the residual gas saturation as the
parameter with the strongest influence on the projected direct brine releases. Thisis also shown
in Figure 5.1.5 of the sengitivity analysis report (the attached Figure 1). In addition, brine inflow
isimportant to the spallings rel ease estimates through increased gas generation. This dependence
ismade clear in Table 4.4.3 of the sengitivity analysis report which lists halite porosity, alarge
source of brine, as the second most important parameter to spallings releases.

The screening analysis compared 2-D simulations of the repository to 3-D simulations of the
repository. For computationa efficiency, the calculations were performed for half the repository.
Two sets of simulations were conducted for the analysis. One set of calculations used a gas
generation rate below the level that would cause anhydrite bed fracturing. The second used twice
the gas generation rate to ensure anhydrite bed fracturing. In both sets, less brine-inflow occurred
in the 2-D case compared to the 3-D geometry. No dependency of gas generation on brine inflow
to the repository was included in the calculations; gas generation was prescribed as a function of
time, ending after 1,000 years in the screening calculations.

®Vaughn, P., T. Hadgu, D. McArthur, and J. Schreiber, FEP Screening Analysis Sl
Verification of 2D-Radia Flaring Using 3D Geometry, Memorandum to D.R. Anderson, January
26, 1996, WPO 30840, Sandia National Laboratory, Attachment 4-1 to Appendix Mass of the
Title 40 CFR Part 191 Compliance Certification Application for the Waste Isolation Pilot Plant,
DOE/CA0O-1996-2184, December, 1996.

"Helton, Jon, Preliminary Summary of Uncertainty and Sensitivity Analysis Results
Obtained in Support of the 1996 Compliance Certification Application for the Waste Isolation
Pilot Plant, Memo, Sandia National Laboratories, December, 1996.
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The largest impact of 2-D geometry occurs with anhydrite bed fracturing. The 3-D model
predicts the flow into the repository to significantly increase if the anhydrite beds fracture, while
the 2-D model predicts the flow to decrease in relation to calculations without anhydrite
fracturing.

Figure 15 of the FEP S-1 analysis (Figure 2) shows the cumulative brine inflow to the repository
for the high gas generation calculations. The flows calculated using the 3-D model indicate that
once anhydrite bed fracturing occurs, roughly 2x10° kg (1,600 m®) of brine enters the repository
in aperiod of 200 to 300 years and that this flow rate was continuing unabated at the time of
drilling intrusion. Another 4x10° kg (3,200 m°) flowed into the repository shortly after the
drilling intrusion. Figure 2 shows differences of 4x10° to 6x10° kg (3,200 to 6,500 m®) for much
of the 10,000 years. The brine inflow differences listed above should be doubled for the full
repository. Virtually no flow enters the repository as a result of anhydrite bed fracturing in the 2-
D geometry. In fact, the net flow over the 10,000 year simulation is less with anhydrite fracturing
compared with the simulation without the beds fracturing. Figure 2.1.4 of the sensitivity analysis
report? (Figure 3) indicates very little marker bed inflow with microbial gas generation of plastics
and rubber, supporting the findings of the FEPs analysis. Figure 5.1.5 of the sensitivity analysis
report reveals the importance to direct brine release of these low brine inflows. The highest
pressures are correlated with brine saturations below the residual brine saturation of the waste.
The low saturations are due partly to increasing repository pore space with increasing pressure
and partly to lower brine inflow.

Table 2.5.13 of the sensitivity analysis report indicates that the potential for anhydrite bed
fracturing is high. Asa crude approximation, consider the undisturbed scenario of atotal
fracture-enhanced flow of 20,000 m®over a period of 2,000 years. The highest repository
pressure in the FEP S-1 calculations was 13 MPa. This corresponds to arepository pore space of
85,000 m® (Figure 2.3.5 of the sensitivity analysis report). The increased brine flow would
increase the average brine saturation by 0.23. The CCA calculations do not include simulations of
both very high pressure and brine saturations above the residual brine saturation of the waste.
Inspection of Figure 5.1.5 suggests a significant impact from a 0.23 saturation shift at high
pressures.

The simulations without anhydrite fracturing show a decrease of 1x10° to 2x10° kg ( 800 to 1,600
m°) in predicted brine inflow in the 2-D simulations compared to the 3-D simulations (Figure 4;
Figure 10 of the FEP S-1 memo). These flows are doubled for the full repository. The
differences are most likely from differences in marker beds flows to the repository.

To put these brine inflow differences in perspective, note that average brine inflow to the
repository in the CCA calculations of the similar S5 scenario was almost 40,000 m®, with an
average 8,000 m® from the marker beds’. Marker bed brine flows in the S5 scenario are
dominated by flows under low pressure conditions. The marker bed flows are a more significant
concern in the S1 undisturbed scenario. An average of roughly 3,000 m® flowed into the
repository from the marker beds in the S1 CCA calculations. To approximate the brine flow error



EEG/brine Inflow From Salado/3/14/97/p.3

in the undisturbed calculations for pressures below the anhydrite fracture threshold, we ratio the
FEP S-1 differences by 3,000/8,000 - resulting in the range of 600 to 1,200 m? less brine inflow to
the full repository. If 1,200 m® of brine were distributed throughout the entire repository it could
increase the average saturations by 0.015 to 0.03 (0.04 to 0.08 in the S5 scenario and 0.16 to 0.32
after anhydrite fracturing in an S5 scenario). It is more likely that much of the additiona brine
would be consumed through increased gas generation, leading to higher repository pressures.

There are indications in the sensitivity analysis report that the computational grid effects the
distribution of brine within the repository in addition to the overall magnitude of brine. One
indication is the statement on page 2-26 that "Due to the computational grid in use (Fig. 1.2.1),
the lower panel receives more brine inflow from the marker beds relative to its size than the upper
waste panels (Fig. 2.1.2)." Another indication may be the importance of the residua gas
saturation of the shaft seals to flow through the marker beds (Table 2.1.1 of the sensitivity
analysisreport). As stated in the report, "its selection may be due to effects related to 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. 1.2.1)." Asaresult, the upper waste panels
receive roughly one ninth of the brine inflow from the marker beds per panel as the lower waste
panel. Inalarge fraction of the sampled vectors, gas generation stops in the upper panels because
of limited brine availability for steel corrosion. Thus, the CCA ca culations are under-predicting
repository pressure as well as brine saturation.

The EEG concludes that the use of a 2-D geometry in the BRAGFL O may introduce significant
non-conservatism into the CCA calculations. The FEP S-1 needs to be re-examined with
appropriate consideration of the impact of increased brine saturation on calculated release
estimates.
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Environmental Evaluation Group Review of the WIPP-CCA, 3/14/97
PROBABILITY OF MICROBIAL DEGRADATION

The sampled parameter for the probability of microbial gas generation determines whether
cellulose and plastics and rubber will be degraded by microbial action after closure of the
repository. No degradation of cellulose or plastics occurs in the calculations with a 50%
probability. Only cellulose degrades in 25% of the sampled vectors. Cellulose, plastics, and
rubber degrade with a probability of 25%. The preliminary sensitivity analysis report® lists this
parameter as the largest influence on the variation of total calculated release from the WIPP
repository.

The documentation® supporting this parameter does not contain any numerical justification
for the probabilities assigned to this parameter. All of the hand calculations performed to
calculate the gas generation parameters are included as attachments to the memo of Wang and
Brush. Calculations for the degradation probabilities are absent from these attachments. It isthe
opinion of EEG that the numerical value of this parameter constitutes expert judgement. Given
the importance of this parameter to the estimates of radionuclide release, this parameter should be
demonstrated to be either solidly based on scientific evidence or be conservative. The justification
for this parameter presented in support of the CCA does neither of these.

The numerical values of the degradation probability parameter should undergo peer review
consistent with expert judgement. Otherwise, the parameter should be conservatively set to
always specifying microbial degradation of cellulose, plastics, and rubber.

®Helton, Jon, Preliminary Summary of Uncertainty and Sensitivity Analysis Results
Obtained in Support of the 1996 Compliance Certification Application for the Waste Isolation
Pilot Plant, Memo, Sandia National Laboratories, December, 1996.

*Wang, Y. and L. Brush, Estimates of Gas-generation parameters for the long-term WIPP
performance assessment, Memorandum to M. Tierney, WPO 31943, January 26, 1996.
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BOREHOLE PLUG LIFETIME

Borehole lifetime should be a sampled parameter in the CCA calculations or € se the DOE should
provide demonstration that variations in borehole lifetime do not effect the rel ease estimates.

Repository pressure is one of the key factors determining the severity of both spallings and direct
brine release. The repository pressure decreases rapidly after the failure of the borehole plug from
an initial human intrusion in BRAGFLO calculations of most of the sampled vectors™. Thus, the
assumed lifetime of the borehole plugs may have alarge impact on the final release estimates. The
upper borehole lifetime is fixed at two hundred yearsin all of the BRAGFLO calculations, except
for the continuous plug configuration. This conflicts with the data used to calcul ate the borehole
lifetimes™. The analysisindicates that the results of investigation on corrosion and borehole
lifetimes are expected to vary over an order of magnitude (Thompson, et a. page B1) and are
considered to be conservative(Page B-17).

The calculation of upper plug lifetime is not entirely clear. It scemsto rely on 1) an assumed
corrosion rate of 1- 3 mm/year for steel casing 2) the assumption of sufficient water 3) field
observations of casing failuresin the Salado and 4) rapid degredation of the concrete plug after
casing faillure. The assumption of corrosion rate is stated to be "very aggressive" and
conservative and about one thousand times faster than the corrosion rate in the repository. Short
borehole plug lifetimes could be considered conservative for releases to the Culebra, but not for
gpallings and direct brine release to the surface. The general assumption of sufficient water is
adequately justified in the analysis. However, the point is made that cement outside of the casing
may inhibit access to bring(Page B-18). Field observations indicate that casing failuresin the
Salado are well-known (Page B-20; Bailey memo in La Venue, 1991'%) at depths less than 1,000
feet. However, the same report(Page B-17) aso includes information that casing failuresin the
Salado are common but not pervasive.

The borehole plug lifetimes are likely to vary by over an order of magnitude. Borehole plug
lifetimes should be a sampled parameter.

%Hdton, Jon, Preliminary Summary of Uncertainty and Sensitivity Analysis Results
Obtained in Support of the 1996 Compliance Certification Application for the Waste Isolation
Pilot Plant, Memo, Sandia National Laboratories, December 23, 1996.

“Thompson, T.W., W.E. Coons, J.L. Krumhand, and F.D. Hansen. Inadvertent Intrusion
Borehole Permeability, Attachment 16-3 in Appendix MASS of the Compliance Certification
Application, DOE/CAO-1996-2184, October, 1996.

12l aVenue, M. Anomalous Culebrawater-level rises near the WIPP site, INTERA:
Technica Letter Memorandum, January 28, 1991
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INCONSISTENCY BETWEEN DIRECT BRINE RELEASE AND SPALLINGS
GEOMETRY

The EEG considers the inconsistency in the conceptual models of direct brine release and
gpalingsin the CCA calculations to be unacceptable. The transport of solids and brine to the
surface as a consegquence of human intrusion is a single process where both brine and solids are
entrained in a high velocity gas flow. In our January 21st presentation to EPA, we argued that
both brine and gas flow should be modeled as a single process.

The spallings model predicts that channels of void space will be created in awaste room as a
result of room depressurization from drill penetration into the room. The channels develop
because the velocity of gasis large enough to break the bond of particles from the compacted
mass of waste and entrain them in the gas-flow down the channels. This processis aided by the
flow of gas perpendicular to the channels. The solid mass calculated to have been released in the
gpallings model is assumed to evacuate an annular region around the borehole in the direct brine
release model. Brineis calculated to be transported to the enlarged borehole region as described
by Darcy's Law.

If open channels are created in the spallings process then pressure gradient will drive brine
towards these openings. The distance to the open channels would be far less than the distance to
the borehole for most of the brine in awaste room and al brine in other rooms of arepository
panel. The cumulative release to the surface would, thus, be much larger than calculated by the
direct brine release mode.

Direct brine release and spallings should be modeled as asingle process. If the processis
separated into two models, these models must be consistent with each other.
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WASTE PERMEABILITY VALUE FOR DIRECT BRINE RELEASE
| ssue

The CCA uses a constant waste permeability value of 1.7x10™ m? in the Direct Brine Release
calculations. The method of calculating this value was questioned by a Peer Review Panel and
DOE agreed that 2.4x10™** m” was the appropriate value. The use of this higher value in CCA
calculationsis considered here.

The rate of radial flow to awell per unit drop in pressure or drawdown is directly related to the
permeability of an aquifer. The same relation would apply to flow into a borehole that penetrated
awaste storage room.

This discussion will not address other waste permeability related aspects of the Direct Brine
Release, Spallings, or BRAGFLO Models such as relative permeability, residua brine saturation,
and fracture flow.

Evaluation

SNL arrived at the value of 1.7x10™ m? for consolidated waste from laboratory data on three
major waste components (dudge, combustibles, and metals). The Engineered Systems Data
Qualification Peer Review Panel discovered an error in the calculation of the overall permeability
and, after discussions with SNL on the appropriate distribution to use on permeability values for
each material, agreed with SNL that the appropriate calculated value should be 2.4x10™ .

The Peer Review Pandl recognized that use of this higher permeability value would increase brine
releases in direct proportion to the increase in permeability (41%). Y et they concluded that
changing this value is not warranted because "the change does not have any effect on the final
outcome," (page 9-191). The panel also opined that the data and assumptions that were used to
develop the values were limited and either value was as good as the other.

Clearly there are uncertainties in the actual value of the consolidated waste permeability. Thereis
also the question of whether the current assumption of darcy flow is appropriate or whether the
rooms should be modeled as fracture flow. Neither issueis being addressed here.

Changes in the volume fractions of combustibles, metals, and sludges in the waste from the .40,
40, .20 values used in 1991 would also change this permeability calculation. The Final Waste
Form volumes shown in Table 4-3 of the CCA are dightly different and result in a calculated
permesability of 2.2 n.
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Effect on CCA

The use of the higher waste permesbility value (2.4x10™ n) should cause the CCDF plot of
direct brine release to move 41% towards the compliance limit. The CCDF plot in the CCA
(Figure 6-41) shows direct brine release to be only 0.05 EPA units at .001 probability. Increasing
this by 41% would give a vaue of only 0.07 units and would have little effect on compliance.
However, other questions are being raised about these releases: (1) Castile Brine Reservoir
assumptions; (2) appropriate solubility values to use; and (3) details about the Direct Brine
Release Model. These other factors could increase the calculated release by more than an order-
of-magnitude. If this occurs the 41% increase could become significant.

Recommendation

If asingle value for the consolidated waste permeability is to be used for direct brine release, then
it should be 2.4x10™*® n? and not 1.7x10™* .
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RANDOM EMPLACEMENT OF WASTESIN REPOSITORY
| ssue

In the CCA, DOE assumes that the waste inventory will be emplaced in the repository in a purely
random manner. This assumption leads to three further assumptions in the CCA:

(D) The 569 CH-TRU waste streams can be sampled randomly to determine the
concentrations of radionuclides brought to the surface by cuttings and cavings;

2 the concentration of radionuclides in the area of the waste room affected by
gpallings releases can be assumed to be the average of the entire WIPP inventory;

3 the concentration of dissolved radionuclidesin solution in awaste panel that has a
Direct Brine Release also is calculated from the average of the entire WIPP
inventory.

Evaluation

DOE correctly recognizes that the concentrations and radionuclides composition of individual
waste containers vary widely and have attempted to account for thisin the CCA by sampling on a
volume weighted distribution on al 569 CH-TRU waste streams identified in the Baseline
Inventory Report, Revision 2. This approach, if done properly, has the potential to fully capture
the variability if emplacement is purely random.

EEG believes that actua waste emplacement may deviate substantially from random. Thisis due
to three factors: (&) during the period that a waste room is being filled there is unlikely to be
shipment of waste from al Generating Sites on a volume weighted basis. (b) waste being shipped
from aSitein aTRUPACT Il isunlikely to be representative of the entire site; and (c) wastes
arriving on aTRUPACT-II trailer (e.g. 4 to 6 seven-packs of 55-gallon drums) from a site would
be emplaced to gather. Its possible that as many as 1/3 of the 7-packs or Standard Waste boxes
on a TRUPACT-II trailer would be stacked two-high in a waste room.

Examples of the deviations of average concentrations from individual sites from the total
inventory average concentration are: (1) The Savannah River Site (SRS) average is 2.9 times the
total average at 100 years; (2) Los Alamos National Laboratory (LANL) averages range from 1.3
to 1.8 times the total average from 100 years to 10,000 years; and (3) Rocky Flats (RFETS)
averages range from 3.0 to 4.5 times the total average from 100 years to 10,000 years. Examples
of variations within waste streams at a Site are; (1) 2,800 m® of residues at RFETS that are 3.3
times the Site average: (2) 60 m® of SRS waste that are 42 times the Site average; and (3) 850 m’
at SRS that are 1.5 times the Site average.



EEG/Random Emplacement/3/14/97/p.2
Effect on CCA

In the 1991 Performance Assessment (SAND91-0893/2), Sandia National Labs (SNL)
demonstrated that considering the effects of variable radionuclide concentrations in waste
containers ("activity loading") resulted in normalized releases from cuttings and cavings to
increase by afactor of about ten (at .001 probability) compared to using average activity in
containers. SNL has used "activity loading" in PA methodology since that time and in the CCA,
the sampling is on 569 waste streams for cuttings and cavings. Thereis no disputing the fact that
sampling on activity levels will increase the calculated rel eases from cuttings and cavings for
probabilities below about 0.5.

The radioactivity concentration and radionuclide composition of waste within a waste room or
portion of a panel (i.e. the areas of influence for the spallings and Direct Brine Release
calculations) would be expected to vary from the total inventory average. This variation would
not be nearly as great as that expected between individua stacks of waste containers, but
increases to several hundred percent of the average radioactivity concentration are clearly
possible. The calculated releases from spallings at any intrusion time would be directly
proportional to the radioactivity concentration.

The calculated radionuclide releases from Direct Brine Releases would depend on the
concentrations of each radioactive element in solution. This concentration is dependent on the
composition of individua radioisotopes in the waste. For example, in average SRS waste at 350
years the >**Pu radioactivity is 75% of the total plutonium radioactivity compared to 11% of the
total plutonium in the total inventory average. Thus, the radioactivity concentration of plutonium
in solution would be higher for SRS waste at 350 years. Another example is concentrations of
233U and ?'U. Appendix WCA of the CCA states the assumption that only 1% of dissolved
uranium would be U and ***U, because in the total inventory these radioisotopes comprise less
than 1 wt% of total uranium. However, datain the Baseline Inventory Report indicates that the
28,000 m® of stored CH-TRU at INEEL contains 20 wt% of **U.

These concerns of non-uniform emplacement of wastes in the repository touch on the issue of
load management. The CCA concludes that |oad management is not necessary at WIPP (Chapter
4.3.1).

Importance to Compliance

EEG believes that deviations from the assumption of average emplacement has the potential to
increase calculated releases at .001 probability from spallings and Direct Brine Release by severdl
fold. Using a more conservative assumption of random emplacement may not result in non-
compliance if al other assumptions in the CCA were held constant. However more conservative
assumptions could noticeably shift the CCDF curve toward the compliance boundary and, when
incorporated with other changes to the 10/96 CCA, calculations could have a significant effect on
the final CCDF.
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Recommendations

For the Spallings and Direct Brine Release scenarios, determining average waste concentration in
one room would be closer to reality compared with using the average for the whole repository as
currently used in the CCA. There are several possible approaches to determining justifiable waste
room radioactivity concentrations. We recommend the following:

(1)

(2)

3)

(4)

The deviation from average concentrations of radionuclides in waste and brine could be
mitigated by |load management such that the concentrations in any waste room be limited
to (say) 1.5 or 2 times the average at any time during the 10,000 year regulating period,;

A reasonable upper bound (not the theoretical maximum) for radionuclide concentration
can be obtained by assuming that aroom isfilled entirely with average concentration
waste from the generating site that results in the greatest consequences. For
concentrations in the waste this would be RFETS. It is not obvious which site's waste
would result in the highest brine concentration.

Allow DOE to show by an appropriate statistical scheme that there is an acceptably low
probability that concentrations in wastes and brine will not exceed (say) 1.5 or 2 times the
average,

Actually sample on this variability. Sampling might be first on the fraction of waste from
each site that is brought into the room (with some deviation above and below the actual
fraction of the total repository volume expected from that site). Then the variation of
waste composition and concentration from each site (obtained from the 569 waste streams
data) could be sampled on.

For the cuttings and cavings calculation DOE should determine an appropriate statistical scheme
to evaluate the effect that emplacing wastes from individual sitesin clusters will have on the
current calculations involving sampling on 569 waste streams. I significant these new values
should be incorporated into the CCA.
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RESIDUAL BRINE SATURATION OF WASTE

The preliminary sensitivity analysis report™ indicates (Table 5.3.3) that the calculated releases to
the surface from the direct brine release model are most sensitivite to the sampled variation of the
waste room residual brine saturation. For various reasons the direct brine release model may be
significantly under-predicting releases. See, for example, the EEG position statements on the
brine reservoir parameters, solubilities, sampled parameters and probability of microbial
degredation. The sampled range of the waste room residual brine saturation is another one of
those reasons.

The data and rationale for the sampled distribution of the waste-room residual-brine saturation is
presented on pages PAR-27 through PAR-31". The recommended distribution is uniform from 0
to 0.56. It isstated in the data section that the parameter values are based on literature values of
unconsolidated materials. Ten materials are listed as the source of the data set. Eight of these
data values are from unconsolidated materials with a range of 0.0783 to 0.277. Two of the
source materials are consolidated sandstones with values of 0.243 and 0.560. As suggested in
Appendix PAR, the sampled range should be based on unconsolidated materials. Use of the
single consolidated sandstone value of 0.56 doubles the range of sampled valuesin a non-
conservative direction.

The non-conservative distribution of 0 to 0.560 reduces the estimated releases of direct brine
release. Appropriate ranges for the waste room residual brine saturation are a constructed
distribution using values from the eight unconsolidated materials; a uniform distribution from
0.0783t0 0.277, or auniform distribution from 0 to 0.277.

Hdton, Jon, Preliminary Summary of Uncertainty and Sensitivity Analysis Results
Obtained in Support of the 1996 Compliance Certification Application for the Waste Isolation
Pilot Plant, Memo, Sandia National Laboratories, December, 1996.

Y“Appendix PAR of the Title 40 CFR Part 191 Compliance Certification Application for
the Waste Isolation Pilot Plant, DOE/CAO-1996-2184, December, 1996.



Environment Evaluation Group Review of the WIPP-CCA, 3/14/97
COMPENDIUM OF DIRECT BRINE RELEASE PROBLEMS

We have organized our comments on the CCA in aformat so that individual sections tend to
focus on singleissues. To keep the individual sections brief, we have only occasionally touched
on interrel ationships between issues. In the case of the direct brine release model, we have found
so many interrelated problems that it is worth bringing them together in a separate section. The
issues raised in this section are discussed in more detail in their separate sections. The purpose
here isto highlight how they have compounding effects on the direct brine release calculations.

We have identified nine separate issues that effect the direct brine release calculations. The issues
are:

Probability of microbial degradation

Borehole plug lifetime

Brine inflow from Salado: 2-D versus 3-D geometry in BRAGFLO
Brine reservoir assumptions in the CCA

Inconsistency between direct brine release and spallings geometry
Waste permeability

Residual brine saturation of waste

Random emplacement of wastes in the repository

Plutonium Solubility

Probability of microbial degradation
Direct brine release will only occur if the repository pressure is over 8MPa at the time of
drilling intrusion. Above a pressure of 8 MPa, the magnitude of release is more strongly
related to waste room saturation. Waste room saturation is dependent on the amount of
brine entering the repository and on the repository pressure because the pore spaceis a
function of pressure. The most important sampled parameter effecting repository pressure
ismicrobial degradation. The microbia degradation assumptions are not defensible and
may lead to a severe under prediction of the probability of greater than 8 MPa pressure
and anhydrite fracturing.

Borehole plug lifetime
Borehole plug lifetimes were not sampled in the CCA analysis, so this parameter does not
show up as important in the statistical sengitivity analysis. However, inspection of
disturbed scenario pressure histories and the importance of borehole permeability are clear
indications of the importance of plug lifetime. Borehole plug lifetimes are uncertain and
the description of the development of this parameter in the CCA documentation indicates
that the parameter is biased toward short plug lifetimes in an attempt to be conservative.
Short plug lifetimes may lead to an under-prediction of the period of high pressures and,
hence, may actually be non-conservative.
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Brineinflow from Salado: 2-D versus 3-D geometry in BRAGFLO

The importance of anhydrite fracturing to direct brine release is under-represented in the
CCA modeling. A full 3-D representation of the repository indicates that substantialy
more brine will enter the repository if the anhydrite beds open as a result of high pressures
compared to brine-inflow under lower pressure conditions. The pseudo 3-D model used
in the CCA analysis predicts the opposite. The highest direct brine release predictions
occur with repository pressures below the initiation of anhydrite fracturing because of
concurrent low brine saturation conditions. Thisis most likely in error.

Brinereservoir assumptionsin the CCA

The DOE has admitted to the conceptua models peer review panel and in post application
documents that the Castile brine reservoir parameters are incorrect. The use of these
parameters in the CCA calculations severely under-predicts the importance of the Castile
brine under the repository. In addition, the likelihood of intercepting Castile brine under
the repository is reduced from a certainty to eight percent. Proper incorporation of the
Castile brine reservoir in the CCA analysis will lead to higher brine saturations and most
likely longer periods of pressures above the 8 MPa threshold.

Inconsistency between direct brinerelease and spallings geometry

We have identified three flaws in the actual direct brine release model. The most
significant of these is the inconsistency of the void geometry of the spallings mode to that
assumed in the direct brine release model. The spallings model predicts the devel opment
of void channels throughout the room penetrated in adrilling intrusion. The direct brine
release model assumes that all of the solid material entrained in the room depressurization
has come from a annular region about the borehole. The geometric inconsistency could
have avery large impact on calculated brine releases.

Waste permeability

The second flaw in the direct brine release model is a calculational error on the part of
DOE. The waste room permeability value used in the direct brine release calculation isin
error by 41%, based on the data used by DOE. This error leads to a 41% biasto low
valuesin the calculated releases.

Residual brine saturation of waste

The calculated flows are also biased by using a distribution of residual brine saturations
that isunredlistic. Brine moves much slower if the saturation is near or falls below the
residual saturation level. Residual saturation is twice as high in the CCA calculations than
can be supported. This reduces both the frequency and magnitude of the estimated
releases to the surface.

Random emplacement of wastesin therepository

The CCA caculationsignore the possibility of higher consequence events due to non-
uniform distribution of waste emplacement. In the direct brine release calculations the
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actinide content of waste in aroom is assumed to be the average of all waste. In practice
waste will tend to be grouped by origin and to a degree the waste steams. This would
result uncertainty in the radionuclide concentrations in a room's brine content and higher
releases in some instances.

Plutonium Solubility
Finally, the importance of brine release to the surface is under-represented in the
calculations because of the low assumed values of plutonium solubility, especially in the
case of releases subsequent to an interception of Castile brine. The differencein
plutonium solubility in the Castile brine become important to calculations that include a
proper representation of the Castile brine.

Of these nine problems in the direct brine release calculations, probably only the inconsistency in
the direct brine release model geometry has the potential to shift the release calculations to the
release criteriavalues. When considered together, it is clear that radionuclide transport to the
surface through brine transport is potentially a much larger threat to safety than predicted in the
CCA caculations and could be a much larger concern than the current predictions of release of
solids to the surface.
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ACTIVE INSTITUTIONAL CONTROL

The DOE conducted an elaborate elicitation exercise in 1990 to address the issue of future
inadvertent human intrusion into WIPP (Hora et al., 1991). Members from each of the four
“futures teams” expressed reservations about the ability of the project to fully maintain active
control for even avery short period of time. Participants in the elicitation exercise were asked to
address seven specific issues including the issue of active controls:

Assuming that the radioactive waste exists and is harmful, what is the likelihood
that active controls (continued management of the site) have been maintained to
prevent inadvertent intrusions? (Hora et a., 1991, p. G-4).

Three of the four members of the Washington A Team predicted a steep decline in the probability
of active controls as a function of time beginning immediately after closure (Horaet a., 1991,
Figure IV-10). At 100 years after closure, they predicted the probability of active control for all
four postulated future states at less than 30%. The fourth member also predicted an immediate
decline, although at a lower rate, in the probability of the effectiveness of active control after
closure (Horaet a., 1991, Figure IV-11). In summary, the Washington A Team predicted less
than 100% active institutional control for the first 100 years beginning immediately after closure.

The Washington B Team assigned probabilities that the government would continue to maintain
prudent and effective control over the WIPP. They defined the near future as 0-200 years after

closure (Glickman et al., pp. F-4, F-27; Hora et al., 1991, p. IV-55). Thisteam questioned the

effectiveness of active control for the near future and assigned a probability of 80% for prudent

and effective control for the near future (Hora et al., 1991, pp. 1V-55-56).

Hora stated that the Boston Team alowed for 100 years administrative control (Hora, 1992, p.
A-87). However, scrutiny of the Boston Team report (Gordon et al., 1991) and the report by
Horaet a. (1991) suggests otherwise. It appears that the input was adjusted to fit the needs of
the performance assessment calculations as explained below. This adjustment, and not the Boston
Team, allowed for 100 years administrative control.

The Boston Team did not offer direct estimates of the duration of active institutional control.
Rather, the Boston Team predicted socio-technical factors at 100 years, 1000 years, and 10,000
years (Gordon et al., 1991, p. C-5); pointsin time were incompatible with the needs of
performance assessment. As noted by Hora et al. (1991, p. IV-3) "...the performance assessment
calculations require rates of intrusion during the entire continuum from 100 to 10,000 years after
closure." Thus, the use of midpoints on the logarithmic scale was introduced to define time
periods. For example, the 100 year point was converted to a period of 0 to 300 years after
closure (Horaet d., pp. IV-3to 1V-4). Thefirst 100 years were then dropped and the results of
the elicitation for ten tables were presented for time periods from 100-300 years (Horaet al.,
1991, Tables V-2 through 1VV-11) and not from 0-300 years. However, Table1V-14 (Horaet a.,
1991) presents the calculated drilling rate probability for 0-300 years after closure. Thistable
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suggests that the Boston Team did not allow for 100 years administrative control.

Moreover, one member of the Boston Team disputed the existence of administrative control for
even ashort period of time. In an appendix to the Boston Team report (Gordon et al., 1990),
Baram addressed the question "Can memory of WIPP be retained?’' Rather than argue in the
abstract, he cited examples of the factual loss of history or active control for periods shorter than
50 years. The examples included:

1) the loss of drilling history at Lyons, Kansas that was fortuitously recaptured by
opponents to a proposed repository at that location,

2) the loss of information for 45 years on the dumping of barrels of radioactive waste
from the Manhattan Project in the late 1940's by the Department of Defense at the
Massachusetts Bay sSite,

3) the unavailability of information until 1986 on the release of radiation and
exposure of thousands of people near Hanford beginning in 1944,

4) the use of uranium mill tailings in Colorado to construct homes and other concrete
structures despite a prohibition against such activity,

5) the 1982 sewer line construction and inadvertent intrusion into a poison gas
container abandoned by the Army when it closed an airfield in 1945,

"The [Southwest] team was fairly pessmistic with respect to society's ability to maintain active
controls and effective markers' (Horaet al., 1991, p. 1V-31). One member speculated that
controls and markers may last aslong as 1,000 years, two members felt that loss would likely
occur within hundreds of years, and one member thought loss of markers and active control
would occur in less than 100 years.

Thus, al four teamsin the elicitation exercise on future societies expressed reservations about the
project's ability to maintain active control for even a short period of time.

EEG recommends that the EPA should initially assume zero credit for active institutional and ask
DOE to cite specific tangible factors as to how much credit can be justified. As part of building a
credible argument, the CCA should also take into account the pessimism of its own expert
elicitation on the limited effectiveness of active institutional control.

References
1. Hora, S.C., von Winderfeldt, D., and Trauth, K.M., 1991. Expert Judgment on

Inadvertent Human Intrusion into the Waste Isolation Pilot Plant. SAND90-3063. Sandia
National Laboratories.



EEG/Active Institutional Control/3/14/97/p.3

Glickman, T., Singer, M., Rosenberg, N., Vinovskis, M., 1991. The Report of the
Washington Area Second Team on Future Inadvertent Human Intrusion into the WIPP
Repository. Appendix F to SAND90-3063. Sandia National Laboratories.

Hora, S.C., 1992. Probabilities of Human Intrusion into the WIPP Methodology for the
1992 Preliminary Comparison, August 25, 1992. Appendix to SAND92-0700, pp. A-69
to A-99.

Gordon, T.J., Baram, M., Bell, W., Cohen, B., 1990. Inadvertent Intrusion into WIPP:
Some Potential Futures. Appendix C to SAND90-3063. Sandia National Laboratories.



Environmental Evaluation Group Review of the WIPP-CCA, 3/14/97
PASSIVE INSTITUTIONAL CONTROL

The CCA claims that passive ingtitutional control will be 99% effective in deterring drilling into
the repository from 100 years to 700 years after closure. The components of passive institutional
control include government ownership, records, and markers. Based on the DOE's experience
with institutional controls in the recent past, a claim of 99% credit for passive institutional
controls for 700 years does not appear justifiable.

Government Owner ship and Regulation

With respect to the government ownership, the DOE maintains that "the controls that are crucial
to protect the site from inadvertent exploration are BLM leasing procedures and |ease records and
the internal procedures of the BLM which require the DOE's review and comment for any permit
application to drill within one mile of the WIPP site"* On October 26, 1990, the DOE and the
DOI/BLM signed a Memorandum of Understanding. With respect to drilling for oil and gas, the
MOU specifically required the BLM to notify the DOE of applications for permit to drill for oil
and gas within one mile of the WIPP Site Boundary and that "drilling approva will be withheld
until comments are received from the DOE."? The MOU was revoked on October 30, 1992 with
the passage of the 1992 WIPP Land Withdrawal Act® (Section 3 (b)). How effective was the
MOU for that two year period? The following exampleisfairly typical of the overall failure of the
MOU.

The BLM approved an application to drill Well #4, Section 26, T22S, R31E, on October 15,
1991. Two days later, the BLM* sent a letter to the DOE requesting areview of an "Application
for Permit to Drill" within one mile of the WIPP Site Boundary. The BLM received DOE's
review® on October 25, 1991. However, not only had the application already been approved by
BLM ten days earlier, but drilling had already commenced the previous day. Thus, the DOE's
review was never considered in the application permitting process, the DOE review was not
solicited until after the drilling had been approved, and the DOE review was not received by BLM
until after drilling had started.

Table 1. Summary of Lapsesin Ingtitutional Control

Satisfactory procedure 3

BLM failed to request DOE review.

DOE failed to respond to BLM request.

BLM approved permits to drill before requesting DOE review.

o (o (O (W

BLM approved permitsto drill before receiving DOE review.
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The MOU failed in twenty-two out of twenty-five applications for an institutiona failure rate of
88%. EEG notified DOE of this lapsein institutional control in 1993%'. Fifty-five subsequent
applications, processed through July 1994, showed afailure rate of 9%.

Records

A recent example illustrates the failure of records to communicate important information
prohibiting drilling in a certain area. I1n 1978, the DOE purchased leases in the vicinity of the
current WIPP site for the explicit purpose of preventing drilling. One area was the N2 NW4 of
Section 6 T23S, R31E (eighty acres) for which the DOE paid Bass Enterprises et a. $207,972
not to drill through the uppermost 6000 feet®®.
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In April 1993, Bass Enterprises et al. applied to the BLM to directionally drill eight wells from
Section 6 locations outside the WIPP Site to their oil and gas |ease reserves 6000 feet below the
WIPP Site. In August 1994, the BLM denied the drilling applications citing the WIPP Land
Withdrawal Act.’® In January 1995, Bass et al. filed aclaim in federal court for atakings™ In
June 1996, the federal court awarded Bass et a. $8.9 million plus interest.™

Despite the active involvement of attorneys and officias for the oil companies and four federal
agencies (DOE, BLM, EPA, and the Justice Department), the 1978 judgment, forbade drilling
wellsin Section 6 T23S, R31E, was not discovered until after the June 1996 judgment. 314>
(Refs. 14 and 15 attached). Subsequent appeal by the Justice Department states:

Among the issues that could be addressed on remand are the implication of the
discovery, made after the notice of appeal was entered in this case, that Bass did
not have the right to drill from three of the locations from which it proposed to
drill — and for which it sought and received compensation — because DOE had
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condemned those surface locations in 1977.%
Hence, in less than twenty years, records failed to communicate important information concerning
the restriction against drilling for oil and gas. Furthermore, a vertical gas well, James Ranch Unit
73, was drilled and completed on the eighty acresin July 1996 prior to the discovery of the lease
records by the attorneys for the various federal agencies.

Markers

"Any compliance application shall include the period of time passive ingtitutional controls
are expected to endure and be understood."*®.

On October 26, 1963 atwelve kiloton device was detonated underground at Fourmile Canyon,
Nevada. The site was designated as the Shoa Site. In the late 1970's the DOE placed a
substantial marker consisting of a brass plague set in a concrete podium and anchored to a
concrete base at ground zero. By 1985, the marker at the Shoal site had been completely
destroyed by a massive explosion with pieces of marker scattered to the west. The brass plague
had disappeared. Shown below are the gathered remains of a DOE marker intended to identify an
area contaminated by radioactive fission products. This marker lasted less than ten years. This
example raises questions on the DOE's commitment to maintain a marker at WIPP.
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Recommendation

EEG recommends that the EPA include full consideration of these lapses in the assessment of the
DOFE’s claim of 99% effectiveness of passive institutional controls from 100 to 700 years after
closure.
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POTASH MINING

The CCA underestimates the areal extent of potash reserves and the potential impact of the
mining of potash within the site and on adjacent federal and state properties. The use of only the
existing leases adjacent to the site does not account for the currently economical potash reserves.
Figure 1 shows the extent of |ease grade potash ore as determined by the Department of Interior.
Further, the Department of Interior notes that potash ore has been and can be economically mined
at ore concentrations less than current lease grade'.
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Figure 1. Lease grade potash ore? and oil and gas wells.?



EEG/Potash Mining/3/14/96/p. 2

For illustrative purposes, Figure 1 identifies one area of known potash reserves adjacent to the
northwest boundary of the WIPP Site. Figure 2 indicates that these potash reserves have not been
leased. Potash operators are allowed to hold, directly or indirectly, no more than 51,200 acres in
potash permits and leases in a state (43 CFR 3530.3). An operator may not hold all the potash
leases he intends to develop (Ref .4, p. 11).
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Figure 2. Drilling for oil and gas restricted by BLM due to the presence of potash reserves,
leased and unleased.
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Figure 3. Minable potash.

Figure 3 shows the different estimates by DOE and DOI of the extent of minable potash within
the WIPP site.

As shown in Figure 4, the CCA does not include the impact of potash mining in unleased areas
which will also affect the regional hydrology. 40 CFR Part 194.32 states:

Performance assessments shall assume that mineral deposits of those resources,
similar in quality and type to those resources currently extracted from the
Delaware Basin, will be completely removed from the controlled area during the
century in which such mining is randomly calculated to occur.

EPA’s Compliance Application Guidance for 40 CFR Part 194 (p. 46) states.

EPA recommends that DOE use minable reserves in estimating mine linve and the
extent of potential mining.

The Use of only the existing potash |eases does not therefore satisfy the EPA’ s intent.

Limiting the CCA to "near future" resource recovery activities appears to be inconsistent with the
Federal Land Policy and Management Act’ and limiting the CCA to "exisiting leases’ does not
reflect anticipated mining. All federal public lands, including those adjacent to the WIPP Site, are
"to be managed in a manner which recognizes the nation's need for domestic sources of minerals,
food, timber, and fiber...." (Ref.8, 81702(12)). In addition, FLPMA requires the management of
federal lands "be on the basis of multiple use and sustained yield unless otherwise specified by

law" (Ref.8, 81701(7)). "The term multiple use means the management of the public land and the
various resource values so that they are utilized in the combination that will best meet the present
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and future needs [emphasis added] of the American people" (Ref.8, 81702(c)). Theterm
multiple use a'so means "a combination of balanced and diverse resource uses that take into
account the long-term needs of future generations [emphasis added] for renewable and
nonrenewable resources.... Sustained yield is defined as "the achievement and management in
perpetuity [emphasis added] of a high-level annual or regular periodic output of the various
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Figure 4. Potash leases within the Delaware Basin and minable potash not yet |eased.

renewable resources of the public land consistent with multiple use" (Ref.8, 81702(h)). Human
activities in the resource rich areas surrounding the WIPP are not limited to the near future and
are not limited to the expected use of existing leases.
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The objectives of the state are a'so "to prevent waste, protect correlative rights, assure maximum
conservation of the oil, gas and potash resources of New Mexico, and permit the economic
recovery of ail, gas, and potash minerals..." (LeMay et al. 1988).

Recommendation

EEG recommends that the CCA consider all minable potash resources, as specified by the BLM,
in the performance assessment calculations.
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DOCUMENTATION OF FEPs AND PARAMETERS

In reviewing the CCA, assumptions concerning the features, events, and processes (FEPs) used in
performance assessment (PA) and parameters used by the computer modeling should be checked
to ensure that supporting documentation isvalid. Due to limitations in manpower the EEG has
not made as extensive effort to investigate the DOE's documentation of its efforts in these areas as
has the EPA. However, in conjunction with various EPA efforts at SNL since the publication of
the CCA, the EEG hasinvestigated a small sample of both parameters and FEPs. This sample
shows that there is cause for concern about the records available for both FEPs and parameters.
In brief, three of the four parameters examined showed what seem to be significant problems for
CCA documentation; and FEPs screening activities are dominated by what appears to be
significant omissions and errors.

The information below may no longer be current, as SNL attempts to improve the documentation
as feedback from the EPA isreceived. The attempt here is to show the types of problems that
were in the documentation at the time the CCA was submitted.

CCA Appendix PAR Values Differ from PA Code Values

The parameter database used to construct Appendix PAR is different than the parameter database
used by the computer codes at the time PA analysis for the CCA was performed. A later version
of the parameter database, in which different values for some of the parameters had been added,
was used for Appendix PAR, according to SNL personnel.

Table PAR-12 in the CCA shows Parameter 1D # 3148, bulk compressibility (COMP_RCK
CONC_PLG), to have avalue of 1.2E-09 Pa*, whereas the value used in the CCA PA
calculations was 2.64E-09 Pa’. Supporting documentation (Form 464sin WPO # 36591)
indicates the value was 0 Pa* from March 14, 1996, to May 2, 1996, when it was changed to the
1.2E-09 Pa® value. The 264E-09 Pa* value apparently preceded the March 14, 1996 date. This
implies that the parameter database used in the CCA PA may have preceded the March 14, 1996
date.

A June 17-21, 1996, CAO audit of SNL (A-96-03) discovered that many parameters had been
entered into the database without following proper procedure, which included not only
completion of records but also required reviews and sign-offs before entry into the database. The
list of such parameters eventually grew to more than 230 (out of 1500 total parameters). If the
CCA PA was using a database established prior to corrective actions for these parameters then
the parameters may not have been properly qualified for use.

Documentation of Supporting Information for Parameters
Form 464s are the records that establish and justify values for parameters that are to be entered

into the database used by PA analyses. The Form 464s either show justifications directly or
provide information which allows tracing of the values to supporting data and analyses. For the
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Castile Brine Reservoir Pressure parameter (WPO #31612), successive Form 464s may be used to
illustrate the sorts of problems encountered in tracing values used for parameters.

The later of two Form 464s in the data package changes the distribution "Type" of the earlier
Form 464 from "cumulative" to "triangular", which changes the method of calculating the
uncertainty distribution from the median value to the mode. The use of the median value
(cumulative distribution) is supported in 5 pages of information attached to the earlier Form 464,
but the later Form 464 merely announces the change to the mode (triangular distribution) without
justifying it. The only documentation for the change is the statement under "Interpretation” on the
later Form 464:

The mode is entered into the database in place of the median. The median was
calculated and is 13.4E+06 Pa.

Apparently, the mode value was erroneoudly placed into the database as a median, because the
mode value had been erroneoudly entered on the earlier Form 464 in the median block. On
discovery, the solution was to use a new Form 464 to change the type of distribution so that the
mode value aready in the database would match the Form 464, rather than change the value in
the database to the correct median value. The result appears to be that an unsupported value of
2.17E+07 Paisin the database instead of the supported value of 1.34E+07 Pa.

The support information for the Form 464s shows additional problems. Attached to the 464sisa
document entitled "Original Interpretation (1/12/96)", which includes a table of data that:

...defines a cumulative (empirical) distribution based on the 8 data points for
pressure mentioned in the source document (SWCF-A:1.2.07.1: PDD: NON-
SALDO: PKG # ? Castile Brine Reservoir)

The weights to be given to the 8 values of pressure were specified by author of
source document.

The 8 pressure data point values are copied into a second table later on the page, and includes the
weighting value for each.

Two other documents in the package (changes suggested by Tierney and Freeze) add two more
pressure values, for atotal of 10, without documenting the rationale for the addition, or
referencing any document which might explain it. These might be in the "source document” cited
in the quotation above, but that quote specifies"...the 8 data points...", not "...8 of the data
points...".

Further, the weighting assessments are different between the Tierney and Freeze two documents,
and both differ from the weighting assessments in the original interpretation. No justification is
given for changing these weighting factors.
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The Freeze document is apparently one page from alarger document to which thereis no
referencetie. On the page included, the statement is made:

The weights are approximately based on distance from the repository. Note that
WIPP-12 (inside the site boundary) is assigned a weight of 0.45...The rationale for
the weights for the highest pressures (17.4 and 20.0 Mpa [sic]) is described in a
later paragraph.

No later paragraph in the included parts of the document describes weighting rationale for the
added pressure values, and WIPP-12 is assigned a weighting value of 0.30, not 0.45, in the table
just above the quoted statement (WIPP-12 isthe 12.7 MPa pressure value).

The last page in the supporting documentation consists of two source document listings, one a
SAND document and the other the 1992 PA. The references list specific page numbers; the
referenced pages in both documents consist of descriptions of Salado porosity parameters, and
would seem to having nothing to do with Castile brine reservoir pressure.

The Form 464 points to another SNL data package (WPO # 31072), which contains a
memorandum listing the data that had been sent to the Natural Barriers Peer Review Panel (the
Panel was to perform a necessary review for quality assurance purposes). However, there was no
documentation of the findings of the Peer Review Panel in the package, or references to the Peer
Review Panel Report.

Another parameter data package (Castile Brine Reservoir Permeability; WPO # 31070) which had
been sent to the same Peer Review Panel did contain a memorandum that referenced the Panel
Report qualifying the parameter.

Castile Reservoir Compr essibility/Volume Documentation

Another parameter (Castile Brine Reservoir Rock Compressibility; Parameter # 61) offers an
interesting set of memoranda from key SNL personnel. Briefly, in late August, 1996, a SNL
scientist sent a memorandum to SNL's upper management in which he stated that

...| believe that treatment of brine reservoirs for the CCA was indefensible and
non-conservative. | believe we are systematically underestimating the amount of
brine that could reach the repository....The low end of the range comes from
interpretation of hydraulic tests in Salado anhydrites, not from any direct Castile
anhydrite measurements. The high end of the range comes from generic
information reported by Freeze and Cherry (1979) for the compressibility of
jointed or fractured rock, again not from actual Castile data...

The conclusion quoted above covers both the compressibility and volume of Castile brine
reservoirs, which SNL analyses consider to be interdependent.
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On October 3, 1996, the same scientist wrote another memorandum in which he concluded that,
because the range of values he had calculated fell within the range used in the CCA, and other
SNL personnel had told him that sensitivity calculations showed that the change in range would
not shift the CCDFs, the treatment of Castile brine reservoirsin the CCA was acceptable.

However, whatever the effect on the CCDFs, the range used for the parameter in the CCA are
still "...indefensible and non-conservative." None of the later memoranda contest this statement.

A graph of the data points appended to the October 3, 1996 memorandum shows that the new
range lay in the upper end of the range used in the CCA calculations, and the data points that lay
below the new range (38% of the total) were a much longer chain, while the ones above the new
range (13% of the total) were more closely associated with the new range. Monte Carlo or Latin
Hypercube Sampling would seem to result in more emphasis on lower values while using the CCA
range than would be the case with the new range shown in the memorandum.

This package also received its QA acceptability from the Natural Barriers Peer Review Report
(DOE/WIPP-96*2004). The peer review was held months before the new range was devel oped,
and it would seem that a similar body should pass on the validity of the use of a new range of
values for the parameter.

It may be worth noting that the discussion in the Natural Barriers Peer Review Report indicates
that the peer review panel viewed Castile data from the WIPP-12 borehole in considering these
parameters (see Report, p. 5-18) which the SNL scientist's memorandum stated was not used in
the supporting documentation for the parameter.

Documentation of the Culebra Porosity Parameter As A Constant
The CCA (in Appendix PAR) states that:

Parameters may aso be assigned a constant value in the performance assessment
parameter database. These parameters are tabulated at the end of the appendix.
[PAR.2.1, end of section]

The Culebra porosity parameter (Parameter 1D 140, Effective Porosity) isin the Table PAR-30
(Appendix PAR, p. PAR-214) as a constant value of 1.5100E-01. The Form 464 for the
parameter (WPO #32769) describes the distribution type as a constant, and states a curious
circular logic in the "Interpretation” section:

The distribution equates a point and that point is equal to the mean. Therefore,
that point is a constant.

However, the documentation appended to the Form 464 shows an approximate 30% standard
deviation among the 103 data points used to establish the mean. Justification for the change



EEG/FEPs and Parameters/3/14/97/p. 5

(from a"student'st" distribution type) is a memorandum entitled "Distributions’ (Tierney, March
21, 1996) that describes the use of the various types of distributions (cumulative, delta, normal,
triangular, uniform, lognormal, loguniform) but does not a description for "constant”
distributions. When SNL personnel were asked for documentation of the rationale for using a
constant, a memorandum relating to category 3, physical constant parameters (Pi, Avogadro's
number, etc) was the only information available (the porosity parameter is a category 1, derived
from experimental data). In short, no justification is provided in the data package or seemsto be
available for considering this parameter to be a constant.

Documentation of Features, Events, and Processes (FEPS)

Operations involving the screening and other processing of FEPs are inadequately documented.
25% of the original FEPs list was eliminated with no documentation of the process; 70% of the
remaining FEPs have essentially no more documentation than what appears in the Compliance
Certification Application (CCA). The documentation for the other 30% also appearsto be
incomplete. The rationale for excluding many of the FEPs from performance assessment (PA) is
not documented in the CCA, asrequired by 40 CFR 194.32(e)(3).

The DOE originaly developed alist of nearly 1200 FEPs, and the draft CCA (the DCCA,;
DOE/WIPP/CAO-2056, March 31, 1995) considered about 900 FEPs. For the CCA,
approximately 240 were to be addressed, and about 90 of these are said to be "screened in”, or
used in the PA process. The DCCA list (=900) isincluded as Appendix A to Attachment 1 of
Appendix SCR to the CCA; the CCA list (=240) arein the CCA as three tables, found in Chapter
6 (Tables 6-3, 6-4, and 6-5) and also in Appendix SCR (Tables SCR-1, SCR-2, and SCR-3).

No screening analysis plans were utilized for the reduction of the nearly 1200 FEPs to the
approximately 900 included in the CCA, nor is there any documentation of the process used for
each FEP. Reduction of the =900 was also performed without an analysis plan; this operation
was later reviewed, and about 30% of the FEPs were passed on to the "SNL Side Efforts
Program”. The preliminary decisions on the other 70% of the FEPs seems to have been accepted
without documentation of the process for including or excluding them. (The 70%-30% split of
FEPs is taken from SNL documents and has not been independently verified by the EEG.)

The 30% that passed to the SNL "Side Efforts’ program are required to have packages
supporting the screening decision in the SandiaaWIPP Centra Files (SWCF); these were to be
screened based on the "FEPs Screening Analysis Plan, Version 5.2, for Phase | FEPS', dated 12-
20-95 (for FEPs related to numerica and conceptual models), and "FEPs Screening Analysis Plan,
Version 5-4, for Phase || FEPs' dated April 29, 1996 (for parameterized FEPs). However, at
least 31 of the "Side Efforts’ FEPs were only to be documented in the CCA (letter from DOE's
McFadden to EEG's Neill dated August 2, 1996).

These 31 FEPs may have been part of a perhaps larger group of Phase Il FEPs which were not
processed in accordance with the analysis plan due to "resource constraints’. The Change



EEG/FEPs and Parameters/3/14/97/p. 6

Control Board was utilized to justify incorporating these FEPs into the CCA (see Wilmot, R.D.,
"Relationship of Side Efforts to the Compliance Certification Application” Galson Sciences Ltd
9507a-6, November 26, 1996, p. 2).

Not all of the 31 FEPs are documented in the CCA. Only "Side Efforts’ FEPs were given an
alphanumeric designator; the first FEP on the list (from the Neill-to-Dials letter dated July 11,
1996), "DR11, waste degradation™, does not appear in the CCA nor did arationale for its
exclusion seem to be included. The Galson Sciences Ltd document cited above was written to
document the location within the CCA of side efforts (p. 1); it indicates (Table 2, p. 15) that this
FEPis

...not included in PA calculations [becauseg]...Changes in mechanical and
hydrological properties of the waste caused by corrosion need not be explicitly
modeled.

Table 2 dso indicates that the FEP is discussed within the CCA in Sections 6.4.3.1, 6.4.3.2, and
9.3.2.2.5. These sections do not provide arationale for excluding waste degradation--indeed, the
discussions in these sections only discuss waste in terms of consolidation (p. 6-97 & 6-98), gas
generation (p. 6-100) and compaction (p. 9-138). The sections from Chapter 6 could be better
used to show that consideration of waste degradation was included in the PA.

Appendix A, "DCCA Fep List By Category", of Attachment 1 of Appendix SCR to the CCA does
list ageneral category of "1.9 Waste: degradation/corrosion/dissolution” with 12 subcategories (p.
26), but no aphanumeric designators are supplied. This seemsto be the closest representation of
the "Side Efforts’ FEP designated as "DR11, Waste Degradation”, in the CCA.

This illustrates a principal concern EEG has about the FEPs documentation process. many FEPs
seem to be neither adequately defined nor consistently identified. FEPs would seem to require
more than a two or three word designator to adequately delineate what is encompassed and
excluded from the concept, but the CCA does not contain such descriptions, nor do such accurate
definitions seem to exist.

A second concern isthat 40 CFR 194.32(e) requirements for documentation seem to be
inadequately met. 40 CFR 194.32(e) requires that the CCA include (1) identification of al FEPs
that might affect the disposal system in the regulatory time frame; (2) alist of those used in PA,;
and (3) documentation of the rationale for excluding those not used. There are abundant lists that
show which FEPs were used in PA (Tables 6-3, 6-4, and 6-5 of Chapter 6, which are duplicated
in Tables SCR-1, SCR-2, and SCR-3 in Appendix SCR; and Table 4 of Attachment 1 to
Appendix SCR), but the origina list of =1200 FEPs has not been included, and the rationale for
not including at least some of the FEPs seems to be missing.

A third concern is that the Change Control Board decision to incorporate FEPs which had not
been processed in accordance with analysis plans would seem to have circumvented the WIPP
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quality assurance programs.

This leads to afourth concern: it appears that much of the work on FEPs has not been performed
in accordance with the Nuclear Quality Assurance (NQA) standards required by 40 CFR
194.22(a). NQA-1 Basic Requirement 5 states:

Activities affecting quality shall be prescribed by and performed in accordance with
documented instructions, procedures, or drawings of atype appropriate to the
circumstances. These documents shall include or reference appropriate
quantitative or qualitative acceptance criteria for determining that prescribed
activities have been satisfactorily accomplished.

Prescribing instructions or procedures which included acceptance criteria were apparently not
developed for much of the FEPs process.

When questioned about QA assessments of the FEPs screening and documentation process, SNL
cited CAO surveillance S-96-21 as having covered the 70% FEPs in its assessment of the DCCA.
According to the surveillance report, this assessment was conducted by one auditor and a
software QA specialist over afive-day period (February 5-9, 1996), and covered training and
personnel qualification, procurement control, document reviews, records, and software. The only
part of the report that could possibly be considered an assessments of FEPsis in the section
concerning technical document reviews (p. 4), which covered not only the entire DCCA, but also
the RCRA permit application, No Migration Variance Petition, and an Engineered Alternatives
study. Thereis no documentation that any FEPs were reviewed during this surveillance. Thus,
the reduction of FEPs from =1200 for the CCA's =240 has not been assessed by an independent
organization.

FEPsin the "Side Efforts" program were said by SNL to have been assessed during CAO
surveillances S-96-04 (December 1995), S-96-32 (April 1996), and CAO audit A-96-03 (June
1996). The program was still in progress during this time period, and the Change Control Board
decision may not have been fashioned yet.

FEPs Screening Decision Adequacy

For the CCA, FEPs were eliminated (screened out) from consideration in PA by one of three
criteriac regulatory (SO-R), for FEPs excluded by language in 40 CFR 191 or 8194, low
conseguence (SO-C) FEPs; and low probability (SO-P) FEPs, which are defined in 8194.32(d) as
processes and events with less than one chance in 10,000 of occurring over 10,000 years. For
SO-P, the CCA offers aless stringent interpretation (Section 6.2.2.1 lines 20-23, p. 6-39):

In practice, for most FEPs screened out on the basis of low probability of
occurrence, it has not been possible to estimate a meaningful quantitative
probability. In the absence of quantitative probability estimates, a qualitative
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argument has been provided.

Some FEPs screening arguments seem inadequately supported. For example, GG-13,
electrochemical gradients, is screened out on the basis of probability (Galson Sciences Ltd 9507a
6, p. 25). The argument offered in Appendix SCR (p. SCR-62) is:

Galvanic coupling could lead to the establishment of potentia gradients between
metals in the waste form, canisters, and other metals external to the waste form.
Such electrochemical effects can potentially influence corrosion processes and
therefore gas generation rates and chemical migration...Good physical and
electrical contact between the metals involved is critical to the establishment of
galvanic cells. Experience with experimenta investigations suggests that this
requirement is unlikely to be achieved under repository conditions.

None of the experimental investigations are listed in Appendix SCR. However, the SandiaaWIPP
Records Center does store supporting documentation for the CCA, and for this FEP the records
package is WPO # 31491, "Electrochemical Gradients Qualitative Screening Arguments for Side
Effort GG-13". This document echoes Appendix SCR, stating that the FEP is SO-P because:

Good physical and electrical contact between the metals involved is critical to the
establishment of galvanic cells. Experimental investigations suggest that this
requirement is unlikely to be achieved under repository conditions (Telander and
Westerman, 1993).

The cited document is SAND92-7347, "Hydrogen Generation by Metal Corrosion in Simulated
Waste Isolation Pilot Plant Environments: Progress Report for the Period November 1989
through December 1992". The EEG was unable to locate any descriptions of experiments or any
datarelating to physical or electrical contact between metals, or any references to galvanic cells or
coupling in the document. The report covers experimentation on corrosion and consequent H,
gas generation by low-carbon steel and alternative packaging materials in contact with gases (N,,
CO,, H,S) and brine, but offers no indication that interactions between metals was ever a
consideration.

For this SO-P FEP there is not only no evidence that the 1 chance in 10,000 over the next 10,000
years criteriais met, there also appears to be no evidence for the less stringent qualitative
argument offered.

In discussing this FEP, the DOE has intermingled electrochemical gradients (GG13) with another
FEP, galvanic coupling (GG12), and then used an argument based on galvanic coupling to cover
electrochemical gradients; this intermingling amounting to a circular argument exemplifies the
EEG's concern about inadequate delineation of FEPs.  Electrochemical gradients may be formed
by means other than galvanic coupling (oxidizing conditions in one part of the repository,
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reducing in another, with brine linking them), and the possibility of such gradients should also be
addressed.

Given the uncontrolled and intense compression the waste in the repository will undergo, it seems
possible that the necessary physical and electrical contact between metals cited in the CCA as
necessary for galvanic coupling can occur. The DOE's contention that this will not occur is
unsupported by cited documents. A reliable and objectively supported argument should be
advanced before rgjecting the possibility--for both the GG12 and the GG13 FEPs.

FEPs Excluded on the Basis of Administrative Control

Table C-3in Appendix C to Attachment 1 of Appendix SCR to the CCA (SCR p. 92 & 93) is
titled "FEPs on the DCCA FEP list excluded from the development of the CCA FEP list asissues
relating to designs different to that forming the basis of the CCA".

The FEPs in the table are the sorts of events that would seem to require a more serious
consideration before excluding them from PA. Among these are the FEPs "Backfill/seal materia
deficiencies’, "inadvertent inclusion of undesirable materials’, "poor quality construction”,
"radioactive waste disposal error”, "stray materias left”, "Preclosure events', "Faulty sed
emplacement”, "Inadequate seal or compaction, voidage", and "Seal materia deficiencies’, all of
which would seem to be possible events which could alter the adequacy of the repository for its
intended task.

"Abandonment of unsealed repository”, another on the list, would certainly seem important
enough to require close consideration. Will there be funding and a willingness to continue the
WIPP for afull 35 years anticipated by the design presented in the CCA?

A statement in the narrative portion of Appendix C (pp. 11-12) addresses exclusion of these
FEPs.

FEPs relating to constructional, operational and decommissioning errors (classified
asRD inthe DCCA) have been eliminated from the CCA FEP list. The DOE has
administrative and quality control procedures to ensure that the facility will be
constructed, operated, and decommissioned as specified in the CCA.

The EEG considers this statement to be inadequate justification for excluding these FEPs.
Among other examples, recent administrative and quality controls concerning drilling rights and
privilegesin the vicinity of WIPP (see recent EEG discussions of active and passive institutional
controls) illustrate that such controls are not always effective.
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