
Solubility 

The solubility of actinides is very important to calculating the releases from the repository. The 

CCA uses a model known as FMT to calculate these solubilities. EEG found that the model predicts 

differences for actinide sulfate solubilities that cannot be explained by chemistry, thus raising 

questions about the reliability of this model. 

Rather than using an extensive plutonium data base, the FMT predictions relied on thermodynamic 

data for other elements and an oxidation state analog argument. EEG recommends that the 

calculations be performed using data for plutonium and the values for solubility and complex ion 

formation contained in the peer-reviewed data compilation by the Organization for Economic 

Cooperation and Development/Nuclear Energy Agency (OECDLNEA). 

EEG agrees with EPA’s documentation of the shortcomings of the solubility uncertainty ranges 

advanced by DOE. However, EEG questions EPA’s argument that the ranges are adequate. As 

noted by EPA, there is a lack of data to determine the uncertainty ranges for oxidation states IV and 

VI. EEG recommends that the uncertainty range needs to be determined with the appropriate 

plutonium data. 

In the solubility calculations, the CCA inappropriately discounts the role of organic ligands on 

plutonium solubility by arguing that EDTA is the strongest complexing agent and there is not enough 

amount present in the inventory to make a difference. But citrate forms very strong complexes with 

actinides in the +4 oxidation state and very weak complexes with other cations. Thus, the solubility 
of a stable plutonium-citrate complex in individual waste containers needs to be calculated. 

There are serious unanswered questions about the impact of magnesium oxide backfill on the 

solubility of the actinides. It is proposed that magnesium oxide will reduce the solubility of the 

actinides by controlling the pH. But, it is not known how long the early reaction product, 

nesquehonite, will persist. The FMT model calculates that the presence of nesquehonite drives the 
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solubility of the +4 actinides, such as plutonium, higher than in the no backfill case. This requires 

further investigation. 

Spallings 

The CCA spallings model was rejected by the DOE’S peer review after submission of the CCA, but 

a new coherent model and a computer code that calculates the projected releases has not been 

developed. The EEG finds the basis of accepting the predicted release volumes due to spallings as 

determined by the CCA to be both unnecessarily convoluted and faulty. Since this is a mechanism 

for the largest projected releases from the repository, it is essential that it is treated through 

defensible conceptual and numerical models. 

Air Drilling 
The air drilling scenario proposed by Dr. John Bredehoeft was rejected on the basis of regulation, 

despite records of such drilling in the Delaware Basin. Low probability and low consequence are 

also discussed in EPA’s Air Drilling Analysis ( U . S .  EPA, 1998), and the scenario was ruled out 

again. However, the EEG does not believe that the issue has been resolved. Neither EPA nor DOE 

examined drilling records in the Texas portion of the Delaware Basin. New developments in 

underbalanced drilling also inhibit a full understanding of the capabilities of this expanding 

technology. The EPA’s analysis of low consequence, in which a spread sheet model was used, has 

serious shortcomings. 

Fluid Injection 
For fluid injection activities adjacent to the site, the EPA has accepted a “low consequence” 

argument based on a model that has not been verified with oil field water flood data, despite the 

availability of such data. EPA offers a “low probability” argument based on its expectations of fluid 

injection practices, although DOE maintains that the probability of future fluid injection practices 

would be difficult to define. The low probability argument has not been reconciled with the common 

observation of water flowing through the Salad0 Formation in water flood operations throughout 

southeast New Mexico. Neither the DOE nor the EPA have adequately addressed concerns about 
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future CO, flooding in the vicinity of WIPP. The basis for dismissing the Rhodes -Yates incident 

does not reflect a review of the technical information presented in that case. DOE has not explained 

the anomalous water level rises that have been observed for the last ten years in the Culebra aquifer 

despite the documented concerns of EEG, EPA and the National Academy of Sciences (NAS) WIPP 

Committee. EEG recommends additional effort to explain the Rhodes-Yates water flooding 

incident, if the most obvious explanation of flow of large quntities of water through the Salad0 

interbeds is not acceptable to the EPA and the DOE. The fluid injection scenario cannot be 

dismissed either on the basis of low consequence or low probability. 

Anhydrite Fracturing 
The EEG has reviewed the basis of the anhydrite fracture model used in the BRAGFLO code and 

has a number of questions about its validity. The model is unusual in that the effect of fracturing is 

treated using an equivalent porous medium. All the relevant literature examined by EEG treat 

fractures as distinct porosity. Use of an equivalent porous medium is not in itself unreasonable. 

However, the DOE has not referenced, nor has the EEG been able to find, a description of similar 

treatment of the dependance of porosity and permeability on pressure as a result of fracturing. The 

lack of a clear development of the BRAGFLO model from established models makes its review 

dificult. The EPA should request that the anhydrite fracture model of BRAGFLO be compared to 

the treatment of fracture development in hydrofracing codes commonly used in the industry. Until 

the model and its assumptions are properly justified, the EEG finds it difficult to accept the results 

derived from this model. 

Solution Mining 
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. It appears to be incorrect to calculate a probability of mining based on past 
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potash production, which was inherently dependent on past mineral economics and the availability 

of high grade ore. Potash is used by the fertilizer industry and is ultimately used for the production 

of food. It seems reasonable to assume that the demand for food will continue and low grade potash 

ores will eventually be mined to meet this demand. 

Groundwater Flow and Radionuclide Transport Through the Culebra 

A number of questions related to the flow and transport through the Culebra have been identified by 

the EEG and the National academy of Sciences WIPP Committee that have not been addressed by 

the EPA. These questions relate to the conceptual models of the origin and flow of water in the 

Culebra aquifer, modeling of transport through the Culebra, and the justification of the assumed 

values of the chemical retardation parameter (KJ in the CCA calculations. 

BRAGFLO 2D/3D Modeling 
The results of the DOE ‘s screening analysis for repository processes (FEP S-1) suggest that the two 

dimensional BRAGFLO model used in the CCA calculations may be misrepresenting repository 

performance at pressures above the anhydrite fracture pressure. There is the potential of 

substantially greater brine saturation in the repository at higher pressures than calculated for the 

CCA. The discrepancy between the 2D and 3D versions of BRAGFLO may have resulted in an 

underestimate of radionuclide releases to the surface. To resolve this issue, the EEG recommended 

that several 3D BRAGFLO simulations of the repository should be performed using the parameter 

values of vectors used in the CCA performance assessment. The 3D BRAGFLO simulations should 

be used to provide repository conditions for the normal suite of direct brine release calculations. The 

calculations should also be assessed in terms of impact on spallings calculations. 

The DOE and the EEG held a meeting on February 17, 1998, to try to resolve this issue. It was 

agreed at that meeting that there was sufficient reason to further investigate the potential for greater 

brine inflow to the repository using 3D modeling compared to the calculated value using the 2D 

model of the CCA. It was agreed that a simulation corresponding to a parameter vector that led to 
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high pressure and anhydrite fracturing in the CCA calculations will be sufficient to demonstrate the 

potentially increased brine inflow in comparison to the CCA calculation. 

Brine Reservoirs 

The EEG raised a number of issues related to the Castile Formation brine reservoirs in commenting 

on the CCA. The EPA has accepted all of the EEG suggestions except the one related to the 

assumption of the probability of encounter of brine reservoirs, and we disagree with the EPA on this 

issue. The CCA assumed 8% probability on the basis of faulty assumptions. The EEG recommended 

100% probability on the basis that the WIPP-12 brine reservoir was large enough to most likely 

extend under the repository, a conclusion also confirmed by geophysical testing directly above the 

repository. The EPA has sampled on a range of 1 to 60%, but has provided no basis for assuming 

less than 60%. Based on the arguments that the geophysical (Time-domain electro-magnetic survey) 

data may be interpreted to indicate the brine to be under 60% of the repository, and that some 

boreholes adjacent to the brine producing boreholes are known to be dry, the EEG is willing to 

accept the assumption of a fixed 60% probability of encounter, and recommends that a new 

performance assessment calculation be run with this fixed value. 

Waste Issues 
DOE calculations showed that non-random emplacement of radionuclides in the repository led to' 

significantly higher releases from cuttings and cavings and spallings. EEG believes that releases 

from Direct Brine Releases will also increase. Revised calculations should be incorporated into the 

CCDF even though partial sensitivity analyses indicate that non-random emplacement would not, 

by itself, result in non-compliance. 

The expected quantity of cellulosics, rubber, and plastics (CRP) in the repository is slightly greater 

than the waste repository limit. The ability to characterize CRP waste with sufficient accuracy has 

not been shown. Also, EEG believes the limit should be controlled on a per panel basis rather than 

for the entire repository. 
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Assurance Requirements 

There are six assurance requirements in the EPA standards (40 CFR 191) which were incorporated 

to provide additional confidence in the repository, because of the inherent uncertainty in projecting 

the future behavior of natural systems and inadvertent human action. The EEG agrees with the EPA 

determination of two of these six requirements, the active and the passive institutional controls, but 

has questions about the other four. The monitoring plan does not appear to meet the intent of the 

standards. DOE’S retrieval plan and the EPA’s determination of its compliance with the requirement 

appear to give a false sense of security regarding the retrievability of waste. WIPP does not appear 

to meet the intent of the resource disincentive requirement, and this is an additional reason for EEG 

to argue that additional engineered barriers should be incorporated in the WIPP design for making 

the waste less respirable and soluble through treatment and repackaging. Since DOE has plans to 

treat or repackage 85% of the existing contact handled TRU waste anyway, this recommendation 

should be easy to implement. 

Individual Protection Requirements 

Although EEG has minor disagreements about several assumptions used by DOE in evaluating the 

Individual Dose Requirements, we agree that compliance with these requirements has been 

demonstrated. 

Environmental Standards for Ground-Water Protection 

EEG believes there is a very low probability of significant contamination of an Underground Source 

of Drinking Water (USDW) by an undisturbed release. However, 40 CFR 191.24 specifies that no 

contamination is permitted if the USDW is initially at or above the radionuclide limits of 40 CFR 

141. No documentation of current radionuclide concentrations in the USDWs has been provided. 

EPA needs to require submission of data showing the USDWs are below allowed limits or that there 

is a zero probability of any contamination reaching the USDW. 
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1.0 INTRODUCTION 

The Waste Isolation Pilot Plant (WIPP) Project is a planned geologic repository for disposal of 

transuranic (TRU) waste, generated fiom the nuclear defense programs of the USA since 1970. The 

repository is located at a depth of 655 meters in the Permian age salt beds of the Salado Formation 

in southeastern New Mexico, 40 km east of Carlsbad, NM. Since 1978, the Environmental 

Evaluation Group (EEG) has evaluated various technical aspects of the WIPP project that relate to 

the impact on the public health and the environment of New Mexico. A list of published reports 

appears at the end of this report. The U.S. Department of Energy (DOE) is responsible for the 

management of defense TRU waste as part of the US. defense nuclear complex following its 

predecessor agencies, the U.S. Atomic Energy Commission (AEC) and the Energy Research and 

Development Authority (ERDA). Before 1970, such waste was buried in shallow pits at several 

national laboratories. DOE plans to ship only the post- 1970 TRU waste to WIPP, that has been 

stored in above-ground tension-support structures at the national laboratories. 

The TRU waste inventory currently in retrievable storage at the DOE sites totals about 104,000 cubic 

meters including 27,000 m3 of alpha emitting low level waste scheduled for processing, or the rough 

equivalent of half a million 55-gallon drums ( U . S .  DOE, 1995b). The WIPP has been designed to 

contain up to 168,500 cubic meters (approximately 8 10,000 drum-equivalent) of contact-handled 

(CH-TRU), and up to 7100 cubic meters (7500 canisters) of remote-handled (RH-TRU) waste. The 

CH-TRU waste may have a maximum surface-dose rate of 200 millirem per hour. Ninety-five 

percent of the RH-TRU canisters disposed at WIPP may have a surface dose-rate of a maximum of 

100 rem per hour, and five percent by volume may have a maximum of 1000 rem per hour. The 

TRU waste generated in the future Will come fiom dismantling and cleanup of the nuclear weapons 

complex and may be different than the existing waste. 

Excavation of the WIPP repository began in 1982 and all the surface facilities, four shafts, and all 

the basic underground facilities, including 1/8 of the repository “rooms”, had been excavated by 
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1988, the year when the DOE had planned to start placing waste in the repository for experiments 

and operational demonstration. The DOE abandoned this plan in 1993 because there was insufficient 

justification for conducting the in situ experiments with waste and it would have been difficult to 

ensure retrieval of the waste after several years of emplacement. * 

The decision to use the WIPP repository for permanent disposal of TRU waste will be made, in large 

part, on demonstration of the facility's compliance with the long-term disposal standards for TRU 

waste promulgated by the Environmental Protection Agency (EPA) (U.S. EPA, 1993). These 

standards require a probabilistic assessment of the integrity of the repository for 10,000 years into 

the future. Such an assessment requires a detailed knowledge of the geological and hydrological 

characteristics of the site, physical and chemical characteristics of the waste, formulation of scenarios 

for breach of the repository and release of radionuclides to the environment, calculation of the 

probabilities and the amounts of release during the future 10,000 years, and comparison with the 

releases allowed by the standards. The compliance with the standards is to be judged on the basis 

of a set of criteria promulgated by the EPA ( U . S .  EPA, 1996). 

EEG has participated in the development of the EPA standards for safe disposal of TRU and High 

Level Waste (40 CFR 191) beginning in the early 1980's, including reviews of various drafts of the 

EPA standards, testimony at the EPA Science Advisory Committee Meetings, EPRI workshops, 

NAS Board on Radioactive Waste Management Workshops, and Congressional Committees. 

Detailed reviews were provided during the development of the standards, the criteria (40 CFR 194) 

to implement them, and the Compliance Application Guidance document. 

The DOE published a Draft Compliance Certification Application (DCCA) for WIPP in October 

1995. The EEG reviewed this document and published detailed comments on it in March 1996 

(Neill, et al., 1996). The DOE submitted its Compliance Certification Application (CCA) to the 

EPA in October 1996 ( U . S .  DOE, 1996c). The EEG submitted the previously published comments 

(Neill et al., 1996) on the DCCA to the EPA since the DOE had not provided responses to those and 

had not indicated how the final application (CCA) had been modified as a result of the EEG 
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comments. EEG provided additional comments on the specific issues in the CCA as attachments 

to the EEG letters dated February 7, 1997, and March 14, 1997. Copies of these letters with 

attachments are included in this report as Appendices 8.1 and 8.2 respectively. 

Many meetings were held between the DOE and the EPA to discuss various technical issues both 

before and after the submission of the CCA in October 1996. The EEG started receiving invitations 

to these meetings after April 1997. 

The EPA issued a Proposed Rule ( U . S .  EPA, 1997c) in October 1997 proposing to certifL that the 

WIPP meets the EPA standards, and opened a four month period for public comments on the 

Proposed Rule. At the request of EPA, the EEG staff provided the initial EEG reaction to the EPA 

decision through technical presentations at a meeting on December 10, 1997, in Albuquerque, and 

followed with a letter dated December 3 1, 1997, with attachments. A copy of this letter with the 

attachments is included in Appendix 8.3. The present report contains the EEG’s final comments on 

the EPA’s proposed rule. 

This report is organized according to the four “requirements” of the EPA Standards ( U . S .  EPA, 

1993), viz., the containment requirements (40 CFR 191.13), the assurance requirements (40 CFR 
19 1.14)’ the individual protection requirements (40 CFR 19 1.15), and the environmental standards 

for ground-water protection (40 CFR 191 Subpart C). The bulk of the DOE application and the 

EPA’s proposed rule deal with compliance with the containment requirements. The bulk of this 

report, therefore, also consists of the issues associated with demonstrating compliance with the 

containment requirements. Rather than providing a critique of the EPA proposed rule chapter by 

chapter, or page by page, the EEG has adopted the approach of discussing what appear to us to be 

the most significant issues affecting determination of compliance. The issues relate either to a lack 

or inadequacy of justification of the conceptual models, parameter values, or computer models, that 

have been used to compute projected releases of radionuclides to the accessible environment, or 
insufficient basis for not considering certain scenarios for release. Attempt has been made to 
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EPA Summary: The proposed rules states that the requirements of the NQA standards for 

computations and computer codes are in the DOE QA program, in Section 6 of the CAO QAPD and 

also in SNL and WID QA documents. Review of the CCA (Section 5.3.20 is included verbatim), 

and audits of SNL and WID show that the NQA standards have been implemented. CARD-22 also 

cites a review of procedures and previous assessments (apparently DOE assessments) as evidence 

that show the requirements have been met, and states that QA for generator sites computer codes 

were addressed in the waste characterization section. 

EEG comments: The EEG review of the CCA’s QA chapter (Appendix 8.8) addresses elements 

of this criterion on pages 15 through 18. 

Neither the proposed rule nor CARD 22 address models and methods to demonstrate compliance, 

and computations (which are not always computer codes) is only lightly touched on. The WID keeps 

track of huge amounts of information related to other $194 criteria (meteorological data, 

environmental moriitoring data, geotechnical monitoring data, WIPP area drilling activity data, etc.); 

these data are likely kept in databases, but there is no mention of QA for these areas either in the 

CCA or in the documentation for the purposed rule. 

The meaning of “methods to demonstrate compliance” is not clear, but if the QA chapter of the CCA 

was a method to demonstrate compliance with the disposal regulations then the adequacy of any QA 

activities applied must be considered to have failed to meet the criterion. 

Recommendation: The EPA documentation should be more specific in its descriptions of EPA 

auditing activities for software. A demonstration of execution (an assessment) of the NQA 

standards for NDA at LANL, the WWIS, and the WID database system(s) should be cited in the 

documentation for this criterion. The documentation should also reference the DOE’S audits the PA 

process, and of the PA software, as demonstrations of execution of the NQA standards for these 

computer codes and models. 
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The EPA will rely on future auditinghspection activities at generator sites to establish that this 

criterion is met before these sites ship waste to WIPP; a qualified NQA software auditor should 

therefore be a part of these audits. 

§194.22(a)(2)(v): The compliance application will demonstrate that the QA program adhering 

to the NQA standards has been established and executed for procedures for implementation 

of expert judgment elicitation used to support applications for certification or re-certification 

of compliance. 

EPA summary: The proposed rule cites CAO’s Team Procedure 10.6 and the CTAC Desktop 

Instruction 1, used for the waste particle size expert judgment elicitation (the only one that has 

occurred), and cites the discussion of the proposed rule for $194.26. CARD 22 states that the CCA 

that the CAO QAPD provides for adequate control of any future expert judgments that the DOE may 

conduct, that he expert judgment of waste particle sizes process was observed and audited by the 

EPA, and was conducted in compliance with the criterion. CARD-22 references CARD-26; both 

the proposed rule for $194.26 and CARD 26 discuss QA for the waste particle size expert judgment 

elicitation in fulsome detail. 

EEG comments: The EEG review of the CCA’s QA chapter (Appendix 8.8) addresses elements 

of this criterion on page 18, in a brief paragraph which points out other WIPP activities that might 

be considered as expert judgment elicitations. 

The EPA has presented a demonstration of establishment and execution of the NQA standards for 

the waste particle size expert elicitation in the documentation for the proposed rule, though it could 

have been focused more on addressing the 8 194.22(a)(2)(v) criterion. 

However, other panels convened by the DOE would seem to fall under the requirements of this 

criterion. CCA Appendix PEER-PIC contains the peer review report on passive institutional 
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controls (PICs); it contains the following statements concerning expert judgment in section 4.1.4, 

titled “Expert Judgment and Peer Review”: 

The use of expert judgment, either by an individual expert or a panel of experts, is 

permissible under 40 CFR Part 194.26(a) to support the information in the CCA if 

that information cannot reasonably be obtained through data collection or 

experimentation. ..The conceptual design principles presented in the Conceptual 

Design Report seem to rely heavily on the results of the expert judgment process 

described in Trauth et al. (1992) ... The PTF and preparers of the Conceptual Design 

Report have somewhat blurred the line between reliance on expert judgment and the 

peer review process by incorporating both processes; their approach is certainly not 

precluded by the regulations. 

Trauth, et al. (1 993) is “Expert Judgment on Markers to Deter Inadvertent Human Intrusion into 

the Waste Isolation Pilot Plant”. The peer review panel, with full knowledge of the requirements 

of 9 194.26, obviously concluded that the Trauth, et al. report was generated by an expert judgment 

elicitation group. The discussion preliminary to the 5 194 criteria would seem to have addressed the 

Trauth, et al. document straight on (61 FR 5228): 

Typically, expert judgment is used to elicit two types of information: (1) Numerical 

values for parameters (variables) which are measurable only by experiments that 

cannot be conducted due to limitations of time, money and physical situation; and (2) 
essentially unknowable information, such as which features should be incorporated 

into passive institutional controls that will deter human intrusion into the repository. 

CCA Appendix EPIC consists of “Effectiveness of Passive Institutional Controls in Reducing 

Inadvertent Human Intrusion into the Waste Isolation Pilot Plant for Use in Performance 

Assessments, June 4, 1996”. The second paragraph of this report states 
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A task force was formed to estimate the credit for the passive controls for the WIPP 

repository. The estimate was constrained by the use of existing conceptual designs 

of these controls, the use of historical analogues for the endurance of materials and 

structures, the consideration of possible failure modes for each contro1,and the 

regulatory assumption of societal "common denominators." 

This also seems to be a collection of experts gathered to use their various expertises for determining 

a value that cannot be obtained by scientific means--in short, an expert judgment. 

Recommendation: The EPA should consider whether the Trauth, et al. (1 993) report is an expert 

judgment elicitation, and whether other expert judgment elicitations are utilized in the CCA, and 

analyze the QA applied to any that meet the criteria. Both reports suggested above could be 

considered to have met this criterion by QED as allowed through § 194.22(b), as a peer review of the 

PICS processes is reported in CCA Appendix PEER-PIC. The final rule for this criterion should 

describe or reference the process the EPA uses for determining what qualifies as an expert judgment 

under this criterion, and describe the demonstration of establishment and execution of the NQA 

standards for any additional expert judgments found. 

I CARD 22.F.4 contains the following sentence: 

The CCA also indicates that the CAO established and executed a QA program in 

compliance with NQA requirements for all items and activities important to the 

containment of waste in the isolation system, including for procedures that may be 

developed for implementation of future expert judgment elicitation. 

The sentence should be revised, as it is a logical impossibility; a QA program cannot be executed 

on procedures that have yet to be written. The sentence could easily be interpreted as an unwarranted 

attempt to aid the DOE'S efforts at compliance. 
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$194.22(a)(2)(vi): The compliance application will demonstrate that the QA program adhering 

to the NQA standards has been established and executed for design of the disposal system and 

actions taken to ensure compliance with the design specifications. 

EPA summary: The proposed rule states that the SNL QA program covered seals design, that the 

seals design was extensively reviewed by other organizations, and verified by a combination of 

NQA-1 3s-1 methods. The EPA audits show that WID and SNL programs are adequate and properly 

executed. CARD-22 adds that no QA deficiencies related to design considerations were noted in the 

EPA audits of SNL or WID, and quotes portions of of the CCA QA chapter (Section 5.1.6) 

concerning design of the repository. 

EEG comments: The EEG review of the CCA’s QA chapter (Appendix 8.8) addresses elements 

of this criterion on pages 19 through 2 1. 

The EEG agrees that the repository seals design program was excellent. Perhaps the best 

demonstration of establishment and execution of design criteria for seals is not in the CCA QA 

chapter, or in EPA documentation for the proposed rule, but in CCA Appendix SEAL, Section 1.4, 

“Sealing System Design Development Process”: 

The design team included specialists drawn from the staff of Sandia National 

Laboratories, Parsons Brinckerhoff Quade and Douglas, Inc. (contract number 

AG-4909), INTERA, Inc. (contract number AG-4910), and RE/SPEC Inc. (contract 

number AG-491 l), with management by Sandia National Laboratories. The 

contractors developed a quality assurance program consistent with the Sandia 

National Laboratories Quality Assurance Program Description for the WIPP project. 

All three contractors received quality assurance support visits and were audited 

through the Sandia National Laboratories audit and assessment program. Quality 

assurance (QA) documentation is maintained in the Sandia National Laboratories 
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WIPP Central Files. Access to project files for each contractor can be accomplished 

using the contract numbers specified above. 

The paragraph is an example of the kind of description the EEG expected to find in the CCA for all 

the DOE programs that fall under the 0 194.22 criteria. 

QA for other portions of the repository design are more problematic. The statements quoted in 

CARD 22 from the CCA QA chapter do not provide a demonstration of establishment and execution 

of the NQA standards to the repository design process--the intent of these statements seems related 

more to establishing that a validation process took place, rather than discussing QA for the design 

activities. The quoted material addresses only NQA-1 criteria, and CARD 22, Sections 22.G.3 and 

22.G.5, indicates that the EPA may used only NQA-1 in consideration of this criterion. Design of 

the repository as described in the CCA, however, includes site characterization activities, for which 

NQA-3 also applies. 

The criterion seems to be related to $194.14(b), which requires that the compliance application 

include a description of the design of the disposal system. The CCA contains discussions of 

repository design in Chapters 2,3, and 6,  as well as CCA Appendix DVR (the Design Validation 

Report). CCA Section 3.2 gives an indication of the types of information that the 0 194.22(a)(2)(v) 

criterion should be applied to: 

A preliminary design of the WIPP repository was presented in the FEIS (DOE 1980). 

Validation efforts for the WIPP repository preliminary design began in 198 1 with the 

Site and Preliminary Design Validation (SPDV) program. The SPDV program was 

implemented to further characterize and validate the WIPP site geology and to 

provide preliminary validation of the underground excavation. The SPDV program 

involved the excavation of four full-sized disposal rooms, excavated 13 feet (4 

meters) high, 33 feet (10 meters) wide, and 300 feet (91 meters) long, and separated 

by 1 00-foot (3 1 -meter)-wide pillars. Data obtained from geologic field activities and 
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geomechanical instrumentation were analyzed to determine the suitability of the 

design criteria and design bases and to provide confirmation of the underground 

opening reference design. Analyses of these preliminary designs performed by the 

WIPP kchitect and engineer are included in Appendix DVR. These analyses 

considered expected creep closure rates in determining disposal room sizes. 

Information in Appendix DVR (Section DVR.6.4.2) meets the criterion specified in 

40 CFR 5 194.14(b)(2). 

Initial design activities for the repository took place in the 1970s and 1980s, well before any part of 

the WIPP project had established QA programs which met the requirements of the NQA standards. 

CCA Appendix DVR, for instance, was published in 1984. QA requirements during these early 

years were rather loose compared to those of the NQA standards; the following is from WIPP-DOE- 

71, “Design Criteria Revised Mission Concept - I1 Waste Isolation Pilot Plant”, page 1-1 6: 

The WIPP Project Office (WPO) and the major project participants will be 

responsible for the establishment and implementation of adequate quality assurance 

programs for their respective scopes of work. These programs will be developed, 

using ANSI N45.2 - 1977 as a guide. 

Formal quality assurance programmatic requirements will not be contractually 

imposed on WIPP construction contractors or suppliers. 

On the plus side, ANSI N45.2 -1 977 was a precursor to NQA-1, but its obvious that the requirements 

of the NQA standards was not met by this document. 

Design of the repository would also seem to include such relatively recent changes in the design of 

the repository as the 1996 decision to use magnesium oxide as a backfill material. Earlier design 

documents mandated completely filling rooms with salt backfill. The criterion seemingly requires 

demonstrating that the NQA standards have been established and executed for a wide range of 
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programs over a long period of time, in which multiple changes have occurred. Establishing 

adequate QA for these changes would enhance confidence that all the potential effects of these 

changes have been taken into consideration. 

Recommendation: The EPA should establish which programs and activities relate to design of the 

disposal system, and include a demonstration of establishment and execution of the NQA standards 
for these programs and activities in the documentation for the final rule. Since much of the 

information predates the use of the NQA standards for WIPP activities, the EPA should consider 

whether or not a QED process as allowed by 0 194.22@) has been applied to these areas, and include 

that information in documentation of the final rule. 

§194.22(a)(2)(vii): The compliance application will demonstrate that the QA program 

adhering to the NQA standards has been established and executed for collection of data and 

information used to the support compliance application(s). 

EPA Summary: The proposed rule states that SNL implemented numerous QA procedures to 

ensure the quality of data and information, and that EPA’s audit of SNL found its QA program to 

be adequately implemented. CARD 22 notes that DOE audits have also concluded that the SNL QA 

program has been effectively implemented. 

EEG comments: The EEG review of the CCA’s QA chapter (Appendix 8.8) addresses elements 

of this criterion on pages 21 and 22. 

The SNL’s QA procedures do not address collection of all of the data for even the PA, SNL’s 

foremost contribution to the compliance application. The data from the TWBIR, used to establish 

parameters for the PA, was not collected under a QA program adhering to the NQA standards (see 

EEG comments concerning waste characterization above). 

I 
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The main point of EEG’s CCA QA chapter review for this criterion is that all data used in support 

of the CCA was not collected by SNL, and cites several parts of the CCA for which SNL should not 

be held responsible. SNL has no procedures which specifically address collection of data and 

information for the DOE’S compliance applications; the EPA apparently accepted the DOE 

statements from the CCA QA chapter at face value. 

This is a “catch-all” criterion, and various descriptions of the huge amount of data and information 

in the CCA was cited in nearly every media article on the CCA’s publication. The data and 

information was gathered over a 20 year period, for most of which only portions of the NQA 

standards were in effect. The effort should be to demonstrate that any of this data and information 

which is important to compliance has been collected under the NQA standards. 

Recommendation: The EPA should review the CCA for data and information other than that 

covered by the other (a)(2) criteria which is important to compliance, and cite the review, and a 

demonstration of establishment and execution of the NQA standards, for any found not to be a part 

of the other (a)(2) criteria. The EPA should rewrite section 22.H of CARD 22, and revise the 

proposed rule, to remove the QA responsibility for all data in the CCA from SNL’s shoulders. 

§194.22(a)(2)(viii): The compliance application will demonstrate that the QA program 

adhering to the NQA standards has been established and executed for other systems, 

structures, components, and activities important to the containment of waste in the disposal 

system. 

EPA Summary: The proposed rule states that neither the DOE nor the EPA have identified any 

activities not already covered which require QA controls, and that the EPA audits have determined 

that the QA organizations for WIPP have authority, access, and freedom to identify other items 

affecting the quality of waste isolation. CARD 22 adds nothing of substance. 
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EEG comments: The EEG review of the CCA’s QA chapter (Appendix 8.8) addresses elements 

related to this criterion on page 22. EEG suggested that QA of the interface between the DOE and 

the BLM concerning DOE review of proposed mineral resource leases in the WIPP area could be 

important to waste isolation in the disposal system, referencing a WIPP docket item that pointed out 

problems in this area in the past. 

Recommendation: While not a part of the criterion, it would useful to cite any review activities by 

the DOE (or the EPA) that demonstrate that this criterion has been addressed. 

§194.22(b): The compliance application shall include information which demonstrates that 

data and information collected prior to the implementation of a QA program adhering to the 

NQA standards have been qualified in accordance with an alternate methodology approved 

by EPA, which employs peer review, corroborating data, confirmatory testing, or a QA 
program equivalent in effect to the NQA standards. 

EPA Summary: The proposed rule cites the Independent Review Team (IRT) findings of QA 

programs equivalent in effect to the NQA standards listed in the CCA QA chapter (Table 5 - 9 ,  the 

peer reviews conducted under NUREG- 1297 used to qualify existing data for engineered systems, 

natural barriers, waste form, and disposal room data. The EPA performed two audits tracing new 

and existing data to their qualifying sources and found that equivalent QA programs and peer 

reviews were had been properly applied. EPA “concluded that existing data from peer-reviewed 

technical journals was appropriate since the level of such reviews was likely to provide QA 

equivalent to NUREG- 1297 ...”. The EPA proposes approval of these three methods--peer review, 

equivalent QA program to the NQA standards, and peer-reviewed technical journals-- for 

qualification of existing data. CARD 22 adds that the T=O process as well as the IRTs were used 

to determine equivalency of QA programs to the NQA standards, and describes the two audits as 

having been of SNL data used in the PA. 
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EEG comments: 

criterion on page 5. 

The EEG review of the CCA’s QA chapter (Appendix 8.8) addresses this 

There appears to be environmental monitoring data that was gathered before the NQA standards are 

said to have been established for the WID; this data is cited and used in the CCA, but it was not 

addressed by IRTs or the peer reviews, and does not appear to have been published in peer-reviewed 

technical journals. The CCA Appendix SER (U.S. DOE, 1996c, Chapter 7), states: 

Background water quality data were collected from 1985 through the 1990 sampling 

period as reported in DOENIPP 92-013, Background Water Quality 

Characterization Report for the Waste Isolation Pilot Plant. This background data 

will be compared to water quality data collected throughout the operational life of the 

facility. Pre-operational data gathered in the interim period will be used to strengthen 

the background data, to evaluate the need to make adjustments to comparison 

criteria.. . 

The 1985-1 990 data was collected as part of the Radiological Baseline Program, as found in CCA 

Appendix RBP. The RBP program measured air, surface and ground water, and soil. The Executive 

Summary of this Appendix states: 

This program was designed to provide preoperational measurements of radioactivity 

in environmental samples that will serve as a basis for evaluating similar data 

collected during the WIPP Operational Environmental Monitoring Program. The 

RBP data analyzed in this report cover the period from 1985 through 1989. Sample 

types included in this report are airborne particulates, soil, surface water, 

groundwater, sediments, and six types of biotic tissue sample. 

This intended use of this data is echoed in Section 1.4. These would seem to be part of the 

environmental monitoring required as a part of the 6 194.22(a)(2)(ii) criterion. If this earlier data is 
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to be used as indicated, then it would seem to need the provisions of 8 194.22(b), qualification of 

existing data, applied to it, as it precedes the date established by the CCA QA chapter (December, 

1994; U.S. DOE, 1996c, p. 5-52) for adherence to the NQA standards at WID. Appendix RBP 

Section 1.4 indicates that the Waltz Mill Laboratory performed the sample analyses for this program, 

and these analyses would seem to fall under the 8 194.22(a)(2)(ii) criterion also. 

There may be other data that should undergo QED cited in the CCA. Groundwater and other site 

characterization activities have been performed for 20 years; CCA Section 9.4.8 describes the 

INTRAVAL WIPP2 study used data from sixty wells and also included extensive modeling which 

apparently has been used in the WIPP considerations. The penultimate sentence of the section states: 

The applied stochastic models have proven to be valuable tools in assessing the effect 

of uncertainty due to heterogeneity on the performance of a repository. 

The EPA’s acceptance of existing data from peer-reviewed technical journals conflicts with the NQA 

standards, at least for site characterization activities. NQA-3 Supplement 3s  W- 1 Section 9 begins: 

Data to be used which were not collected under the control of a quality assurance 

program in accordance with this Standard shall be qualified for their intended use. 

This includes data collected from such sources as professional journals, technical 

reports, and symposia proceedings. 

, 

The claim that such level of review of such articles is likely to provide equivalent QA to NUREG- 

1297 peer review standards might also need to be reconsidered. For example, review by other DOE 

personnel is limited in NUREG- 1297. 

Recommendation: The EPA should reconsider the use of data from peer-reviewed technical 

journals for site characterization activities as an acceptable method under this criterion. The EPA 

should review the CCA for data related to the 8 194.22(a)(2) criteria that precede adherence to the 
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NQA standards, and determine if the programs cited under this criterion have assessed and qualified 

that data. The conduct of this review should be recorded in the documentation of the final rule. 

§194.22(c): The compliance application shall provide, to the extent practicable, information 

which describes how all data used to support the compliance application have been assessed 

for their quality characteristics, including accuracy, precision, representativeness, 

completeness, and comparability (these characteristics are abbreviated as “the PARCC 

characteristics” in the discussion below). 

EPA Summary: The proposed rule describes the CCA’s statement that it was not practicable to 

document data quality characteristics (DQCs) in most cases. The DOE clarified, but did not 

substantially alter its approach in response to an EPA request for additional information; while the 

EPA agreed that the DQCs cannot be appropriately applied to parameter values the measured data 

on which they were based could have been assessed for them. Because the DOE misinterpreted the 

requirement, the EPA assessed SNL data records packages and found that for newer data, 

experimental plans generally addressed DQCs including the PARCC requirements, and for older data 

laboratory notebooks supplied some information related to DQCs. The EPA also “concluded that 

the peer review panels considered the use of DQCs in determining that such data were adequate”, 

agreed with the DOE argument that collection of most data under programs equivalent to the NQA 

standards was adequate evidence of the quality of the data, and concurred with the DOE that 

uncertainty in data measurements as reflected in DQCs has a minor effect on compliance certainty 

compared to other PA uncertainties. CARD 22 adds that EPA performed a review of parameters 

discussed at length in a Technical Support Document for 6 194.23, and notes that the reviewers 

specifically looked for evidence of DOE’S assessment of the PARCC characteristics. CARD 22 also 

offers as an example of EPA’s assessment of DQCs a discussion of two parameters, for which 

“instrument calibration, calibration records, acceptance criteria, and procedures for calibration 

checks” were documented that the EPA considered to be adequate to demonstrate assessment of 

DQCs. 

196 



EEG comments: The EEG review of the CCA’s QA chapter (Appendix 8.8) addresses elements 

of this topic on page 5, with a more thorough discussion on pages 32-35. 

The CCA QA chapter specifically lists waste characterization and environmental data are two areas 

to which DQCs should be applied, but does not provide a demonstration of how they were applied 

in these areas for the WIPP--and the EPA proposed rule documentation doesn’t, either. For the 

record, the EEG notes that CCA Appendix EMP, Section 7, describes how environmental monitoring 

addresses accuracy, precision, an comparisons, as well as other DQCs not a part of the PARCC 

requirements, and the TRU-Waste QAPP (U.S. DOE, 1994), Section 3.2, describes required 

validation methods for waste characterization which address precision, accuracy, completeness, and 

comparability. Appendix MON contains a probably identical discussion to that in EMP. 

CCA Appendix GCR, the summary of USGS data used, indicates that accuracy and precision were 

considered (see sections 7.6.13 and 10.7.6, where concerns are raised due to analysis of accuracy and 

precision of measurements is discussed). There are other similar, rather minor discussions in many 

appendices, but there are certainly no indications that a systematic consideration of DQCs, “...for all 

data ...” was a part of the WIPP project. 

Both the DOE and the EPA discussions of this topic seem to miss the point of DQCs; the DOE saw 

them as related to the uncertainty of measurements, the EPA is willing to accept instrument 

calibration data as evidence that DQCs have been assessed. 

DQCs relate to the intended use of the data. In an ideal world, the use to which the data is to be put 

is known, and the PARCC requirements are established in advance of the taking of measurements 

to demonstrate the limits of acceptability of the data for these uses. The WIPP studies were not 

developed along these lines; this criterion was not promulgated until well after most of the basic 

measurements for disposal considerations at the WIPP had already been taken. The lack of evidence 

of systematic DQC assessment at WIPP does not invalidate any data, it merely prevents taking credit 

for additional confidence in the supportive value of the data. The criterion does not require the DOE 
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to assess DQCs--it only requires that the DOE show in the compliance application how they were 

assessed, to the extent practicable. The extent practicable for past WIPP activities was obviously 

near nil. 

Recommendation: EPA should consider rewriting the final rule discussion related to this criterion 

along the lines of the EEG comments above. The EPA may also wish to consider including in the 

final rule a more specific criterion for the establishment of DQCs for data to be used in support of 

future applications. 

§194.22(d): The compliance application shall provide information which demonstrates how 

all data are qualified for use in the demonstration of compliance. 

EPA Summary: The proposed rule states that the SNL generated a table providing information of 

how all data in the PA were qualified; the EPA audited existing QA programs and determined that 

data is qualified for use in accordance with the NQA requirements. CARD 22 adds discussions of 

the T=O process, QED, peer review, and the SNL QA program, noting that these were audited by the 

EPA. 

EEG comments: The attached EEG review of the CCA’s QA chapter addresses elements of this 

topic on page 6 .  

The CCA QA chapter and the EPA’s proposed rule and CARD-22 contain adequate descriptions of 

how data used for PA parameters were qualified-but this is certainly not “all data” used for 

demonstration of compliance. Many of the CCA Appendices--RBP, GTMP, GWMP, USDW, to 

name a few--were not a part of the PA process. 
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Recommendation: The EPA should review the CCA to establish a list of the data for which the 

application should demonstrate how it was qualified, and ensure that the documentation reflects the 

elements of this list. 

§194.22(e): The EPA will verify appropriate execution of quality assurance programs through 

inspections, record reviews, and record keeping requirements. 

EPA summary: The proposed rule cites the EPA audits already conducted, and proposed reaudits 

and future waste generator site inspections. CARD 22 lists the specific audits, describes the auditing 

process used, and notes again that EPA did not expect all necessary QA documentation to be 

provided in the CCA because of its voluminous nature. 

EEG comments: The EPA has met this requirement, in that it has adequately verified that, during 

the year 1997, the QA programs for CAO, WID, SNL, and LANL adhered to the requirements of the 

NQA standards. Additional audits verified that QA programs adhering to the NQA standards had 

been established and executed for the single expert judgment elicitations considered so far, the 

qualification of existing data programs including the 1996-1 997 peer review activities, and parameter 

traceability. 

Recommendation: The EPA should review internal EPA documents relating to the promulgation 

to ensure that the underlying reasoning behind each 5 194.22 criterion has been adequately addressed 

for the information presented in the CCA. 
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2.14 MISCELLANEOUS CONTAINMENT REQUIREMENT ISSUES 

2.14.1 Beyond 10,000 Years 

Although the EPA standards require demonstration of compliance only for 10,000 years, some partial 

calculations performed by the EEG indicate that higher releases may be predicted beyond that period 

(see Section 2.9.3 of this report). There is no strong justification for stopping the calculation at 

10,000 years. The EPA provided the following reason for selecting this time period (U.S. EPA, 1985, 

p. 38070): 

A period of 10,000 years was considered because that appears to be long enough to 

distinguish geologic repositories with relatively good capabilities to isolate wastes from those 

with relatively poor capabilities. On the other hand, this period is short enough so that major 

geologic changes are unlikely and repository performance might be reasonably projected. 

The NEMAEA International Review Group (NEMAEA, 1997) made the following comment on 

this subject: 

The IRG was surprised that it did not find descriptions or arguments in the CCA indicating 

the possible performance of the WIPP facility beyond the end of the 10,000 year regulatory 

period. Such descriptions or arguments, including an indication of the mechanisms, 

likelihood, timing and possible maximum of impacts at longer times, would be an important 

element of performance assessment in most other countries. 

While EEG agreed with the 10,000 year cut-off point in the development of the standards, we now 

recommend performance of representative calculations to assess the behavior of the repository 

beyond 10,000 years to enable comparison with other countries and conformance with the NAS 

Committee Conclusions on the High Level Waste Yucca Mountain Program. 
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2.14.2 Effect Of ERDA-9 

The EPA h& “screened out” (U.S. EPA, 1997c, p. 58801; 1997b) the potential effect of the existence 

of borehole ERDA-9, which is located only 28.5 meters (93.5 ft) east of the surface projection of the 

north-south drift E300 of the WIPP underground. The EPA concludes: 

ERDA-9 did not penetrate an area that will become a waste panel and DOE has indicated that 

abandoned boreholes more than a meter away from the waste can be screened out of PA due 

to low consequence. EPA agrees with DOE’S assessment that these boreholes are not 

significant to performance of the disposal system and can be screened out of PA. 

The CCA argument for screening out the potential effect of ERDA-9 on the disposal system is 

presented in Appendix SCR 3.3.1.42 of the CCA, which refers the reader to an analysis conducted 

as a part of the WIPP 1991 performance assessment (Sandia, 1991/1, Appendix B, pp.26-27). This 

analysis was conducted by the DOE in response to a questiori raised by EEG in 1990 about the extent 

of the Disturbed Rock Zone (DRZ) and the permeability of Marker Bed 139. The analysis concluded 

that if permeability value difference of three orders of magnitude is assumed between a DRZ and the 

adjacent intact rock, then the bore hole flow rates from the two zones are markedly different. This 

is, of course, something to be expected. The questions to be asked and the issues to be considered 

before the effect of ERDA-9 can be written off, are: 

1. How far is ERDA-9 from the drift E-300 at the repository level? Boreholes are seldom vertical; 

they deviate. For example, the borehole H-19-B-4, drilled under strict specifications for hydrologic 

and tracer testing of the Culebra aquifer in 1995-96, deviated 9.5 meters (3 1 ft) in 229 meters (752 

ft) depth. At that rate, a borehole drilled to 655 meters (2150 ft) depth of the repository may deviate 

27 meters (89 ft). Could ERDA-9 be very close to E-300 at the repository level? 

2. How far does the DRZ of E-300 extend? 

3. Whether or not there is pressurized brine reservoir underlying ERDA-9 is not definitely known, 
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although there is good reason to suspect it. ERDA-9 penetrated the Castile Formation for 17 meters 

(56 ft). The borehole WIPP-12 was drilled in 1978 to penetrate 14.7 meters (48.3 ft) into the Castile, 

and encountered pressurized brine when drilled an extra 74 meters (242.4 ft) in 198 1. 

4. How will ERDA-9 be sealed? Appendix SCR, Section 2.3.8.2, of CCA, states: 

WIPP investigation boreholes will be sealed using materials and designs in accord with 

industry standards for the Delaware Basin. A survey of plugging practice (Appendix DEL) 
shows that the majority of boreholes have a plug below the water-producing zones in the 

Rustler and a plug at the top of the Bell Canyon. Drilling and abandonment procedures may 

lead to additional plugs within the Salado. A few boreholes (2 percent of those surveyed), 

however, have a continuous plug of salt-saturated cement from the top of the Salado to the 

top of the Bell Canyon. ERDA-9 will be sealed in a similar manner. Other WIPP 

investigation boreholes will be plugged according to regulatory requirements and standard 

industry practice. The DOE has committed to plug with cement the portion of these 

boreholes that penetrate the Salado. 

Why is EPA not requiring at least a special plugging procedure for ERDA-9 and other boreholes that 

penetrate the repository horizon within the WIPP site? 

2.14.3 Brine Seepage into the Shafts 

The EPA was concerned about the potential for seepage of brine into the shafts in the Salado 

Formation zone to be occupied by compacted salt plug. Attachment 1 of TSD 111-B-3 (U.S. EPA, 

19973) is a trip report of inspection of the air intake shaft by EPA to verifL the DOE statements 

concerning the lack of observable brine inflow in the lower Salado where the compacted. The 

inspection report concludes, “The air shaft inspection did not result in observations of any current 

brine seepage, as no areas appeared to be wet and no brine was observed.” It is common knowledge 

that the rate of brine inflow from the Salado marker beds is low enough that brine dries up almost 

instantly due to ventilation in the WIPP mine. This would certainly be expected in the air intake 

shaft. If the rate of water inflow is large enough, as is being observed in the WIPP exhaust shaft at 
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the level of Santa Rosa and Dewey Lake Formations for the past several years, then even a large blast 

of air does not completely dry up water. As far as brine inflow from the Salado Formation is 

concerned, the presence of salt encrustations (efflorescences) clearly indicates current brine seepage. 

The inspection team’s conclusion therefore simply indicates the absence of understanding of the 

mechanics of brine drying up in the air intake shaft, rather than the absence of brine inflow. 

2.14.4 Iron in the Repository 

There is a curious response by the EPA to the question of the amount of additional iron that may be 

introduced in the WIPP repository through rock bolts and other ground control and roof support 

system (U.S. EPA, 1997b, CARD14-95). Corrosion of iron in the presence of brine in the repository 

is expected to produce hydrogen. For at least the past 10 years, the question of gas production in the 

repository has been a concern and it is common knowledge that reduction of the amount of iron in 

the repository will help meet compliance with the EPA standards and is therefore a desirable goal. 

The EPA should therefore explain the following response: 

The amount of iron introduced into the disposal system by rock bolts is inconsequential since 

there is no upper limit on the amount of iron that can be emplaced in the repository. The 

DOE did specify a minimum amount of iron that must be emplaced into the repository 

withine (sic) Appendix WCL, Table WCL- 1, which is based on the quantity of iron within 

the waste containers to be emplaced at the WIPP and does not rely (sic) the amount of iron 

contained in the roof support system to meet this minimum requirement. (U.S. EPA, 1997b, 

CARD 14-95). 

Does EPA now believe in a minimum amount of iron that must be emplaced in the repository? 
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3.0 ASSURANCE REQUIREMENTS 

3.1 INTRODUCTION 

The EPA standards ( U . S .  EPA, 1993) contain a set of assurance requirements to provide the 

additional confidence needed due to the long period of time of concern and the uncertainties 

associated with the decision to dispose of waste without practical possibility of retrieval. The 

philosophy of the Assurance Requirements is clearly stated in the "Overall Approach of the Final 

Rule" (U.S. EPA, 1985, p. 38072), as follows: 

In contrast to the containment requirements, the assurance requirements were 

developed from that point of view that there may be major uncertainties and gaps 

in our knowledge of the expected behavior of disposal systems over many I 
thousands of years. Therefore, no matter how promising the analytical projections 

of disposal 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. 
I 

During the promulgation of the original standards (40 CFR 191) in 1985, the EPA considered an 

additional assurance requirement that called for releases to be kept as low as reasonably achievable 

(ALARA) even when the numerical containment requirements have been complied with. This 

proposed requirement was deleted by EPA from the final rule for two reasons (U.S. EPA, 1985, p. 

38072): 
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First, NRC’s 10 CFR Part 60 implemented the multiple barrier principle by requiring very 

good performance from two types of engineered components: a 300 to 1000- year lifetime 

for waste packages during which there would be essentially no expected release of waste, and 

a subsequent long-term release rate from the waste form of no more than one part in 100,000 

per ye ar....( and) Second, the DOE has included a provision in its site selection guidelines (1 0 

CFR 960) that calls for significant emphasis to be placed on selecting sites that demonstrate 

the lowest releases over 100,000 years compared to the other alternatives available. 

Neither of these provisions apply to WIPP and the net result for the TRU waste is that the DOE has 

argued for the minimum requirements rather than design for ALARA. EPA is proposing to certify 

WIPP on the basis of a very narrow interpretation of the assurance requirements without 

acknowledging the history of promulgation and the philosophy behind it. 

There are six assurance requirements included in the standards (U.S. EPA, 1993). The following 

is the EEG assessment of the EPA’s proposed rule for each of these. 

3.2 ACTIVE INSTITUTIONAL CONTROLS 

Title 40 CFR 19 1.14 (a) requires maintenance of active institutional controls for as long a period of 

time as is practicable after disposal, but 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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3.3 MONITORING 

Title 40 CFR 19 1.14 (b) requires disposal systems to be monitored both pre- and post-closure to 

detect any substantial or detrimental variations from expected performance. The monitoring shall 

be done with techniques that do not jeopardize the isolation of the wastes and should be conducted 

until there are no significant concerns to be addressed by further monitoring. 

Specific criteria to be met are outlined in 40 CFR 194.42 and require any compliance application to 

document and substantiate the decision not to monitor a disposal system parameter because the 

parameter is considered to be insignificant to the containment of waste in the disposal system or the 

verification of predictions about the future performance of the disposal system. The proposed 

criteria did not contain a mechanism whereby DOE could decide not to monitor a particular disposal 

system parameter on the basis that DOE considered it to be unimportant to the containment of waste 

or to verify predictions about future performance of the disposal system. Hence, EEG never had the 

opportuni~ to comment on this change that was effected in a meeting between EPA, DOE, and 

OMB and incorporated in the final criteria. 

DOE has chosen to exclude from monitoring all parameters of interest in the repository during the 

pre-closure phase (excluding stress and deformation measurements and radioactivity in air) by 

qualitatively evaluating their significance in shifting either the probability or the consequence in 

calculations for the containment requirements. EPA has accepted the CCA analysis for this 

assurance requirement. 

The reason for including the assurance requirements in the standards was the inherent uncertainty 

in the calculations of releases for 10,000 years. The benefits from the assurance requirements were 

never intended to be quantified. It was recognized that there could be no clear yardstick to measure 

the benefit of a marker or the detriment to confidence in predicting the behavior over lo4 years if 

markers were not used. The same logic applied to records maintained by institutions, and the benefits 
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of the ability to retrieve waste. The approach allowed by EPA in the final criteria is to permit DOE 

to assess the usefulness of monitoring by a qualitative evaluation of the impact of improving our 

knowledge of the potential behavior of the repository. This is contrary to the intended purpose of 

the assurance requirements. It does not make sense to exempt DOE from the assurance requirement 

for monitoring based on a qualitative evaluation that depends on the containment calculations being 

correct. 

Chapter 7.2 of the CCA evaluated various parameters including those listed in 194.42 and concluded 

that there was little merit in obtaining measurements of changes in various parameters since changes 

occurring over a short time period may not be representative of the steady state conditions that would 

exist over long time periods. DOE points out that obtaining data for a 35 year period is of little value 

in extrapolating results over a 10,000 year regulatory period. For years, DOE pursued the desire to 

conduct an experimental program with waste at W P P  and argued that obtaining 5 years worth of 

data would be effective in confirming the predicted behavior of the TRU waste. 

DOE identified 10 parameters needing monitoring in the pre-closure period and only 5 of those 

worthy of monitoring in the post-closure period. EPA concurred. The post-closure monitoring 

parameters are: 

Culebra groundwater composition 

Culebra change in groundwater flow 

Probability of encountering a Castile brine reservoir 

Drilling rate 

Subsidence measurements 

EEG believes there are a number of parameters that can be monitored in both the pre- and post- 

closure period that could help verify predictions of the future behavior of the disposal system. 

1. Drilling practices in the Delaware Basin of air drilling, CO, injection and other 
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2. 

3. 

4. 

5 .  

underbalanced drilling should be monitored as well as borehole diameters and mining 

practices such as shaft diameters. 

Continued investigation of non-invasive techniques to monitor brine - migration, gas 

generation and radionuclide movement. While DOE acknowledges ( U . S .  DOE, 1996c, page 

7-50) these remote techniques to determine characteristics of the earth have been well 

established in measuring resistivity, acoustic velocity, magnetism, density, temperature, 

moisture control, and radioactivity, they conclude that changes in the repository will be too 

small or too slow to be detectable using remote techniques. EEG sees no evidence to warrant 

this conclusion. 

Prior to sealing Panel 1, remote sensors could be placed in the rooms of Panel 1 to measure 

moisture content, CO,, room closure or other parameters and detectors hooked to cables 

located outside Room 1. One could obtain 10 years worth of highly detailed data on the 

actual behavior of the repository. 

Non-invasive detectors could be located outside the Panel 1 seal to monitor parameters inside 

Panel 1 rooms. One could obtain 35 years worth of data on the actual behavior of the 

repository. 

Groundwater quality of the Dewey Lake and Santa Rosa Formations be monitored. 

Note that the U.S. Nuclear Regulatory Commission (U.S. NRC) plans to require DOE to monitor 

post-closure at the Yucca Mountain High Level Waste Repository { 10 CFR 60.51 (a)(l)}. The 

Performance Confirmation Program outlined in Subpart F, 40 CFR 60.140 through 60.143 

establishes detailed programs to monitor the condition of the waste packages as well as subsurface 

changes during construction and waste emplacement operations. The NRC Subpart F requirements 

apply to the pre-closure conditions. EEG is unaware that DOE finds such a request unreasonable 

for the high-level waste repository. EEG believes that DOE should be required to pursue non- 

invasive long-term monitoring programs during the operational period as a condition for approval, 

and a major evaluation should be undertaken prior to the first recertification. 
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3.4 PASSIVE INSTITUTIONAL CONTROLS 

Title 40 CFR 191.14 (c) requires designation of the repository site by the most permanent markers, 

records, and other passive institutional controls (PIC) practicable to indicate the dangers of the 

wastes and their location. The EPA proposes to require WIPP to implement the system of PICs but 

proposes to deny taking credit for PICs in the performance assessment for the containment 

requirements. 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). 

3.5 ENGINEERED BARRIERS 

Title 40 CFR 19 1.14 (d) requires use of both engineered and natural 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 (US. DOE, 1996c) 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 section 2.3 and Appendix 

8.4 of this report), this 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 saltlclay 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 commercially available bentonite to the backfill, but is willing to accept emplacement 

of MgO backfill for the sake of operational ease and efficiency. 

The EEG disagreement With the EPA on this issue concerns the lack of incorporation of engineered 
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barriers that would provide additional assurance beyond helping in the calculations to satisfy the 

containment requirements. With respect to the engineered barriers as an assurance requirement, 

the "Overall Approach of the Final Rule" (U.S. EPA, 1985, p. 38072) 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 (U .S .  DOE, 1996c, 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 any of these to be engineered barriers, for the 

following reasons: 

3.5.1 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, a waste 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 CFR 60.2 as: 
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Engineered barrier system means the waste packages and the underground facility. 

and 

Underground facility means the underground structure, including openings and 

backfill materials , but excludine shafts. boreholes. and their seals (underline 

added). 

3.5.2 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 original 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 a tracer) 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 (U.S. DOE, 1996c, 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? 

3.5.3 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 
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of CO, will result in alkaline conditions in the repository. Since the experimentally determined 

solubilities of radionuclides are lower in alkaline (high pH) conditions, the emplacement of MgO 

and its postulated effect allows assumption of lower solubility values in the CCA. This assumption 

results in lower postulated releases to the accessible environment and thus helps in 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 partial calculation without altering other assumptions and input parameters, and 

therefore appears meaningless. The fact remains that the purpose of including MgO in the WIPP 

repository is to control the chemical conditions in the WIPP repository to allow 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). 

3.5.4 Borehole Plugs 

Since the stated requirements for plugging the boreholes ( U . S .  DOE, 1996c, Section 3.3.4, Figure 

3-10) are much less stringent than the shaft seals, the borehole plugs have a lesser 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, the DOE'S CCA - Figure 3-9 (U.S. DOE, 1996c, "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). 
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3.5.5 Waste Processing and Repackaging 
Additional confidence in predicting the behavior of the waste over 10,000 years can be obtained by 

processing the waste. Hence, EPA should encourage the DOE to process the waste before shipment 

to WIPP. TRU waste is highly heterogeneous and there are no limits on the allowable particle size 

of the waste. The Nuclear Regulatory Commission (10 CFR 61) requires a 300 year waste-form or 

container longevity for class B or class C low-level waste, whereas there are no requirements for the 

TRU containers or the waste-form in 40 CFR 191. Moreover, the DOE proposed action in the WIPP 

1997 Environmental Impact Statement only commits to meeting the Waste Acceptance Criteria for 

acceptance of waste at WIPP. The DOE preferred alternative, published in the 1997 Final Waste 

Management Programmatic Environmental Impact Statement for Managing, Treatment, Storage and 

Disposal of Radioactive and Hazardous Waste, is to treat and store at the sites where it is generated 

prior to shipment to WIPP. 

The recommendation to treat the waste before shipping to WIPP should be easier to accomplish 

because several of the DOE’S waste generator sites are planning to process andor repackage the 

waste before shipping to WIPP anyway, for other reasons, as described below. The EPA’s 

recommendation will result in an orderly and coordinated decisions on this matter throughout the 

DOE weapons complex, and will make WIPP safer. 

According to the September 1997 WIPP Final Supplemental Impact Statement (U.S. DOE, 

1996d), 27,000 m3 of alpha emitting low level waste at INEEL will be processed to convert 

it to TRU waste. 

The information for the following processing and repackaging plans is derived from the National 

TRU Waste Management Plan (U.S. DOE, 1997~). 

INEEL plans to process all the existing and projected TRU waste except for 15,000 drums 

(3,000 m3) to meet the INEEL/State of Idaho agreement, which amounts to processing 

79,600 m3 - 3,000 m3 = 76,600 m3 of waste. 
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ANL-E plans to treat and stabilize all the 203 m3 existing and newly generated CH-TRU 

waste. 

Hanford plans on repackaging most of its 16,127 m3 of CH-TRU waste. 

Rocky Flats Plant will process most of the plutonium residues and all of the scrap alloy since 

plutonium concentrations exceed the DOE limits. About half the other TRU waste will be 

processed and repackaged. 

The Plutonium-238 heat source wastes at Savannah River exceed the hydrogen gas limits 

imposed by NRC and will require treatment or an easing of the regulations for a less stringent 

flammable limit or the use of hydrogen getters in the transportation containers. 

All the 1097 m3 CH-TRU waste at O W L  will be processed with a 50% volume reduction. 

SRS plans to process and repackage 9,525 m3 of the existing 11,725 m3 of CH-TRU waste. 

In summary, of the existing 104,400 m3 of CH-TRU waste, DOE has plans to treat or repackage 

88,900 m3 or 85%. Of the 15,500 m3 not being processed, 3,000 m3 is intended for shipment to meet 

a scheduled commitment between DOE and the State of Idaho. The EPA should recognize DOE'S 

efforts in stabilizing the waste and encourage DOE to also fix the yet-to-be generated waste. 

3.6 RESOURCE DISINCENTIVE REQUIREMENT 

Title 40 CFR 191.14 (e) requires that areas with natural resources should be avoided in selecting a 

site for a TRU waste repository, unless the favorable characteristics of such places compensate for 

their greater likelihood of being disturbed in the future. The WIPP site is located in the middle of 
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an area with extensive history of exploitation of potash, oil and gas, and is surrounded by hundreds 

of currently producing oil and gas wells, as well as several currently producing potash mines. It is 

expected that the mining and drilling activity will continue around the WIPP site for the foreseeable 

future. If the WIPP site had not been withdrawn for exclusive use by DOE, almost certainly there 

would have been a number of exploratory oil and gas wells and potash mines at the site by now. The 

EPA has proposed to determine that the WIPP meets this compliance requirement on the basis of the 

results of the calculations for the containment requirements. 

The EEG believes that in allowing the resource disincentive requirement of the EPA standards to 

be satisfied if the numerical containment requirements (40 CFR 19 1.13) are satisfied (through 40 

CFR 194.45), the EPA deviated from the basic philosophy of the multiple barrier “belt-and- 

suspender” approach inherent in the assurance requirements of the standards. Faced with the fait 

accompli of promulgation of 40 CFR 194, the EEG recommended (Neill et al., 1996) that at least 

the actual conditions at the site related to the presence of natural resources be fully and 

conservatively assumed in projecting compliance with the numerical containment requirements. 

This does not appear to have been done in the CCA, judging from the DOE resistance to 

consideration of fluid injection, air drilling, and mining scenarios. The other suggestion made by 

the EEG (Neill et al., 1996) is to compensate for siting the repository in a mineral resource rich area 

by incorporating robust engineered barriers in the WIPP’s design. The DOE has proposed 
Magnesium Oxide backfill as an engineered barrier, but that is needed for assuming low actinide 

solubility to show compliance with the containment requirement. The “containment” and the 
“assurance” requirements of the EPA standards thus have not been kept separate, as was intended 

by the EPA standards, 40 CFR 191. 

The EEG recommends that full consideration of the effects of the presence of natural resources be 

incorporated as suggested in Sections 2.5, 2.6, and 2.8 of this report, in a new PAVT, and the 

engineered barriers be incorporated as suggested in Section 3.4 above. 
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3.7 RETRIEVABILITY 

Title 40 CFR 191.14 (f) states, “Disposal systems should be selected so that removal of most of the 

wastes is not precluded for a reasonable period of time after disposal.” The EPA explained in the 

preamble to the originally proposed rule ( U . S .  EPA, 1985, p. 38082; September 19, 1985) that the 

recovery of waste does not have to be “easy or cheap”. 

In response to this requirement, the CCA (US. DOE, 1996c) presented a five phase approach from 

planning to decontamination and decommissioning of the facility, and the EPA proposes to find 

WIPP in compliance of this requirement. As a practical matter, however, the EEG believes that 

attempts to remove the waste fiom the repository, even 10 years after first emplacement, will be so 

hazardous and expensive that it is not a reasonable option. The EPA and the DOE should clearly 

acknowledge that fact. 
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4.0 GROUNDWATER PROTECTION REQUIREMENTS 

Subpart C of 40 CFR 191 contains the Environmental Standards for Groundwater Protection. Section 

8 191.24 specifies that undisturbed performance of the repository shall not cause the limits specified 

in 40 CFR part 14 1 to be exceeded during the 10,000 year regulatory period in any underground 

source of drinking water (USDW). An aquifer must be able to supply sufficient quantity of water 

to a public water system and to contain less than 10,000 milligrams of total dissolved solids per liter 

(0 19 1.22). 

Compliance with these requirements requires that USDWs about the WIPP Site be identified, that 

existing concentrations of radionuclides in these USDWs be estimated, and the increased 

radionuclide concentrations and doses from the undisturbed performance of the repository be 

determined. 

Previous EEG Comments 

The DCCA (U.S. DOE, 199%) did not address groundwater protection requirements and 

consequently EEG did not make comments in our review of the DCCA (Neill, et al., 1996). EEG 

has not made any previous written comments to DOE or EPA on Chapter 8 of the CCA (U.S. DOE, 

1996c). 

EPA Response to Chapter 8 

EPA mostly concurred with DOE’s evaluation of the location of possible USDWs. However, in a 

December 19, 1996, letter EPA did specify that “the CCA needs to include appropriate maps of 

USDWs using Plan views with information such as township, range, and estimated latitude and 

longitude of the center of the USDW.” A map was provided in DOE’s February 27,1997, response 

to EPA’s request for additional information. DOE did not provide a location of the estimated center 

of the USDWs because of the contention that sufficient data were not available. 
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EPA accepted DOE’s map of USDWs as adequate without location of their centers. Also, EPA 

concluded that even though DOE calculated a maximum total alpha radioactivity concentration of 

about 9 pCY4 (compared to the limit of 15 pCil4) the potentially large uncertainty was not a problem 

because these concentrations were in anhydrite formations and not USDWs. 

EEG Evaluation 

EEG has several concerns or questions about DOE calculations or assumptions and about EPA’s 

Compliance Review. 

USDW Designation. The assumption by DOE that a 5 gallon per minute pumping rate was 

necessary to supply 25 persons is non-conservative. Water consumption may average 282 gallons 

per capita per day in nearby communities where there is a water system that can supply additional 

water for lawns, gardens, swimming pools, etc. However, in a rural community where nearby water 

sources are limited, persons can live quite well on 100 gallons per capita per day. Thus, a pumping 

rate of 2 gpm should be adequate for 25 persons. The pumping rate criterion did not actually affect 

DOE’s designation of USDW areas because pumping rate data were usually not available and the 

boundaries were selected on the basis of the total dissolved solids criteria. 

EEG is satisfied with the boundaries of USDWs for the Culebra, Dewey Lake, and Santa Rosa 

aquifers that are shown in Figure 1 of DOE’S February 27,1997, submittal. 

Radionuclide concentrations in USDWs from undisturbed releases. DOE relied on the analysis 

performed for the individual protection requirements to show that the maximum concentration of 

alpha emitting radionuclides and the allowable dose from beta and gamma radiation was not 

exceeded. The concentration from the maximum realization was 6.61 pCV4 for 239Pu + 230Th + 234U. 
These concentrations were determined from BRAGFLO flows and the NUTS code for radionuclide 

transport and are in anhydrite beds and not an USDW. A different calculation scheme was used to 

estimate the 226Ra concentration. This calculation led to an estimated 226Ra concentrations of 2 pCi/O 

which is 2 orders of magnitude greater than the maximum concentration of its parent, 230Th in the 
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BRAGFLONTS calculation. It seems apparent that these two methods of calculation are 

unrelated. 

EEG believes the concentrations of radionuclides due to an undisturbed release from WIPP in any 

possible USDW will be somewhat less than the Maximum Concentration Limits (MCLs) in 40 CFR 

141. This conclusion is based on the belief that while some contamination could occur between 

anhydrite beds and USDWs the amount of dilution that would be needed in order to maintain a TDS 

concentration in a USDW aquifer below 10,000 mg/Q would more than offset uncertainty in 

estimating radionuclide concentrations. 

Radionuclide concentrations in uncontaminated USDWs. 40 CFR 191.24 states that any release 

from undisturbed performance shall not cause the levels of radioactivity in USDW to exceed the 

limits specified in 40 CFR part 141. In other words, the releases from the repository should be added 

to the existing radionuclide concentrations to determine compliance. This point was contested in 

comments on the proposed rule and EPA’s decision to include both existing and added 

concentrations was explained in the preamble to the rule. Basically, EPA doesn’t want to have any 

degradation in a USDW that has concentrations at or above MCL values. 

The final 40 CFR 194 and the Compliance Application Guidance (CAG) ( U . S .  EPA, 1996a) are 

vague about whether existing concentrations of radionuclides need to be determined and added to 

estimated concentrations from undisturbed releases in order to show compliance. No relevant 

discussion was found in the preamble to 40 CFR 194 or in the Background Information Document. 

The CCA provided no information on existing concentrations of radionuclides in the possible 

USDWs and EPA did not ask for this information. Natural system compliance with the MCLs 

should not be assumed. EEG measured radionuclide concentrations in 3 Dewey Lake wells just 

south of the site in 1989 and 1990 . One of the four samples measured 37 pCi/Q gross alpha, 13.6 

pCi/Q uranium, and 2.4 pCilP 226Ra + 228Ra (Kenney and Ballard, 1990). 
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EPA needs to either obtain existing radionuclide concentrations in the possible USDWs in order to 

show compliance with 40 CFR 191.24 or explain why this requirement is not applicable. 
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5.0 INDIVIDUAL PROTECTION REQUIREMENTS 

Section 5191.15 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 shall 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 microsieverts) .” 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 (Neil1 et al., 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 

individual 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,OOO milligrams per liter. The individual was assumed to drink 

2 liters per day of this diluted water. The realization 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 evaluated in Chapter 8 of the CCA. DOE provided this analysis in their February 27, 

1997 response to EPA’s request for additional information. The additional pathways scenarios 

analyzed were: (1) farm family inhalation; (2) farm family ingestion; and (3) cattle rancher. DOE 
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dose 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 also 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, 1996a) 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 a given 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 d) was not invoked by DOE 

or EPA in their calculations. This limited quantity of contaminated water would preclude EPA’s 

calculated 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 a residence; 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 a residue from a water treatment process (such as reverse osmosis). 
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However, these scenarios result in estimated doses that are less that 0.1 mredy .  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 

this to be a closed issue. 
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6.0 EVALUATION OF EPA’S RESPONSES TO 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 (US. 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 underestimated. 

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 m3 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 sizeholume in the CCA were not consistent with available information. EPA 

directed DOE in letters dated March 19, 1997 (Docket A-93-02, Item 11-141, enclosure 3) 

and April 25, 1997 (Docket A-93-02, Item 111-1-27) 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 a result of the PAVT, EPA found that the original brine reservoir characteristics 

were, in fact, acceptable. For more discussion on this topic, also 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, 1997e). 

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 reservoir. 

Section 194.23 (CARD 23) Models and Computer Codes 

ISSUE 23.A: Cuttings/Cavings and Spallings Model 

97. The CCA fails to consider cavings that occur as the drill bit passes through the waste, 

cavings from particle impact, cavings from helical turbulent flow, and radioactive brine 

ejected 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 integral 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 a rotation 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 ejected 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 6-1 52): 

The waste must be under suflcient pressure to drive the drilling mud @om 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 ejection 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 releases. 
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EEG Assessment of comment 97. 

The EEG concurs with EPA’s assessment. 

98. The spallings model assumes constant pressure, although blow-out is a phenomenon 

related to pressure differentials. There are several methodological problems with the 

experiments (e.g., no dimensional analysis, no vent sensitivity analysis, etc.). The model 

considers only particle dislodgment, 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 initially 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 

spallings 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, 11-G-22, 

Conceptual Models Third Supplementary Peer Review Report, April 1997, page 12). 

The new computational approach predicts extremely small spallings volumes for all 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 radial fractures in the waste will not be lifted 

2150 ft  to the land surface. In Docket: A-93-02,II-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 
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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 spallings as the average 

radioactivity in the repository (Docket: A-93-02, 11-G-1, Volume 1, Chapter 6, Section 

6.4.7.1, page 6-1 5 1) 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 cuttingshavings 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 cuttingskavings and 

spallings 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 cuttingkavings 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 al., 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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This is still a major concern. 

262b. The CCA fails to consider 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 The conceptual 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 spa11 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-2 1.26) 

670 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 lo4 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. (II-H- 

2 1.27) 

EEG assessment of EPA comment resolution 

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. 

535 The spallings model 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 spa11 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 

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

in the spallings model is a minor concern. 

536 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 

fiom 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 4x105 to 0.2 m (Docket: A-93-02, II- 

G-1, Appendix PAR, page PAR-1 15). 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,II-G-07). Since use of a loguniform distribution biases 

parameter selection during LHS sampling to smaller (Le., more conservative) values, 

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 Me1 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 

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. 

537 [DOE argues that] a larger initial spall will be followed by less erosion than a smaller 

initial spall, resulting in the same final 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 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 the 

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

539 The spallings model does not include a sensitivity 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. (11-H-12.18) 
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EPA resolution of comments 537 and 539 

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 X I ,  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’s initial concerns. 

538 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. (11-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 k 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 m3 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 all spallings’ 
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concerns does not address EEGs’ concerns. EEG believes that relying solely on the 

results fiom 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 look more closely at the newer 

model before dissmissing any comment on spallings. 

540 The “gas erosion” and the “stuck pipe”, considered by the DOE in earlier performance 

assessments, have been excluded fiom 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 processes in 

the CCA spallings model. Gas erosion and stuck pipe releases occur only if the waste 

permeability is less than 1 ~ 1 0 ’ ~  m2 (Docket: A-93-02,II-G-l, 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-I3 m2 (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 . l ~ l O - ’ ~  to 5 .3~10”  m2 on two samples (Docket: A-93-02, 11-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 1 ~ 1 0 - l ~  m2 threshold. 
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EEG assessment of EPA comment resolution 

EEG still considers “stuck pipe” and “gas erosion” as potentially important processes in 

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

ISSUE 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 S-1 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 S 1 : Verification of 2D-Radial Flaring Using 3D Geometry, 

W B S  NO. 1.1.6.3, SANDIA WIPP CENTRAL FILES-A: 1.2.07.3: PA:QA:TSK:Sl, 

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-dimensional (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 model 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 
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demonstrates 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 

similar 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 simulations ( W O #  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 calculations is 

a reasonable simplification and that the predicted results are conservative. 

EEG assessment of EPA resolution of comment 553 

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

Issue 23.W: CCA Parameters and 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 fiom the eight unconsolidated materials; a uniform distribution 

from 0.0783 to 0.277, or a uniform distribution fiom 0 to 0.277. (11-H-25.1) 

DOE Response to the Issue 

845 The comment about the distribution of 0 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 value 

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 insensitive 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 allow 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 residual 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 5 50 

Based on the information presented during the January session of the conceptual model 

peer review panel and to the particle size expert elicitation panel that some waste may be 

consolidated, the range of sampled residual brine saturation of the waste in the CCA 

calculations was appropriate. 

551 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 1 1.0 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 55 1 

No response given. 
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EEG assessment of EPA resolution of comment 55 1 

See resolution to Issue 14.T on page 224. 

552 If the samples distributions of parameters used in the CCA calculations 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 a 

faulty 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 o f ’  

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 $194.23 (c)(4) above in CARD 23 -- Models 

and Computer Codes; EPA Technical Support Document for 5 194.23: 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, 11- 

G-1, Volume 1, Chapter 6, Tables 6-8 through 6-27, page 101 to page 166, A-93-02,II- 

G-1, Volume XI, all of Appendix PAR, WIPP parameter entry forms (464 Forms), 

Parameter Records Packages (PRP), Principal Investigator Records Packages (PIRP), 

Analysis Packages (AP), and Data Records Packages (DRP). The evaluation included a 

review of the expectations listed in the “Compliance Review Criteria” for 0 194.23(~)(4) 

above in Section 5.4.2. As a result of substantial information gathering at the Sandia 
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Records 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 general 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 also found that 89 (5.7%) 

are waste-related parameters derived from the waste inventory report (see docket: A-93- 

02, 11-1-1, Volume 111, Appendix BIR). EPA found that DOE selected the values of 149 

(5.9%) parameters using professional 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 selected 465 parameters on which to concentrate its analysis. EPA selected 

parameters to review based on the following criteria: 

0 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, 

0 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, 

traceability, such as reference constants and general reference values. 

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

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 

$194.23(~)(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 111-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,III-B-5, 

11-G-26 and 11-G-28 for documentation of the changed parameters and their impact on 

potential releases. 

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 sensitivity 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 
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closure of the repository. . . 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 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 EEC that 

microbial degradation should always be specified, Le., 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, Le., 

both possible 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 disposal 

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 microbial 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 Brush6. 
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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. 

(3) 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 chemically 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 

disposal rooms and the probability of significant microbial degradation of plastics and 

rubbers for the performance assessment calculations 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 microbial gas generation and 

50% to the probability of significant microbial 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 

occurs in 25% of LHS sample vectors, and steel corrosion and microbial degradation of 

cellulosics, plastics, and rubbers occur in 25% of LHS vectors. This is 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 Conceptual 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 also be degraded.” [Illustration callout and illustration omitted in this 

quote] 

“This assumption is based on major 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 material. There is apparently no 

scientific evidence that plastics/rubbers degradation will occur at all with 
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certainty, based on contemporary experience. The possibility that products from 

microbial degradation of cellulose, and perhaps radiolysis by alpha irradiation, 

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 plasticshbbers 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 

microbial degradation of this more readily consumable material is a reasonably 

valid assumption. Also, it does not appear scientifically valid to assume that either 

all or none of the cellulose will be degraded in light of the significant 

uncertainties that microbial 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 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. 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. 

Cellulose, plastics, and rubber degrade with a probability of 25%. 

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 
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review 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 

The parameter used to set the probability of microbial 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 conceptual model peer review does not 

meet the requirements outlined in the section. 

557 If a single value for the consolidated waste permeability is to be used for direct brine 

release, then it should be 2 . 4 ~ 1 0 ’ ~  m2 and not 1 . 7 ~ 1 0 ” ~  m2 . (11-H-25.8) 

DOE’s response to comment 557 

The [waste permeability] value of 2.4 x 

correct as the 1.7 x 

would justify using the higher value instead. (11-H-45.5) 

m2 is both reasonable and is as technically 

m2 value. There has been no technical reason offered which 

EPA’s response to comment 557 

EPA has examined information to support this parameter. EPA believes that a single 
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value 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 discussion 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’s response 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, all decisions 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 several 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 conceptual 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 (IC,,). 

Section 194.32 (CARD 32) Scope of Performance 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 elicitation 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 industrial activities 
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13 

for 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 is incomplete 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-Yates 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. The CCA provides no experimental 

evidence such as the measurement of water quantities in the anhydrite beds of the Salado 

Formation to support the CCA speculation. (527)(II-H- 12.6) 

14 The claim that there will no waterflooding on the scale of Rhodes-Yates is also 

undermined by field evidence. (528)(II-H-12.7) 

15 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 C02 flooding. (529)( 11-H-12.8). 

16 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 psi per foot. This 

corresponds to 2,400 psi at the WIPP horizon which is well in excess of the fracture 

pressure of the anhydrite beds in the Salado Formation.(53 1)( 11-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 psi, 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)(II-H-12.11). 

EPA’s comment to Issue 32.A 

DOE evaluated 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 Technical 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 still 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 also 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 also requested (see Docket A-93-02, Item 11-1-17) that DOE consider different 

factors in 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 

(Stoelzel 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) all 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 evaluate this FEP for the long-term future. 

EEG Assessment to EPA Resolution of Issue 32.A 

As discussed in Secion of 2.6 of this report, the EEG disagrees with the EPA on this 

issue. 

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

4 The CCA (Appendix MASS, p. 87) claims 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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several decades in southeast New Mexico, including the Delaware Basin, to provide brine 

for oil 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 activities in that area. (533)(II-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) (11-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 (1 997) 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. This is 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 minerals and clays 

because the ore zone is too thin. Solution mining usually 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)(II-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 11-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 also 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 

potential 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’s responses 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 final rule for WIPP. 

0 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 eventually be mined to 

meet world demand. 

ISSUE 32.D Potash reserve assumptions are 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 economically 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 supplemental 

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 actual 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, simply increasing the transmissivity 

within the Culebra does not account for all processes involved in subsidence due to 

mining, and other parameters, such as fracture width, or porosity may be significantly 

257 



changed. Therefore, the EEG concludes that a more accurate portrayal of mining should 

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

ISSUE 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 incomplete. 

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 analyses 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 

deficiencies in the screening analyses for some FEPs in the CCA. DOE provided 

supplemental information addressing EPA’s questions and public comments (Docket A- 

93-02, Items: 11-1-24,11-1-3 1,II-1-34, 11-I-36,II-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 several 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 events in performance assessment 

ISSUE 33.B: The Performance should incorporate 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 release estimates. (555)(II-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# 41 13 1 
and Appendix PAR, p. 192), EPA found that a constant value of permeability m2 

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 realistic 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 justifications 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 simulations be conducted using lower permeability values 
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(parameters used in model- CONC-PLG maximum of m2, BH-SAND maximum of 

5 x lo-’’ m2 ) 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 all the calculations is 

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 (11-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 (11-H-46). This claim is wrong. 

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 

calculations. 

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, 
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provide a bound 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 

adequatelyhadequately justified, and E l  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. 

(21 9)(A-50 [II-H-121) 

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 value 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 El  scenario does not always enhance radioactive 

releases in all 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 ( U S .  DOE, 1996c, 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 

ISSUE 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 AICs for the WIPP site, including fencing, signs, and site 

patrols (Docket A-93-02, Item 11-1-0 1). DOE provided the requested information (Docket 

A-93-02, Item 11-1-07, Enclosure IC). DOE also described legal prohibitions on resource 

extraction and other activities at the WIPP site that function as AICs, such as the erection 
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and testing of passive institutional controls and the implementation of the site monitoring 

plan. 

DOE did not conduct an expert elicitation for the purpose of determining how long the 

proposed AICs specifically are expected to be effective. As EEG noted, an expert 

elicitation conducted prior to the promulgation of the final Compliance Criteria resulted 

in predictions of AICs’ effectiveness generally (see A-93-20, Item 11-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 4 1 .B 
Title 40 CFR 19 1.14 (a) requires maintenance of active institutional controls for as long 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 Institutional Controls 

ISSUE 43.B: DOE’s proposal for PICs credit is or is not 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 institutional 

controls be assumed to eliminate the likelihood of human intrusion entirely” (61 FR 

5243). This topic 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 US. 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 

ISSUE 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 allow 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 

claim as engineered barriers. The NRC specifically excludes borehole seals 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)(l) required DOE to include in the description of the disposal system 

information about engineered barriers, i.e., “any material 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)(l) and Response to 

Comments in 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 natural 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, 1996c) proposal to satisfy this assurance requirement. The EEG view is that 
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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 

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 saltlclay 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 commercially 

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, 

1996c) included these “features” in the section on “engineered barriers”, hence the EEG 

comment. 
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in the CCA. Iron corrosion on the other hand will produce massive quantities of 

H, and it is certain that iron will corrode when brine fills the repository. 

Approximately 2x109 moles of H, (Telander et al., 1996) will be produced from 

the iron in WIPP. However, the other gaseous constituents could play a small role 

if microbial degradation does produce gas. In Appendix MASS of the CCA, 

Figure MASS-1 (U.S. DOE, 1996c, Appendix MASS) shows that at lithostatic 

pressure, if the mole fraction of H, to CO, is reduced from 100% to 90%, then the 

viscosity would increase from 9x10‘ Pa*s to 16x10‘ Pa”. Therefore, it is 

suggested that the code be modified to allow a larger spectrum of values to be 

modeled. 

Sensitivity to Mud Column Density 

The density of the mud column in the borehole is dependent on the type of drilling 

mud used. For the WIPP, it is most likely that the drilling mud will come from 

the Salado Formation with additives to increase the average mud density to 10 - 
1 1 lb/gal(1200-1320 kg/m3). The GASOUT code used a density of 1249.3 kg/m3 

in the Hansen Investigation, and it is possible that this value could vary over the 

range mentioned above. 

Figure 4 shows the results of varying the parameter from 1200 to 1320 kg/m3 for a 

10 second simulation and an initial repository pressure of 14.8 MPa. The figure 

shows three curves of different waste strength, with all other parameters 

remaining the same as used in the Base Case simulation. The most outstanding 

feature of Figure 4 is the disjointed curve of failed waste (left) and mud motion 

(right) of the 10 psi tensile waste strength simulation. The code had trouble 

calculating failed waste for mud densities below 1228 kg/m3, resulting in the 

cascading affect described above. The code also had trouble at 1240 and 1250 

kg/m3, and if results were plotted for these densities (failed waste and mud 

motion), sharp spikes would exist in the curve. 
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For the higher waste strengths (and subsequently lower repository pressures) of 15 
and 20 psi, the mud density simulations were able to calculate failed volumes for 

all density values investigated. However, the results seemed almost as unreliable 

as the lower waste strength. Though a trend can be seen in the failed volume and 

mud motion, variances from those trends are high. Both graphs in Figure 4. show 

trouble with densities between 1230 to 1270 kg/m3. 
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Sensitivity to Waste Porosity 

Lastly, the code was investigated to test the effect of waste failure with decreasing 

porosity. If the porosity is lower, then the velocity of the gas moving through the 

repository to a borehole intrusion is higher. The report by Hansen and coworkers 

report a porosity of 0.7, which was said to be typical of waste porosity when the 

pressure reached over 14.8 MPa. However, after investigating the relationship 

between pressure and porosity, it was found that porosity during the long-term 

performance of the repository was approximately 0.4 for high pressures, and less 

for lower pressures. Figure 5 shows the relationship of porosity to pressure for 
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Figure 5 .  BRAGFLO Porosity Values Versus Pressure Profiles for 
Undisturbed Scenarios of the CCA. 

the undisturbed scenario of the performance assessment for the CCA. The figure 

shows two separate times, at 5000 and 10000 years postclosure using the results 

of BRAGFLO. The figure reports porosities assuming no compaction of the 

waste form from consolidation of halite creep. If the room is assumed to shrink 

by half, then the porosities would double. On this assumption, the actual waste 

porosities in the repository would be double that of the figure for a given pressure. 

Porosity from the two-phase calculations of brine and gas flow through the 

repository clearly will be lower than anticipated in GASOUT. The response of 

the code to lower repository porosities shows slightly higher releases. For an 

extremely low porosity of 0.2, with initial conditions of 14.8 MPa repository 

pressure, and 10 psi waste strength, the uncompacted spalled volume is 0.47 m3, 

and decreases smoothly up to the original porosity of 0.7 and a calculated failed 

volume of 0.27 m3. However, porosities above 0.7 and below 0.2 cause the waste 

to cascade, and results are interpreted as numerical artifacts. Additional 

experiments using a variety of repository pressures and their expected porosities 

from Figure 5 ,  does not show any further problems within the code. 

-end 
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In addition to the cavity growth experiments with GASOUT, the option of failed material 

removal was “turned off’, and the affects of decreased permeability was studied again. The 

surprise result of this new set of calculations shows that the effective stresses in the waste are 

significantly high to cause radial failure beyond the assumed 0.27 m3, as presented in Hansen et 

al. (1 997). Figure 6 shows an analogous model for permeability assuming both with and without 

material failure. The left plot of the figure shows a common scenario with initial repository 

pressures at 14.5 MPa, permeability equal to 1 .7~10- l~  m2 and the results from GASOUT with 

both options of material failure. It shows that material removal produces higher failed volumes 

than calculations without material removal. The right plot, again with 14.5 MPa initial 

repository pressure, shows results of GASOUT without material removal for two permeability 

values. The option for material removal was turned off due to the observations of the above 

sensitivity analysis. The set of curves on the right-hand-side shows that lower waste 

permeability produces higher volumes. It therefore can be deduced that if low permeability and 

waste failure removal calculations are initiated, then the volumes of failed material may be even 

greater than seen on either plot of Figure 6 It is unknown the exact extent to which material 

failure will increase. It is plausible that system could attain equilibrium quicker, and the 
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differences are insignificant 

For an extreme example of the above analogy, Figure 7 shows radial distance of potential failure 

at permeabilities of 1 . 7 ~ 1 0 ~ ' ~  and 1 ~ l O - l ~  m2 for pressures at 14.8 MPa without material removal. 

Potential failure was extrapolated from the effective stresses that would exist in non-failed 

material. The repository pressure was set at 14.8 MPa and waste strength at 10 psi for the 

experiments in Figure 7. 

The figure clearly shows that when permeability is lower than assumed in the CCA then releases 

will be higher than assumed from the investigation in Hansen et al. (1997). The maximum radial 

failure at a permeability of 1 ~ l O - l ~  m2 is 1.17 m, equating to an uncompacted spalled volume of 

6.6 m3. It is believed that when permeability is even lower than the lowest value presented in 

Figure 7, the releases could be higher. However, the code has difficulties with oscillations in 

pressures at lower permeabilities, and confidence in results is low. 

The results of Figure 7 must be kept in context. When material is not removed during the pore 

pressure calculations (and subsequently total overburden stress), the code does not redistribute 

values at the new boundary. Instead, the pore pressures decrease in that region, hence lowering 

the possibility of new failed material. Therefore, Figure 7 actually underestimates the potential 

effect of failure, and higher volumes will result if the material is removed. These calculations are 

not possible with GASOUT, with reasons explained from the sensitivity analysis with the code. 

Lastly, the issue of shear failure of waste has been eliminated from spall calculations in Hansen 

et al. (1997) due to its suspected low consequence on overall spall releases. The report by Dr. 

Frank Hansen and group state that material that fails in shear will not necessarily fragment, and 

that the region of shear failure is generally less than or equal to the region of tensile failure. The 

response to the first half of the statement on fragmentation suggests a large degree of uncertainty. 

The waste will have a residual shear strength component remaining after failure if it does not 

fragment. Since the nature of the waste already has such a low compressive strength, residual 

strength after failure will be nominal at best (assuming inelasticity). An average value of 0.75 
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MPa for shear strength was measured with partially saturated waste surrogates and partially 

degraded waste forms. After failure, it is assumed that the stresses needed to deform the waste is 

much less, and that the simple act of erosion from the circulating drilling fluid would cause the 

material to fragment. Therefore, it is conservative to assume that waste failed in shear is totally 

fragmented. ~ 

Considering the region of shear failure, there are some circumstances in which it would be larger 

than the tensile failed region. Figure 8 shows a calculation by GASOUT without material 

removal for a typical case of 14.5 MPa repository pressure and permeability of 1 .7xlO-’’ m2. The 

left plot shows the normal effective stresses in the waste with the tensile strength (dotted line) 

and the right plot shows shear effective stresses with maximum shear strength. The figure on the 

left demonstrates that the tensile failed radius will be approximately 0.17 m. The initial borehole 

radius is 0.1556 m, giving rise to a mere 0.005 m’ hemispherical volume of failure region. On 

the right of Figure 8, the shear radius of failure after 5 seconds of simulation shows a value of 

0.29 m, equivalent to a hemispherical volume of 0.09 m’. Though the failed volumes are very 

slight and may seem inconsequential, the region of shear precedes the region of tensile failure. 
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Furthermore, it is observed that shear failure is an important mechanisms for failure when 

seepage gradients through the waste are small. For example, when the initial pressure is lowered 

to 12.0 MPa, no tensile failure is observed. Yet, the effective shear stresses in the waste are 

noticed to increase, and failure for the experiment is seen to occur at approximately 0.3 m fiom 

the borehole center. The experiments assume no failed material removal, and it is conceivable 

that the extent of failure could extend beyond these values. The opposite phenomena is observed 

when the seepage gradient is high; tensile failure precedes shear failure. 

Recommendations for Models: 

It is shown that the GASOUT code responds erratically to small changes in the input 

assumptions, and sometimes gives misleading results. GASOUT was the main code examined, 

due to its ability to remove material during failure, and for being the major code of spallings 

verifications for CCA values. EEG recommends that the code be examined more closely, before 

judging the results of Hansen et al. (1997) as the maximum amount of failed material that will 

reach the surface, and the spalled volumes calculated in the CCA as reasonable. 
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It is also recommended that a new spallings code be developed, that incorporates all the aspects 

of failure correctly. The GASOUT code seems to have difficulty with redistributing the pore 

pressures once waste has been removed. Also, the code only addressed the concern of tensile 

failure. In a hemispherical geometry, tangential forces will cause the material to be in 

compression, and the material could fail in shear. The GASOUT ignores shear failure as a 

possible mode of failure, although it is calculated. The strength of the waste is nominal in 

compression (measured values in Hansen et al., (1997) show a typical value of approximately 

100 psi), and the pressures exerted from the overburden rock could cause the material to yield. 

2.4.3.3 EPA’s Model Prediction of Spallings 

The EPA funded a separate investigation of the spallings phenomena that focused on potential 

limits on spall material reaching the surface because of insufficient lofting capacity of gases 

vented from the repository. The investigation is described in two reports (U.S. EPA, 1997e and 

19970. The first report assumes that spall occurs prior to penetration of the drill into the 

repository. It also assumes that the volume of material removed by the spallings process can be 

ignored. The second report assumes a one to two foot penetration of the drill string into the 

repository concurrent with formation of a spall cavity. The EPA investigation determined that 

venting of the repository would not be energetic enough to bring spall material to the surface. 

The conclusion is valid for evaluating the CCA spallings model but can’t be extended to the most 

recent DOE spallings model. The investigation’s focus is on relatively long term transport 

capability consistent with the CCA spallings model, not immediate transport of material from the 

formation of an explosive spall cavity, as in the most recent model. 

The main emphasis of the EPA investigation is to explore whether there will be sufficient gas 

velocities in the repository-borehole system to transport particles, created by the spall process, to 

the surface. The ability of gas to entrain solid material is well understood. Vertical entrainment 
of larger particles requires greater gas velocities than smaller particles. The calculations 

predicted the maximum sized particle that could be transported to the surface by comparing 

calculated velocities to an established relationship of maximum size of entrained particles to 

hydrogen gas velocity. Three regions were examined to determine the most stringent limit on the 
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size of transported particles. The smallest calculated velocities occurred in assumed void space 

created by the spall process. Applying the maximum particle size estimate to these velocities 

results in a prediction of 70 microns as the largest size particle that could be brought to the 

surface. 70 microns is smaller than the lower limit of particle distribution determined by the 

“particle size” expert elicitation panel. This leads the EPA investigators to conclude that 

spallings is a self-limiting process because of the inability of lofting new spall material from the 

cavity. 

The spallings model used in the CCA performance assessment assumed that erosion of waste 

material would form channels in the repository room. The erosion process could last for days. 

The EPA investigation adopted an 11 day-long time fiame and assumed that the first few seconds 

were not significant. This allows the adoption of cylindrical , one dimensional, radial flow 

approximation of flow through the repository to a borehole. The approximation is accurate only 

when pressure depletion extends far enough into the repository that a region, a few repository 

thicknesses in size, has a fully developed gradient. A fully developed gradient means, roughly, 

that little of the flow in the region is derived from local depressurization. Once the fully 

developed gradient forms, a pseudo skin factor is required to correct the one dimensional model 

for the two dimensional flow pattern near the borehole. The pseudo skin factor accounts for the 

fact that the drill was assumed to penetrate the repository only a few feet. The skin factor is 

applied as a permeability reduction of the repository waste near the borehole. This factor is 

0.075 for a one foot penetration and 0.16 for a two foot penetration distance ( 2 . ~ 1 0 ~  with no 

penetration). 

Both EPA reports are superceded, however, by the spallings model presented in January 1997 to 

the conceptual model peer review panel (Hansen et al., 1997). This model predicts that almost 

all spall would come from the face of the drilling cavity. The spall process would occur in the 

first few seconds of repository depressurization. 

The permeability reduction used in the EPA model is inappropriate to address removal of the 

initial spall material. The spallings model of Hansen et al. (1 997) predicts spalling will stop after 
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a few seconds and that depressurization is negligible beyond roughly 1.5 meters at th is time. 

Figure 5..6 of Hansen et al. (1997) presents the calculated pressure in the repository as a function 

of distance and time in the region of the borehole. During this initial depressurization the source 

of flow is from the region close to the borehole. It is this local depressurization that would cause 

spalling to progress away from the drilling bit. 

The temporal and spatial discretization of the EPA investigation is far too coarse to investigate 

the potential for evacuation up the borehole of spall material created in the first few seconds. For 

example, in the case of a two foot penetration with 0.25 m3 spall cavity, the first element of the 

EPA analysis is 0.39 m thick. In the Hansen et al. (1997) model, the first element is 0.01 m 

thick. In the EPA investigation the first time step is 86 seconds compared to 0.001 seconds in 

the Hansen et al. (1997) model. These differences in both temporal and spatial discretization are 

an indication that the EPA modeling can not predict gas velocities from local depressurization 

reliably. Hence, the two EPA reports can’t be used to judge the conservatism of the spall model 

described in Hansen et al. (1 997), nor the extension of the Hansen et al. (1 997) model to potential 

spall from air drilling. 

Hansen et al. (1 997) also considered the issue of maximum particle size that could be transported 

up the borehole. Figure 6-22 of Hansen et al. (1997) indicates that particles as large as 10,000 

microns may be transported to the surface after the mud column has been expelled from the 

borehole, about 250 seconds after intrusion, and that transport of such large particles could occur 

for much more than 200 seconds. Two-hundred and fifty seconds is still very early in the EPA 

investigation (3 time steps). The discritization of the EPA model is too coarse to accurately 

calculate the flow rates this early in the 1 1-day period. 

The calculated mass flow rate of gas up the borehole does not increase at 250 seconds, in the 

Hansen et al. (1997) model. Instead, the carrying capacity of the gas jumps because of lower 

pressure in the borehole due to the removal of the mud column. This confirms the 

appropriateness of neglecting the mud column in the EPA investigation. 
~ 
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A less important criticism of the EPA investigation is the reliance on velocities calculated in the 

spall cavity. The velocities are calculated by dividing the flow up the borehole by the area of the 

entire cavity as if all the flow was vertical. Gas velocities in this region are not spatially constant 

and not vertical. Simple mass conservation implies that the velocities must be greater near the 

drill collar. In addition, particles need not be lofted in this region to be transported, except right 

at the borehole where the cavity velocities are greatest. Particles may be transported towards the 

borehole by both’collapse of the spall material into the cavity and the drag of the radial velocities 

of the gas moving toward the drill collar annulus, even if the velocities are too weak to loft the 

particles. Horizontal transport by gas is known as saltation and should be recognizable to people 

who have witnessed an aluminum can being bounced along a roadway by the wind. In the case 

of the can, the wind velocity is rarely large enough to loft the can but the can bounces off the 

ground as it moves. The blowout experiments conducted for DOE (Lemke et al., 1996) 

demonstrated that, for material without cohesive strength, particles will be moved radially toward 

the gas vent. These experiments indicated that the cavity formed by material carried out the vent 

is filled by material being transported toward the vent along the upper surface of the cohesion- 

less mass of particles. 

For consideration of removal of spall created in the first few seconds of a drilling intrusion into 

the repository, the calculations of Hansen et al. (1 997) are more accurate than those of the EPA 

investigation because of the use of a one-dimensional cylindrical geometry and coarse 

discritization in the EPA model. The EPA investigation underestimates velocities during a 

spallings event. Based on the information supplied by Hansen et al. (1997), large enough gas 

velocities are likely to occur during a spallings event, for a long enough period, to transport large 

amounts of the spall material up the borehole. In conclusion, the calculations of Hansen et al. 

(1 997) indicate that transport of spall material up the borehole will not limit the release of spall 

material to the surface. 
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2.5. AIR DRILLING 

This section is to address the concerns of the EEG on the issue of EPA’s Analysis of Air Drilling 

at WIPP (U.S. EPA, 1998). Based on its own analysis of Air Drilling in the Delaware Bash of New 

Mexico, the EPA has concluded that the air drilling scenario did not have to be considered in the 

DOE’s Compliance Certification Application. 

Dr. John Bredehoeft first proposed air drilling as a plausible scenario at WIPP in 1997 and conducted 

a modeling experiment (Bredehoeft, 1997a) to quantify the amount of spalled material that would 

be brought to the surface if the repository was inadvertently breached by a drill intrusion, using air 

as the drilling fluid. Drilling with air results in lower hydrostatic pressures in the bottom of the 

borehole, thus the possibility of higher pressure- gradients through the waste repository. Bredehoeft 

used the code GASOUT for his modeling, admitting that the code was not written for this purpose, 

but if used with caution, could yield approximate results. Bredehoeft concluded that air drilling 

could potentially violate the containment requirements of 40 CFR Part 19 1.13. 

The DOE disputed Bredehoeft’s modeling analysis, based on incorrect usage of the code. DOE 

argued that the code was designed for drilling with an incompressible fluid, and for low seepage 

gradients. When the code was used in Bredehoeft’s study, it produced large amounts of waste 

failure, which were on the order of 500 - 2000 m3. These high volumes were easily explained, 

argued DOE, and that the results were highly unlikely to occur at WIPP. 

Further analysis by the EEG, which investigated the amount of brine that could be released through 

an air drilling event, also concluded that large amounts of radionuclides could be brought to the 

surface. The EEG estimated that the maximum amount of brine that could be blown out of the 

repository would be approximately 2000 m3. However, the DOE showed that the EEG analysis 

contained conceptual errors and the EEG accepted the DOE’s criticism. 

Finally, the EPA conducted its own analysis and concluded that air drilling scenario of release is not 
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valid on the basis of both low probability and low consequence. The following two sections respond 

to the EPA invitation for comments on the EPA analysis. 

2.5.1 EEG’s Critique of EPA’s Air Drilling Analysis 

The WIPP is located in a resource rich area and the EPA Standards for the disposal of transuranic 

waste require that the DOE application address inadvertent human intrusion. However, the DOE 

Compliance Certification Application did not address the issue of air drilling. In calculating the 

impact of resource exploitation on the cumulative release of radionuclides from the repository, the 

CCA performance assessment calculations addressed only the actual drilling event and only drilling 

methods which use brine as the drilling fluid. 

In a report titled Air Drilling into WIPP, Bredehoeft(l997a) makes a compelling argument that the 

application needs to consider other known drilling technologies, such as the use of air rather than 

brine for the drilling fluid. The repository performance must be determined for the next 10,000 years 

and Bredehoeft notes that technologies, such as drilling, have changed in the past and will probably 

change in the future. He suggests that EPA required the DOE to treat the historical drilling rate as 

representative of the full 10,000 years to accommodate changes in drilling technology and mineral 

economics including minerals not currently in demand (Bredehoeft, 1997a, p. 1). Indeed, the 

preamble to the EPA Criteria states: 

In effect, when used for the purpose of determining the future drilling rate, today’s 

drilling activities act as surrogates for the unknown resources that will be drilled for 

in the future (U.S. EPA 1996, p. 5233). 

It is not clear that EPA’s assumption of a constant drilling rate was intended to compensate for future 

changes in technology. Nonetheless, Bredehoeft identifies a problem that needs to be addressed. 

Bredehoeft attempts to prove, with a known drilling technology, that the assumption of a constant 

drilling rate for 10,000 years is not adequate to accommodate technological changes and he 

calculates the release of radionuclides from the repository as the result of a drilling intrusion. His 
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calculations show a much larger release of radionuclides to the surface as a result of using air rather 

than brine for the drilling fluid. 

2.5.1.1 Scenario Rejected by DOE and EPA on Basis of EPA Regulation 

While Bredehoeft is proposing that an air drilling scenario be considered both, U.S. DOE (1998) and 

U.S. EPA (1998) have reiterated the position that the air drilling scenario can be ruled out on the 

basis of regulation. Within the confines of considering only the actual drilling event, the EPA 

Criteria specify a future state assumption for which: 

Performance assessments shall document that in analyzing the consequences of 

drilling events, the Department assumed that: 1) future drilling practices and 

technology will remain consistent with practices in the Delaware Basin at the time 

a compliance application is prepared. Such future drilling practices shall include, but 

shall not be limited to: the types and amounts of drilling fluids; borehole depths, 

diameters, and seals; and the fraction of such boreholes that are sealed by humans 

(U.S. EPA, 1996, §194.33(~)(1)). 

On October 29,1996, the DOE submitted the Compliance Certification Application. Appendix DEL 

states: 

There are a variety of drilling fluids used in Delaware Basin drilling. Most rotary 

drilling operations use saturated brine (10 to 10.5 pounds per gallon) as a drilling 

fluid until reaching the Bell Canyon Formation, where intermediate casing is set. 

(U.S. DOE, 1996~, p. DEL-32). 

Hence, the CCA calculations are based on the assumption that all future drilling through the Salado 

Formation will be done with brine as the drilling fluid and drilling with any other fluid can be ruled 

out citing regulatory considerations. 
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The NENIAEA International Review Group (IRG) expressed its reservations about scenarios 

rejected on the basis of regulatory consideration in the absence of logical or physical arguments for 

such a scenario rejection (NEMAEA, 1997, p. 19). This appears to be an obvious shortcoming. 

I 

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 
Year 

Fig. 9. DOE’S projected use of underbalanced 
drilling in the United States. 

Bredehoeft did not limit his consideration of scenarios to a choice of drilling fluid. He observes that 

air drilling is a proven technology and its frequency of use by the oil and gas industry is increasing 

as shown in Figure 9. An examination of published materials shows that use of underbalanced 

drilling, including air drilling, is expanding in the oil and gas industry with the explicit support of 

the DOE Office of Fossil Energy (Duda et al, 1996) and strongly suggests that the analyses may need 

to include other methods of underbalanced drilling, including foam, mist, dust, aerated mud and light 

weight solid additives. 

2.5.1.2 Entire Delaware Basin not included in DOE and EPA Review of Records 

U.S. DOE (1 998) and U.S. EPA (1 998) maintain that the drilling fluid used in the PA calculations 

is limited to current practice in the Delaware Basin which does not include air drilling. They do note 

a few exceptions in previous years and the more recent use of air drilling on one occasion to address 

a lost circulation problem. 

With respect to current and historical practices, the DOE examined records on file with the New 
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Mexico Oil Conservation Division ( U . S .  DOE, 1998, p. 5-12). The EPA examined 203 randomly 

selected drilling records from the NMOCD files for Eddy County and Lea County ( U . S .  EPA, 1998). 

The DOE and EPA each conclude, from information in the New Mexico records, that air drilling has 

rarely been used in the Delaware Basin. 

Fig 10. New Mexico and Texas Counties in 
the Delaware Basin 

While, the EPA Criteria requires consideration of practices in the entire Delaware Basin, neither 

agency reviewed the Texas records although a large portion of the Delaware Basin is located in 

Texas. EPA documents a conversation with Mark Henkhaus, District Manager of the Texas Railroad 

Commission in Midland, Texas who indicated that Burlington Resources has done air drilling in 

Reeves and Pecos Counties, Texas. Although not noted in the EPA document, Reeves County, 
Texas lies entirely within the Delaware Basin. Compliance with the EPA Criteria requires 

examination of the appropriate Texas records as well as the appropriate New Mexico records. 

2.5.1.3 Potential Inadequacy of Public Records 

The EPA survey of drillers, consultants, and state employees found: 

None of the individuals contacted were aware of any oil industry related wells drilled 

within 20 miles of the WIPP Site using air technologyfor any purpose [emphasis 

added]. In addition, New Mexico Oil Conservation Division (NMOCD) regulatory 

personnel in Hobbs and Artesia indicated that no wells have been drilled from the 
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ground surface with air in the New Mexico portion of the Delaware Basin because 

of the problems cited above (U.S. EPA, 1998, p. 13). 

While the EPA- survey did not find a single instance of oil field air drilling within 20 miles, EPA 

noted (U.S. EPA, 1998, p. 6) that the DOE found some evidence of a well having been partially 

drilled with air about 8 miles east-northeast of the WIPP Site Boundary. DOE stated: 

The information in the NMOCD and BLM records do not show evidence of air 

drilling at the Lincoln Federal #1. All information presented below was obtained 

verbally from representatives at Collins & Ware, Inc., the operator, and McVay 

Drilling, the driller of the well (U.S. DOE, 1998, p. 7). 

The EPA also could not find any direct information documenting the use of air drilling. The use of 

air drilling was inferred from “statements in the well files that indicate that air was circulated while 

casing was set to the top of the Delaware Basin” (U.S. EPA, 1998, p. 6). 

Neither DOE nor EPA could find documentation in the public record directly stating that this well 

was partially drilled with air. This raises a very important question about the reliability of the New 

Mexico records to document air drilling. If air drilling was indeed used in this well and that 

information is not stated in the public record, how many other wells have been drilled with air (foam, 

mist, aerated mud, or other underbalanced methods) without documentation? No conclusion can be 

drawn about the documentation in the Texas records for the Delaware Basin because apparently that 

search does not appear to have been conducted. 

The DOE also conducted a survey of thirty drilling companies. Six were no longer in business, four 

had been acquired (by companies that did respond to the survey), and five could not be contacted. 

Fifteen companies responded. It was fortuitous that the company that drilled the Lincoln Federal #1 

well was still in business and that the staff responding to the U.S. DOE (1 998) inquiry remembered 

the use of air drilling for this very unusual well. 
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Although there were no direct statements on file in the public record, there is no question that this 

well was partially drilled with air. Page four of the actual drilling record clearly states: 

4/11/91: Day -10 
Drilling at 2620', made 735' in 19 1/2 hours. Formation Anhydrite and 
salt. MW IO, Vis 28, Ph 8. Bit #3 12 1/4" HTC, R-I, Jets 3/13's, in 
at 852', out at 2320', made 1468' in 39 1/4 hours, WOB 15-20,000, RPM 
70. Bit #4 12 1/4" HTC, J-33LI Jets 3/13, in at 2320, made 300' in 7 
hours, WOB 30,000, RPM 70. Pump # I  SPM 70, GPM 237, PP 700. 
Deviation survey at 1945' 1/2O, at 2320' 3/4O. 
TIME BREAKDOWN: 2 hours drilling, 1 hour circulate out air pocket and 
water flow, 1 1/2 hours drilling with water flow, 1/2 hour survey, 9 
hours drilling with partial returns, 3 hours trip for new bit and 
survey, 7 hours drilling with no returns. Hauled 8 loads of formation 
water to disposal. Will continue to drv drill until air compressors 
on location and set UD to air drill. [Emphasis added]. 

4/12/91: Day -1 1 
Drilling at 2984', made 364' in 9 hours. Formation salt and 
anhydrite. MW brine water. Bit #4 12 1/4" HTC, J-33CI jets 3/13, in 
at 2320', made 664' in 16 hours, WOB 20-30,000, RPM 76. Pump # I  SPM 
90, PP 1100-600 psig. Deviation survey at 2667' 1 1/4O, at 2915' 1 
3/4O. 
TIME BREAKDOWN: 2 1/2 hours drilling with no returns, 1/2 hour 
deviation survey, I hour drilling, 1/2 hour pull 20 stands, 5 hours 
wait on brine, 1/2 hour trip out of the hole, 4 3/4 hours nipple up 
rotating head, change flowline and hook up compressors, 1 3/4 hours 
trip in hole, 1/2 hour install rotating head, 1/2 hour establish 
circulation, 3/4 hour air drilling, 112 hour repair flowline, 4 114 
hours air drilling, 1/2 hour totco, 1/2 hour air drilling. 

Air drilling was used to overcome a lost circulation problem. However, the use of air drilling was 

not documented in the public record, which raises the concern that there could be other wells that 

were either fully or partially air drilled without public documentation. 

The EPA and DOE report the use of air drilling in areas outside the Delaware Basin, based on 

discussions with various drillers. Could that information have been discerned from the available 

public record? There is no indication that either DOE or EPA verified that information obtained 

from drillers is also contained in the public record. 
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2.5.1.4 Water Influx 
Based on a survey of drillers, the DOE maintains that the potential influx of water is a deterrent to 

drilling with air. U.S. EPA’s (1998) industry survey also found that large water inflow was the most 

commonly cited reason why air drilling is not conducted in the Delaware Basin, including the area 

around the WIPP Site. But as noted in the EPA survey of drillers, “air drilling technology is 

improving at a relatively rapid pace and new larger rigs are capable of handling more water influx 

than in the past” (U.S. EPA, 1998, p. 9). EPA acknowledges that air drilling technology is capable 

of handling higher water inflows by using larger air compressors (U.S. EPA, 1998, p. 15) which is 

consistent with the observation that “new equipment is available” (U.S. EPA, 1998, p. 9). 

Furthermore, the DOE and industry are also optimistic about the potential market for light-weight 

fluids not adversely affected by the invasion of other fluids and the use of light weight solid additives 

to overcome contamination problems associated with fluid influxes (Duda et a1.,1996, p. 76) . 

The drilling report for the Lincoln Federal #1 includes the following important notation, at the 

bottom of page four, indicating air drilling moved large volumes of water from 2000 feet up to the 

zone of lost circulation and the remaining water up to the surface pit. 

**NOTE: Both Air and Brine are being pumped; pit gain with air on hole; pit loss 
without. We are drilling with air until pits fill up, then dry drilling using brine water 
that is in the pits. When pits get low we go back to air drilling. 

The actual drilling record was used to prepare the following account: 

On April 2, 1991, drilling was initiated for a gas well on Lincoln Federal No. 1 in 

Section 26, T2 1 S, R32E, NMPM, in Lea County, New Mexico about 8 miles (1 3 km) 

east-northeast of the WIPP Site Boundary (Collins & Ware, Inc., 1991 pp. 1-4). On 

the third day of drilling and upon reaching a depth of 1292 feet, all of the circulating 

fluid was lost to the formation. The driller began hauling in water to continue 

drilling. Drilling with water continued for ten additional hours on the fourth day. A 

survey confirmed 100% circulation loss in the two foot interval from 1290’ to 1292’. 
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Attempts to seal the formation with cement over the next 5 days largely failed as 

evidenced by the continued loss of circulating water to the formation. Nonetheless, 

on the tenth day, drilling continued until an air pocket and brine flow were 

encountered at 2000 feet. Brine from this formation began filling the surface pit, 

which is used to contain the circulating fluid. Drilling continued for 1 112 hours with 

brine flowing into the pit. The driller then hauled eight loads of brine to disposal and 

continued drilling for 9 hours with partial returns of brine to the surface. Apparently, 

while the brine flowed to the surface, much of the brine continued to flow into the 

two foot interval between 1290’ and 1292’. The drilling report documented an 

additional 7 hours of drilling with no returns. On the eleventh day, after 3 1/2 hours 

of drilling with no returns, air drilling was initiated. As drilling continued, the pit 

filled with formation brine. Once there was sufficient brine in the pit, the brine was 

used as the circulating fluid for drilling until the pit was nearly depleted. Then air 

drilling resumed until the pit again filled with brine (Silva, 1994, pp. 63-64). 

U S .  EPA (1998, pp. 15-16) presents an argument that water inflow will prevent air drilling in the 

vicinity of the WIPP. The argument must be viewed with caution. Although EPA alludes to cost 

limitations, there is no cost analyses for drilling a specified well in the vicinity of WIPP. Instead, 

referring to information fiom one industry contact (unnamed) and applying methodology presented 

by Lyons (1984, p. log), EPA determined that the reasonable upper bound for water removal under 

current air drilling practice is in the range of 10 to 20 gallons per minute (gpm). EPA maintains that 

water inflow into a hole drilled at the WIPP Site would originate primarily from Culebra Dolomite 

and calculates that wells in the vicinity of WIPP with transmissivities greater than 1 x 10’ m2/s 

identify areas in which water inflow would prohibit air drilling. Furthermore, EPA states “other 

wells in the area have transmissivities in the 1 0-6 to 10’ m2/s range, causing much of the WIPP Site 

to be borderline for feasible air drilling” (U.S. EPA, 1998, p.16). 

The wells in the immediate vicinity of the WIPP shafts, H-1, H-16, and ERDA 9, each have 

transmissivities on the order of 1 O 6  m2/s. That these would be “borderline for feasible drilling” is 
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somewhat difficult to understand in view of the measured inflow data for that area, which ranged 

between 0.3 gpm to 0.9 gpm with an average of about 0.6 gpm (D’Appolinia, 1983, p. 5-2). And 

that was for the six foot diameter ventilation shaft. An oil and gas well would have a much smaller 

diameter, hence, an even lower inflow. 

With respect to the EPA comment that “the reasonable upper bound for water removal under current 

air drilling practice is in the range of 10 to 20 gallons per minute,” EEG contacted the drilling design 

engineers of ECD Northwest who confirmed that current air drilling technology could easily handle 

water inflows on the order of 500 gallons per minute. Moreover, water inflows during drilling can 

be successfully inhibited by a variety of methods including, for example, reacting a monomer and 

catalyst in the water producing zone to form a polymer skin. The feasibility of such treatments was 

a matter of cost. EEG did not ask for the estimated cost of actually air drilling a well at WIPP but 

simply wanted to know the upper bound for water removal under current air drilling practice. 

The DOE concludes that air drilling is not well suited to WIPP based on discussion with fifteen 

drillers with experience in the area. The DOE report does not include any detailed engineering or 

economic analysis for the actual cost of underbalanced drilling of a well near WIPP. If DOE and 

EPA are going to rely on interviews with drillers, than they must also consider the published 

concerns of others in the industry including drilling fluid manufacturers and suppliers who compete 

in an industry that must stay at the cutting edge of technological developments. In their recent 

catalog of supplies, Cleanvater, Inc., a company which manufactures and supplies chemicals for 

underbalanced drilling offers the following thoughts: 

It has been an industry wide misunderstanding that very few wells are suitable 

candidates for drilling balanced to underbalanced. Through recent technological 

advancements, many obstacles have been overcome and what was once unthinkable 

is today “NO PROBLEM,. (Capitalized in the original). 

In discussing recent technological developments in underbalanced drilling, Clearwater, Inc. also 
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states: 

Many operators who have attempted air drilling and failed have abandoned the 

technique. These operators may not have kept abreast of the latest developments. 

The limited use of air drilling techniques, relative to fluid, is primarily a function of 

the limited knowledge of new developments and the industry’s natural resistance to 

changing methods. The level of expertise in air drilling technology currently found 

is comparable to the industry’s generally limited knowledge of hydraulic fracturing 

methods two decades ago. 

The EPA should consult with the DOE Office of Fossil Energy. As one DOE sponsored study 

noted, unfamiliarity with light-weight fluids and the perception of high cost were the two primary 

reasons operators gave for not using light-weight fluids more often (Duda et al., 1996, p. 76). The 

DOE Office of Fossil Energy continues to participate in an effort to promote the understanding and 

use of underbalanced drilling technology. 

2.5.1.5 Analysis Conclusions 
Bredehoeft (1997a) identified how the drilling rate specified by the EPA Criteria cannot 

accommodate even a small technological change, such as using air drilling rather than brine drilling 

for resource recovery in the vicinity of the WIPP. 

The DOE and EPA reject the air drilling scenario on the basis of regulatory considerations. Yet the 

DOE and EPA review of records to determine drilling practices did not include the Texas portion 

of the Delaware Basin despite verbal information referring to such drilling activities. 

DOE and EPA’s examination of the New Mexico records raises questions about the adequacy of 

such records to provide complete information on the use of underbalanced drilling in the New 

Mexico portion of the Delaware Basin. 
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The EPA arguments concerning the inability of air drilling to handle water inflow at the WIPP 

appear to lack merit given the actual measured inflows and the current state of air drilling 

technology. 

The DOE interviews with drillers found that they would not consider using air drilling near the WIPP 

site. However, written statements by others in the air drilling industry, including the DOE Office 

of Fossil Energy, identif) an industry wide misunderstanding that as led some operators to 

incorrectly conclude that some wells are not suitable to air drilling. They note that the limited use 

of air drilling techniques, relative to fluid, is primarily a function of the limited knowledge of new 

developments and the industry’s natural resistance to changing methods. 
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2.5.2 The Improper Use of the Quasi-Static Method for the Prediction of Spallings 

To quantify the consequence of drilling with air as the fluid used for bit lubrication and cuttings 

removal upon a drill intrusion at the WIPP, the EPA adapted the Quasi-Static spreadsheet model 

that was described in Hansen et al. (1997) for an air drilling scenario. The results of modeling 

the air drilling scenario can be found in U.S. EPA (1998). The model was originally designed for 

drilling with a brine mud medium. The code produced reasonable results for an air drilling 

model, in that it did not calculate extremely large stresses in the waste near the borehole, 

considering the large pressure difference between the intruding borehole and the highly 

pressurized repository. Therefore, it was assumed that the code could be used for the air drilling 

scenario. However, the model was not developed to predict failure. The code is only capable of 

calculating stresses in the waste assuming that no material has been removed. Extrapolating a 

failure from the results of the code misrepresents its design, and may lead to false interpretations. 

2.5.2.1 Quasi-Static Model 

The Quasi-Static model was developed with three main purposes (or elements): 1) to calculate 

the motion of the mud column up the borehole, 2) calculate the gas flow within and from the 

repository, and 3) to calculate stresses in the waste. All three processes are coupled by the 

pressure at the bottom of the borehole (bottomhole pressure), and are described quite well in 

Hansen et al. (1997) or Gross and Thompson (1997). 

The implementation of the numerical model for the three elements was established by using two 

spreadsheets. The first spreadsheet calculated the gas flow and pressures within the repository as 

well as the motion of the drilling mud being expelled from the borehole from a high bottomhole 

pressure. The second spreadsheet calculated the effective stresses in the waste as a function of 

radial distance and time from the total stress exerted by the overburden rock and saturated waste 

and the pore pressure calculations of the first spreadsheet. This was accomplished by numerical 

integration of the governing equations in Gross and Thompson (1997) by the Runge Kutta 

method. 

The name Quasi-Static refers to the steady state approximations to the analytical solution of the 
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gas flow equation. The steady state analytical solution differs fiom a fully transient numerical 

model, and thus disregards some aspects of flow such as compressibility. The steady state 

solution assumes that the boundary condition at the borehole is constant. However, since the 

boundary will change in time during an intrusion at WIPP, the solution undergoes a series of 

steady state calculations to calculate the pore pressures in the waste and the mud motion up the 

borehole as a function of time. The solution has been verified by the transient flow calculations 

of the GASOUT code (Hansen et al., 1997). The results of the two codes show very close 

agreement. 

Once the pore pressures in the waste are known, they can be used to calculate the effective 

stresses in the waste. If the pore pressures in the waste are greater than the total stresses within 

the repository and the strength of the waste, then the effective stresses are negative, indicating 

that the waste could fail. However, the code does not consider the removal of waste in the 

borehole cavity, and the calculation of pore pressures will decrease as the gas flows fiom the 

repository to the borehole. Once pore pressures decrease, the effective stresses increase 

positively, meaning that the carrying capacity of the waste from the overburden rock must 

increase. Once this happens, the waste will no longer fail. Since the code was not designed to 

handle waste removal, the estimation of failure can only be accurate at very early times (most 

accurate after the first time step). If the code did consider waste removal, the pore pressures 

would redistribute near the borehole cavity boundary, and the pore pressures in the waste would 

be higher. Higher pore pressures give rise to more waste failure. The calculation of waste 

removal was conducted in the code GASOUT (Hansen et al., 1997), and the option can be turned 

off for comparison with the Quasi-Static model. 

2.5.2.2 Application to Air Drilling 

The EPA used the Quasi-Static model to calculate spallings fiom an air drilling scenario (U.S. 

EPA, 1998) to dispel the scenario fiom a low consequence point-of-view. The use of the Quasi- 

Static model on an air drilling scenario to calculate waste failure and blowout is misleading in 

two ways. First, the calculation of drilling mud motion up the borehole was derived fiom forces 

that accelerate the mud upwards. The acceleration of the mud column depends on an 
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incompressible fluid, i.e., the density is not pressure dependent. The input for the Quasi-Static 

model uses the density of the boring fluid to calculate the hydrostatic weight of the mud column. 

Since this is a constant, the weight is a function of the borehole length only. During an air 

drilling scenario, the air would decompress quickly near the top of the borehole, and the weight 

of the column would be less. The result would be higher gas flow from the repository, and hence 

lower total stress and pore pressures near the boundary. The EPA calculated that the blowout of 

the mud column would take 9.1 seconds. If the air were allowed to decompress, the acceleration 

of the air column would be greater than that calculated in the Quasi-Static model, and blowout 

would occur much more quickly than anticipated. The consequence could lead to higher releases 

of waste in the borehole cavity. 

The second misleading interpretation of air drilling model with the Quasi-Static model is the 

amount of failed material extrapolated from the results of calculated effective stress. The 
effective stress is calculated from the difference between the total stress of the waste and 

overburden rock and pore pressures, and is quantified by the equation 

o ' = G - p  (2.5-1) 

where o ' is effective stress, CY is total stress, and p is pore pressure (Terzaghi and Peck, 1948). 

Effective stress is the stress applied to the grains of material in a saturated medium. Effective 

stress cannot be measured, and is only a calculated quantity from the other two constituents of 

the equation. In order for the material to fail in the borehole cavity, the pore pressure must be 

greater than the total stress of the repository. In normal applications, the total stress is always 

larger than the pore pressure, and the effective stress is the resultant stress applied to the material 

on the macroscopic grain level. For this case, where pore pressure is larger, the effective stress is 

less than zero, and hence cannot sustain the force of the material in contact. In addition to the 

total stress, the pore pressure must overcome the strength of the material before it will fail. 

Again, in normal geotechnical applications, the strength of soil in tension is practically zero for 

cohesionless material (sand and gravel), and nominal in clays. In this application, where 

cementation of MgO backfill is considered, along with the pressurization and saturation of waste 

material, the tensile strength was measured to be approximately 10k5 psi ( 0.07f0.04 MPa). 
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The results of air drilling from the EPA's analysis at WIPP is reproduced here in Figure 1 1. The 

figure shows effective stress versus radial distance within the repository at several times during 

the simulation. The EPA judged failure in this figure by estimating the point at which the 

effective stress is less than the strength of the material (indicating high pore pressure). This point 

is at 1 second from the beginning of the simulation, with a radial failure distance of 0.69 m (1.4 

m3 of uncompacted waste). After 1 second of simulation time, the pore pressure in the waste 

, near the cavity begins to decrease, and the effective stress moves upwards (increases positively) 

towards the region of higher total stress. 

It is stated here again that the code was not designed to calculate failure, and it can only be used 

to estimate the stresses in the waste assuming that no waste has been removed from failure. If 

failure of waste is to be assumed from the Quasi-Static model, then it can only be inferred from 
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Figure 11. Effective Radial Stress As A Function Of Radial Distance For The EPA's Air 
Drilling Analysis. 
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early times during the simulation. To demonstrate the difference in the Quasi-Static model to a 

model that recalculates stresses after material removal (a.k.a. cavity growth) the results were 

compared using brine mud as the drilling fluid, since the cavity growth model cannot accurately 

predict failure with the use of air as a drilling medium. The results show that the Quasi-Static 

model predicts a failure radius (as estimated from effective stress) of 0.44 m, and the cavity 

growth model calculates a 0.25 m under the same condition. The same cavity growth model 

calculates a failure radius of 0.16 m when the option of failed material is turned off. So, the 

comparison tends to demonstrate that the removal of waste during the stress calculations will 

predict higher volumes of failed waste. 

Intuitively, the results shown in Figure 11 would raise questions about the behavior of the 

system. Why does the effective stress sharply decrease from 0.01 seconds to 0.1 seconds then 

gradually rise throughout the remainder of the simulation? Does the system stop predicting 

failure after 1 second? What is the effect of tangential stresses in the waste? How does the 

system respond to varying repository parameters? All of these questions are relevant to the 

understanding of the Quasi-Static model and to the prediction of stresses in the waste from an air 

drilling event. 

The effective stress is simply the difference in the calculated total stress and calculated pore 

pressure. Figure 12 shows the relationship between these quantities for three separate times for 

the EPA’s analysis of air drilling. The left plot shows the first time step, at 0.01 seconds from 

time of intrusion. One can see immediately that waste failure occurs due to a slightly higher pore 

pressure, with the radius of failure being 0.27 m. The relatively large failure at this time is due to 

the unsmooth function of the pore pressure in the waste, which carries over to the effective stress. 

The same can be seen the two other plots of 0.1 and 1 second from intrusion time. The effects of 

the unsmooth pore pressure profile average out as the time from intrusion increases, but is one 

the reasons for increase in effective stress at later times. 

The high radial failure as seen in the effective stress from the unsmooth nature of the pore 

pressure can be dispelled, once a more accurate code is used to model air drilling. Figure 13 
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Figure 12. Effective Stress, Total Stress, and Pore Pressure Profiles in the waste at three 
independent times from the EPA's Analysis of Air Drilling. 

shows the effective stresses as calculated in GASOUT from an air drilling scenario. The code 
was run with the cavity growth option turned off and the same input assumptions as used in the 

Quasi-Static model. Although the code cannot predict failure accurately with the option of failed 

material removal to be removed (due to multiple layers of cascading waste during a single time 

step), the code can calculate the pore pressure distribution and effective radial stresses that match 

quite closely to the Quasi-Static model with the option turned off. Figure 13 shows that at 0.01 

seconds from intrusion time, the radial failure is 0.38 my which is higher than the Quasi-Static 

model. Although, it must also be noted that the pore pressure eventually decreases after this 

initial time, at 0.1 and 1 second from the time of intrusion. The conclusion gathered from this 

analysis is that the pore pressures are smooth through the waste, and subsequently predicts a 

much higher negative effective stress at earlier times. 

Smoothness aside, the major discrepancy between the model and the physicality of the scenario 

is the fact that material is not being removed during the time that material could fail. This would 

have a major impact on the results, especially pore pressure, and hence effective stress. If. 

material were allowed to be removed, the pore pressures would stay higher, because the low pore 

pressure waste would have been removed. The pore pressures would then be recalculated with 

the remaining waste at higher pressures. This is evident in Figure 13-1 1 of Hansen et al. (1997). 

The figure shows the calculations of with and without material removal assuming brine mud is 
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Figure 13. Effective Radial Stress As A Function Of Radial Distance Using GasOut For 
The Air Drilling Analysis. 

the drilling fluid. The curve showing that material is removed has higher pore pressures in the 

waste. Though the difference in pressures between the two curves is slight, it would have a 

significant impact on the effective stresses and potential releases. For Figures 1 and 3 above, the 

pore pressures artificially decrease from the flow of gas in material that should have been 

removed. Therefore, the judgment of waste failure from Figure 11 leads to false confidence by 

underpredicting waste failure. 

Along with the calculated radial stresses, tangential stresses will also exist in the waste. As 

radial stresses are directed inwards to the borehole center, the tangential stresses are directed 

along the tangential paths of the hemispherical cavity, and are perpendicular to radial stresses. 

Essentially, the tangential stresses are compressive stresses acting along the circumference in a 

spherical geometry, and radial stresses are tensile stresses acting along the radius (or 

compressive, depending on the nature of the pore pressure and total stresses). 
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The effective tangential stresses in the waste were calculated much like that of the radial stresses, 

with effective stress equating to the difference in total stress of the overburden rock and pore 

pressure. Since the tangential stresses are always in compression, the resultant effective stresses 

are above zero, and hence no failure occurs from compressive tangential stresses. 

The radial and tangential stresses are related by a yield potential, as stated in Jaeger and Cook 

(1 976), which incorporates the compressive strength, internal angle of friction, and cohesion of 

the waste, by the formula, 

where 0, is the tangential stress (major principal stress), 0, is the radial stress (minor principal 

stress), C, is the compressive strength, and a is equivalent to 

a = (n/4) + ?4 9 (2.5-3) 

where 9 is the angle of friction. The left hand side Equation 2 must be greater than zero for 

yielding to occur. 

Figure 14 shows the results of Equation 2.5-2 plotted against radial distance. The first 

observation is that there is potential for yield out to 2 seconds from the time of intrusion. The 

yield crosses the axis at approximately 0.8 m, resulting in an uncompacted volume of 2.1 m3. 

This is an increase of 33% from the initial estimate stated in the EPA’s analysis. The curves also 

seem to be highly influenced by the discontinuity in pore pressure calculations, and can be seen 

in Figure 14 by the second peak in the curve as radial distance increases. When compared to the 

yield potential calculated from GasOut, which calculates a smooth function of pore pressure, the 

limit for yield is 0.7 m at 0.1 seconds from intrusion (as compared to 0.6 m from the Quasi-Static 

model). After this time the yield is essentially zero. 
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Figure 14. Yield Potential for EPA Air Drilling Analysis. The Figure Represents 
Equation 2 (above) vs. Radial Distance. Yield Will Occur When the Potential is Greater 
than Zero. 

After the analysis of air drilling using the Quasi-Static model was complete, the EPA dismisses 

the consequence of air drilling based on the amount of expected failure in the borehole cavity. 

The volumes, as seen above, do not exceed the 0.5 to 4.0 m3 of waste, which were calculated in 
the CCA as being the maximum possible spalled volumes. Therefore, since expected failed 

volumes are less, they will not affect the CCDF (Complimentary Cumulative Distribution 

Function) calculations of the CCA, or PAVT. One must keep in mind, however, that the analysis 

was for only one set of repository assumptions, and that the calculated failures can change 

drastically when the assumptions are changed. 

To demonstrate the response of the model to different input assumptions, Figure 15 shows a 

simulation in which the repository is increased from the nominal 14.5 MPa that was used in the 

EPA analysis to 14.8 MPa. The higher pressure is the maximum pressure that the repository will 
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Figure 15. Effective Radial Stress As A Function Of Radial Distance For An Increased 
Pressure For The Air Drilling Scenario. 

sustain for long periods of time, and is the lithostatic pressure of the overburden rock. If gas 

pressures are above lithostatic, the weak stratigraphic layers will fracture until sufficient energy 

is released and the pressure returns to the minimum fracturing pressure. The results of Figure 15 

are astounding. The figure shows that a nominal increase in pressure will significantly increase 

potential releases. At 1 second after initial intrusion, the radial distance of failure is 1.22 m (7.58 

m3 of uncompacted waste). Although not shown, the waste will continue to fail during the entire 

9 second simulation, in which the radial distance increases to approximately 1.65 m (1 9.1 m3 of 

uncompacted waste). These volumes are greater than the 4.0 m3 maximum calculated in the 

CCA, and perhaps would have an impact on the CCDF calculations if air drilling scenarios were 

considered in the CCA. 

The input assumptions for the EPA air drilling analysis also assumed a waste permeability of 

2 .4~10- l~  m2, which is slightly higher than what was used in the CCA, but consistent with the 

PAVT. It is reasonable to assume that the waste permeability could vary within the repository, 
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and exhibit much lower values. The investigation by Dr. Frank Hansen and coworkers (Hansen 

et al., 1997) used a numerical code for gas flow within the repository during an intrusion, which 

could spatially vary the waste permeability. The results from the analysis showed that the pore 

pressure gradient will be very high near the borehole cavity. The higher pressure gradients will 

cause the total stress to decrease and the effective stress to increase negatively, which may lead 

to higher waste failures. 

When the waste permeability was decreased in the Quasi-Static model for air drilling, the code 

predicted the opposite behavior. Table 3 shows the results of radial failure at various times for 

different waste permeabilities. The initial repository pressure was 14.5 MPa for these 

calculations. In the most extreme case, when repository pressure is 14.8 MPa and waste 

permeability is increased to ~ O X ~ O - ' ~  m2, the failure at 5.8 seconds (blowout) is approximately 1.9 

m (28 m3 uncompacted volume). 

2.5.2.3 Modeling Conclusion 

The Quasi-Static model, as introduced in Hansen et al. (1997) was used to model the expected 

releases during an air drilling scenario into the repository at the WIPP (U.S. EPA, 1998). The 

investigation was initiated by the EPA to satisfy the contention that if air drilling were to OCCUT, 

then the consequences would not lead to significant changes in the CCA (or PAVT). The Quasi- 

Static model uses a Runge-Kutta method for solving the analytical equations for 1-D flow of gas 

through porous media and the blowout of the drilling fluid. In addition, it solves the analytic 

expression for radial and tangential stresses in the waste near the wellbore. The model is a 

simplistic analysis, in that it solves a series of steady state approximations to flow. The model is 

established on two spread sheets. 

Waste Permeability 



The EPA’s analysis showed that under expected repository conditions, the release from an air 

drilling scenario would not be greater than 1.4 m3, and hence much less than the predicted 

releases of the CCA and PAVT. Therefore, their conclusion of the air drilling analysis stated that 

based on its [the Quasi-Static model] conservatism, air drilling need not be considered in the 

CCA. 

Several conceptual flaws can be seen from the analysis in U.S. EPA (1998). First, the code was 

not designed for failure. It was only designed to calculate the stresses in the waste, assuming no 

waste failure and subsequent removal occurs. Waste removal will have significant impact on the 

actual pore pressures that may exist. Second, the code was not designed to handle a 

compressible fluid as the drilling medium. The code assumes that water (or some other 

incompressible fluid) will be ejected from the borehole upon blowout. In reality, the gas from air 

drilling will expand, causing the weight of the drilling fluid to be over predicted in the model. 

The over prediction will cause the flow of the gas from the repository to be less, and time for 

complete blowout to be longer. 

The code also only approximates the pore pressures in the repository by assuming steady flow. 

As seen in Figure 12 (above), the steady flow assumption causes the pore pressure profile to be 

unsmooth. This characteristic, when combined with total stress of the overburden rock, produces 

oddly varying effective stresses in the waste. This shows that the code produces unreliable 

results for an air drilling scenario. When effective stresses are compared to the results of a code 

that calculates the time-dependent flow and pore pressures (Figure 13, above), the effective 

stresses are much lower (higher in the negative direction) than the Quasi-Static model at early 

times. Beyond the first couple of time steps, the code starts to be less accurate, and pore 

pressures begin to decrease in waste that should have been removed. 

The analysis of air drilling by the EPA also only showed one particular view of repository 

conditions. The uncertainty in repository parameters were not mentioned in the report. The 

uncertainty in the parameters is presented in this report, and the analysis shown above 

demonstrates the nonconservative approach of the air drilling scenario. For example, the 
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repository pressures can be above the assumed 14.5 MPa, and may be as high as 14.8 MPa, 

which is the lithostatic pressure exerted by the overburden rock at the depth of the repository. 

When the Quasi-Static model was increased to 14.8 MPa, the code predicted stresses that would 

lead one to intrepret a failure of 19.1 m3. This is over ten times the predicted value stated in the 

EPA analysis. Also, by changing the waste permeability to include the uncertainty of fbture and 

existing waste, the code predicted much different results. 

In conclusion, the results of the EPA analysis do not reasonably estimate potential spallings 

releases. The use of a code for air drilling that was developed for an incompressible fluid 

appears inappropriate. The code cannot accurately predict failure beyond the initial time 

intrusion due to the assumption that waste will not be removed. The code should only be used to 

estimate the stresses in the waste when no failure has occurred. The fact that waste is not 

removed underpredicts the extent of failure, and provides false confidence in that blowout will be 

less than what may actually occur in field conditions. The results, as stated in the EPA's 

analysis, is not conservative, and should be re-examined based on a conceptual model that is 

designed to handle transient flow conditions and compressibility of the repository gas as well as 

the compressibility of the boring fluid. 
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2.6 FLUID INJECTION 

The petroleum reservoirs surrounding and underlying the WIPP are potential candidates for fluid 

injection to recover a substantial amount of crude oil reserves (Broadhead et al., 1995; Silva, 1996). 

For oil field operations in southeastern New Mexico, the problem of water migrating from the 

intended injection zone, through the Salado Formation, and onto adjacent property has long been 

recognized (Ramey, 1976; Bailey, 1990; LaVenue, 1991; Silva, 1994; Van Kirk, 1994; Ramey, 1995; 

Silva, 1996). The observation continues to be of concern for proposed oil field waste disposal into 

the Salado Formation (Kehoe, 1996; Cone, 1996). Concerns about unexplained water losses due to 

solution mining (U.S. DOE, 1980,2-7; U.S. DOE, 1993,26), potential oil field development (US. 
DOE, 1980,2-lo), or future oil field waterflooding (Griswold, 1977,13) helped eliminate other sites 

from consideration for the disposal of transuranic waste (U.S. DOE, 1980; Silva, 1996). Moreover, 

“ ... at the time the WIPP site was selected, one of the stated advantages over other locations was that 

the lack of petroleum development near WIPP was not conducive to secondary recovery techniques” 

(Weart, 1993). 
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By now it is well established that the WIPP vicinity is rich in oil and gas resources. The reservoirs 

are conducive to secondary resource production by waterflooding (Broadhead et al., 1995; 

Broadhead et al., 1996; Silva, 1996), the use of carbon dioxide flooding adjacent to the WIPP has 

been postulated'(Boneau, 1992,2) and the use of carbon dioxide flooding throughout the Delaware 

Basin is being explored with support by the DOE Office of Fossil Energy (Dutton et al., 1996; 

Dutton el al., 1997; Murphy, 1997) . Nonetheless, the EPA proposes to accept the DOE CCA 

position that fluid injection can be ruled out as a potential scenario and, hence, need not be 

considered in the performance assessment calculations. It is essential that the viability of these 

issues be assessed to ensure confidence in conclusions regarding risks from human intrusions. 

2.6.1 Regulatory Argument to Eliminate Actual Resource Recovery Activities 

For the recovery of oil and gas resources within the designated four-mile by four-mile boundary, the 

EPA proposes to accept the DOE argument that the actual recovery method need not be considered 

in the performance assessment. The DOE need only consider the actual drilling event (U.S. EPA, 

1996). The presence of the oil and gas resources are known, the use of fluid injection is a well 

established oil recovery practice in the Delaware Basin, water injection for salt water disposal and 

enhanced oil recovery is already underway near the WIPP, and the history of water migrating from 

leaking injection wells through the Salad0 Formation in southeast New Mexico is well documented 

(Silva, 1996). However, the DOE does not need to consider the impact of such recovery methods 
in the performance assessment calculations. Such scenarios can be rejected for consideration on the 

basis of regulation (U.S. EPA, 1996). 

The concept of rejecting a scenario on the basis of regulation allows the DOE the latitude to 

eliminate any inadvertent human activity that could result in a consequence greater than that of 

exploratory drilling (Sandia, 1992,4-4; Silva, 1996, 158). The other grounds for rejecting scenarios 

are probability and consequence. These two criteria are potentially quantifiable and are an inherent 
part of the EPA Standards for the disposal of transuranic waste. However, probability and 

consequence are not considered if a scenario has already been eliminated on the basis of regulation. 
The International Review Group expressed reservation about rejecting a scenario solely on the basis 
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of regulatory considerations. In their review of the WIPP project, they state: 

It would improve the confidence of the reader if the DOE presented the logical or 

physical arguments for not considering these processes in the assessment, in addition 

to noting that they are not required in a compliance demonstration. Otherwise, there 

is an impression that processes that might deserve consideration from a safety 

perspective have been eliminated (NEAIIAEA, 1997, p. 19). 

2.6.2 Low Consequence Argument Relies on Untested Model 

For the low consequence argument, the EPA has accepted the modelling results of Stoelzel and 

O’Brien (1996) and Stoelzel and Swift (1997) and has rejected the modelling results of Bredehoeft 

(1997b). The DOE maintains that a leaking injection well in the vicinity of WIPP is a low 

consequence event because the model of Stoelzel and O’Brien does not predict a substantial inflow 

of brine into WIPP in such an event. But a very fundamental question remains. Can the codes 

model a documented high consequence event? In other words, can the DOE codes take the injection 

data and geologic data from the highly visible Hartman case and reproduce what is believed to have 

happened at the Bates Lease (Hartman, 1993, Van Kirk, 1994, Powers, 1996). At a minimum, the 

codes must be able to move a substantial amount of water through a single zone of the Salado 

Formation, two miles in the updip direction, and in a short period of time, about 12 years. If the 

model, as used by Stoelzel and O’Brien, can not move the water to the Bates Lease, then any low 

consequence argument based on this model may be meaningless. At this point there is no indication 

that a verification with actual field events has been conducted and a low consequence argument 
based on an unverified model could be characterized as speculation. 

2.6.3 Low Probability Argument Conceived by EPA contradicted by DOE Observations and 

Actual Oil Field Experience 
The EPA also raised questions regarding DOE’S consequence analysis and “concluded that 

regardless of the consequence argument, the probability of such an injection event that affects WIPP 

is very low, and so this FEP can be eliminated on the basis of low probability” (U.S. EPA, 1997b, 
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Card 32-42). But, the DOE chose to examine consequence rather than probability, as noted by 

Stoelzel and O’Brien, “[blecause certain petroleum practices are hard to define in a probabilistic 

sense (for example, the quality of the cement and/or casing and its ability to withstand leaks over 

time).. .”(Stoelzel and O’Brien, 1996, 8). Nonetheless, EPA assigned probabilities to certain 

petroleum practices, such as an undetected leak occurring in the annulus, and multiplied the 

probability of each event and calculated that the redistic probability of a injection well impacting 

the repository was only one in 667 million (US. EPA, 1997h, Table Q). 

The EPA is relying on an optimistic view of future injection well performance which does not reflect 

the actual experience of documented waterflows in the Salad0 Formation in water flood areas 

throughout southeast New Mexico. As noted in EEG-62, waterflows are not randomly distributed, 

but are strongly correlated with waterflood operations (Gallegos and Condon, 1994, p. 2). Rules and 

regulations governing the use of oil field injection wells have been in place for decades and the 

records of waterflows indicates the level of their effectiveness. For example, the enabling orders for 

the Rhodes Yates waterflood (Campbell et al., 1964; Cargo et al., 1969; Ramey, 1977) required 

operating in accordance with Rules 701, 702, and 703 (Hartman, 1993, 4). Rule 702 requires 

cementing and casing of injection wells to prevent the movement of fluids out of zone. Rule 703 

requires operation and maintenance practices to assure no significant fluid movement through 

vertical channels adjacent to the well bore. Further, the entire operation, including producing wells, 

must be operated and maintained to confine the injected fluids to approved intervals. The 

documented problems with the Rhodes Yates waterflood (Hartman, 1993; Hererra, 1995) and with 

waterfloods and salt water injection throughout the southeast New Mexico (Ramey, 1976; U.S. 

GAO, 1989; Bailey, 1990; JSrietler et al., 1994) clearly indicate the limitations of taking credit for 

state or federal regulations, new or old, for protecting WIPP. Furthermore, there are literally 

hundreds of documented waterflows for District 1 and District 2 of southeastern New Mexico. 

Those records are maintained by the NMOCD. Summaries are included as Appendix 8.9. 

To determine its probability, EPA assigns individual probabilities to events such as a leak going 

undetected and one of those wells leaking into the annulus. However, EPA provides no references 
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to any field studies to demonstrate that these probabilities have any basis in the actual experience of 

the oil and gas industry. For example, did EPA actually obtain and review the repair records for oil 

and gas wells in the Delaware Basin? EPA comments that the Underground Injection Control 

regulations have proven effective since 1984. Did EPA review well files to determine that all 

required testing for each injection well had been completed on schedule? For example, DOE 

sponsored a study in which it was suggested that the Todd 26 Federal #3 was the well most likely 

responsible for anomalous water level rises observed for the H-9 Culebra observation well (Bailey, 

1990; LaVenue, 1991). Did EPA verify that the New Mexico Oil Conservation Division had a 

record of the mandatory annual Bradenhead test for each year since 1984 and the mandatory 

mechanical integrity test every fifih year since 1984? The well passed a mechanical integrity test 

on August 16,1995 (Silva, 1996,127). Are there records filed with the NMOCD, which administers 

the UIC, to show that the well was tested in 1990 and 1985? If not, just how effective are the rules 

and regulations with respect to underground fluid injection and how did EPA take that observation 

into consideration in its determination of the probability of a leaking well impacting the performance 

of the repository? EPA should address all of these issue in the final rule. 

There is another issue of concern. 1) If EPA accepts DOE’s argument that it is not necessary to 

examine other criteria once a scenario is rejected on the basis of one criteria (relevance, regulation, 

probability, or consequence) and 2) if EPA accepts DOE’s argument that fluid injection can be 

rejected on the basis of low consequence, why did EPA feel it was necessary to submit a low 

probability argument for the fluid injection scenario? By publication of a fluid injection probability 

calculation, it appears that EPA was not comfortable with rejecting an important scenario such as 

fluid injection on the basis of one criteria. EPA felt it was necessary to examine another criteria. 

EPA does not provide any guidance as to which other scenarios would require examination against 

one, two, three, or all four criteria. 

In summary, EPA’s rejection of the fluid injection scenario on the basis of low probability is 

contradicted by the observation that “certain petroleum practices are hard to define in a probabilistic 

sense” (Stoelzel and O’Brien, 1996, 8). EPA’s probability calculation does not coincide with the 
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observation that there is a history of out of zone water in waterflooded areas despite rules and 

regulations that have been in existence for decades. (Gallegos and Condon, 1994, p. 2; Silva, 1996, 

155). It is not clear that EPA has a defensible basis for assigning probabilities of individual events 

in calculating a redistic probability of a injection well impacting the repository as only one in 667 

million (U.S. EPA, 1997h, Table Q). Given EPA’s efforts to provide a second basis for rejecting 

the fluid injection scenario, it is logical to conclude that EPA recognizes that scenario rejection may 

require meeting two or more criteria. The observation raises questions about each and every other 

scenario rejection. 

2.6.4 EPA Position on CO, Injection in Conflict with Literature and Public Record 
The potential leakage of injected carbon dioxide into the repository is of concern. Carbon dioxide 

must be injected into the deep target zone at sufficient pressure to generate a miscible displacement. 

In the event of leakage into an overlying zone, such injection could propagate a fiacture andor serve 

as a driving force for moving fluids through various flow paths. In the event carbon dioxide enters 

the repository, one might anticipate the formation of plutonium carbonates and nesquehonite and a 

reduction of the repository pH, each of which results in higher plutonium solubilities. 

The EPA believes that the potential impact of CO, injection on the WIPP Site is very low because 

the EPA does not anticipate that CO, injection for oil recovery will be widespread practice in the 

future near WIPP (U.S. EPA, 1997b, Card 23-131). The EPA technical support document makes 

reference to a technical article (Thrash, 1979) suggesting that there may be a remote possibility that 

CO, enhanced oil recovery may also be suitable for some of these types of reservoirs (U.S. EPA, 

1997h, ‘1997i) The EPA also notes DOE’s opinion that CO, flooding in the vicinity of WIPP is 

highly unlikely (U.S. EPA, 1997b, Card 23-132). 

DOE’s position is at odds with the following observations. First, CO, flooding has been 

demonstrated to be quite successful in mature fields in the Delaware Basin such as the TwoFreds 

(Silva, 1996, pp. 142-145). Second, the DOE continues to sponsor university research on Delaware 

Basin oilfields, such as the Geraldine Ford and the West Ford, aimed at optimizing infill drilling and 
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CO, flooding throughout the Delaware Basin (Dutton et al., 1996, 1997). Third, oil and gas 

companies continue to purchase mature fields, such as the El Mar in the Delaware Basin, specifically 

for carbon dioxide flooding (Moritis, 1993; Silva, 1996). Fourth, the recently drilled reservoirs 

surrounding the WIPP such as Cabin Lake, Livingston Ridge, Los Medanos, and Lost Tank have oil 

and reservoir characteristics (Brown, 1995; May, 1995a; White, 1995; May, 1995b) that easily 

quali& them as potential candidates for hture CO, flooding using the enhanced oil recovery (EOR) 

screening criteria described by Taber, Martin, and Seright (1997a, 1997b). 

In its supporting documentation (U. S. DOE, 1997d) the DOE cites only one reference from the CO, 

flooding literature, a 1980 preprint of an SPE presentation. The body of literature on oil field carbon 

dioxide flooding is certainly more extensive and much has been published since 1980, including 

analyses of the issues raised in that 1980 preprint (Silva and Orr, 1987). Furthermore, the DOE 

document fails to reference the published proceedings (Silva, 1996) of a workshop on fluid injection 

which discusses in much more detail evidence of CO, flooding activities in the Delaware Basin. The 

EPA technical support document on fluid injection (U. S. EPA, 1997h) also fails to reference the 

published proceedings of the EEG workshop, which included participation by EPA staff. 

With respect to the EPA documentation, the EPA offers three reasons why it believes that CO, will 

not be a widespread practice in the future near WIPP, but the EPA offers no supporting references 

for these reasons. (U. S. EPA, 1997b, Card 23-131). 

1) EPA maintains that CO, injection costs far more than brine injection due to the easily available 

sources of brine and the injection quantities required. 
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Fig. 17. Permian Basin CO, Pipelines and CO, 
Floods (Moritis 1993; Silva 1996) 

This statement fails to recognize the availability of carbon dioxide in southeast New Mexico, the 

practice of conserving water whenever possible, the history of CO, flooding in the Permian Basin 

including parts of the Delaware Basin, the efficiency of a miscible type displacement to increase oil 

production and extend oil field life, and the willingness of local governments to work with 

companies to encourage the use of CO, flooding. If the EPA statement had any merit there would 

be no CO, flooding used in the Permian Basin or any other oil field for that matter. But as shown 

here, there is extensive CO, flooding in the Permian Basin as a result of a large investment in 

pipelines across New Mexico to bring carbon dioxide from southeast and southwest Colorado and 

northeast New Mexico to West Texas. Moreover, the DOE recognizes the potential for enhanced 

oil recovery in the Delaware Basin and continues to fund research on reservoir characterization and 

field trials to explore the most feasible use of carbon dioxide throughout the basin (Dutton et al., 

1997; Murphy, 1997). In addition to encouragement by federal and state government, county 
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governments in New Mexico also have the authority to encourage the development of CO, flooding 

operations through tax reduction incentives. For example, under authorities granted by the state, Lea 

County recently granted Texaco $500,000 in property tax relief to construct a facility to provide CO, 

for injection into the Vacuum Field. In addition to extending the life of the oil field by 20 years, 

adding 100 construction jobs over the next three years, and providing 15 million dollars in tax 

revenues, the benefits to Lea County also include: 

Conserving an estimated 130 million barrels of fresh water that, thanks to CO,, won’t 

be pumped into the field over the next two decades, plus an additional 130 million 

barrels of saltwater that will be raised from the field (via CO, injection) and can then 

be used for water flooding elsewhere (Jacobs, 1998). 

Waterflooding is used to restore energy to a depleted reservoir but displacement efficiency is limited 

to an immiscible type displacement. The long recognized favorable characteristics of carbon dioxide 

flooding include the preferential dissolution of CO, into the oil rich phase, the reduction of oil 

viscosity, the swelling of the residual oil droplets, the preferential extraction of lighter hydrocarbons, 

and the development of a miscible type displacement. 

2) The EPA maintains CO, injection is more diflcult to control, since the rocks are more permeable 

to gas than to brine, higher injection pressures are required to maintain desired pressure 

configurations. 

It is not clear why EPA believes that the relative permeability of gas and brine in rock has a role in 

making C02 injection more difficult to control. Please provide a more detailed explanation and 

references for the statement. 

3) The EPA maintains the presence of gas could inhibit production in that any gas present will be 

in the nonwetting phase and will occupy the portions of the oil reservoir that have relatively large 

apertures. 
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The EPA did not provide any references for this statement. EPA should refer to the results of 

Monroe et al., (1990) for the effect of dissolved methane on a one dimensional CO, flood. Their 

analysis “indicates that high displacement efficiency is possible even when two-phase flow occurs 

throughout the displacement and that high recovery is possible even when a live oil is displaced 

below its bubblepoint pressure (BP), if the pressure is above the minimum miscibility pressure 

(MMP) for the same oil with all methane removed” (Monroe et al., 1990, p. 423). EPA’s third 

argument for dismissing CO, flooding does not appear to be reasonable. 

2.6.5 EPA Technical Support Document Inadequate on CO, Fluid Injection 

The EPA technical support document states “technical articles indicate the remote possibility of CO, 

enhanced oil recovery may also be suitable for some of these types of reservoirs (Thrash, 1979).” 

EPA references one early article for a reservoir in the Delaware Basin, the Twofreds field. EPA does 

not reference EEG-62 (Silva, 1996) which discussed the successful Twofreds carbon dioxide flood 

based on more current literature (Wash, 1982; Kirkpatrick et al., 1985; Flanders and DePauw, 1993). 

The EPA Technical Support Document also states “at this time, the only examples of CO, injection 

enhanced recovery techniques are some distance from the WIPP site and under much different 

geologic conditions (Magruder 1990; Thrash, 1979).” The statement is incorrect. As shown in 

Figure 17 and in EEG-62, there are many CO, enhanced oil recovery injection projects. It is also 

inaccurate to argue that the field in the Thrash article is under much different geologic conditions. 

The Twofreds field is in the Delaware Basin and produces from the Bell Canyon Formation, which 

is found in the upper part of the Delaware Mountain Group. The Cherry Canyon and Brushy Canyon 

Formations lie further down in the Delaware Mountain Group and are the known oil bearing 

formations in the vicinity of WIPP. Most importantly, each of these oil bearing formations resulted 

from saline density currents as the depositional processes (Harms and Williamson, 1988). Hence, 

the EPA technical support document (U. S. EPA, 1997h, vol. 1, p. 26) is incorrect in stating that the 

CO, flood at Twofreds is under much different geologic conditions. 
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Fig. 18. Production History of Twofieds (After 
Flanders and DePauw 1993). 

EEG-62 (Silva, 1996) discussed the performance of the Twofieds Field. The field is located in the 

Delaware Basin and produces from the Bell Canyon Formation of the Delaware Mountain Group. 

The reservoir is about 3/4 mile wide and is about five miles long with a net thickness averaging 

about 16 feet. The field was discovered in 1957. The Twofieds Field, like other Delaware fields, 

has always produced large volumes of water. After six years of primary production, a pilot water 

injection project was initiated in May 1963. A full scale waterflood was brought on line in January 

1966. The project showed that oil fiom a Delaware reservoir with a high water cut could be 

recovered profitably (Jones, 1968). From 1963 to 1973, waterflooding, an immiscible displacement 

process, had produced 2 million barrels of oil. But by 1973, the amount of oil produced by 

waterflooding had dropped down to 160 bbls oil per day. As shown, carbon dioxide flooding, a 

miscible displacement process, increased oil recovery fiom 160 bbls oil per day to 1,000 bbls oil per 

day. By 1982, carbon dioxide flooding had produced an additional 2 million barrels of oil (Wash, 

1982). The purpose of the Twofieds carbon dioxide flood to was demonstrate economic feasibility. 

The field continued to produce based on its economic merit (Kirkpatrick et al., 1985) and 

demonstrated that carbon dioxide can economically recover tertiary oil fiom a depleted, waterflooded 
Delaware sand reservoir (Flanders and DePauw, 1993). As of 1993, oil production from the 

Twofreds was averaging 500 bbls per day (Flanders and DePauw, 1993; Silva, 1996). 

As a practical matter, EPA may not have enough information to conclude whether the oil fields 
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adjacent to WIPP are conducive to carbon dioxide flooding. As noted by Silva (1 996, 162), due to 

federal and state restrictions on drilling for petroleum in potash deposits, 85% of the area 

immediately surrounding the WIPP has yet to be drilled and directly tested for its oil and gas 

reserves. A production history is also needed to gain some understanding about the local geology 

of the oil producing zones. However, some drilling for oil and gas production adjacent to WIPP has 

been allowed. Coupling the enhanced oil recovery (EOR) screening criteria described by Taber, 

Martin, and Seright (1 997a, 1997b) with the petroleum and reservoir characteristics (Brown, 1995; 

May, 1995a; White, 1995; May, 1995b) qualifies these oil and gas fields adjacent to WIPP as 

potential candidates for future CO, flooding. The oil densities for the fields surrounding the WIPP 

range from 39" to 42" API gravity indicating an abundance of lighter hydrocarbon components for 

promoting a miscible type displacement. The reservoirs range in depth from 4200 feet to 7 1 00 feet, 

more than adequate to accommodate the injection pressure required for a CO, flood. One obvious 

limitation is the lack of a local pipeline to bring inexpensive carbon dioxide to these fields. But the 

major CO, pipelines across the state are already in place and recent history has shown that if C02 

pipelines or facilities are needed, they will be constructed. 

The DOE Office of Fossil Energy also recognizes the potential for enhanced oil recovery in the 

Delaware Basin by carbon dioxide flooding and is sponsoring field research in the Delaware Basin. 

Specifically, the DOE is funding a study by the Texas Bureau of Economic Geology to couple 

reservoir characterization with modeling to optimize infill drilling and CO, flooding to increase 

production and prevent the premature abandonment of slope and basin clastic reservoirs (Dutton et 

al., 1996,5). The DOE plans to apply the results of studying these two fields to the more than 100 

other Delaware Mountain group reservoirs in Texas and New Mexico, which together contain 1.6 

billion barrels of remaining oil in place. The compositional simulation of a CO, flood in one of the 

candidate fields has shown that at least 10% of the remaining oil in place can be recovered at 

breakthrough. The simulation results also show that continuing CO, injection beyond breakthrough 

can result in significant incremental oil recovery, in this case over 30% of the remaining oil in place 

(Malik, 1998). 
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Another DOE study of the Brushy Canyon Formation in the Nash Draw fields immediately 

southwest of the WIPP area also aims to provide information to design enhanced oil recovery 

operations throughout the Delaware Basin. In addition to obtaining detailed reservoir 

characterization data for designing an enhanced oil recovery operation, the project ako includes the 

use of a model to “evaluate the technical feasibility and commercial viability of three enhanced 

recovery processes: waterflooding, lean gas injection, and C02 injection” (Murphy, 1997,26). The 

investigation is ongoing. 

The EPA (U.S. EPA, 1997b, Card 23-132) also relies on the brine injection modeling of Stoelzel and 

O’Brien (1996) to capture the effects of CO, injection. The EPA maintains that the degree of 

potential anhydrite fracturing by CQ “should have been captured by the large volumes of brine and 

high injection pressures assumed during the brine injection analysis.” But as noted above, that 

analyses is based on an unverified model. Furthermore, the modeling effort is based on the 
assumption that salt water disposal will potentially cause more problems than fluid injection for 

enhanced oil recovery because there is less incentive in salt water disposal for the operator to control 

injection pressures and volumes (U.S. EPA, 1997b, Card 23-132). The assumption invites the 

obvious question. In New Mexico, why have out of zone waterflows been correlated with waterflood 

operations and not with salt water disposal wells? For example, in the Hartman vs. Texaco case, it 

was the Rhodes Yates waterflood operation that was determined to be the culprit and not any of the 

salt water disposal operations in the vicinity. Hartman produced evidence of very high injection 

pressures at the waterflood (Van Kirk, 1994; Powers, 1996,67). In commenting on the history of 

waterflood problems in New Mexico, Ramey (1995, XI-2) states that water probably escaped from 

the injection zone and into the salt formations as a result of old improperly cemented and plugged 

wells and excessive injection pressures in oil field waterflood operations. There is no mention of 

salt water disposal operations, the operations that EPA is more concerned about (U.S. EPA, 1997b, 

Card 23-132). If the concern is excessive injection pressure exerted at the repository horizon in the 

event of a leak, it seems that waterflood operations would be the most likely concern in the vicinity 
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Fig. 19. Comparison of Approved Injection Pressures For 
Salt Water Disposal Well Versus Oil Field Water Flood 
Wells Near WIPP. 

of the WIPP. Figure 19 compares the maximum approved disposal pressure for two wells one mile 

to the east of the WIPP Site. EEG is not suggesting that either of these wells are leaking. But EEG 

notes that in the event of a leak near WIPP current approved salt water disposal pressures are not 

sufficient at the repository horizon to exceed the lithostatic pressure. Only the a leak in the 

waterflood well would be of concern to the repository. This is an inherent result of the greater 

vertical distance to the oil producing horizons. The DOE and EPA rationale appears to be more 

appropriate for the more shallow oil and gas reservoirs in the Vacuum Field area and the Rhodes 

Yates area and not suitable for the WIPP area. Presumably, carbon dioxide for enhanced oil recovery 

would be injected into the deeper oil producing zones and at sufficient pressures to maintain a 

miscible displacement. Hence, given the observation above, EPA can not conclude that the salt 

water disposal well analyses captures the CO, flooding scenario. 
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2.6.6 Rhodes-Yates (Hartman vs. Texaco) 

The EPA Technical Support Document acknowledges that the technical evidence related to the case 

was not reviewed. Rather, the technical support document reviewed a summary of the case. From 

that summary, the EPA document states: 

* 

Though a jury found the waterflood operator guilty of common law and statutory 

trespass in the Rhodes-Yates Field, flow paths were not identified with certainty 

( U . S .  EPA, 1997h, vol. 1, p. 31) 

But at the EEG fluid injection workshop Powers noted that the flow began at an anhydrite unit on 

the order of 10 to 15 feet thick. Although he had not tried to correlate it to an individual marker bed, 

he felt that it was somewhere in the range of marker beds 140 to 142 which are below the WIPP 

repository horizon (Powers 1996, p. 66). Furthermore, as shown in plaintiffs Exhibit 2 1 1 and Van 

Kirk’s testimony (p. 683), the drilling records combined with well logs identified a 36 foot wide 

zone just above the Cowden Anhydrite Marker as the flow path. If EPA intended to comment on 

the technical aspects and refer to these comments in the final rule, EPA should have reviewed the 

technical exhibits and technical testimony of the Rhodes Yates incident. 

The EPA discussion on structure can be best described as tentative speculation. The discussion 

suggests that there might be more flow through possible increased fracturing of the anhydrites 

possibfy as a result of folding, faulting, or perhaps salt dissolution which might be inferred from the 

varying salt bed thicknesses at the Rhodes Yates Field and the Vacuum Field. The EPA firrther 

suggests that water chemistry of the field areas in formations underlying the Salad0 may provide 

evidence of a greater rate of evaporite solution relative to the WIPP Site. But no such evidence is 

provided. Further, there is no reference to the published literature to support the hypothesis 

advanced by EPA. In fact, the entire comparison of the geology at the Rhodes Yates, Vacuum, and 

WIPP areas is filled with statements such as “relatively fresh waters may have been a contributing 

factor...”, “it is also possible that fold and dip rates in the vicinity of the other two fields may 

contribute to increased fracturing ...”(U. S. EPA, 1997h, vol. 1, p. 34). Given the implications of 

122 



Hartman scenario at WIPP, it is unclear how EPA’s geologic analysis can be considered as adequate 

to support an EPA conclusion that a repeat of the Hartman scenario is unlikely at WIPP. 

2.6.7 Culebra Water Level Rises 

EEG remains concerned that there is no explanation for ten years of anomalous water level rises in 

the Culebra Aquifer. The water level rises began suddenly in April, 1988 (Beauheim, 1990). 

LaVenue (1 991) conducted an investigation that raised serious questions about oil field operations. 

In a memo to LaVenue, Bailey (1990) identified an old salt water disposal well as the most likely 

source of the problem. LaVenue also explored the possibility of modelling the change in the aquifer. 

He found that his model could very nearly match the observed water level rises if he assumed that 

nearly all of the water from the salt water disposal well was entering into the Culebra (Beauheim, 

1996). Beauheim (1996,40) had also concluded that the water level rises were most likely due to 

some well effect. EEG-55 (Silva, 1994) had commented on the issue suggesting that leakage of oil, 

gas, or salt water injection wells in the Delaware Basin may have an impact on the regional 

hydrology. In response to the EEG report, DOE stated: 

There is currently no credible evidence that the observed water level increases can 

be directly or indirectly linked to activities in the WIPP area initiated by the 

petroleum industry. The mechanism that resulted in these water level rises have not 

been identified, one can only speculate as to their cause (McFadden, 1996, 11). 

~ 

With respect to this issue, EPA told DOE: 

The statement “they remain unexplained” is insufficient, particularly if the reason for 

the rise could be interpreted to affect long term hydrologic conditions within the 

Culebra or be caused by ongoing oil and gas exploration and development activities, 

such as brine disposal into underlying units (Trovato, 1996). 

Silva (1 996, 125) found that a comparison of the injection history of the salt water disposal well and 



the water level rises at H-9 strongly suggested communication between the injection well and the 

Culebra Aquifer. The DOE still has not submitted an explanation of the water level rises to the EPA 

and EPA does not appear to require one for the certification of the repository. In addition to the 

questions raised in EEG-62, if the modelling results (Lavenue, 199 1 ; Beauheim, 1996) of the water 

level rises are consistent with a well injecting large quantities of water out of zone and DOE has not 

been able to find the source of the water, how much credit can DOE or EPA claim for the reliability 

of the Underground Injection Controls program? The 1996 NRC WIPP Committee report also 

expressed concern about the unexplained water level rises: 

An adequate explanation is lacking for observed changes in water level in the 

Culebra, where trends of rising water levels have persisted for several years. 

Observed changes in water levels from assumed steady-state conditions were not 

incorporated into the 1992 PA analysis. However, if the causes of the observed water 

level changes during the last several years are unknown, then how is it to be known 

that even greater changes in the flow field might not occur in the near future? Such 

changes might invalidate the PA assumptions and predictions (NRC, 1996, pp. 69- 

70). 

2.6.8 Brine Production 

As noted by EPA (U.S. EPA, 1997b, Card 32-10), and identified by EEG at the EPA technical 

exchange on 10/10/96, the CCA did not address the practice of solution mining of halite for use as 

brine in the drilling industry. The CCA specifically stated: 

The DOE is not aware of solution mining for potash or other minerals in the Salado 

within the Delaware Basin at this time (U.S. DOE, 1996c, MASS-87). 

The EEG identified seventeen active brine production facilities removing halite from the Salado 

Formation, three of which were in the Delaware Basin (BW-6, BW-19, and BW-27). EPA notes that 

Appendix DEL identified a dissolution project approximately 14 miles from the WIPP. Furthermore, 
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EPA notes that DOE submitted additional information which showed that brine production between 

1979 and 199 1 created a cavity of 3.4 million cubic feet and that it would be longer than 50 years 

before subsidence would occur. 

As shown in Figure 20, there are three solution mining operations for brine production near the city 

of Carlsbad area and at least 16 miles from the WIPP site. EPA mentions only one about 14 miles 

from the WIPP Site. Furthermore, EPA does not discuss the trend towards drilling brine production 

facilities closer to WIPP. Brine well BW-26 has been approved for production from the Salado 

Formation. The solution mining operation would be located between Jal and Carlsbad to meet the 

demand for drilling brine. The well was approved to remove salt from the Salado formation which 

lies between 1500 to 2300 feet deep. The subsidence calculations provided by DOE were for a 

facility that is 583 feet deep. 
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Solution mining of the Salado Formation is an important observation. It is important for EPA to 

demonstrate a very clear understanding of the current situation and the full issue in the final rule. 
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2.6.9 Natural Gas Storage 

EPA maintains that “there are no natural gas storage horizons in the Salado Formation” (U.S. EPA, 

1997b, Card 32-71). As shown on a map presented to EPA by EEG on October 10, 1996, there are 

eight gas storage underground facilities in southeast New Mexico, three of which are in the Salado 

Formation in which the salt was “washed out to create a cavern.” Furthermore, the natural gas 

storage wells can not be dismissed with a statement that they are not in the Delaware Basin. 

Successful operation of these three facilities for the last four decades has shown that the Salado 

Formation is conducive to gas storage facilities and it can be anticipated that oil and gas production 

will continue to increase in the Delaware Basin. 
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2.7 ANHYDRITE FRACTURE MODEL 

2.7.1 Introduction 

Criticisms of the anhydrite fracture model used in the BRAGFLO code have been brought to 

EPA's attention by Walter Gerstle and John Bredehoeft (Gerstle, 1996, Bredehoeft, 1997c; 

Bredehoeft and Gerstle, 1997; Gerstle and Bredehoeft, 1997). On March 19, 1997 the EPA 

requested that the DOE provide additional material describing the development of the anhydrite 

model beyond that supplied in the CCA documentation. As EEG pointed out during a December 

10, 1997, meeting with EPA, this additional documentation indicates that the anhydrite fracture 

model used in BRAGFLO was intended to mimic the LEFM model developed by Gerstle et al. 

(Gerstle et al., 1996), but fails to do so. 

On September 16, 1997, the DOE sent a letter to the EPA criticizing the LEFM model (Dials, 

1997b). The EEG found this letter referred to the opinions of Sandia scientists and contained 

numerous misleading statements, yet lacked any substantial arguments against the LEFM model. 

The EEG has reviewed the basis of the anhydrite fracture model used in the BRAGFLO code and 

has a number of questions about its validity. The model is unusual in that effect of fracturing is 

treated using an equivalent porous medium. All the relevant literature that we have examined 

treat fractures as distinct porosity. Use of an equivalent porous medium is not in itself 

unreasonable. However, the DOE has not referenced, nor have we been able to find, a 

description of similar treatment of the dependance of porosity and permeability on pressure as a 

result of fracturing. The lack of a clear development of the BRAGFLO model from established 

models makes its review difficult. The EPA should request that the anhydrite fracture model of 

BRAGFLO be compared to the treatment of fracture development in hydrofracing codes 

commonly used in the industry. 
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2.7.2 Questionable Assumptions in the BRAGFLO Model 

The BRAGFLO model has been developed using several assumptions that are questionable. The 

following is a description of each of these questionable assumptions 

The first assumption is that anhydrite will fail along planes of weakness that are probably pre- 

existing fractures. Hydrofiacing experiments at WIPP indicated a large permeability increase 

when the fluid pressure reached the estimated confining stress in some instances (Wawersik et 

al., 1997). Other hydrofrac experiments at WPP showed that the anhydrite remained 

unfractured at pressures which exceeded the confining stress by seven MPa. The BRAGFLO 

model assumes that hydrofiacing will occur at the lower pressures and build up local stresses to 

cause the other regions to fail as well. While weakness dominated fracture development is 

probably a reasonable assumption it is not certain. Walter Gerstle believes that the pre-existing 

anhydrite fractures are healed by salt precipitation (Gerstle, 1998). It is entirely possible that the 

strength of healed fractures was reduced by local stress changes induced by the proximity of the 

repository to the fracture tests. This conceptual model uncertainty is not represented in the CCA 

calculations. 

Another major assumption of the BRAGFLO model is that the porosity and permeability will 

increase at pressures below the lithostatic confining stress. Laboratory investigations of the 

permeability of fractured rocks support this assumption for existing fractures (Raven and Gale, 

1985; Pyrak-Nolte et al., 1987; Cook et al., 1990). Increased permeability of the fracture over 

intact rock was evident and sensitive to pressure even at the highest confining pressures, 20-40 

MPa. Fracture permeability increased 3 to 5 orders of magnitude as the confining stress was 

reduced to near zero. Note that the BRAGFLO model represents conditions of greater than 

lithostatic stress, so permeability increases of more than 5 orders of magnitude are possible. At 

pore pressures greater than lithostatic, confining stress in maintained by deflection of the rocks 

above the fracture. 
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The laboratory experiments also support the concept of permeability increasing at a rate greater 

than implied by the cubic law of parallel plate fractures. The steepest increase reported is an 

exponent of roughly nine which is considerably less than the exponent used in BRAGFLO. 

However, the permeability dependance on aperture becomes cubic as the aperture increases. 

Cook et al. (1990) have fit their experimental data to a simple model that includes the effects of 

tortuosity on effective permeability. The model indicates that the relationship becomes cubic for 

apertures in excess of lo4 m. The estimated fracture aperture in the hydrofrac experiments was 

estimated to be on the order of 5x105 m (Wawersik et al., 1997) and the BRAGFLO model is 

intended to represent effective apertures up to 1 0-2 m (Larson, 1996). 

If one takes lo4 m as the effective aperture for a fracture in contact, then a total permeability 

increase of nine orders of magnitude is reasonable for an effective aperture of m, but the 

greater than cubic law dependance of permeability on porosity is not. Raven and Gale (1985) 

found fracture permeability became dependent on the cubic of aperture in the laboratory 

experiments at total confining stresses of less than 1 MPa. 

The assumption of multiple anastomosing fractures complicates the comparison of laboratory 

experiments on single fractures and the BRAGFLO model. The experimental support for 

multiple fractures comes from examination of core recovered from the hydrofracing experiments 

(Wawersik et al., 1997). Some of the core showed evidence of multiple flow channels for the 

tracer dye used in the experiments. This evidence supports the notion of a few channels but not 

the hundreds to thousands of fractures required to reduce individual fracture apertures below lo4 

m. The notion of many fractures of small aperture is also inconsistent with the nine orders of 

magnitude range of permeability change. 

The laboratory experiments also support the concept of reduced fracture stiffness (increased 

compressibility) with increasing pore pressure. We have not attempted to determine whether a 

linear change is reasonable. Below lithostatic pore pressures, stiffness may be a combination of 

stiffness of the fracture contact zones and stiffness of the host rock with respect to both 

compression and bending. At pore pressures above lithostatic, confining stress is due to 
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deflection of the fracture faces and resulting bending of the host rock. Given the relatively small 

deflections of the fracture faces, it seems reasonable to expect that stiffness becomes constant 

above lithostatic pore pressures. 

2.7.3 Summary 

In summary, laboratory experiments on individual fractures support the assumptions used to 

formulate the permeability-porosity relationship of BRAGFLO anhydrite fracture model, but 

these experiments also strongly indicate that the model is only applicable at pore pressures more 

than 1 MPa below the lithostatic pressure. Above this pressure threshold the conventional cubic 

law model applies to the relationship of permeability and porosity. However, the exponent used 

in the BRAGFLO model is much larger than can be supported using experimental evidence. 

The laboratory evidence also supports the concept of increased compressibility with pore 

pressure. It does not seem reasonable for compressibility to increase with pore pressure above 

the lithostatic pressure. 

2.7.4 Conclusion 

Our conclusion is that the conceptual mode BRAGFLO for anhydrite fracturing may be a valid 

description for pore pressures less than 1 MPa below lithostatic but a cubic law formulation of 

the permeability-porosity relationship is valid above this threshold. As demonstrated by Freeze 

et al. (1995), the BRAGFLO parameters can not be set to reasonably represent this region. 

Figure 21 is an updated version of Figure 2 of Freeze et al. (1995). The BRAGFLO model is 

based on CCA parameters for marker bed 139 and anhydrite layers A and B respectively. The 

figure shows the permeability-porosity relationship of the BRAGFLO model to a cubic law 

based model for multiple fractures. Our concern is that the BRAGFLO model under-represents 

permeability by more than four orders of magnitude for small porosity increases. By setting the 

model parameters to match a cubic law fracture model at large .porosity, a large error may have 

been introduced for small porosity changes. 
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Fig. 21. Permeability vs. Porosity Model With BRAGFLO for Left) Marker Bed 139 and 
Right) Marker Beds a and b. 

The BRAGFLO model has not been tested against either laboratory or hydrofracing experiments 

or other standard fracture modeling codes. This comparison should be made before the model can 

be accepted as valid. 

A meeting was held pn February 17, 1998 to try to resolve this issue. Participants included 

scientists fiom Sandia National Laboratories; EEG; Dr. Charles Fairhurst and Dr. Jim Tracy, 

DOE consultants; and other DOE consultants. Dr. Walter Gerstle sent a letter to the EEG after 

the meeting, commenting on some of the presentations. The EEG invited the DOE to allow us to 

include in this report the viewgraphs used by the SNL presenters and comments on the meeting, 

but the DOE declined this invitation. Dr. Gentle's letter is included as Appendix 8.7 to this 

report. 
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2.8 SOLUTION MINING AT THE WIPP 

The fmal rule of the EPA for the certification of the WIPP requires the DOE to consider the effects 

of mining in performance assessments (US. EPA, 1996). However, the analyses need only consider 

the effects of the excavation mining of high grade ores, ores which are currently economical, and 

which are known to be present near the WIPP site, but which are known not to occur vertically above 

the repository. The effects of mining for low grade ores, ores which are currently uneconomical, and 

which could be present below or above the formation containing the high grade ores, need not be 

considered once the high grade ores have been removed. 

The effect of excavation mining is subsidence of the overlying formations and the potential 

alterations of their hydrologic properties. The most important hydrogeologic unit overlying the 

repository is the Culebra aquifer. Therefore, in the performance assessments of mining effects, EPA 

permits the DOE to limit the analysis to changes in the hydraulic conductivity of the Culebra aquifer. 

The EPA initially concluded that solution mining of potash is currently not feasible in the Delaware 

Basin (Peake, 1996). EEG (Neill, 1997a) identified solution mining as a potential scenario that must 

be considered by the WIPP project. In response to the concerns raised by EEG, Dials (1997d) 

submitted to EPA materials solicited from Heyn (1997a) and Hicks (1997). Based on the 
supplemental information provided by DOE, EPA maintains that changes in the hydraulic 

conductivity as a result of solution mining are captured in the modeled effects of room and pillar 

mining, 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, and that langbeinite is the primary target of 

extraction and is not readily soluble in water (U.S. EPA, 1997b, CARD 32-55). 

The supplemental materials that DOE submitted to EPA are based directly (Heyn 1997a) and 

indirectly (Hicks 1997) on solicited comments from the Chief Chemist for IMC-Kalium. The 

comments must be viewed with caution. Heyn (1997a) makes no references to the scientific 
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literature. With respect to the lack of fresh water for solution mining: 

Solution mining requires access to large quantities of water. As you know, fresh 

water is a difficult and expensive commodity to come by in this corner of New 

Mexico. Water rights carry a premium price if they can be obtained at all. I would 

rather think the agricultural uses would have a far more beneficial use rather than 

solution mining (Heyn, 1997a). 

Records on file with the New Mexico State Engineer indicate that on April 22, 1994, IMC Fertilizer 

(later IMC-Kalium) purchased 2790 acre feet per annum from Noranda Exploration (Files L-7 12 1, 

L-7 12 1 -S, L-7 1 57, L-7 157-S). On November 6, 1996, IMC-Kalium, acquired an additional 20 14 

acre feet of water per annum to be produced from the Ogallala aquifer and piped to IMC’s potash 

mining and refining operations (Files L-10,580, L-10581, L-10582, L-10583, L-10584, L-105844). 

It appears water rights for mining of potash ore and other related purposes can be obtained in 

southeast New Mexico, a detail apparently not brought to EPA’s attention. 

EPA maintains that the overall procedure is cost prohibitive. Heyn argued that the building of any 

potash mine, refinery and auxiliary facilities would require a capital investment in excess of 100 

million dollars and that such an investment would require reserves in excess of 25 years. The 

argument provides no supporting economic calculations and no estimates of potash reserves. 

However, in a letter to EPA Heyn acknowledges that he is “not an expert on the extent and grade of 

ore reserve on the WIPP site” (Heyn, 1997b). 

Heyn also suggests that efficient solution mining requires great depths to take advantage of 

geothermal energy such as at IMC’s solution mine at Belle Plains, Saskatchewan. That mine is in 

excess of 3000 feet deep. Heyn comments that the potash bearing zones are only 650 to 800 feet 

below the surface at the WIPP site. Actually, the potash bearing zones in the vicinity of WIPP are 
at depths between 1400 and 1750 feet (Chaturvedi, 1984, Figure 1). Nonetheless, even at a depth 

of only 1 150 feet, Davis and Shock (1 970, p. 109) determined that a production operation would 
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yield 90 pounds of ore for every barrel of water injected for a potash ore zone in the Carlsbad Potash 

District strongly suggesting that a solution mining operation does not require the depths cited by 

Heyn (1 997a, 1997b). 

Heyn (1 997a) maintains that solution mines would prefer ore bed depths to be thick, in excess of 10 

feet or more to minimize solvating of unwanted minerals and displacement of clay in solubles. Yet 

Conoco conducted its successful field trial for solution mining of thin bedded potash on an ore zone 

that was 4 feet thick (Shock and Davis, 1970). In carefilly designed two well test, Conoco produced 

1600 tons of sylvite (KC1) and 9600 tons of halite (NaCl). And 1500 tons of that halite was 

produced in a final injection designed to confirm that all of the sylvite ore had been produced. If 

Conoco had stopped at the previous step, as would be anticipated for actual operating conditions, 

the total production would have been 1450 tons of sylvite and 8 100 tons of halite. 

In 1995, the New Mexico Bureau of Mines and Mineral Resources examined future potash mining 

techniques and concluded that solution mining is the only method that can be reasonably predicted 

for the Carlsbad District for the far future. The report notes that while no specific plans have yet 

been formulated, all mines in the Carlsbad area have held open the option of using solution mining 

once their sylvite deposits are fully mined out (Broadhead et al., 1995, p. IV-5). It is the remaining 

sylvite pillars, not langbeinite, that would be the primary target for solution mining. 

EPA has accepted that changes in the hydraulic conductivity of the overlying Culebra Aquifer as a 

result of solution mining are captured in the modeled effects of room and pillar mining. The 

prediction of the subsidence of the ground above solution mines can be a much more complex 

problem than the prediction of the subsidence of the ground above conventional or excavation mines. 

There are verified analytical methods and formulae to predict the subsidence of the ground above 

excavation mines. The subject is treated in great detail in the textbook of Jeremic (Jeremic, 1994). 

The subsidence of the ground can be illustrated as a crater. The subsidence is uniform over the 

mined area with gentle slopes over the boundaries of the mined areas. In contrast, the solution 

mining of sodium chloride has lead to the formation of large caverns, some of which have resulted 
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in the collapse of the overlying sediments and the appearance of large sink holes. As an example, 

three spectacular sink holes occurred in 1954 over a solution mine for sodium chloride at Grosse Ile 

in Michigan (Jeremic, 1994). Non-uniform sinking of the ground has also been observed in Tusla, 

Bosnia (a former province of Yugoslavia), a town where uncontrolled solution mining of sodium 

chloride has been practiced for over a century. 

2.8.1 Potash Solution Mining 

Forty years ago, one could argue that solution mining was not used for potash, therefore it will never 

be feasible. The solution mining of potash is a young technology. It was started in Canada in the 

mid 1960’s. The solution mining of sodium chloride is a very old technology. There are indications 

that the solution mining of sodium chloride was practiced as early as 1147AD in the small town of 

Altaussee, Austria (Gaisbauer, 1997). 

The solution mining of potash is significantly different from the solution mining of sodium chloride. 

For one thing, the size of the literature on the solution mining of potash is small compared to that 

on the solution mining of sodium chloride, which is very large. The situation was described in 1983 

as follows (Diamon, 1985): “There is a scarcity of published material on in situ potash leaching. 

Only a few studies have been carried out. For competitive reasons, companies involved in solution 

mining of potash or have an interest in getting involved, generally don’t publish their findings.” 

Chemically, the solution mining of potash is significantly different from the solution mining of 

sodium chloride. The solution mining of potash is complex and carried out with brines. 

Considerations must be given to the following parameters: 1) the equilibrium system of the solubility 

of many salts in water; 2) the temperature of the brine in the mine; and 3) the processing of the 

saturated brine to achieve preferential precipitation at the surface. In contrast, the solution mining 

of sodium chloride requires only fiesh water. Currently, solution mining of sodium chloride is used 

primarily to create large storage caverns for oil and natural gas. 
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Some have argued that solution mining of potash more economical than conventional or excavation 

mining of potash. IMC Kalium is currently expanding the annual production of its solution mining 

operation at Hersey, Michigan, from 50,000 to 150,000 short tons at a cost of $43 million (IMC, 

1996). Such a large investment indicates that production of potash by solution mining in Michigan 

enjoys strong economic advantages over shipments of potash from Canada or the Carlsbad area. The 

following statement with regards to economical considerations is made in a publication (Gruschow, 

1992): “therefore instead of waiting until an opportunity arises to repair or improve a conventional 

potash mining operation by conversion to solution mining, potential potash ore mining projects 

should be designed from the very beginning as solution mining operation.” 

There are four solution mining operations in North America. Two are in Canada and the other two 

are in the United States. A large potash solution mine is being operated by IMC Kalium at Belle 

Plain, Saskatchewan, Canada. The operation was started in the mid 1960’s and in 1982 it had an 

estimated capacity of 940,000 ton per years (Nigbor, 1982). The mine extracts potash from depth 

where shaft mining is very difficult and hazardous. There are no publications describing all the 

changes that must have occurred to keep the operation going for about 30 years. The second 

Canadian solution mining operation is in the Patience Lake area, Saskatchewan, Canada. The mine 

is currently owned by The Potash Corporation of Saskatchewan, Inc. The mine was started as an 

excavation mine in the late 195O’s, but it had to be converted to a solution mine in 1987 due to large 

inflow of water. A detailed description of the conversion from an excavation mine to a solution 

mine has been published (Smith, 1990). In the Canadian mines, potash is precipitated in 

crystallizers, which is possible because of cold temperatures. 

The oldest solution mine operation in the United States is located in Moab, Utah. It is now owned 

by Potash Corporation of Saskatchewan, Inc. The mine was started as an excavation mine in 1964. 

The highly folded and distorted nature of the ore zone made mining difficult and largely unprofitable. 

The mine was converted to a solution mine operation in 1970 and production of potash began in 

1972. A detailed description of the conversion from an excavation mine to a solution mine has been 

published (Jackson, 1973). The Moab mine uses solar energy to precipitate the potash in a 400 acre 

136 



evaporation pond. In 1973, the operation was expected to produce 300,000 ton per year for 20 years. 

Many changes must have occurred since the mining operation is still active. The second solution 

mine operation in the United States is operated by IMC Kalium at Hersey Michigan. The operation 

appears to have been started in the mid 1980's (Shock, 1985) and as already indicated, its annual 

production is currently being expanded to 160,000 short ton per year. 

A few research studies have been published. There are two papers on an early solution mining test 

in the Delaware Basin (Shock and Davis, 1970; Davis and Shock, 1970). The project was not 

pursued because the price of potash was depressed at that time (Davis and Shock, 1970). Plans for 

pilot scale testing in the Montana North Dakota area were drawn up in the late 1970's (Nigbor, 

1982), but it does not appear that these plans were carried out. 

Solution mining of potash has been considered outside of North America. A test facility appears to 

have been operated at the Potasio Rio Colorado deposits in the Argentine (Colome and Ruse, 1994). 

Considerations were given once to the solution mining of potash from carnallite in what was East 

Germany (Duchrow, 1990). It should be mentioned also that Israel and Jordan extract economically 

about 2.1 million ton of potash from brines of the Dead Sea using large solar evaporation ponds 

(about 9% of the world production of potash). The KC1 of these Brines is only 1% (12g/l), which 

is considered to be low (Gruschow, 1992). 

Solution mining of potash has been successful in the operation of four converted excavation mines 

in North America. Two mines have operated for about 30 years and the other two for about 10 years. 

Solution mining is being considered for the Eddy potash mine in the Carlsbad area. The owner 

ceased excavation mining activities on December 3,1997 (Davis, 1997) because the mine had been 

depleted of high grade ores. However, high grade ores, which remain in the pillars of the mine, can 

only be removed by solution mining. EPA notes that a permit is being sought for a commercial pilot 

solution mining venture in the Carlsbad area but EPA characterizes the proposed solution mine as 

speculative because it is not being done and may not take place ( U . S .  EPA, 1997b, Card 32-55). One 

might be reminded that a permit is being sought for a federal pilot waste disposal venture in the 
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Carlsbad area, an activity that is also not being done. 

Finally, one must consider that if that extensive oil and gas development continues to expand in the 

potash portion of the Delaware Basin, the safe and economical production of residual potash may 

require solution mining. 

2.8.2 Probability of Mining for Potash at the WIPP Site. 

The EPA derives the mining probability of 1 in 100 in each century of the regulatory time frame 

using the following assumptions (Peake, 1996): 1) the mining rate in the Carlsbad area in the future 

will be the same as in the past; 2) the mining of different potash ore zones near Carlsbad has covered 

an area of 40 square miles in 62 years (1 93 1 to 1993); and 3) future mining of potash can occur in 

the entire Delaware Basin, which covers an area of 9700 square miles. 

The mining rate in percentage per century is 

(40/9700)*( 100/62)* 100% = 0.67% 

This value is then rounded upward to 1% and called a mining probability of 1 in 100 in each century 

of the regulatory time frame. 

The assumption that a mining rate can be called a probability is technically incorrect. The EPA 

should have stated that it is assumed that the mining at a particular site in a century is governed by 

a Poisson distribution with a rate of 6.7 E-OS/yr. The probability of no mining occurring at a 

particular site in a century is then given by 

P(no mining in a century) = e-(6.7E-05*’00) = 0.9933 

and the probability of mining occurring at least once in a century is 
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(Mining at least once in a century) = 1 - e-(6.7E-05*100) = 0.0067 

which can be rounded upward to 0.01 or 1%. 
- 

Note that the probability for mining occurring at least once during the regulatory time frame of 100 

centuries is given by 

P(mining at least once in 100 centuries) = 1 - e~(6~E-05*'0~000) = 0.49 

for a mining rate of 6.5E-O5/yr and 

P(mining at least once in 100 centuries) = 1 - e-(1.0E-04*10,000) = 0.63 

for a mining rate of l%/century. 

It would be shortsighted to assume that the mining of potash in the future will be comparable to the 

past, which was based on past mineral economics. Modem agriculture depends on nitrogen based 

fertilizers and almost all the mined potash is mixed with fertilizers. It has been estimated that about 

40 percent of the world population is alive because of the use of nitrogen based fertilizers (Smil, 

1997). World reserves for high grade ore of potash have been estimated at 8.4 million tons (Searls, 

1996). Reserves for Canada and the United States (mostly in the Carlsbad area) have been estimated 

at 4.4 billion toms and 76 million tons respectively. World production of potash peaked in 1987 at 

an annual production of 30 million tons of K,O and then dropped sharply to an annual production 

of 20 million ton by 1990 (Searls, 1995). Production has fluctuated but increased to 24.3 and 22.9 

million tons in 1995 and 1996 (Searls, 1997). Rayrock Yellowknife Resource Inc, a company that 

mines for potash in the Carlsbad area, reported in 1996 a 6.1% increase in the finished product of 

langbeinite from 379,100 to 402,400 tons (Rayrock, 1996). Rayrock Yellowknife Resource states 

also that it has approximately 21 years of remaining reserves in Nash draw. IMC Kalium, a large 

producer of potash that also operates a mine in the Carlsbad area, indicates that China will have to 
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increase its potash consumption by the year 2,000 to 7 million tons of K 2 0  in order to optimize its 

food production. The 1996 consumption of K 2 0  in China was 3 million tons (IMC, 1996). 

These statistics indicate that the world reserves of high grade potash ores will be depleted in about 

three centuries, which is very short compared to the regulatory time frame of 100 centuries. 

The economic considerations of potash offer two scenarios for consideration: 

1) low grade potash ores such as occur over the WIPP site will become economical 

and will be mined. The probability of the mining of potash over the WIPP will be 

certain or 1 .O; 

2) the world population will decrease sharply eliminating the need for large quantities 

of fertilizer. The probability of the mining of potash at the WIPP site will be much 

less than 1.0. 

The former scenario appears to be far more reasonable. 

I 

2.8.3 Conclusions 

1. 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. 

2. 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 final rule for WIPP. 
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3. 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 eventually be mined to meet world 

demand. 
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2.9 GROUNDWATER FLOW AND RADIONUCLIDE TRANSPORT THROUGH THE 

CULEBRA 

2.9.1 Introduction 

The proposed rule (U.S. EPA, 1997c, p. 58799) discusses the causes for the lack of contributions 

to the total releases from the ground-water pathway, concludes that this was due to the assumed 

values for chemical retardation (Kd), and finds the Kd values used in the calculations to be 

reasonable except the lognormal distribution. As a matter of fact, the very low contribution of 

the releases from the ground-water pathway is due to a number of assumptions made in the CCA. 

The amount of radionuclides introduced in the Culebra is low due to the assumptions of actinide 

solubility, brine reservoir characteristics and the intrusion borehole characteristics. There are 

other factors in calculating transport through the Culebra besides the assumption of K,, values 

that result in low releases. These factors are discussed below. 

The National Academy of Sciences WIPP Committee (NRC, 1996; Chapter 6 and Appendix F) 

raised a number of issues regarding the conceptual model and numerical model of transport 

through the Culebra aquifer. Only some of these issues have been addressed in the proposed rule, 

and even those in a very cursory fashion. The EPA’s Technical Support Document 111-B-6, 

Sections 1.3.18 and 1.3.19, discuss the issues related to Culebra transport, but do not question the 

DOE assumptions and modeling. The responses to comments on the issue of “Ground-water 

Flow and Radionuclide Transport in the Culebra” are contained in the CARD 23, pages 127 to 

133, but do not discuss most of the issues raised by the NAS WIPP Committee. Several of these 

issues were also presented by Dr. Leonard Konikow at the EPA/DOE meeting on December 

5,6,7, 1995, in Carlsbad NM; and at a meeting of the NAS WIPP Committee’s sub panel on 

Hydrology at the Sandia National Laboratory on February 10 and 11, 1997. Because of the lack 

of adequate consideration by the EPA, as seen in the “proposed rule’’ documents, the EEG 
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requested Dr. Konikow to provide a summary of the issues that he has raised but remain 

unresolved. The following is based on personal communication from Dr. Konikow (Konikow, 

1998). 

2.9.2 Transport Calculations 

Heterogeneity and Model Discretization: Much recent hydrogeologic research has clarified the 

importance of heterogeneity in controlling solute transport. What constitutes an adequate scale 

of definition of formation heterogeneity for a flow model may be inadequate for solving the 

transport equation in the same formation. Konikow (1997) presented results of numerical 

experiments indicating that the CCA consistently underpredicted the migration distance of a 

plume emanating from a human intrusion borehole. In the CCA model of the Culebra, it appears 

that errors arising from several sources cause an artificial spreading of the calculated width of the 

plume at the expense of its length. The sources of these errors include: numerical dispersion and 

spatial truncation errors in the transport code, poor resolution from using a grid that is too coarse 

for the scale of the problem, and overestimates of the size of the solute source area. The 

resulting nature of these errors is illustrated in Figure 22, in which plume shapes are simplified to 

occur as a triangle; also, for simplification, concentrations are assumed to be uniform and equal 

within the plume, and zero outside of the plume. Then, if the plume spreads out laterally more 

than would actually occur, for a given mass of contaminant released from a leaky borehole, the 

wider plume (a) will necessarily move downgradient a shorter distance than the narrower plume 

(b). Both plumes in Fig. 22 enclose identical surface areas, so they would encompass equal 
volumes of aquifer and equal masses of contaminants. 

The solute-transport model used in the CCA is based on a finite-difference grid having a 

minimum spacing of 50 m. An alternative analysis was performed using the MOC3D model 

(Konikow et al., 1996) in which the transmissivity variations are represented on a much smaller 

scale, using a 2-m grid spacing, rather than the original 50-m grid spacing. This finer-scale 

representation of the heterogeneity and of the borehole source area results in a much longer, but 

narrower, plume that would have a significantly shorter travel time to the regulatory boundary 
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for equivalent concentration levels. The 50-m discretization and related approximations, in 

effect, could bias the calculations toward demonstrating safety because plumes calculated using 

the coarser grid would not travel as far towards the regulatory boundary in 10,000 years as they 

would with a finer grid. 

b '  
A = %bh Flow 

Direction 

Fig. 22. Conceptual Diagram Of Contaminant Plumes 
Represented As Simple Triangles, Showing Different Travel 
Distances For A Relatively Wide Plume Compared To That 
Of A Relatively Narrow Plume, Where Both Plumes 
Encompass Equal Volumes Of Fluid And Equal Masses Of 
Solute. 

144 



Heterogeneity of Other Transport Parameters and Processes: The CCA model of the 

Culebra assumes that most properties of the system, except the transmissivity, are homogeneous 

and uniform within each simulation realization, but that these properties varied from run to run. 

Field tests at WIPP, however, indicate significant variability in many of these properties. For 

example, the effective porosity of the aquifer varies by almost an order of magnitude, even over a 

distance of only 50 m (the size of one cell of the model grid). Porosity has a strong control on 

transport velocities and times. Hence, the variability in porosity induces variability in velocity, 

which means that some parts of the plume may move faster than the local average velocity. This 

effect cannot be captured by assuming that porosity is uniform in each simulation. One would 

expect other properties, such as Kd and fiacture spacing, to similarly exhibit large spatial 

variations. The PA procedure inherently assumes that heterogeneity in these variables has no 

significant impact on transport, or that its effects can be adequately represented by varying 

uniform properties among all the realizations. Either way, the CCA has not demonstrated that 

this is indeed the case and that it is reasonable to ignore the spatial variability in all of these 

critical parameters. 

Sampling Procedures for Input Parameters: To generate the statistical distributions from 

which the risks are calculated, many simulations of hydrogeologic processes are performed to 

generate an adequate sample size. The approach to varying the values of the many parameters in 

the multiple realizations can introduce errors into the final analysis. In particular, if 

hydrogeologic variables that are highly correlated are sampled independently, and if the 

correlations are ignored, then some of the realizations may be based on unreasonable or very 

unlikely combinations of parameters; such individual simulations should not be incorporated into 

the final analysis because they may skew the statistical results. This was the basis for a criticism 

of the WIPP performance assessment by the NAS WIPP Committee (NRC, 1996, p. 71). For 

example, the CCA separately sampled and independently varied aquifer transmissivity, fracture 

spacing, and porosity. Yet there is good reason to suspect that these variables are interrelated. 
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The significance of this problem can be illustrated with a relatively simple example. Suppose 

that a strong positive correlation exists between two critical model parameters, as represented in 

Fig.23a, and that all data points will fall within the indicated bounds. Furthermore, assume that a 

safety failure for the geologic repository will only occur if the values for both parameters are 

very high, as represented in Fig. 23a. If the sampling procedure generates values independently 

for both parameters from uniform distributions for a sample size of 25, for example, then we 

might expect the 25 realizations to be based on parameter values distributed uniformly in the 

sample space, as represented in Figure 23b. That is, we would expect a plot of joint values of the 

two parameters to yield one point in each of the 25 squares in the grid shown in Figure 23b. 

Only one of the 25 realizations (representing the value in the upper right corner of the grid) will 

yield a failure, and the probability of failure on this basis will appear to be 0.04. Twelve of the 

samples, however, were obtained from outside of the bounds of the feasible set of values. If 

these are discarded, as they should be, then the failure probability is only one out of 13 (or about 

0.077), or nearly twice as great as indicated by independent sampling that ignores the correlation 

between these two variables. The net effect of the independent sampling approach in this 

example of correlated parameters is to "pad" the outcome with "safe'' cases (or realizations), 

thereby yielding a biased risk assessment. 

Consistency Between Performance Assessment (PA) Models: The PA procedure uses one 

model to calculate the fluid and solute flux up and out of a Human Intrusion (HI) borehole. This 

outflow flux should then be equal to the input flux (source term) in the Culebra model that is 

used to calculate transport distances and times. However, the source term in the Culebra model 

is apparently not represented as a specified flux, so it is unclear that the flux out of the borehole 

is equal to the flux into the Culebra for each set of realizations (or even for the mean of all 

realizations). The PA models should compute mass balances and budgets, to demonstrate that 

the two boundary conditions are indeed equivalent. Specifically, the total mass of fluid and 

solute that the borehole model computes to enter the Culebra over 10,000 years should equal the 

total mass of fluid and solute that is added to the Culebra over 10,000 years in the Culebra 

model. Is such documentation available? It appears possible that representing the HI borehole 
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solute flux as an initial condition in the transport equation without an accompanying fluid flux 

could lead to a consistent underestimate of the solute spreading away from the finite-difference 

cell where the HI borehole is assumed to be located. 

Other Concerns about Parameters and Processes: The NAS WIPP Committee report (NRC, 

1996) included a number of criticisms of the conceptual models and numerical models of the 

Culebra, many of which remain unresolved. Please review Chapter 6 and Appendix F of that 

report for more details. The most critical issues relate to the use of homogeneous and uniform 

a b 

PARAMETER 1 PARAMETER 1 

LEGEND 
REGRESSION LINE FOR RELATION BETWEEN TWO PARAMETERS 
BOUND FOR PAIRED VALUES OF PARAMETERS .- 

PARAMETER ZONE YIELDING FAILURE IN SAFETY ANALYSIS 

REGION OF PARAMETER SAMPLING SPACE THAT SHOULD 
BE EXCLUDED 

Fig. 23. Example to illustrate effect on calculated risk of independent sampling values of 
two parameters that are strongly correlated. (a) All data points fall within indicated 
bounds. (b) Independent sampling can yield paired values that are “out of bounds” and 
should be excluded from the PA. 
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Kds in each realization, and whether the very simple retardation factor concept adequately 

represents all of the complex reaction chemistry. This has certainly not been adequately 

demonstrated at the field scale. A related important issue is the accuracy of the definition of 

matrix diffusion processes and parameters. Another concern is the reliability- of the regional 

transmissivity estimates for the Culebra, which were determined using inverse methods that 

assumed a non-leaky two-dimensional aquifer. More recent three-dimensional analyses by 

Sandia clearly indicated that there is significant leakage into the Culebra. A AClimate Index@ 

has been used as a multiplication factor in the CCA to enhance the magnitude of flow of the 

Culebra flow field to compensate for the lack of consideration of the additional flux through the 

system. However, we have not seen any rigorous analysis and documentation of the 

consequences of such errors, or the sufficiency of corrections applied. 

An important overriding consideration is that if the volume of fluid entering the Culebra from HI 

boreholes is negligible or if the concentration of radionuclides in that fluid is extremely low, then 

weaknesses and flaws in the Culebra models become a moot point. The reliability of these 

calculations of fluid and solute fluxes hinges on a number of other assumptions and conceptual 

models about the high-pressure brine reservoirs underlying WIPP, about the pore-volume and 

saturation of the sealed repository, about anhydrite marker beds, about solubilities, and about a 

number of other issues. Some of these assumptions have changed markedly between the time of 

the 1992 PA and the 1996 CCA. The NAS WIPP Committee (NRC, 1996) examined the 

assumptions underlying the 1992 performance assessment in moderate detail. Many of the 

revised assumptions that were made for the CCA models were not subject to rigorous scientific 

scrutiny by the Committee. Where some of the CCA assumptions were examined and 

weaknesses in the models detected, it was too late to document the concerns in the 1996 

published report of the Committee. 
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2.9.3 Chemical Retardation 

The EEG has submitted the following four documents to the EPA on this issue: 

Copy of November 14, 1996, letter from R.H. Neill to J. Salisbury, with attachments; 

February 7, 1997, letter from R.H. Neill to F. Marcinowski, with attachment “Chemical 

Copy of May 23, 1997, letter from R.H. Neill to J. Salisbury, with attachments; and, 

Copy of August 29, 1997, letter from R.H. Neill to G.E. Dials, with attachments. 

Retardation”; 
0 

The August 29, 1997, letter and the attachments (EPA WIPP Docket # 11-D-117) contained the 

EEG position on this issue based on the July 30, 1997, meeting in Albuquerque, which was 

organized by the EEG. Copies of this letter with the attachments were mailed to several EPA 

offcials and the EPA WIPP docket. The DOE also sent a copy of their impressions of the July 

30 meeting (Dials to Neill 8/25/97 letter with attachments, docket # 11-0-115) to the EPA on 

August 25, 1997, four days before the EEG letter. 

The EPA draft rule discusses this issue in the Technical Support Document, “Assessment of Kds 

Used in the CCA”, docket # 111-B-4. This document makes extensive references to the DOE’S 

August 25, 1997, letter, but no mention of the EEG’s August 29, 1997, letter. Because the issue 

was raised by the EEG, and the July 30, 1997, meeting was organized by the EEG, it is difficult 

to understand why the EPA’s analysis makes no mention of the EEG’s summary of the July 30 

meeting and the recommendations. 

As described in the EEG’s August 29, 1997, letter, the EEG has recommended conducting both 

batch and column tests for at least the actinides Pu(III), Pu(IV), and Arn(II1) in the Culebra brine; 

setting the lower end of Kd for U(V1) to be zero; conducting sensitivity analysis for potential 

impact of organic ligands; extending performance assessment calculations beyond 1 0,000 years 

to see how long the chemical retardation delays the releases to the environment; investigating the 

I potential impact of nonlinear sorption on radionuclide transport; and, checking the validity of the 
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Kd values derived from the column tests by examining the cores to identify whether the Pu and 

Am are present in adsorbed or crystalline solid phase. 

Before discussing the specific issues and our recommendations, we wish to clarify our 

philosophy regarding what Kd numbers are needed for showing compliance with the numerical 

Containment Requirements (40 CFR 19 1.13) of the EPA Standards. Independent check of the 

CCA calculations by the EPA and the EEG show that only 3 mug value for Kd is sufficient for 

showing compliance with 40 CFR 19 1.13. However, that conclusion is based on keeping all the 

other parameters and assumptions in the CCA unchanged. It is difficult to accept a particular 

value or a range of values for any of the input parameters, or to accept conceptual models, on the 

basis of partial sensitivity analyses. We have communicated this view to the Environmental 

Protection Agency (EPA) in our comments on the CCA dated February 7, 1997 (Appendix 8.1) 

and March 14, 1997 (Appendix 8.2). The EEG position is that the values of all input parameters 

and the validity of all conceptual models be independently verifiable to be robust. The 
comments below should therefore be read with this philosophy in mind. Letter reports on this 

question from the EEG consultants, Dr. Don Langmuir, Dr. Leslie Smith, and Dr. Mark 

Brusseau, are enclosed in Appendix 8.6 of this report. 

Transferability of Laboratory Kd Data to Field: Dr. Jim Davis of the U.S. Geological 

Survey, who attended the July 30, 1997, meeting as a nominee of the NAS WIPP Committee, 

raised a number of important questions concerning the applicability of the laboratory Kd data for 

the field conditions. This issue has been debated for many years. The latest report of the 

National Academy of Sciences WIPP Committee (NRC, 1996), in discussing the chemical 

retardation issue, states: “...there is often little basis for extrapolation of theory and lab tests to 

the field environment for predictive purposes”. The EEG has, however, accepted the validity of 

the approach of using the laboratory determined values to get an estimate of the values to be used 

for modeling contaminant transport in the field, because, as described by Dr. John Bredehoeft at 

the meeting, groundwater diffusion into the rock matrix will provide opportunities for chemical 

retardation to occur. But this does not mean that a one-to-one correspondence may be assumed 
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between the laboratory and field values. Dr. Brusseau has recommended additional analyses of 

the column experiments to help address whether the Kd values obtained under static batch 

conditions provide an accurate measure for dynamic field conditions. Both Dr. John Bredehoeft 

and Dr. Leslie Smith emphasized that the Kd range determined from batch tests applies only to 

the matrix porosity, and not to retardation in the fracture system with advective porosity. This is 

consistent with the model used in the CCA. There is no discussion of this specific issue in the 

DOE'S August 25, 1997 letter or its attachments, extensively quoted in the EPA's Technical 

Support Document (U.S. EPA, 1997j). 

Limited Kd Data Base: The experimental data base for the Kd values used in the CCA remains 

insufficient. In the absence of measured K, values for Plutonium at oxidation states I11 and IV, 

and inconclusive results for Am"', the K, values for these three most important actinides in the 

WIPP inventory have had to be estimated. These estimations are based on two questionable 

assumptions. The first is that Kd values for actinide cations of the same charge should roughly be 

the same. According to Dr. Langmuir, the weakness of this assumption lies in not considering 

the effect of the speciation behavior of the cations on their adsorption properties. The second 

assumption is that predictable trends exist for the Kd values of actinide cations of different 

charge. The DOE used this assumption to argue that Puv data can be used for Am'". Dr. 

Langmuir has shown in his letter report to EEG (Appendix 8.6) that this assumption is based on 

questionable data and interpretations of the experiments conducted with dilute groundwater from 

the Yucca Mountain site, even though, fortuitously, the same trend has been reported by some 

other experimenters. Results of the intact core column tests are probably of questionable value 

as well, because the Am and Pu input concentrations to the cores were so close to saturation with 

solids that precipitation rather than adsorption may have occurred. 

The net result of these assumptions is the use of unjustified Kd values for the three most 

dominant radionuclides in the WIPP inventory. Puv data has been used for Pu"' through a two 

step process, both of which are questionable; first, through the predictable trend argument, for 

Am"', and then, through the oxidation state analogy, for Pu"'. Similarly, Th"' data has been used 
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for Pu'", using the oxidation state analogy. Here too, besides the problems with the oxidation 

state analogy, there is an additional problem of an inapplicable brine (from ERDA-6 brine 

reservoir) having been used for the ThW experiments. As Dr. Clemo showed at the July 30 

meeting, the mean KdS measured in the ERDA-6 brine are greater than the values determined 

using the other three brines. Thus, the use of Th" data for Pu" also has two problems. The EEG 

has never understood why real data for at least the most dominant components of the WIPP 

waste has not been obtained. The attachment to the DOE'S August 25, 1997, letter (Docket 11-D- 

115, cited in U.S. EPA, 1997j) repeats the previously presented arguments in favor of accepting 

the data on other actinides at other oxidation states as surrogates for actual data on Pu"', Pu'", and 

Am". 

EEG recommends conducting both batch and column tests for at least Pum, PuW, and Am'" in the 

Culebra brine if any credit for retardation of these actinides is to be taken in the WIPP 

performance assessment. 

Uniform Distribution Assumption: Based on the recommendation of our consultants, the EEG 

now accepts the use of uniform probability distribution to represent the uncertainty in the Kd 

values for the CCA calculations because the experiments were not designed to provide 

distribution information. However, Dr. Leslie Smith has taken issue (see page 2 of his letter 

report, Appendix 8.6) with the CCA values for the lower and upper bounds of the probability 

distribution, and how these bounds are defined relative to the type of brine used in the batch 

experiments. The ranges for Kd relative to brine type were selected based on the average value of 

the sample distribution. For example, the range for Pu" (and by extrapolation, for Purr' and Am") 

used in the CCA calculations is 20-500 ml/g, which reflects values from the batch tests using 

deep brines, while the results with the Culebra brine had a lower range of 9.8, and therefore the 

assumed range for Pu" should have been 9.8 to 500 ml/g. Dr. Langmuir has asked (see Appendix 

8.6) why the lower range of 1-200 ml/g determined for Np" was not used for Am"' and Pu"' . 

Dr. Leslie Smith (in his letter report in Appendix 8.6) has also raised questions about the U"' Kd 
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data. If the negative values are ignored, the low end of the sampling range for Uv' is 0.03 mYg. 

The zero values assigned to the negative values for the batch tests with the Culebra brine did not 

get passed into the CCA calculation because of a lower average value of K, for the batch tests 

using deep brines. The EEG recommends that the lower end for Uv' Kd value be set at zero. 

Non-Culebra Dolomite: The issue of the use of Norwegian dolomite K, data, not a major 

concern to begin with, may be considered to be resolved because the results of these tests make 

their way into the final sampling distribution only once, in determining the upper bound for Uv' 

at high pH conditions. 

Organic Ligands: The EEG makes the following recommendation, as suggested by Dr. Mark 

Brusseau (see his letter report in Appendix 8.6): 

The DOE should conduct and publish a formal sensitivity analysis to examine the 

potential impact of organic ligands on the aqueous concentrations of the 

radionuclides. The concentrations of the ligand should be varied by several orders 

of magnitude, and the full list of ligands provided by EEG should be used. 

Additional Issues: Dr. Langmuir has questioned the results of the core column tests because of 

the high concentrations of Puv and Am* in intake solutions possibly resulting in their 
precipitation as solids rather than adsorbed in the columns. If precipitation did occur, the 

concentrations in the rock cannot be used to define K, values. In order to prove or disprove this 

concern, it is recommended that the core materials that have been drilled out be examined to 

identify whether the Pu and Am are present in adsorbed or crystalline solid phase. 

Dr. Langmuir has also suggested that it is possible to obtain K, values for the important actinides 

in a short period of time from accelerated intact core experiments performed in an 

ultracentrifuge. Because of the time constraints, the DOE should examine this option. 
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Dr. Brusseau has recommended investigating the potential impact of nonlinear sorption on 

radionuclide transport. This could be accomplished by calculating effective K, values for 

pertinent C, values, using the nonlinear isotherm data available. These values should then be 

compared to the existing Kd range. 

During discussions with our consultants after the July 30 meeting, it was pointed out that if the 

calculations for release were continued beyond the 10,000 year period, release to the accessible 

environment will be seen. Rucker (1 998) also shows that a significant fraction of actinide mass 

will cross the LWEI beyond the 10,000 regulatory time frame. Figure 24 (reproduced from 

Rucker, 1998) shows the fractional discharge of Uranium with a retardation coefficient of 2.0 

crossing the LWB. The figure demonstrates that very little mass that enters the Culebra crosses 

the LWB during the initial 10,000 years and almost the entire nuclide mass fraction will cross the 

LWB by 70,000 years post intrusion. The EEG recommends that the performance assessment 

calculations be extended beyond 10,000 years to determine long-term system performance. 

0 10 2D 33 43 5D 8) m 80 SD 100 

Time After Intrusion (Years* 10 ) 

Fig. 24. Fractional Discharge Of Uranium Across The LWB Within 100,000 Years, With 
Blowout Section Of 10,000 Years. Reproduced from Rucker (1998). 
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2.10 THREE DIMENSIONAL PROCESSES AND BOUNDARY CONDITIONS 

This issue was’presented to the EPA staff on December 10, 1997, as “2D/3D Modeling in 

BRAGFLO”. The EEG first brought this issue to the EPA’s attention as an attachment titled “Brine 

Inflow From Salado: 2-D versus 3-D Geometry in BRAGFLO” to the March 14, 1997 Neill to 

Marcinowski (Neill, 1997b) letter. The DOE submitted a response as an attachment to the June 27, 

1997 letter from G.E. Dials to L. Weinstock. The Draft Rule includes this issue as Issue F in CARD 

#23. The EEG position is summarized by the EPA as Comment #553 on page 115 of CARD #23, 

and the EPA response is provided on page 1 16. EEG’s detailed response to the DOE and the EPA 

positions is provided as Enclosure 2 to this letter. DOE once again responded to this issue in 

attachment 6 of a letter from G. Dials to M. Kruger dated January 26,1998. On February 17,1998, 

EEG met with DOE to discuss this as well as other issues. As an outcome of this meeting, it was 

agreed that a single 3-D simulation be performed using the parameter values of one vector in the 

CCA calculations to assess the potential for impact on the CCA release calculations. A summary 

of the issue, the EEG’s response, and the EEG recommendation, to resolve the issue, follow. 

The results of FEP S-1 screening analysis suggest that the two dimensional BRAGFLO model used 

in the CCA calculations may be misrepresenting repository performance at pressures above the 

anhydrite fracture pressure. There is the potential of substantially greater brine saturation in the 

repository at higher pressures than calculated for the CCA. The discrepancy between the 2D and 3D 

versions of BRAGFLO may have resulted in an underestimate of radionuclide releases to the surface. 

To resolve this issue, the EEG recommended that several 3D BRAGFLO simulations of the 

repository should be performed using the parameter values of vectors used in the CCA performance 

assessment. The 3D BRAGFLO simulations should be used to provide repository conditions for the 

normal suite of direct brine release calculations. The calculations should also be assessed in terms 

of impact on spallings calculations. Spallings simulations are probably not required to assess the 
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impact. The following criteria may be used to select the CCA vectors for running the 3D simulations 

to bound the magnitude of the problem: 

a 

a 

a 

Since the discrepancy occurs above the fracture initiation pressure, the simulations should 

be limited to parameter vectors that result in pressures above 12.7 MPa at some time during 

the 10,000 year time frame. 

Direct brine release calculations should be sensitive to increased brine saturations above the 

waste residual brine saturation. Vectors that had either large brine saturations or a mobile 

brine component (saturations above the residual saturation) are more likely to be sensitive 

to increased brine inflow. Figure 5.1.5 of the preliminary sensitivity analysis report (Helton, 

1996) indicates one vector with a 10,000 year pressure above 14 MPa and a brine saturation 

above 0.4. This is a likely candidate. 

The potential for brine consumption by corrosion should be assessed. Vectors with both 

slow and fast corrosion rates that also meet the above two criteria should be run. 

If the first simulations indicate a large change in saturation, then assess whether the 3D 

BRAGFLO simulations indicate a much larger number of significant direct brine releases 

than those calculated in the CCA. Simulations using brine saturations on the order of 0.1 and 

0.3 should be performed. 

In response to these recommendations, DOE indicated that the conditions used in the FEP S-1 

investigation were not representative of CCA conditions and that increased brine inflow should not 

be expected for CCA conditions. If brine inflow did occur as a consequence of anhydrite fracturing, 

it was expected that the additional brine would be consumed through metal corrosion and therefor 

not increase repository saturation. At the February 17, 1998, meeting it was agreed that there was 

sufficient reason to further investigate the potential for greater brine inflow to the repository using 

3D modeling than the calculated in the 2D model of the CCA. It was agreed that a simulation 
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corresponding to a parameter vector that led to high pressure and anhydrite fracturing in the CCA 

calculations will be sufficient to demonstrate the potential increased brine inflow in comparison to 

the CCA calculation. 

1,57 



2.11 BRINE RESERVOIR PARAMETERS 

The EEG raised a number of issues related to the Castile Formation brine reservoirs (Neill, 1997a, 

1997b) attachments “Brine Reservoir Assumptions”, Appendices 8.1 and 8.2 of this report) in 

commenting on the CCA. The EPA has accepted all of the EEG suggestions except the one related 

to the assumption of the probability of encounter of brine reservoirs, and we disagree with the EPA 

on this issue. The CCA assumed 8% probability on the basis of faulty assumptions. The EEG 

recommended 100% probability on the basis that the WIPP-12 brine reservoir was large enough to 

most likely extend under the repository, a conclusion also confirmed by geophysical testing directly 

above the repository. The EPA has sampled on a range of 1 to 60%, but has provided no basis for 

assuming less than 60%. Based on the arguments that the geophysical (Time-domain electro- 

magnetic survey) data may be interpreted to indicate the brine to be under 60% of the repository, and 

that some boreholes adjacent to the brine producing boreholes are known to be dry, the EEG is 

willing to accept the assumption of a fixed 60% probability of encounter, and recommends that a 

new performance assessment calculation be run with this fixed value. 

According to EPA, changing the assumed brine volume of a Castile brine reservoir from 160,000 

cubic meters (in the CCA) to 17 million cubic meters (in the PAVT calculation) had a noticeable 

effect on releases, but the compliance with the standards was still met. However, “EPA believes that 

the PAVT verifies that the original CCA Castile brine reservoir parameters were adequate for use 

in PA and comparison against the radioactive waste containment requirements.” (U.S. EPA, 1997c, 

p. 58800). The EEG strongly rejects this argument because there are many other parameter values 

and conceptual and numerical models that should be changed, unless acceptable justification can be 

provided for the assumptions in the CCA and the proposed rule; and these changes will change the 

outcome of calculations. To declare an assumed value that is not otherwise justified “adequate” on 

the basis of limited changes in other values is, at the least, premature. There is no rational basis for 

finding an unjustified value to be acceptable unless it is justified based on observations, experiments, 

or widely known facts. 
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2.12 WASTE ISSUES 

EEG has two waste issues. One concerns assumptions of random emplacement of radionuclides in 

the repository and the effect this may have on the final CCDF. The other refers to the determination 

of quantities of cellulosics, rubber, and plastics in the waste and the control of this waste limit in the 

repository. These two issues will be addressed separately. 

2.12.1 Assumption of random emplacement of radionuclides in repository 

The assumption by DOE assumes that the waste inventory will be emplaced in the repository in a 

purely random manner leads to three fiuther assumptions in the PA: 

(1) 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 spallings 

releases can be assumed to be the average of the entire WIPP inventory; 

(3) the concentration of dissolved radionuclides in solution in a waste panel that has a 

Direct Brine Release is also calculated from the average of the entire WIPP 
inventory. 

2.12.1.1 Previous EEG comments 
EEG commented on this issue in our March 14, 1997, letter to EPA. The following additional 

comments are similar to those of 3/14/97, and lead to similar conclusions. 

2.12.1.2 EPA response to issue 
EPA did not accept DOE’S contention in the CCA that emplacement of waste in the repository would 

be purely random and that a waste loading plan was unnecessary. The EPA requested in a March 
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19, 1997, letter that DOE provide additional information on the possible effects of non-random 

loading on cuttings and cavings, direct brine release, and spallings releases. Upon review of DOE’S 

response (Docket A-93-02 Item 11-1-28 Enclosure 1, p. 8-18) “EPA determined that DOE was 

therefore not required to describe how the planned distribution of radioactive waste (as assumed in 

the PAS) would be achieved because the random distribution of waste containers in the WIPP 
resulted in compliance” (Le., it did not matter to compliance how the drums were placed in the 

WIPP). 

2.12.1.3 EEG evaluation 

EEG agrees with EPA’s request of DOE for analyses involving non-random loading. However, we 

have disagreements with several of the DOE assumptions and evaluations as well as the conclusions 

that were drawn fiom their results. 

Effects on Brine Concentration. The DOE assumes that all brine in a repository would have to travel 

long distance through large volumes of waste to reach the point of an intruding borehole and 

concludes that brine concentrations of radionuclides are appropriately determined fiom the entire 

repository average. 

EEG believes that while the DOE model is possible, it is not the only (and probably not the best) 

explanation. It certainly is non-conservative. The brine present in an undisturbed waste panel could 

come, more or less evenly, from all the walls, ceilings, and floors in the panel. If this occurs brine 

would stay close to the point where it enters the waste room or panel drift. There would be some 

movement down dip and this would cause water depths at maximum down dip location to be about 

25% higher than the average depth (assuming 50% brine saturation). A waste room at 50% brine 

saturation would contain 270 m3 of brine. The maximum brine release in PAVT is 100 m3 and the 

90* percentile release is only 15 m3. It seems unreasonable to assume that most water flowing into 

the intruding borehole would come fiom great distances. EEG believes it most reasonable to assume 

an average concentration of wastes fiom no larger a volume than one repository room. We have not 

attempted to estimate how much the concentration in a room would increase the CCDF. However, 
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we note that the plutonium concentration in solution fiom SRS heat source waste would be at least 

6 times the average at 350 years. Also, the WETS residues are almost 15 times as concentrated in 

241Am as is the repository average. Americium-241 has a specific activity that is 56 times that of 

239Pu and it will be the dominant radionuclide in solution (in curies) for thousands of years when 

using either PAVT or CCA median solubilities. 

EEG concludes that the amounts of radioactivity in solution from non-random emplacement could 

be somewhat larger than DOE has calculated and that this issue has not been adequately addressed. 

Effect on Cuttings Releases. DOE had previously evaluated effects of non-random loading on 

cuttings and cavings releases in 1996 when responding to a Peer Review Panel concern. They ran 

a replicate of 100 realizations of the effect of assuming that all 3 drums in a stack came from the 

same waste stream (rather than random). The resulting CCDFs are included in DOE’s May 2,1997, 

response to EPA’s March 19, 1997, request for more information. The non-random loading CCDF 

plots indicated mean values that were 26% higher at 0.1 probability and 22% higher at 0.001 

probability than the mean for random loading. 

Effect on Spallinrrs Releases. DOE’s evaluation of the possible effect of non-random loading on 

spallings releases considered the number of EPA waste units that would be brought to the surface 

if 4 m3 of repository room volume of WETS residues were brought to the surface. The WETS 

residues were considered to be the highest activity waste stream containing more than 8 10 drum 

equivalents (0.001 of the total repository volume). The total release of 0.368 EPA units is well 

below the 10 EPA units allowed at 0.001 probability. 

These are reasonable assumptions. However, the total EPA units should include the release fiom 

cuttings and cavings into these wastes (mean of 1 .O m3 in PAVT). Also, the WETS residues are not 

the worst waste streams for early intrusion times. There are 810 drum equivalents of heat source 

waste at SRS that would average 440 ci/m3 at 100 years after closing and 7,100 drum equivalents 

that average 130 ci/m3 at 100 years. 
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EEG has recommended before that the waste stream activity for spallings release should be a 

sampled value as it is for cuttings and cavings. An indication of the possible effect can be seen from 

PAVT volumes and EPA units released. The mean spallings volumes are 1.7 times the mean 

cuttings and cavings volume for scenario S 1 and 1.2 times for scenario S2. Yet the mean CCDF 

release at .001 percent is 25% greater for cuttings and cavings (with waste stream samplings on 

random emplacement) than for spallings (assumed average activity). 

Summm of EEG Conclusions and Recommendations. EEG believes that releases in brine could 

be somewhat larger (perhaps more than 100%) than calculated in the CCA or PAVT if non-random 

loading on a room-size scale was assumed. We agree that the cuttings and cavings releases will be 

about 25% higher if there is non-random loading on stacks of drums. Also, spallings releases are 

likely to be 25-50% higher with waste stream sampling on random emplacement and higher yet with 

sampling on non-random emplacement. 

EEG disagrees with the DOE position (and EPA concurrence) that since non-random considerations 

do not show that these three release mechanisms would lead to non-compliance they are unimportant 

and can be ignored. The effect of these three mechanisms combined could increase the total mean 

CCDF at .001 probability by 50% or more. This is still a long way fiorn non-compliance. However, 

there are other assumptions in PA models and parameter values that EEG does not believe have been 

shown to be non-conservative, that can also affect the final CCDF curve. 

EEG recommends that releases from cuttings and cavings and spallings be determined from waste 

stream sampling based on non-random emplacement. Direct brine release values should be based 

on non-random emplacement on a scale no larger than one waste room. 

2.12.2 Cellulosics, rubber, and plastics 
DOE has concluded that a maximum repository limit of 2 x 1 O7 kg of cellulosics, rubber, and plastic 

(CW) is needed in order to prevent production of more CO, than can be controlled by the MgO 
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backfill. EPA has concurred in this recommendation. The expected amount of CRP in the 

repository is 2.1 x lo7 kg (U.S. EPA, 1997b, CARD 24-38). 

2.12.2.1 Previous EEG comments 
EEG commented on this issue in our December 3 1,1997, letter to EPA. There were two concerns: 

(1) whether the quantities of CRP in the waste would be determined with the necessary accuracy in 

waste characterization; and (2) whether the proposed repository limits on kilograms of CRP would 

be adequately controlled by the proposed scheme. 

2.12.2.2 EPA response to issue 

EPA has never expressed a concern about waste characterization of CRP to DOE. They did inquire 

about the ability of DOE’s WIPP Waste Information System (WWIS) to control the repository limits 

set by DOE. The possible need to control waste repository limits on a scale less than the full 

repository was not mentioned by EPA. 

EPA has not responded verbally or in writing to EEG’s concerns mentioned in the December 3 1, 

1997, letter. 

2.12.2.3 EEG evaluation 
Waste Characterization. EEG is concerned about the ability to measure CRP with enough accuracy 

to ensure that the 2 x lo7 kg limit will be met. Visual Examination (VE) is a method that is capable 

of good precision on those containers measured if all internal containers are emptied and their 

contents identified and weighed. However, internal containers are not always opened during VE. 

The preferred method of characterization is real time radiography (RTR) which is only semi 

quantitative (WMP weights are estimated by determining the void space and weight of waste in the 

drum which is not very accurate even if there is only one WMP in the container). EEG has not found 

a reference to the uncertainty in determining the weight of CRP in waste containers in either the 

DOE or the EPA reports. The EPA needs to point out where this uncertainty has been addressed, 

if it has been, or address the issue. 
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Waste Repository Limits. EEG has two concerns about the DOE plan to control CRP waste 

repository limits on the full repository rather than on a sub-unit (such as a waste panel). There are 

two concerns that do not appear to have been addressed: 

(1) An excess of CRP in a waste panel could overload the MgO in that panel and since no 

interchange of brine between panels is assumed, it is questionable how much benefit would 

incur from excess MgO in another panel. Estimated concentrations of CRP do vary 

significantly between generating sites (e.g. at INEEL the average is 1.8 times the total 

inventory average); 

(2) A management plan that allows emplacement of repository limited parameter quantities that 

vary significantly from the required average could result in a situation where the required 

limits could not be met by emplacing the remainder of the inventory. This is a potential 

problem because the actual content of waste containers will be known only as the individual 

containers are characterized and may be much different than the current estimates. 

EEG believes that waste repository limits for CRP should be controlled on a per panel basis at least 

until the inventory is known with more certainty. 
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2.13 QUALITY ASSURANCE 

2.13.1 General Comments 

The 40 CFR 194.22 criteria for evaluation of the DOE’s quality assurance (QA) program provide 
a clear list of items to be documented by the DOE. In reviewing the EPA’s proposed rule for 

certification of the WIPP’s compliance with 40 CFR 191 the EEG’s primary concern was to find 

objective evidence to show that the EPA has examined the DOE’s demonstration of compliance with 

the $194.22 criteria, either in the text of the proposed rule, or by reference to appropriate docket 

material. Because of a lack of such objective evidence, the EPA’s proposed rule, CARD 22, and 

docket material referenced by CARD 22 do not demonstrate that many of the criteria have been met. 

The final rule should address these issues. 

The July 22, 1996, Neill to Dials letter noted that the proposed QA chapter contained significant 

omissions and errors, including failure to adequately address many of the criteria in 0 194.22, and 

recommended that it be completely rewritten. Only incidental changes were made to the chapter 
before issuing the October 29, 1996, CCA. The Neill to Kruger August 11, 1997, letter (see 

Appendix 8.8) contains a later EEG review on the QA chapter of the CCA. Initial portions of this 
review were provided at a presentation to the EPA by EEG staff on January 2 1, 1997. 

The CCA chapter on QA was neither complete nor accurate, as required by the $ 194.1 1. Had the 

DOE provided the information required by the $194.22 criteria, the EPA’s efforts would have been 
simply to verify the DOE data. However, the EPA has attempted to gather data that shows 

compliance with 9 194.22, rather than reviewing the data as presented to them by the DOE. This 

seems contrary to the intent of the $ 194.22 criteria, which places the requirement on the applicant; 

for all but the initial and final criteria, $194.22 states (in $194.22(a)(2), (b), (c), and (d)): 

Any compliance application shall lprovide or include] information which [describes 

or demonstrates] that [statement of criterion]. 
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In the proposed rule, the EPA states that the documentation needed to demonstrate compliance with 

the criteria was too voluminous to be provided in the CCA. The CCA QA chapter did not, however, 

provide pointers to the documentation that would provide a demonstration of compliance, nor did 

it discuss all the programs and activities that should have met the $ 194.22 criteria. 

Some of this voluminous documentation was viewed by the EPA during reviews, audits and 

inspections of the DOE and its operations, as allowed under $194.21 and $194.22(e). These EPA 

QA operations provide much of the evidence presented in the proposed rule and CARD-22 to 

support the argument that the criteria have been met. However, the intent of the audits and 

inspections as described in $194.22(e) was to verify execution of QA programs, rather than to 

establish that the $ 194.22(a)-(d) criteria had been met. The reports from these QA operations (as 

found in the EPA’s WIPP docket) indicate that the EPA did not specifically address many of the 

$194.22 criteria, nor is there evidence in them that EPA has checked to make sure that the DOE’S 

voluminous documentation contains the descriptions or demonstrations related to each specific 

criterion. 

These EPA documents also do not show an awareness of all the DOE programs and activities that 

fall under the $ 194.22 criteria; this is likely related to the failure of the CCA’s QA chapter to discuss 

these programs and activities, even though $194.22 clearly required a demonstration in the 

application that the NQA standards had been applied to these programs and activities. Since the 

EEG’s day-to-day responsibilities make it familiar with many more of the activities at the WIPP than 

are a part of the EPA mission, some of the comments below relate to WIPP activities outside of 

Subpart B. EEG’s basic assumption is that QA for any major activity described in the CCA which 

relates directly to the 194.22 criteria should be addressed in the documentation for the final rule. 

The following sections contain a statement of the sense of the individual criteria, a brief summary 

of EPA’s conclusions of compliance in the proposed rule, and the EEG’s comments on that 

documentation. During the December 10, 1998, presentation, the EPA requested that the EEG 
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include recommendations as to how to alleviate concerns raised; these are appended to the section 

for each criterion. 

The term “NQA standards” as used in this review consist of the 1989-1990 Nuclear Quality 

Assurance (NQA) Standards NQA-1, NQA-2 Part 2.7, and NQA-3 versions as described in 

8 194.22(a)( 1). 

2.13.2 Specific Comments 

$194.22(a)(l): As soon as practicable after April 9, 1996, the DOE will adhere to a QA 

program that implements the requirements of the NQA standards. 

EPA summary: The EPA proposed rule cites the Carlsbad Area Office (CAO) Quality Assurance 

Program Document (QAPD) included in the CCA as part of Appendix QAPD as addressing the 

NQA standards, and the flow of requirements from this QAPD to all subsidiary WIPP organizations. 

The EPA audited the CAO and found the NQA standards were implemented as required in the 

QAPD. CARD-22 adds that the QAPD is dated April 22,1996, that the CAO has audited lower-tier 

programs to enforce the requirements of the QAPD in accordance with the NQA standards, and that 

these subsidiary organizations conduct their own audits. 

EEG comments: The EEG review of the CCA QA chapter (Appendix 8.8) addresses DOE’S 

response of this criterion on page 4. 

The EEG agrees that the CAO has established an excellent QA program. The DOE provided the 

necessary information in the application for this criterion, and the EPA has verified that the WIPP 

adheres to a program that implements the NQA standards-for the 8 critical areas addressed in 

8 194.22(a)(2). 

The beginning of the discussion of 9 194.22 in the proposed rule interprets both parts of 194.22(a) 

as a single, interconnected section, so that the NQA standards of the (a)( 1) criterion need only apply 
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to the 8 critical areas listed in (a)(2). The language of the two criteria do not necessarily support this 

interpretation. Had this been the original intent, there would have been no need to divide into two 

sections; a single criterion could have been written to cover 194.22(a)(2), and (a)(l) could have been 

eliminated. 

The CAO QAPD Revision 1 included in Appendix QAPD has a rather elegant process for separating 

QA activities for these 8 areas, and radioactive waste handling and packaging activities, from other 

WIPP-related processes. Section 1.1.2.3 of the QAPD establishes these areas as responsible for 

meeting “additional requirements”, which are extra to the “general requirements” required for other 

WIPP activities. The “general requirements” established throughout the QAPD are those related to 

the requirements of 10 CFR 830.120 and DOE Order 5700.6C, the DOE’S normal QA requirements; 

the “additional requirements” are those found in the NQA standards that are not addressed by 

$830.120 and 5700.6C. The NQA standards are much more prescriptive than are the normal DOE 

QA requirements--NQA- 1 alone contains over 30 pages of requirements, as opposed to the less than 

two equivalent pages of requirements found in normal DOE QA standards. 

The purpose and scope of the criteria, as found in $194.1, reference both the 1992 Land Withdrawal 

Act and 40 CFR 19 1. 5 191 Subpart A describes management of the waste (placing it in the disposal 

system), and the intent of $ 194.22(a)( 1) seems to have been to implement the NQA standards for all 

WIPP activities during the operational phase, as well as for the disposal phase. The EPA’s Guidance 

For The Implementation of EPA’s Standards For Management And Storage OF Transuranic Waste 

(40 CFR Part 191, Subpart A) At The Waste Isolation Pilot Plant (WIPP), EPA 402-R-97-00 1, 

Section 2.3, states: 

For Implementing Subpart A at the WIPP, EPA interprets these definitions to mean 

that all activities at the WIPP up until the point of disposal must be considered in 

determining compliance. Specifically, this means that all activities in all WIPP 

facilities, both at above-ground locations and in the underground disposal system, are 

regulated under the standard. 
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Recommendation: If the intent of the criterion was that the CAO's QA program only meet the 

requirements of the NQA standards for the 8 critical areas listed in $194.22(a)(2), then the EEG 

agrees that the criterion has been met. However, the documentation for the final rule should include 

a rationale for. considering only those areas described in $194.22(a)(2) as falling under the 

$ 194.22(a)( 1) criterion. 

The EPA should also be aware that the revision of the CAO QAPD included in the CCA was to be 

implemented program-wide for the WIPP by mid-August, 1996, not April 22, 1996, as is implied 

in CARD 22'. 

§194.22(a)(2) [General Statement]: The compliance application will demonstrate that the QA 

program adhering to the NQA standards has been established and executed for 8 critical 

activities. 

EEG general comments: The EEG review of the CCA QA chapter (Appendix 8.8) addresses these 

criteria on page 5, pointing out that the DOE misinterpreted the (a)(2) criteria. In general, the 

portions of the chapter titled similarly to these criteria do not provide the requisite demonstration of 

compliance. 

The 8 activities are individually addressed below. It is important to note, however, that the EPA's 

documentation of compliance relies heavily on EPA audits of the CAO, the Waste Isolation Division 

(WID; the Management and Operating Contractor responsible for conducting most on-site activities), 

and Sandia National Laboratories (SNL; the WIPP scientific advisory organization). The audit 

'The QAPD Rev. 1 distribution letter from R. Dennis Brown, CAO QA Manager, to 
WIPP organizations dated June 13, 1996, requires that the QAPD be properly implemented 
within 60 days of receipt of the letter. The official sign-offs were on April 22, and the CAO 
office may have implemented it on that date, but all subsidiary organizations were not required to 
conform to its dictates until the much-later date. 
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reports from these EPA activities do not indicate that the specific areas required by each criterion 

were addressed, but rather show that the overall QA program of the organizations was audited. 

The EEG does not agree that verification of the establishment and execution of an overall program 

provides an adequate demonstration of execution for the specific activities described 8 194.22(a)(2). 

The individual (a)(2) criteria would not have been written if establishment and execution of a general 

QA program was all that was intended. The EPA audits are a snapshot view of QA at these 

organizations in 1997, but many of the DOE programs and activities that fall under the (a)(2) criteria 

have been in operation for many years, and the data from these programs was freely used in the 

compliance application. 

To demonstrate establishment and execution of the NQA standards on the programs and activities 

covered by each criterion, a formal assessment (audit or surveillance) of the process and the resulting 

records should be cited; the assessment should have been performed by qualified personnel, 

addressing compliance with QA documents which include the NQA requirements applicable as a 

part of the assessment. The assessment need not have been entirely devoted to that area, but should 

have addressed the specific programs and data falling under each criterion. The EPA should verify 

that the process was performed at a time when the NQA standards were in effect for that program, 

and that the assessment was conducted according to the requirements of the NQA standards. 

Recommendation: If such an assessments are not currently available from the DOE then the EPA 

should require the DOE to perform and report such assessments. As a last resort, the EPA could 

assess the program as a part of its verification process (despite the EEG’s reservations about using 

this approach). In any case, the documentation for compliance with the criteria should demonstrate 

that the NQA standards have been established and executed for the DOE programs that falls under 

each criterion. 
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§194.22(a)(2)(i): The compliance application will demonstrate that the QA program adhering 

to the NQA standards has been established and executed for waste Characterization activities 

and assumptions. 

EPA summary: The proposed rule notes the current lack of waste characterization at the generator 

sites and describes how the proposed Appendix A Condition 2 will be used to ensure that these sites 

will have met the criteria before shipping waste to WIPP. The proposed rule shows evidence that 

a QA program adhering to the NQA standards have been demonstrated for waste characterization 

at one generator site (LANL) and for the WIPP Waste Information System (WWIS), a DOE 

computer system used to ensure that characterization and certification requirements have been met 

for each waste container before it is shipped. CARD 22 expands on this information, and adds that 

the CCA QA chapter states that the Transuranic Baseline Inventory Report (TWBIR) was prepared 

in compliance with the CAO QAPD and its preparation was audited by the CAO in 1995. 

EEG comments: The EEG review of the CCA’s QA chapter (Appendix 8.8) addresses elements 

of this criterion on pages 10 and 1 1. 

There are two major components to this criterion: the waste characterization activities at generator 

sites, and the waste assumptions used to establish parameters for the performance assessment (PA) 

evaluation. 

For waste characterization at generator sites, the EPA has presented adequate evidence that, for 

LANL and its use of the WWIS, the DOE has demonstrated the establishment and execution of a QA 
program meeting the NQA standards. The proposed Appendix A Condition 2 seems an adequate 

compromise method for applying the criterion to other generator sites-the criterion requires a 

demonstration in the compliance application, but it is obviously not prudent for these generator sites 

to allocate resources to WIPP waste characterization until there is some certainty that the WIPP will 

open. 
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The EPA, however, has apparently accepted DOE’S statements concerning QA for the PA 

component (the TWBIR data) at face value. The TWBIR waste characterization data used in the 

CCA clearly were not gathered under the NQA standard$, and “the QAPD’ under which the TWBIR 

was prepared is not the revision that was included in the CCA. The single audit finding was 
insufficient documentation of the TWBIR process. 

The version of the CAO QAPD in effect during the preparation of the TWBIR (and the audit) was 

Revision 0, which apparently has not been examined by the EPA (it’s not a part of the CCA). Table 

1-1 of Revision 0 lists NQA-1 as a commitment document, but NQA-2 Part 2.7 and selected parts 

of NQA-3 are only listed as guidance documents. TWBIR data used in the performance assessment 

should meet the requirements of NQA-3. 

The EEG has often expressed concern over the changes in waste estimates for WIPP found in the 

various revisions of the TWBIR, and other documents that address the WIPP inventory. For 

example, the CCA Appendix TWBIR estimated 61 787 m3 of existing CH-TRU waste, yet the 1996 

National Transuranic Waste Management Plan (US. DOE, 1996a) estimates 102,025 m3 (Table 1-1) 

for the same parameter--a 40% increase in the amount of currently existing waste destined for WIPP. 

These two documents were published only a few months apart. Comparisons for RH-TRU and 

projected waste volumes show even greater variations. These drastic changes in inventory amounts 

likely would be reflected (to some unknown extent) in the amounts and types of waste 

characteristics and components used in developing the PA parameters on waste. 

Recommendation: The EPA could examine the audit report of the TWBIR process to ensure that 

the NQA standards were applied to the gathering and processing of waste characterization 

*The Waste Characterization Analysis Peer Review Report, DOEMPP-96-20 12, states (p. 4-3): 
“Because there had been no prior requirements to gather these types of data under a formal quality assurance (QA) 
program consistent with NQA-1 requirements, and a very short response time was imposed, the sites compiled their 
inventories using the best available information.” The Panel concluded that, given these constraints, the data 
submitted are conservative (overstates quantities) and the best that could be obtained within reasonable time and 
cost”. The EEG notes that, for use in the PA, consistency with NQA-3 requirements would also have been 
necessary. 
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assumptions used in the PA, despite the Waste Characterization Peer Review’s statement to the 

contrary. Alternately, the Waste Characterization Peer Review accepted TWBIR data even though 

the panel was aware of the data’s QA deficiencies (see footnote). The EPA could consider whether 

the Peer Review Report can be used as a “qualification of existing data” as allowed by fj 194.22@) 

as a method of meeting the criterion for TWBIR data used in the PA. Documentation of these 

activities should be included in the final rule or its supporting materials. 

§194.22(a)(2)(ii): The compliance application will demonstrate that the QA program adhering 

to the NQA standards has been established and executed for environmental monitoring, 

monitoring of performance of the disposal system and sampling and analysis activities. 

EPA summary: The proposed rules states that the WID developed a WIPP Environmental 

Monitoring Plan (EMP), which the DOE states is consistent with applicable NQA standards. The 

EPA audit of the WID determined that the requisite QA program had been established and executed 

for environmental monitoring, and sampling and analysis activities. CARD 22 adds that EMP was 

reviewed by the EPA, that sampling and analysis for waste characterization activities was covered 

under the discussion for 194.22(a)(2)(i), and that “Monitoring of performance of the disposal system 

has not started, but EPA has no reason to believe that the QA program for this activity will not be 

similar to the QA program for existing monitoring activities” (p. 22-8; restated on p. 22-9). 

EEG comments: The EEG review of the CCA’s QA chapter (Appendix 8.8) addresses elements 

of this criterion on page 12. 

Section 8.1 of Appendix EMP does, indeed state the following (p. 8-1): 

Quality Assurance (QA) practices that cover monitoring activities at the WIPP are 

consistent with applicable elements of the 10-element [sic] format in ANSUASME 

NQA- 1. 
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NQA- 1 consists of 18 basic requirements; the “1 0-element format” is a usual method of referring 

to QA requirements found in 10 CFR 830.120, a different set of nuclear QA requirements written 

for the DOE Management and Operations (M & 0) contractors such as the WID. This fuuxpus may 

indicate how little familiarity writers and reviewers of EMP Section 8, Quality Assurance, have with 

the NQA standards. 

Section 8.1 later states that QA requirements from the EPA’s QAMS-005/80 were incorporated into 

the WID QAPD, and Table 8-1 is an attempt to cross-reference of NQA-1 basic requirements, and 

requirements from QAMS-005/80, to 10 CFR 830.120. This seems to be an attempt to demonstrate 

that the 30-odd pages of basic and supplementary requirements from NQA-1 are completely covered 

by the 2 page of requirements found in 10 CFR 830.120. Section 8.3, which contains the actual QA 

criteria for environmental monitoring, begins by stating (p. 8-3): 

The specific WIPP QA program elements/criteria that are applicable to the 

performance of the EMP are listed below by 10 CFR 830.120 criterion. 

A comparison of this document to its predecessors may be indicative of the trend in WID QA for 

environmental monitoring. The 1994 Environmental Monitoring Plan (EMP), DOE/WIPP 94-024, 

lists the 18 NQA-1 basic requirements (p. 8-1), but follows the 1 0-element format from DOE Order 

5700.6C (which is essentially identical to 10 CFR 830.120) in discussing QA for environmental 

monitoring. The 1988 “Operational Environmental Monitoring Plan for the Waste Isolation Pilot 

Plant”(OEMP), DOE/WIPP 88-025, also lists the 18 basic requirements, but also describes how 

the QA program addresses each of the NQA-1 requirements. The trend seems to be one of moving 

away from NQA-1. In 1988, WID had an environmental program which clearly attempted to 

address NQA-1 requirements; in 1994, the NQA-1 requirements were listed, but the DOE’S own 

internal QA requirements were addressed; and Appendix EMP (1 996) seems to have completed the 

transition to the 10-element format. 
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CCA Appendix EMP Section 8 is clearly directed at compliance with 10 CFR 830.120, not NQA-I. 

The environmental monitoring program, and the materials in EMP, still may meet the requirements 

of NQA- 1, but Appendix EMP does not provide clear evidence of such compliance. 

For the monitoring of the disposal system portion of the criteria, the EPA seems to have been 

mislead by a DOE statement in the QA chapter of the CCA, that no monitoring of the disposal 

system had yet occurred. Appendix MON, Table MON-1 lists 11 parameters to be monitored to 

provide the data required by 40 CFR Parts 191.14(b) and 194.42 for monitoring of the disposal 

system. The Water Quality Sampling Program (WQSP) wells are specifically listed in Table MON-1 

as “Preclosure Monitorable Parameters”; Appendix EMP Section 5.3.8, “Groundwater” states that 

the WQSP wells have been sampled since 1994. CCA Table 7-7 (p. 1-9) shows that the Culebra 

wells will also be a part of the postclosure monitored parameters as well. 

The WIPP Site Environmental Report for Calendar Years 1994 (Westinghouse, 1995), 1995 

(Westinghouse, 1996), and 1996 (Westinghouse, 1997) all contain data directly related to the 3 

parameters for Culebra monitoring described in Table MON-1 (See CCA Appendix SER, taken from 

the 1995 report; Sections 7.1 and 7.2 describe the radiological and Culebra water level monitoring, 

and the 1996 report contains a section on the third parameter, direction of flow in the Culebra). It 

is also worth noting that elsewhere in Appendix MON (Section 3.3) the WQSP wells are described 

as RCRA (40 CFR 264) post-closure monitoring wells, in terms that suggest that they will be 

continuously monitored until at least 30 years after repository closure. 

There are also 4 geomechanical characteristics listed in Table MON-1; CCA Section 7.2.2.4.1 

indicates that data is currently being gathered for these, though it is apparently not yet analyzed in 

terms of preclosure monitoring. Geotechnical Analysis Report for July 1995 - June 1996 (U.S. DOE, 

1997b), indicates that measurements of these characteristics have been made for years. Others of 

the 11 parameters may also have been monitored before the publication of the CCA--CCA 

Appendices DMP describes the program for monitoring of drilling practices (one of the 1 l), and 

DEL describes the state of drilling in the WIPP vicinity at the time the CCA was published. 
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The CCA QA chapter does not reference CCA Appendices GWMP and GTWP. Appendix GTMP, 

section 2.0, clearly demonstrates that the NQA-1 standards were established by the 1994 

Geotechnical Monitoring Plan; Appendix GWMP (no date given in the CCA), section 4.0, does the 

same for groundwater monitoring. These documents step through the 18 NQA-1 basic requirements, 

explaining how the applicable ones are to be implemented. These are clear evidence of establishment 

of a QA program that meets the requirements of NQA-1, but are not evidence of execution of the 

program. 

For the final part of this criterion, the EPA has misapplied the “sampling and analysis activities” to 

the waste characterization processes at generating sites. It would seem more logical to assume that 

sampling and analysis related to the environmental monitoring and monitoring of the disposal system 

was the intended target, as the phrase was included in the criterion for these activities, not the 

criterion for waste characterization activities and assumptions. 

CCA Appendix AUD does contain a list of WID internal audits, and these may provide a 

demonstration of establishment and execution of the NQA standards for these areas. Audit 196-03 

would seem to cover the WQSP wells and other groundwater monitoring programs; 194-020 covers 

the 1993 Geotechnical Analysis Report, and could possibly show that the NQA standards had been 

applied for that year. Several others (193-03,193-05,193-08,193-048,193-056) occurred in 1993, 

before the WID’S QA program is said by the DOE to meet the NQA standards, but a case-by-case 

review may show that at least some of these can be used. The CAO’s QA department may also have 

performed assessments specific to environmental monitoring that considered compliance with the 

NQA standards. 

Recommendations: NQA- 1 requires periodic assessment of programs by QA organizations, and 

the WID Environmental Monitoring Program has been in operation since 1985. The CAO, or the 

WID, QA departments should have assessed the program by now to ensure that NQA-1 

requirements had been properly addressed in the program (that the program is adequate), and that 

the documentation from the program meets these requirements (that it ‘has been effectively 
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implemented). The EPA should review reports from these assessments and cite them in the 

documentation of the final rule as a demonstration of establishment and execution of the NQA 

standards for environmental monitoring. 

The CAO or the WID should also have assessed the WQSP (or the entire Groundwater Monitoring 

Program), and the Geotechnical Analysis Program. The EPA should review these reports, and cite 

them as a part of the demonstration of establishment and execution of the NQA standards for this 

criterion. 

Sampling is an integral part of these programs, as are some analysis activities. However, the WQSP 

samples have been sent to contract laboratories for analysis, and radionuclide determinations from 

the Environmental Monitoring Program samples have also been performed by contract labs. The 

EPA should verify that contracts for these analyses include the proper QA requirements. 

I §194.22(a)(2)(iii): The compliance application will demonstrate that the QA program adhering 

to the NQA standards has been established and executed for field measurements of geologic 

I factors, ground water, meteorologic and topographic characteristics. 

EPA summary: EPA’s proposed rules states that the EPA audit found the QAPD and WID QA 

program complies with the NQA standards. CARD-22 indicates that QA of current WID 

measurements related to subsidence and disposal room monitoring were the field measurements of 

geologic factors that were considered; that “Groundwater monitoring activities previously conducted 

at the site also adhere to WID QA documents”’ and that the DOE has demonstrated to the EPA that 

meteorologic information from pp. 2-178 to 2-180 in the PA came from geological data and 

information rather than from meteorological field measurements. The data generated from 

topographic characterization were evaluated under the qualification of existing data (QED) process 

allowed by 5 194.22(b). 
I 
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EEG comments: The EEG review of the CCA’s QA (Appendix 8.8) chapter addresses elements 

of this criterion on pages 12 through 15. 

Geological factors. EPA was apparently mislead by the CCA QA chapter, which only discussed 

subsidence and disposal room monitoring in the section that addressed this criterion, citing WID 

documents. Credit for the current WID QA program does not cover the data from WID’S disposal 

room monitoring program used in the performance assessment, for which MONPAR Sections 3.1 

and 3.2 indicates data from pre- 199 1 was used for disposal room monitoring, and pre- 1994 for 

subsidence. 

More importantly, however, SNL was responsible for much of the work related to field measurement 

of geologic factors used in the CCA, particularly those geological factors used in PA. The CCA QA 

chapter offers a rationale for considering QA for field measurements of geological factors during site 

selection and characterization activities as satisfactory (see p. 5-6), but the EPA has not cited that 

rationale (nor should they; see EEG’s review of this rationale, on p. 13 of the CCA QA chapter 

(Appendix 8.8) review). In addition, the parameters used in PA are based on geological field 

measurements--pressures at the repository level, strata thicknesses, etc. 

The following description of a field measurement is an illustration of the sort of field measurement 

of geologic factors for which the EPA may want to be able to demonstrate the criterion has been met. 

The citing of “karst topographyy’--the possibility that dissolution of the salt beds in which the 

repository lies may cause a regulatory release of radionuclides--is an argument that refuses to die, 

despite the DOE evidence that has convinced the EEG, the NAS, and other organizations that such 

deep dissolution is unlikely. Testimony at recent (January 1998) EPA public hearings on the 

proposed rule again addressed the topic, and may become a part of lawsuits filed on the WIPP. Proof 

of adequate QA for measurements that defend against this argument could be an important part of 

such lawsuits. From CCA Appendix GCR Section 6.3.5: 

178 



Additionally, brines in the sands of the underlying Bell Canyon Formation have been 

tested. These fluids are under sufficient head to allow them to reach the Salado salt. 

Because the brines are under saturated, they could dissolve the salt. However, to 

reach the Salado, these fluids would have to first penetrate the Castile Formation. 

Permeabilities (or lack of permeability) of the Castile and Salado Formations at the 

site have been determined by drill-stem tests in two exploratory holes: ERDA No. 

9 and AEC No. 8. The tests, summarized by Lambert and Mercer, 1977, Tables 1 

and 2, indicate that the two formations are extremely tight. 

Appendix GCR, the Geological Characterization Report, contains many examples of field 

measurements of geologic factors. The term “field measurements” is not defined in $194; a 

definition that included the laboratory measurements taken from field samples would provide a list 

of many additional geological factors included in the CCA. Appendix GCR also contains data from 

I these kinds of measurements, on which many of the PA parameters are based. 

Groundwater. For the groundwater portion of this criterion, CCA Appendix SER (1995 Site 

Environmental Report) Chapter 7 states: 

The data obtained by the Water Quality Sampling Program (WQSP) in 1995 

supported two major programs at the WIPP: Site Characterization and Performance 

Assessment in compliance with 40 CFR 191 ... Surveillance of hydrological 

characteristics in the Culebra provides data which can be used to detect changes in 

water characterization. It also provides additional data for use in hydrologic models 

designed to predict long term performance of the repository. Data is gathered from 

64 well bores; five of which are equipped with production-inflated packers to allow 

groundwater level surveillance of more than one producing zone through the same 

well bore. 
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Groundwater Quality data were gathered from ten wells completed in the Culebra 

member of the Rustler formation and one well completed in the Dewey Lake 

formation ... Seven wells were drilled in the latter part of 1994 constructed for the 

explicit purpose of gathering water quality data. These wells are constructed with 

fiberglass casing and screens that will not bias sample collection. In 1995 samples 

were collected from old as well as new wells. 

If data from these wells are used as described, then the requirements of NQA-3, which contains 

additional requirements for the collection of scientific and technical information to be used for site 

characterization, should also have been applied to them. The seven wells mention in the second 

paragraph quoted above are the WQSP wells3. 

CCA Appendix HYDRO contains many statements based on measurements of groundwater-- 

transmissivities, potentiometric-surface maps, ion concentrations, etc. The “Purpose and Scope” 

section indicates that the USGS performed the activities that resulted in these measurements: 

This report discusses the ground-water systems and the interpretation of test results 

in the water-bearing zones above and below the proposed facility. Hydrologic data 

used in these analyses were collected during 7 years beginning in 1975 and were from 

39 test holes drilled for, or converted to, hydrologic test holes. The study included: 

the determination of potential ground-water flow boundaries; potentiometric heads; 

ground-water chemistry; and hydraulic properties obtained through pumping, slug, 

pressure-pulse, and tracer tests. 

The WQSP wells not only used special casings and screens, they were also established 
by air drilling, to ensure that drilling mud did not affect the water sampling process. The DOE 
has recently stated that it believes that only one borehole in the nine townships surrounding the 
WIPP used air drilling techniques; see Dials-to-Kruger letter dated January 26, 1998, p. 2. 
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The hydrologic investigation is part of a comprehensive study related to site 

characterization and validation conducted on behalf of the U.S. Department of 

Energy by Sandia National Laboratories. 

Other parts of the CCA contain field measurements of geological factors and groundwater, Chapter 

2 in particular. For instance, Table 2-4 shows transmissivity and porosity of the various subunits of 

the Rustler formation; Section 2.2.1.4.1.1 lists these values for specific boreholes. 

No QA for any of these sorts of measurements is described anywhere in the CCA, or in the EPA’s 

proposed rule documentation, that the EEG has been able to identify. The QA for these 

measurements may have been performed under the SNL Qualification of Existing Data (QED) 

program (see CCA Table 5-5, p. 5-41) allowed by $194.22(b), but there is no statement in either the 

CCA or the EPA’s proposed rule documentation pointing to QED as covering a portion of this 

criterion. 

Meteorologic Characteristics. QA for field measurements of meteorological characteristics as 

required by (22( 1)(2)(iii)) is not described in the CCA. The EPA asked the DOE for additional 

information. CARD 22 states (p. 22-1 1): 

Supplementary information sent by DOE on January 24, 1997 demonstrated to EPA 

that the measured meteorologic information in pages 2-178 thru 2-180 of the CCA 

was not used in the performance assessment (PA). DOE demonstrated that the PA 

instead used meteorological information obtained from geological data and 

information (Docket A-93-02, Item 11-1-03). 

This explanation alters greatly the information actually provided by the DOE. Item 11-1-03 comments 

concerning meteorological data are: 
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The meteorological data were included in the CCA in response to 194.14(i). The 

CCA does not contain information on the QA program for meteorological data 

because this data is not used in the PA. 

The EEG also finds nothing in 3 194 that limits the criteria to consideration of only those data used 

in the PA. The data used in the CCA on pages 2- 178 through 2-1 91 is fiom the WID meteorological 

tower data collected as a part of the WID Environmental Monitoring Program during the years 1990- 

1994, and there is no demonstration of adherence to a QA program that establishes and executes the 

requirements of the NQA standards for this data. Note that the dates for these data apparently 

precede the CCA QA chapter’s date for adherence to the NQA standards at WID, which was 

established as December 1994. 

Topomaphical Characteristics. 0 194.14(h) requires that the CCA include topographic maps which 

show contours, WIPP site boundaries, and the location of wells in the vicinity of the disposal system. 

These would seem to be the topographic characteristics addressed by this criterion. 

It is not a demonstration of compliance to simply state that the Qualification of Existing Data (QED) 

process was executed on topographic characteristics, as is done in both the CCA (p. 5-6) and CARD 

22 (p. 22-1 1, in 22.D.5); the specific instance of QED which qualified the data should be listed and 

discussed. DOE’S QED process used Independent Review Teams (IRT) and Peer Reviews to qualify 

data; topographical characteristics would not seem to be a part of any of the data packages qualified 

by IRTs as listed in CCA Table 5-5, nor do the discussions of peer review in the CCA (Chapter 9 

and Appendix PEER) mention topographical characteristics. The EEG also could not locate 

discussions of topographical characteristics in the reports of the peer review panels conducted in 

1996 and 1997. 
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The 0 194.14(h) requirement for a topographic map that shows the locations of wells in the vicinity 

of the WIPP seems to have been covered by CCA Appendix DEL, Figure DEL-64. This data was 

probably gathered as a part of the WID effort to monitor changes in WIPP-area drilling practices, 

as outlined in CCA Appendix DMP. The legend on this map indicates that locations of well sites 

were updated after the WID had within 1 mile of the WIPP boundary was updated to 08/06/96--a 

date well after the WID is said to have a QA program that adheres to the NQA requirements. This 

portion of the $194.14(h) requirement is likely the most important 

Recommendation: The EPA should review the CCA for field measurements of the four areas cited 

in this criterion to ascertain if the QA processes utilized by the DOE for these field measurements 

meet the criterion. Measurements of geologic factors and groundwater used in support of the PA 

were the targets of the IRT reviews listed in Table 5-5 of the CCA. The EPA should correct the 

support documentation in the final rule to reflect that QA for field measurements of geologic factors 

and groundwater measurements is covered by $194(b), and cite data for specific parameters 

examined during the EPA’s Audit of the Parameter Traceability and Qualification of Existing Data 
(11-A-48) as verification of the QED for this criterion. For meteorological and topographical 

characteristics, the EPA should require that the DOE demonstrate that the measurements presented 

in the CCA was gathered under QA program that established and executed the NQA standards, or 

present traceable evidence that these measurements were processed under 0 194.22(b). Reference 

to these statements should be a part of the EPA’s documentation for the final rule. 

§194.22(a)(2)(iv): The compliance application will demonstrate that the QA program adhering 

to the NQA standards has been established and executed for computations, computer codes, 

models, and methods to demonstrate compliance with the disposal regulations in accordance 

with the provisions of this part. 

~ 

4Figure DEL-6 is not a topographic map as 0 194.14(h) specifies, but it does show the 
locations of the types of wells specified in the criterion. 
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EPA Summary: The proposed rules states that the requirements of the NQA standards for 

computations and computer codes are in the DOE QA program, in Section 6 of the CAO QAPD and 

also in SNL and WID QA documents. Review of the CCA (Section 5.3.20 is included verbatim), 

and audits of SNL and WID show that the NQA standards have been implemented. CARD-22 also 

cites a review of procedures and previous assessments (apparently DOE assessments) as evidence 

that show the requirements have been met, and states that QA for generator sites computer codes 

were addressed in the waste characterization section. 

EEG comments: The EEG review of the CCA’s QA chapter (Appendix 8.8) addresses elements 

of this criterion on pages 15 through 18. 

Neither the proposed rule nor CARD 22 address models and methods to demonstrate compliance, 

and computations (which are not always computer codes) is only lightly touched on. The WID keeps 

track of huge amounts of information related to other $194 criteria (meteorological data, 

environmental moriitoring data, geotechnical monitoring data, WIPP area drilling activity data, etc.); 

these data are likely kept in databases, but there is no mention of QA for these areas either in the 

CCA or in the documentation for the purposed rule. 

The meaning of “methods to demonstrate compliance” is not clear, but if the QA chapter of the CCA 

was a method to demonstrate compliance with the disposal regulations then the adequacy of any QA 

activities applied must be considered to have failed to meet the criterion. 

Recommendation: The EPA documentation should be more specific in its descriptions of EPA 

auditing activities for software. A demonstration of execution (an assessment) of the NQA 

standards for NDA at LANL, the WWIS, and the WID database system(s) should be cited in the 

documentation for this criterion. The documentation should also reference the DOE’S audits the PA 

process, and of the PA software, as demonstrations of execution of the NQA standards for these 

computer codes and models. 
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The EPA will rely on future auditinghspection activities at generator sites to establish that this 

criterion is met before these sites ship waste to WIPP; a qualified NQA software auditor should 

therefore be a part of these audits. 

§194.22(a)(2)(v): The compliance application will demonstrate that the QA program adhering 

to the NQA standards has been established and executed for procedures for implementation 

of expert judgment elicitation used to support applications for certification or re-certification 

of compliance. 

EPA summary: The proposed rule cites CAO’s Team Procedure 10.6 and the CTAC Desktop 

Instruction 1, used for the waste particle size expert judgment elicitation (the only one that has 

occurred), and cites the discussion of the proposed rule for $194.26. CARD 22 states that the CCA 

that the CAO QAPD provides for adequate control of any future expert judgments that the DOE may 

conduct, that he expert judgment of waste particle sizes process was observed and audited by the 

EPA, and was conducted in compliance with the criterion. CARD-22 references CARD-26; both 

the proposed rule for $194.26 and CARD 26 discuss QA for the waste particle size expert judgment 

elicitation in fulsome detail. 

EEG comments: The EEG review of the CCA’s QA chapter (Appendix 8.8) addresses elements 

of this criterion on page 18, in a brief paragraph which points out other WIPP activities that might 

be considered as expert judgment elicitations. 

The EPA has presented a demonstration of establishment and execution of the NQA standards for 

the waste particle size expert elicitation in the documentation for the proposed rule, though it could 

have been focused more on addressing the 8 194.22(a)(2)(v) criterion. 

However, other panels convened by the DOE would seem to fall under the requirements of this 

criterion. CCA Appendix PEER-PIC contains the peer review report on passive institutional 
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controls (PICs); it contains the following statements concerning expert judgment in section 4.1.4, 

titled “Expert Judgment and Peer Review”: 

The use of expert judgment, either by an individual expert or a panel of experts, is 

permissible under 40 CFR Part 194.26(a) to support the information in the CCA if 

that information cannot reasonably be obtained through data collection or 

experimentation. ..The conceptual design principles presented in the Conceptual 

Design Report seem to rely heavily on the results of the expert judgment process 

described in Trauth et al. (1992) ... The PTF and preparers of the Conceptual Design 

Report have somewhat blurred the line between reliance on expert judgment and the 

peer review process by incorporating both processes; their approach is certainly not 

precluded by the regulations. 

Trauth, et al. (1 993) is “Expert Judgment on Markers to Deter Inadvertent Human Intrusion into 

the Waste Isolation Pilot Plant”. The peer review panel, with full knowledge of the requirements 

of 9 194.26, obviously concluded that the Trauth, et al. report was generated by an expert judgment 

elicitation group. The discussion preliminary to the 5 194 criteria would seem to have addressed the 

Trauth, et al. document straight on (61 FR 5228): 

Typically, expert judgment is used to elicit two types of information: (1) Numerical 

values for parameters (variables) which are measurable only by experiments that 

cannot be conducted due to limitations of time, money and physical situation; and (2) 
essentially unknowable information, such as which features should be incorporated 

into passive institutional controls that will deter human intrusion into the repository. 

CCA Appendix EPIC consists of “Effectiveness of Passive Institutional Controls in Reducing 

Inadvertent Human Intrusion into the Waste Isolation Pilot Plant for Use in Performance 

Assessments, June 4, 1996”. The second paragraph of this report states 
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A task force was formed to estimate the credit for the passive controls for the WIPP 

repository. The estimate was constrained by the use of existing conceptual designs 

of these controls, the use of historical analogues for the endurance of materials and 

structures, the consideration of possible failure modes for each contro1,and the 

regulatory assumption of societal "common denominators." 

This also seems to be a collection of experts gathered to use their various expertises for determining 

a value that cannot be obtained by scientific means--in short, an expert judgment. 

Recommendation: The EPA should consider whether the Trauth, et al. (1 993) report is an expert 

judgment elicitation, and whether other expert judgment elicitations are utilized in the CCA, and 

analyze the QA applied to any that meet the criteria. Both reports suggested above could be 

considered to have met this criterion by QED as allowed through § 194.22(b), as a peer review of the 

PICS processes is reported in CCA Appendix PEER-PIC. The final rule for this criterion should 

describe or reference the process the EPA uses for determining what qualifies as an expert judgment 

under this criterion, and describe the demonstration of establishment and execution of the NQA 

standards for any additional expert judgments found. 

I CARD 22.F.4 contains the following sentence: 

The CCA also indicates that the CAO established and executed a QA program in 

compliance with NQA requirements for all items and activities important to the 

containment of waste in the isolation system, including for procedures that may be 

developed for implementation of future expert judgment elicitation. 

The sentence should be revised, as it is a logical impossibility; a QA program cannot be executed 

on procedures that have yet to be written. The sentence could easily be interpreted as an unwarranted 

attempt to aid the DOE'S efforts at compliance. 
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$194.22(a)(2)(vi): The compliance application will demonstrate that the QA program adhering 

to the NQA standards has been established and executed for design of the disposal system and 

actions taken to ensure compliance with the design specifications. 

EPA summary: The proposed rule states that the SNL QA program covered seals design, that the 

seals design was extensively reviewed by other organizations, and verified by a combination of 

NQA-1 3s-1 methods. The EPA audits show that WID and SNL programs are adequate and properly 

executed. CARD-22 adds that no QA deficiencies related to design considerations were noted in the 

EPA audits of SNL or WID, and quotes portions of of the CCA QA chapter (Section 5.1.6) 

concerning design of the repository. 

EEG comments: The EEG review of the CCA’s QA chapter (Appendix 8.8) addresses elements 

of this criterion on pages 19 through 2 1. 

The EEG agrees that the repository seals design program was excellent. Perhaps the best 

demonstration of establishment and execution of design criteria for seals is not in the CCA QA 

chapter, or in EPA documentation for the proposed rule, but in CCA Appendix SEAL, Section 1.4, 

“Sealing System Design Development Process”: 

The design team included specialists drawn from the staff of Sandia National 

Laboratories, Parsons Brinckerhoff Quade and Douglas, Inc. (contract number 

AG-4909), INTERA, Inc. (contract number AG-4910), and RE/SPEC Inc. (contract 

number AG-491 l), with management by Sandia National Laboratories. The 

contractors developed a quality assurance program consistent with the Sandia 

National Laboratories Quality Assurance Program Description for the WIPP project. 

All three contractors received quality assurance support visits and were audited 

through the Sandia National Laboratories audit and assessment program. Quality 

assurance (QA) documentation is maintained in the Sandia National Laboratories 
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WIPP Central Files. Access to project files for each contractor can be accomplished 

using the contract numbers specified above. 

The paragraph is an example of the kind of description the EEG expected to find in the CCA for all 

the DOE programs that fall under the 0 194.22 criteria. 

QA for other portions of the repository design are more problematic. The statements quoted in 

CARD 22 from the CCA QA chapter do not provide a demonstration of establishment and execution 

of the NQA standards to the repository design process--the intent of these statements seems related 

more to establishing that a validation process took place, rather than discussing QA for the design 

activities. The quoted material addresses only NQA-1 criteria, and CARD 22, Sections 22.G.3 and 

22.G.5, indicates that the EPA may used only NQA-1 in consideration of this criterion. Design of 

the repository as described in the CCA, however, includes site characterization activities, for which 

NQA-3 also applies. 

The criterion seems to be related to $194.14(b), which requires that the compliance application 

include a description of the design of the disposal system. The CCA contains discussions of 

repository design in Chapters 2,3, and 6,  as well as CCA Appendix DVR (the Design Validation 

Report). CCA Section 3.2 gives an indication of the types of information that the 0 194.22(a)(2)(v) 

criterion should be applied to: 

A preliminary design of the WIPP repository was presented in the FEIS (DOE 1980). 

Validation efforts for the WIPP repository preliminary design began in 198 1 with the 

Site and Preliminary Design Validation (SPDV) program. The SPDV program was 

implemented to further characterize and validate the WIPP site geology and to 

provide preliminary validation of the underground excavation. The SPDV program 

involved the excavation of four full-sized disposal rooms, excavated 13 feet (4 

meters) high, 33 feet (10 meters) wide, and 300 feet (91 meters) long, and separated 

by 1 00-foot (3 1 -meter)-wide pillars. Data obtained from geologic field activities and 
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geomechanical instrumentation were analyzed to determine the suitability of the 

design criteria and design bases and to provide confirmation of the underground 

opening reference design. Analyses of these preliminary designs performed by the 

WIPP kchitect and engineer are included in Appendix DVR. These analyses 

considered expected creep closure rates in determining disposal room sizes. 

Information in Appendix DVR (Section DVR.6.4.2) meets the criterion specified in 

40 CFR 5 194.14(b)(2). 

Initial design activities for the repository took place in the 1970s and 1980s, well before any part of 

the WIPP project had established QA programs which met the requirements of the NQA standards. 

CCA Appendix DVR, for instance, was published in 1984. QA requirements during these early 

years were rather loose compared to those of the NQA standards; the following is from WIPP-DOE- 

71, “Design Criteria Revised Mission Concept - I1 Waste Isolation Pilot Plant”, page 1-1 6: 

The WIPP Project Office (WPO) and the major project participants will be 

responsible for the establishment and implementation of adequate quality assurance 

programs for their respective scopes of work. These programs will be developed, 

using ANSI N45.2 - 1977 as a guide. 

Formal quality assurance programmatic requirements will not be contractually 

imposed on WIPP construction contractors or suppliers. 

On the plus side, ANSI N45.2 -1 977 was a precursor to NQA-1, but its obvious that the requirements 

of the NQA standards was not met by this document. 

Design of the repository would also seem to include such relatively recent changes in the design of 

the repository as the 1996 decision to use magnesium oxide as a backfill material. Earlier design 

documents mandated completely filling rooms with salt backfill. The criterion seemingly requires 

demonstrating that the NQA standards have been established and executed for a wide range of 
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programs over a long period of time, in which multiple changes have occurred. Establishing 

adequate QA for these changes would enhance confidence that all the potential effects of these 

changes have been taken into consideration. 

Recommendation: The EPA should establish which programs and activities relate to design of the 

disposal system, and include a demonstration of establishment and execution of the NQA standards 
for these programs and activities in the documentation for the final rule. Since much of the 

information predates the use of the NQA standards for WIPP activities, the EPA should consider 

whether or not a QED process as allowed by 0 194.22@) has been applied to these areas, and include 

that information in documentation of the final rule. 

§194.22(a)(2)(vii): The compliance application will demonstrate that the QA program 

adhering to the NQA standards has been established and executed for collection of data and 

information used to the support compliance application(s). 

EPA Summary: The proposed rule states that SNL implemented numerous QA procedures to 

ensure the quality of data and information, and that EPA’s audit of SNL found its QA program to 

be adequately implemented. CARD 22 notes that DOE audits have also concluded that the SNL QA 

program has been effectively implemented. 

EEG comments: The EEG review of the CCA’s QA chapter (Appendix 8.8) addresses elements 

of this criterion on pages 21 and 22. 

The SNL’s QA procedures do not address collection of all of the data for even the PA, SNL’s 

foremost contribution to the compliance application. The data from the TWBIR, used to establish 

parameters for the PA, was not collected under a QA program adhering to the NQA standards (see 

EEG comments concerning waste characterization above). 

I 
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The main point of EEG’s CCA QA chapter review for this criterion is that all data used in support 

of the CCA was not collected by SNL, and cites several parts of the CCA for which SNL should not 

be held responsible. SNL has no procedures which specifically address collection of data and 

information for the DOE’S compliance applications; the EPA apparently accepted the DOE 

statements from the CCA QA chapter at face value. 

This is a “catch-all” criterion, and various descriptions of the huge amount of data and information 

in the CCA was cited in nearly every media article on the CCA’s publication. The data and 

information was gathered over a 20 year period, for most of which only portions of the NQA 

standards were in effect. The effort should be to demonstrate that any of this data and information 

which is important to compliance has been collected under the NQA standards. 

Recommendation: The EPA should review the CCA for data and information other than that 

covered by the other (a)(2) criteria which is important to compliance, and cite the review, and a 

demonstration of establishment and execution of the NQA standards, for any found not to be a part 

of the other (a)(2) criteria. The EPA should rewrite section 22.H of CARD 22, and revise the 

proposed rule, to remove the QA responsibility for all data in the CCA from SNL’s shoulders. 

§194.22(a)(2)(viii): The compliance application will demonstrate that the QA program 

adhering to the NQA standards has been established and executed for other systems, 

structures, components, and activities important to the containment of waste in the disposal 

system. 

EPA Summary: The proposed rule states that neither the DOE nor the EPA have identified any 

activities not already covered which require QA controls, and that the EPA audits have determined 

that the QA organizations for WIPP have authority, access, and freedom to identify other items 

affecting the quality of waste isolation. CARD 22 adds nothing of substance. 
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EEG comments: The EEG review of the CCA’s QA chapter (Appendix 8.8) addresses elements 

related to this criterion on page 22. EEG suggested that QA of the interface between the DOE and 

the BLM concerning DOE review of proposed mineral resource leases in the WIPP area could be 

important to waste isolation in the disposal system, referencing a WIPP docket item that pointed out 

problems in this area in the past. 

Recommendation: While not a part of the criterion, it would useful to cite any review activities by 

the DOE (or the EPA) that demonstrate that this criterion has been addressed. 

§194.22(b): The compliance application shall include information which demonstrates that 

data and information collected prior to the implementation of a QA program adhering to the 

NQA standards have been qualified in accordance with an alternate methodology approved 

by EPA, which employs peer review, corroborating data, confirmatory testing, or a QA 
program equivalent in effect to the NQA standards. 

EPA Summary: The proposed rule cites the Independent Review Team (IRT) findings of QA 

programs equivalent in effect to the NQA standards listed in the CCA QA chapter (Table 5 - 9 ,  the 

peer reviews conducted under NUREG- 1297 used to qualify existing data for engineered systems, 

natural barriers, waste form, and disposal room data. The EPA performed two audits tracing new 

and existing data to their qualifying sources and found that equivalent QA programs and peer 

reviews were had been properly applied. EPA “concluded that existing data from peer-reviewed 

technical journals was appropriate since the level of such reviews was likely to provide QA 

equivalent to NUREG- 1297 ...”. The EPA proposes approval of these three methods--peer review, 

equivalent QA program to the NQA standards, and peer-reviewed technical journals-- for 

qualification of existing data. CARD 22 adds that the T=O process as well as the IRTs were used 

to determine equivalency of QA programs to the NQA standards, and describes the two audits as 

having been of SNL data used in the PA. 
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EEG comments: 

criterion on page 5. 

The EEG review of the CCA’s QA chapter (Appendix 8.8) addresses this 

There appears to be environmental monitoring data that was gathered before the NQA standards are 

said to have been established for the WID; this data is cited and used in the CCA, but it was not 

addressed by IRTs or the peer reviews, and does not appear to have been published in peer-reviewed 

technical journals. The CCA Appendix SER (U.S. DOE, 1996c, Chapter 7), states: 

Background water quality data were collected from 1985 through the 1990 sampling 

period as reported in DOENIPP 92-013, Background Water Quality 

Characterization Report for the Waste Isolation Pilot Plant. This background data 

will be compared to water quality data collected throughout the operational life of the 

facility. Pre-operational data gathered in the interim period will be used to strengthen 

the background data, to evaluate the need to make adjustments to comparison 

criteria.. . 

The 1985-1 990 data was collected as part of the Radiological Baseline Program, as found in CCA 

Appendix RBP. The RBP program measured air, surface and ground water, and soil. The Executive 

Summary of this Appendix states: 

This program was designed to provide preoperational measurements of radioactivity 

in environmental samples that will serve as a basis for evaluating similar data 

collected during the WIPP Operational Environmental Monitoring Program. The 

RBP data analyzed in this report cover the period from 1985 through 1989. Sample 

types included in this report are airborne particulates, soil, surface water, 

groundwater, sediments, and six types of biotic tissue sample. 

This intended use of this data is echoed in Section 1.4. These would seem to be part of the 

environmental monitoring required as a part of the 6 194.22(a)(2)(ii) criterion. If this earlier data is 
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to be used as indicated, then it would seem to need the provisions of 8 194.22(b), qualification of 

existing data, applied to it, as it precedes the date established by the CCA QA chapter (December, 

1994; U.S. DOE, 1996c, p. 5-52) for adherence to the NQA standards at WID. Appendix RBP 

Section 1.4 indicates that the Waltz Mill Laboratory performed the sample analyses for this program, 

and these analyses would seem to fall under the 8 194.22(a)(2)(ii) criterion also. 

There may be other data that should undergo QED cited in the CCA. Groundwater and other site 

characterization activities have been performed for 20 years; CCA Section 9.4.8 describes the 

INTRAVAL WIPP2 study used data from sixty wells and also included extensive modeling which 

apparently has been used in the WIPP considerations. The penultimate sentence of the section states: 

The applied stochastic models have proven to be valuable tools in assessing the effect 

of uncertainty due to heterogeneity on the performance of a repository. 

The EPA’s acceptance of existing data from peer-reviewed technical journals conflicts with the NQA 

standards, at least for site characterization activities. NQA-3 Supplement 3s  W- 1 Section 9 begins: 

Data to be used which were not collected under the control of a quality assurance 

program in accordance with this Standard shall be qualified for their intended use. 

This includes data collected from such sources as professional journals, technical 

reports, and symposia proceedings. 

, 

The claim that such level of review of such articles is likely to provide equivalent QA to NUREG- 

1297 peer review standards might also need to be reconsidered. For example, review by other DOE 

personnel is limited in NUREG- 1297. 

Recommendation: The EPA should reconsider the use of data from peer-reviewed technical 

journals for site characterization activities as an acceptable method under this criterion. The EPA 

should review the CCA for data related to the 8 194.22(a)(2) criteria that precede adherence to the 
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NQA standards, and determine if the programs cited under this criterion have assessed and qualified 

that data. The conduct of this review should be recorded in the documentation of the final rule. 

§194.22(c): The compliance application shall provide, to the extent practicable, information 

which describes how all data used to support the compliance application have been assessed 

for their quality characteristics, including accuracy, precision, representativeness, 

completeness, and comparability (these characteristics are abbreviated as “the PARCC 

characteristics” in the discussion below). 

EPA Summary: The proposed rule describes the CCA’s statement that it was not practicable to 

document data quality characteristics (DQCs) in most cases. The DOE clarified, but did not 

substantially alter its approach in response to an EPA request for additional information; while the 

EPA agreed that the DQCs cannot be appropriately applied to parameter values the measured data 

on which they were based could have been assessed for them. Because the DOE misinterpreted the 

requirement, the EPA assessed SNL data records packages and found that for newer data, 

experimental plans generally addressed DQCs including the PARCC requirements, and for older data 

laboratory notebooks supplied some information related to DQCs. The EPA also “concluded that 

the peer review panels considered the use of DQCs in determining that such data were adequate”, 

agreed with the DOE argument that collection of most data under programs equivalent to the NQA 

standards was adequate evidence of the quality of the data, and concurred with the DOE that 

uncertainty in data measurements as reflected in DQCs has a minor effect on compliance certainty 

compared to other PA uncertainties. CARD 22 adds that EPA performed a review of parameters 

discussed at length in a Technical Support Document for 6 194.23, and notes that the reviewers 

specifically looked for evidence of DOE’S assessment of the PARCC characteristics. CARD 22 also 

offers as an example of EPA’s assessment of DQCs a discussion of two parameters, for which 

“instrument calibration, calibration records, acceptance criteria, and procedures for calibration 

checks” were documented that the EPA considered to be adequate to demonstrate assessment of 

DQCs. 
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EEG comments: The EEG review of the CCA’s QA chapter (Appendix 8.8) addresses elements 

of this topic on page 5, with a more thorough discussion on pages 32-35. 

The CCA QA chapter specifically lists waste characterization and environmental data are two areas 

to which DQCs should be applied, but does not provide a demonstration of how they were applied 

in these areas for the WIPP--and the EPA proposed rule documentation doesn’t, either. For the 

record, the EEG notes that CCA Appendix EMP, Section 7, describes how environmental monitoring 

addresses accuracy, precision, an comparisons, as well as other DQCs not a part of the PARCC 

requirements, and the TRU-Waste QAPP (U.S. DOE, 1994), Section 3.2, describes required 

validation methods for waste characterization which address precision, accuracy, completeness, and 

comparability. Appendix MON contains a probably identical discussion to that in EMP. 

CCA Appendix GCR, the summary of USGS data used, indicates that accuracy and precision were 

considered (see sections 7.6.13 and 10.7.6, where concerns are raised due to analysis of accuracy and 

precision of measurements is discussed). There are other similar, rather minor discussions in many 

appendices, but there are certainly no indications that a systematic consideration of DQCs, “...for all 

data ...” was a part of the WIPP project. 

Both the DOE and the EPA discussions of this topic seem to miss the point of DQCs; the DOE saw 

them as related to the uncertainty of measurements, the EPA is willing to accept instrument 

calibration data as evidence that DQCs have been assessed. 

DQCs relate to the intended use of the data. In an ideal world, the use to which the data is to be put 

is known, and the PARCC requirements are established in advance of the taking of measurements 

to demonstrate the limits of acceptability of the data for these uses. The WIPP studies were not 

developed along these lines; this criterion was not promulgated until well after most of the basic 

measurements for disposal considerations at the WIPP had already been taken. The lack of evidence 

of systematic DQC assessment at WIPP does not invalidate any data, it merely prevents taking credit 

for additional confidence in the supportive value of the data. The criterion does not require the DOE 
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to assess DQCs--it only requires that the DOE show in the compliance application how they were 

assessed, to the extent practicable. The extent practicable for past WIPP activities was obviously 

near nil. 

Recommendation: EPA should consider rewriting the final rule discussion related to this criterion 

along the lines of the EEG comments above. The EPA may also wish to consider including in the 

final rule a more specific criterion for the establishment of DQCs for data to be used in support of 

future applications. 

§194.22(d): The compliance application shall provide information which demonstrates how 

all data are qualified for use in the demonstration of compliance. 

EPA Summary: The proposed rule states that the SNL generated a table providing information of 

how all data in the PA were qualified; the EPA audited existing QA programs and determined that 

data is qualified for use in accordance with the NQA requirements. CARD 22 adds discussions of 

the T=O process, QED, peer review, and the SNL QA program, noting that these were audited by the 

EPA. 

EEG comments: The attached EEG review of the CCA’s QA chapter addresses elements of this 

topic on page 6 .  

The CCA QA chapter and the EPA’s proposed rule and CARD-22 contain adequate descriptions of 

how data used for PA parameters were qualified-but this is certainly not “all data” used for 

demonstration of compliance. Many of the CCA Appendices--RBP, GTMP, GWMP, USDW, to 

name a few--were not a part of the PA process. 
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Recommendation: The EPA should review the CCA to establish a list of the data for which the 

application should demonstrate how it was qualified, and ensure that the documentation reflects the 

elements of this list. 

§194.22(e): The EPA will verify appropriate execution of quality assurance programs through 

inspections, record reviews, and record keeping requirements. 

EPA summary: The proposed rule cites the EPA audits already conducted, and proposed reaudits 

and future waste generator site inspections. CARD 22 lists the specific audits, describes the auditing 

process used, and notes again that EPA did not expect all necessary QA documentation to be 

provided in the CCA because of its voluminous nature. 

EEG comments: The EPA has met this requirement, in that it has adequately verified that, during 

the year 1997, the QA programs for CAO, WID, SNL, and LANL adhered to the requirements of the 

NQA standards. Additional audits verified that QA programs adhering to the NQA standards had 

been established and executed for the single expert judgment elicitations considered so far, the 

qualification of existing data programs including the 1996-1 997 peer review activities, and parameter 

traceability. 

Recommendation: The EPA should review internal EPA documents relating to the promulgation 

to ensure that the underlying reasoning behind each 5 194.22 criterion has been adequately addressed 

for the information presented in the CCA. 
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2.14 MISCELLANEOUS CONTAINMENT REQUIREMENT ISSUES 

2.14.1 Beyond 10,000 Years 

Although the EPA standards require demonstration of compliance only for 10,000 years, some partial 

calculations performed by the EEG indicate that higher releases may be predicted beyond that period 

(see Section 2.9.3 of this report). There is no strong justification for stopping the calculation at 

10,000 years. The EPA provided the following reason for selecting this time period (U.S. EPA, 1985, 

p. 38070): 

A period of 10,000 years was considered because that appears to be long enough to 

distinguish geologic repositories with relatively good capabilities to isolate wastes from those 

with relatively poor capabilities. On the other hand, this period is short enough so that major 

geologic changes are unlikely and repository performance might be reasonably projected. 

The NEMAEA International Review Group (NEMAEA, 1997) made the following comment on 

this subject: 

The IRG was surprised that it did not find descriptions or arguments in the CCA indicating 

the possible performance of the WIPP facility beyond the end of the 10,000 year regulatory 

period. Such descriptions or arguments, including an indication of the mechanisms, 

likelihood, timing and possible maximum of impacts at longer times, would be an important 

element of performance assessment in most other countries. 

While EEG agreed with the 10,000 year cut-off point in the development of the standards, we now 

recommend performance of representative calculations to assess the behavior of the repository 

beyond 10,000 years to enable comparison with other countries and conformance with the NAS 

Committee Conclusions on the High Level Waste Yucca Mountain Program. 
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2.14.2 Effect Of ERDA-9 

The EPA h& “screened out” (U.S. EPA, 1997c, p. 58801; 1997b) the potential effect of the existence 

of borehole ERDA-9, which is located only 28.5 meters (93.5 ft) east of the surface projection of the 

north-south drift E300 of the WIPP underground. The EPA concludes: 

ERDA-9 did not penetrate an area that will become a waste panel and DOE has indicated that 

abandoned boreholes more than a meter away from the waste can be screened out of PA due 

to low consequence. EPA agrees with DOE’S assessment that these boreholes are not 

significant to performance of the disposal system and can be screened out of PA. 

The CCA argument for screening out the potential effect of ERDA-9 on the disposal system is 

presented in Appendix SCR 3.3.1.42 of the CCA, which refers the reader to an analysis conducted 

as a part of the WIPP 1991 performance assessment (Sandia, 1991/1, Appendix B, pp.26-27). This 

analysis was conducted by the DOE in response to a questiori raised by EEG in 1990 about the extent 

of the Disturbed Rock Zone (DRZ) and the permeability of Marker Bed 139. The analysis concluded 

that if permeability value difference of three orders of magnitude is assumed between a DRZ and the 

adjacent intact rock, then the bore hole flow rates from the two zones are markedly different. This 

is, of course, something to be expected. The questions to be asked and the issues to be considered 

before the effect of ERDA-9 can be written off, are: 

1. How far is ERDA-9 from the drift E-300 at the repository level? Boreholes are seldom vertical; 

they deviate. For example, the borehole H-19-B-4, drilled under strict specifications for hydrologic 

and tracer testing of the Culebra aquifer in 1995-96, deviated 9.5 meters (3 1 ft) in 229 meters (752 

ft) depth. At that rate, a borehole drilled to 655 meters (2150 ft) depth of the repository may deviate 

27 meters (89 ft). Could ERDA-9 be very close to E-300 at the repository level? 

2. How far does the DRZ of E-300 extend? 

3. Whether or not there is pressurized brine reservoir underlying ERDA-9 is not definitely known, 
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although there is good reason to suspect it. ERDA-9 penetrated the Castile Formation for 17 meters 

(56 ft). The borehole WIPP-12 was drilled in 1978 to penetrate 14.7 meters (48.3 ft) into the Castile, 

and encountered pressurized brine when drilled an extra 74 meters (242.4 ft) in 198 1. 

4. How will ERDA-9 be sealed? Appendix SCR, Section 2.3.8.2, of CCA, states: 

WIPP investigation boreholes will be sealed using materials and designs in accord with 

industry standards for the Delaware Basin. A survey of plugging practice (Appendix DEL) 
shows that the majority of boreholes have a plug below the water-producing zones in the 

Rustler and a plug at the top of the Bell Canyon. Drilling and abandonment procedures may 

lead to additional plugs within the Salado. A few boreholes (2 percent of those surveyed), 

however, have a continuous plug of salt-saturated cement from the top of the Salado to the 

top of the Bell Canyon. ERDA-9 will be sealed in a similar manner. Other WIPP 

investigation boreholes will be plugged according to regulatory requirements and standard 

industry practice. The DOE has committed to plug with cement the portion of these 

boreholes that penetrate the Salado. 

Why is EPA not requiring at least a special plugging procedure for ERDA-9 and other boreholes that 

penetrate the repository horizon within the WIPP site? 

2.14.3 Brine Seepage into the Shafts 

The EPA was concerned about the potential for seepage of brine into the shafts in the Salado 

Formation zone to be occupied by compacted salt plug. Attachment 1 of TSD 111-B-3 (U.S. EPA, 

19973) is a trip report of inspection of the air intake shaft by EPA to verifL the DOE statements 

concerning the lack of observable brine inflow in the lower Salado where the compacted. The 

inspection report concludes, “The air shaft inspection did not result in observations of any current 

brine seepage, as no areas appeared to be wet and no brine was observed.” It is common knowledge 

that the rate of brine inflow from the Salado marker beds is low enough that brine dries up almost 

instantly due to ventilation in the WIPP mine. This would certainly be expected in the air intake 

shaft. If the rate of water inflow is large enough, as is being observed in the WIPP exhaust shaft at 
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the level of Santa Rosa and Dewey Lake Formations for the past several years, then even a large blast 

of air does not completely dry up water. As far as brine inflow from the Salado Formation is 

concerned, the presence of salt encrustations (efflorescences) clearly indicates current brine seepage. 

The inspection team’s conclusion therefore simply indicates the absence of understanding of the 

mechanics of brine drying up in the air intake shaft, rather than the absence of brine inflow. 

2.14.4 Iron in the Repository 

There is a curious response by the EPA to the question of the amount of additional iron that may be 

introduced in the WIPP repository through rock bolts and other ground control and roof support 

system (U.S. EPA, 1997b, CARD14-95). Corrosion of iron in the presence of brine in the repository 

is expected to produce hydrogen. For at least the past 10 years, the question of gas production in the 

repository has been a concern and it is common knowledge that reduction of the amount of iron in 

the repository will help meet compliance with the EPA standards and is therefore a desirable goal. 

The EPA should therefore explain the following response: 

The amount of iron introduced into the disposal system by rock bolts is inconsequential since 

there is no upper limit on the amount of iron that can be emplaced in the repository. The 

DOE did specify a minimum amount of iron that must be emplaced into the repository 

withine (sic) Appendix WCL, Table WCL- 1, which is based on the quantity of iron within 

the waste containers to be emplaced at the WIPP and does not rely (sic) the amount of iron 

contained in the roof support system to meet this minimum requirement. (U.S. EPA, 1997b, 

CARD 14-95). 

Does EPA now believe in a minimum amount of iron that must be emplaced in the repository? 
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3.0 ASSURANCE REQUIREMENTS 

3.1 INTRODUCTION 

The EPA standards ( U . S .  EPA, 1993) contain a set of assurance requirements to provide the 

additional confidence needed due to the long period of time of concern and the uncertainties 

associated with the decision to dispose of waste without practical possibility of retrieval. The 

philosophy of the Assurance Requirements is clearly stated in the "Overall Approach of the Final 

Rule" (U.S. EPA, 1985, p. 38072), as follows: 

In contrast to the containment requirements, the assurance requirements were 

developed from that point of view that there may be major uncertainties and gaps 

in our knowledge of the expected behavior of disposal systems over many I 
thousands of years. Therefore, no matter how promising the analytical projections 

of disposal 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. 
I 

During the promulgation of the original standards (40 CFR 191) in 1985, the EPA considered an 

additional assurance requirement that called for releases to be kept as low as reasonably achievable 

(ALARA) even when the numerical containment requirements have been complied with. This 

proposed requirement was deleted by EPA from the final rule for two reasons (U.S. EPA, 1985, p. 

38072): 
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First, NRC’s 10 CFR Part 60 implemented the multiple barrier principle by requiring very 

good performance from two types of engineered components: a 300 to 1000- year lifetime 

for waste packages during which there would be essentially no expected release of waste, and 

a subsequent long-term release rate from the waste form of no more than one part in 100,000 

per ye ar....( and) Second, the DOE has included a provision in its site selection guidelines (1 0 

CFR 960) that calls for significant emphasis to be placed on selecting sites that demonstrate 

the lowest releases over 100,000 years compared to the other alternatives available. 

Neither of these provisions apply to WIPP and the net result for the TRU waste is that the DOE has 

argued for the minimum requirements rather than design for ALARA. EPA is proposing to certify 

WIPP on the basis of a very narrow interpretation of the assurance requirements without 

acknowledging the history of promulgation and the philosophy behind it. 

There are six assurance requirements included in the standards (U.S. EPA, 1993). The following 

is the EEG assessment of the EPA’s proposed rule for each of these. 

3.2 ACTIVE INSTITUTIONAL CONTROLS 

Title 40 CFR 19 1.14 (a) requires maintenance of active institutional controls for as long a period of 

time as is practicable after disposal, but 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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3.3 MONITORING 

Title 40 CFR 19 1.14 (b) requires disposal systems to be monitored both pre- and post-closure to 

detect any substantial or detrimental variations from expected performance. The monitoring shall 

be done with techniques that do not jeopardize the isolation of the wastes and should be conducted 

until there are no significant concerns to be addressed by further monitoring. 

Specific criteria to be met are outlined in 40 CFR 194.42 and require any compliance application to 

document and substantiate the decision not to monitor a disposal system parameter because the 

parameter is considered to be insignificant to the containment of waste in the disposal system or the 

verification of predictions about the future performance of the disposal system. The proposed 

criteria did not contain a mechanism whereby DOE could decide not to monitor a particular disposal 

system parameter on the basis that DOE considered it to be unimportant to the containment of waste 

or to verify predictions about future performance of the disposal system. Hence, EEG never had the 

opportuni~ to comment on this change that was effected in a meeting between EPA, DOE, and 

OMB and incorporated in the final criteria. 

DOE has chosen to exclude from monitoring all parameters of interest in the repository during the 

pre-closure phase (excluding stress and deformation measurements and radioactivity in air) by 

qualitatively evaluating their significance in shifting either the probability or the consequence in 

calculations for the containment requirements. EPA has accepted the CCA analysis for this 

assurance requirement. 

The reason for including the assurance requirements in the standards was the inherent uncertainty 

in the calculations of releases for 10,000 years. The benefits from the assurance requirements were 

never intended to be quantified. It was recognized that there could be no clear yardstick to measure 

the benefit of a marker or the detriment to confidence in predicting the behavior over lo4 years if 

markers were not used. The same logic applied to records maintained by institutions, and the benefits 
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of the ability to retrieve waste. The approach allowed by EPA in the final criteria is to permit DOE 

to assess the usefulness of monitoring by a qualitative evaluation of the impact of improving our 

knowledge of the potential behavior of the repository. This is contrary to the intended purpose of 

the assurance requirements. It does not make sense to exempt DOE from the assurance requirement 

for monitoring based on a qualitative evaluation that depends on the containment calculations being 

correct. 

Chapter 7.2 of the CCA evaluated various parameters including those listed in 194.42 and concluded 

that there was little merit in obtaining measurements of changes in various parameters since changes 

occurring over a short time period may not be representative of the steady state conditions that would 

exist over long time periods. DOE points out that obtaining data for a 35 year period is of little value 

in extrapolating results over a 10,000 year regulatory period. For years, DOE pursued the desire to 

conduct an experimental program with waste at W P P  and argued that obtaining 5 years worth of 

data would be effective in confirming the predicted behavior of the TRU waste. 

DOE identified 10 parameters needing monitoring in the pre-closure period and only 5 of those 

worthy of monitoring in the post-closure period. EPA concurred. The post-closure monitoring 

parameters are: 

Culebra groundwater composition 

Culebra change in groundwater flow 

Probability of encountering a Castile brine reservoir 

Drilling rate 

Subsidence measurements 

EEG believes there are a number of parameters that can be monitored in both the pre- and post- 

closure period that could help verify predictions of the future behavior of the disposal system. 

1. Drilling practices in the Delaware Basin of air drilling, CO, injection and other 
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2. 

3. 

4. 

5 .  

underbalanced drilling should be monitored as well as borehole diameters and mining 

practices such as shaft diameters. 

Continued investigation of non-invasive techniques to monitor brine - migration, gas 

generation and radionuclide movement. While DOE acknowledges ( U . S .  DOE, 1996c, page 

7-50) these remote techniques to determine characteristics of the earth have been well 

established in measuring resistivity, acoustic velocity, magnetism, density, temperature, 

moisture control, and radioactivity, they conclude that changes in the repository will be too 

small or too slow to be detectable using remote techniques. EEG sees no evidence to warrant 

this conclusion. 

Prior to sealing Panel 1, remote sensors could be placed in the rooms of Panel 1 to measure 

moisture content, CO,, room closure or other parameters and detectors hooked to cables 

located outside Room 1. One could obtain 10 years worth of highly detailed data on the 

actual behavior of the repository. 

Non-invasive detectors could be located outside the Panel 1 seal to monitor parameters inside 

Panel 1 rooms. One could obtain 35 years worth of data on the actual behavior of the 

repository. 

Groundwater quality of the Dewey Lake and Santa Rosa Formations be monitored. 

Note that the U.S. Nuclear Regulatory Commission (U.S. NRC) plans to require DOE to monitor 

post-closure at the Yucca Mountain High Level Waste Repository { 10 CFR 60.51 (a)(l)}. The 

Performance Confirmation Program outlined in Subpart F, 40 CFR 60.140 through 60.143 

establishes detailed programs to monitor the condition of the waste packages as well as subsurface 

changes during construction and waste emplacement operations. The NRC Subpart F requirements 

apply to the pre-closure conditions. EEG is unaware that DOE finds such a request unreasonable 

for the high-level waste repository. EEG believes that DOE should be required to pursue non- 

invasive long-term monitoring programs during the operational period as a condition for approval, 

and a major evaluation should be undertaken prior to the first recertification. 
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3.4 PASSIVE INSTITUTIONAL CONTROLS 

Title 40 CFR 191.14 (c) requires designation of the repository site by the most permanent markers, 

records, and other passive institutional controls (PIC) practicable to indicate the dangers of the 

wastes and their location. The EPA proposes to require WIPP to implement the system of PICs but 

proposes to deny taking credit for PICs in the performance assessment for the containment 

requirements. 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). 

3.5 ENGINEERED BARRIERS 

Title 40 CFR 19 1.14 (d) requires use of both engineered and natural 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 (US. DOE, 1996c) 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 section 2.3 and Appendix 

8.4 of this report), this 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 saltlclay 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 commercially available bentonite to the backfill, but is willing to accept emplacement 

of MgO backfill for the sake of operational ease and efficiency. 

The EEG disagreement With the EPA on this issue concerns the lack of incorporation of engineered 
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barriers that would provide additional assurance beyond helping in the calculations to satisfy the 

containment requirements. With respect to the engineered barriers as an assurance requirement, 

the "Overall Approach of the Final Rule" (U.S. EPA, 1985, p. 38072) 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 (U .S .  DOE, 1996c, 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 any of these to be engineered barriers, for the 

following reasons: 

3.5.1 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, a waste 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 CFR 60.2 as: 

210 



Engineered barrier system means the waste packages and the underground facility. 

and 

Underground facility means the underground structure, including openings and 

backfill materials , but excludine shafts. boreholes. and their seals (underline 

added). 

3.5.2 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 original 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 a tracer) 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 (U.S. DOE, 1996c, 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? 

3.5.3 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 
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of CO, will result in alkaline conditions in the repository. Since the experimentally determined 

solubilities of radionuclides are lower in alkaline (high pH) conditions, the emplacement of MgO 

and its postulated effect allows assumption of lower solubility values in the CCA. This assumption 

results in lower postulated releases to the accessible environment and thus helps in 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 partial calculation without altering other assumptions and input parameters, and 

therefore appears meaningless. The fact remains that the purpose of including MgO in the WIPP 

repository is to control the chemical conditions in the WIPP repository to allow 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). 

3.5.4 Borehole Plugs 

Since the stated requirements for plugging the boreholes ( U . S .  DOE, 1996c, Section 3.3.4, Figure 

3-10) are much less stringent than the shaft seals, the borehole plugs have a lesser 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, the DOE'S CCA - Figure 3-9 (U.S. DOE, 1996c, "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). 
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3.5.5 Waste Processing and Repackaging 
Additional confidence in predicting the behavior of the waste over 10,000 years can be obtained by 

processing the waste. Hence, EPA should encourage the DOE to process the waste before shipment 

to WIPP. TRU waste is highly heterogeneous and there are no limits on the allowable particle size 

of the waste. The Nuclear Regulatory Commission (10 CFR 61) requires a 300 year waste-form or 

container longevity for class B or class C low-level waste, whereas there are no requirements for the 

TRU containers or the waste-form in 40 CFR 191. Moreover, the DOE proposed action in the WIPP 

1997 Environmental Impact Statement only commits to meeting the Waste Acceptance Criteria for 

acceptance of waste at WIPP. The DOE preferred alternative, published in the 1997 Final Waste 

Management Programmatic Environmental Impact Statement for Managing, Treatment, Storage and 

Disposal of Radioactive and Hazardous Waste, is to treat and store at the sites where it is generated 

prior to shipment to WIPP. 

The recommendation to treat the waste before shipping to WIPP should be easier to accomplish 

because several of the DOE’S waste generator sites are planning to process andor repackage the 

waste before shipping to WIPP anyway, for other reasons, as described below. The EPA’s 

recommendation will result in an orderly and coordinated decisions on this matter throughout the 

DOE weapons complex, and will make WIPP safer. 

According to the September 1997 WIPP Final Supplemental Impact Statement (U.S. DOE, 

1996d), 27,000 m3 of alpha emitting low level waste at INEEL will be processed to convert 

it to TRU waste. 

The information for the following processing and repackaging plans is derived from the National 

TRU Waste Management Plan (U.S. DOE, 1997~). 

INEEL plans to process all the existing and projected TRU waste except for 15,000 drums 

(3,000 m3) to meet the INEEL/State of Idaho agreement, which amounts to processing 

79,600 m3 - 3,000 m3 = 76,600 m3 of waste. 
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ANL-E plans to treat and stabilize all the 203 m3 existing and newly generated CH-TRU 

waste. 

Hanford plans on repackaging most of its 16,127 m3 of CH-TRU waste. 

Rocky Flats Plant will process most of the plutonium residues and all of the scrap alloy since 

plutonium concentrations exceed the DOE limits. About half the other TRU waste will be 

processed and repackaged. 

The Plutonium-238 heat source wastes at Savannah River exceed the hydrogen gas limits 

imposed by NRC and will require treatment or an easing of the regulations for a less stringent 

flammable limit or the use of hydrogen getters in the transportation containers. 

All the 1097 m3 CH-TRU waste at O W L  will be processed with a 50% volume reduction. 

SRS plans to process and repackage 9,525 m3 of the existing 11,725 m3 of CH-TRU waste. 

In summary, of the existing 104,400 m3 of CH-TRU waste, DOE has plans to treat or repackage 

88,900 m3 or 85%. Of the 15,500 m3 not being processed, 3,000 m3 is intended for shipment to meet 

a scheduled commitment between DOE and the State of Idaho. The EPA should recognize DOE'S 

efforts in stabilizing the waste and encourage DOE to also fix the yet-to-be generated waste. 

3.6 RESOURCE DISINCENTIVE REQUIREMENT 

Title 40 CFR 191.14 (e) requires that areas with natural resources should be avoided in selecting a 

site for a TRU waste repository, unless the favorable characteristics of such places compensate for 

their greater likelihood of being disturbed in the future. The WIPP site is located in the middle of 
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an area with extensive history of exploitation of potash, oil and gas, and is surrounded by hundreds 

of currently producing oil and gas wells, as well as several currently producing potash mines. It is 

expected that the mining and drilling activity will continue around the WIPP site for the foreseeable 

future. If the WIPP site had not been withdrawn for exclusive use by DOE, almost certainly there 

would have been a number of exploratory oil and gas wells and potash mines at the site by now. The 

EPA has proposed to determine that the WIPP meets this compliance requirement on the basis of the 

results of the calculations for the containment requirements. 

The EEG believes that in allowing the resource disincentive requirement of the EPA standards to 

be satisfied if the numerical containment requirements (40 CFR 19 1.13) are satisfied (through 40 

CFR 194.45), the EPA deviated from the basic philosophy of the multiple barrier “belt-and- 

suspender” approach inherent in the assurance requirements of the standards. Faced with the fait 

accompli of promulgation of 40 CFR 194, the EEG recommended (Neill et al., 1996) that at least 

the actual conditions at the site related to the presence of natural resources be fully and 

conservatively assumed in projecting compliance with the numerical containment requirements. 

This does not appear to have been done in the CCA, judging from the DOE resistance to 

consideration of fluid injection, air drilling, and mining scenarios. The other suggestion made by 

the EEG (Neill et al., 1996) is to compensate for siting the repository in a mineral resource rich area 

by incorporating robust engineered barriers in the WIPP’s design. The DOE has proposed 
Magnesium Oxide backfill as an engineered barrier, but that is needed for assuming low actinide 

solubility to show compliance with the containment requirement. The “containment” and the 
“assurance” requirements of the EPA standards thus have not been kept separate, as was intended 

by the EPA standards, 40 CFR 191. 

The EEG recommends that full consideration of the effects of the presence of natural resources be 

incorporated as suggested in Sections 2.5, 2.6, and 2.8 of this report, in a new PAVT, and the 

engineered barriers be incorporated as suggested in Section 3.4 above. 
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3.7 RETRIEVABILITY 

Title 40 CFR 191.14 (f) states, “Disposal systems should be selected so that removal of most of the 

wastes is not precluded for a reasonable period of time after disposal.” The EPA explained in the 

preamble to the originally proposed rule ( U . S .  EPA, 1985, p. 38082; September 19, 1985) that the 

recovery of waste does not have to be “easy or cheap”. 

In response to this requirement, the CCA (US. DOE, 1996c) presented a five phase approach from 

planning to decontamination and decommissioning of the facility, and the EPA proposes to find 

WIPP in compliance of this requirement. As a practical matter, however, the EEG believes that 

attempts to remove the waste fiom the repository, even 10 years after first emplacement, will be so 

hazardous and expensive that it is not a reasonable option. The EPA and the DOE should clearly 

acknowledge that fact. 
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4.0 GROUNDWATER PROTECTION REQUIREMENTS 

Subpart C of 40 CFR 191 contains the Environmental Standards for Groundwater Protection. Section 

8 191.24 specifies that undisturbed performance of the repository shall not cause the limits specified 

in 40 CFR part 14 1 to be exceeded during the 10,000 year regulatory period in any underground 

source of drinking water (USDW). An aquifer must be able to supply sufficient quantity of water 

to a public water system and to contain less than 10,000 milligrams of total dissolved solids per liter 

(0 19 1.22). 

Compliance with these requirements requires that USDWs about the WIPP Site be identified, that 

existing concentrations of radionuclides in these USDWs be estimated, and the increased 

radionuclide concentrations and doses from the undisturbed performance of the repository be 

determined. 

Previous EEG Comments 

The DCCA (U.S. DOE, 199%) did not address groundwater protection requirements and 

consequently EEG did not make comments in our review of the DCCA (Neill, et al., 1996). EEG 

has not made any previous written comments to DOE or EPA on Chapter 8 of the CCA (U.S. DOE, 

1996c). 

EPA Response to Chapter 8 

EPA mostly concurred with DOE’s evaluation of the location of possible USDWs. However, in a 

December 19, 1996, letter EPA did specify that “the CCA needs to include appropriate maps of 

USDWs using Plan views with information such as township, range, and estimated latitude and 

longitude of the center of the USDW.” A map was provided in DOE’s February 27,1997, response 

to EPA’s request for additional information. DOE did not provide a location of the estimated center 

of the USDWs because of the contention that sufficient data were not available. 
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EPA accepted DOE’s map of USDWs as adequate without location of their centers. Also, EPA 

concluded that even though DOE calculated a maximum total alpha radioactivity concentration of 

about 9 pCY4 (compared to the limit of 15 pCil4) the potentially large uncertainty was not a problem 

because these concentrations were in anhydrite formations and not USDWs. 

EEG Evaluation 

EEG has several concerns or questions about DOE calculations or assumptions and about EPA’s 

Compliance Review. 

USDW Designation. The assumption by DOE that a 5 gallon per minute pumping rate was 

necessary to supply 25 persons is non-conservative. Water consumption may average 282 gallons 

per capita per day in nearby communities where there is a water system that can supply additional 

water for lawns, gardens, swimming pools, etc. However, in a rural community where nearby water 

sources are limited, persons can live quite well on 100 gallons per capita per day. Thus, a pumping 

rate of 2 gpm should be adequate for 25 persons. The pumping rate criterion did not actually affect 

DOE’s designation of USDW areas because pumping rate data were usually not available and the 

boundaries were selected on the basis of the total dissolved solids criteria. 

EEG is satisfied with the boundaries of USDWs for the Culebra, Dewey Lake, and Santa Rosa 

aquifers that are shown in Figure 1 of DOE’S February 27,1997, submittal. 

Radionuclide concentrations in USDWs from undisturbed releases. DOE relied on the analysis 

performed for the individual protection requirements to show that the maximum concentration of 

alpha emitting radionuclides and the allowable dose from beta and gamma radiation was not 

exceeded. The concentration from the maximum realization was 6.61 pCV4 for 239Pu + 230Th + 234U. 
These concentrations were determined from BRAGFLO flows and the NUTS code for radionuclide 

transport and are in anhydrite beds and not an USDW. A different calculation scheme was used to 

estimate the 226Ra concentration. This calculation led to an estimated 226Ra concentrations of 2 pCi/O 

which is 2 orders of magnitude greater than the maximum concentration of its parent, 230Th in the 
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BRAGFLONTS calculation. It seems apparent that these two methods of calculation are 

unrelated. 

EEG believes the concentrations of radionuclides due to an undisturbed release from WIPP in any 

possible USDW will be somewhat less than the Maximum Concentration Limits (MCLs) in 40 CFR 

141. This conclusion is based on the belief that while some contamination could occur between 

anhydrite beds and USDWs the amount of dilution that would be needed in order to maintain a TDS 

concentration in a USDW aquifer below 10,000 mg/Q would more than offset uncertainty in 

estimating radionuclide concentrations. 

Radionuclide concentrations in uncontaminated USDWs. 40 CFR 191.24 states that any release 

from undisturbed performance shall not cause the levels of radioactivity in USDW to exceed the 

limits specified in 40 CFR part 141. In other words, the releases from the repository should be added 

to the existing radionuclide concentrations to determine compliance. This point was contested in 

comments on the proposed rule and EPA’s decision to include both existing and added 

concentrations was explained in the preamble to the rule. Basically, EPA doesn’t want to have any 

degradation in a USDW that has concentrations at or above MCL values. 

The final 40 CFR 194 and the Compliance Application Guidance (CAG) ( U . S .  EPA, 1996a) are 

vague about whether existing concentrations of radionuclides need to be determined and added to 

estimated concentrations from undisturbed releases in order to show compliance. No relevant 

discussion was found in the preamble to 40 CFR 194 or in the Background Information Document. 

The CCA provided no information on existing concentrations of radionuclides in the possible 

USDWs and EPA did not ask for this information. Natural system compliance with the MCLs 

should not be assumed. EEG measured radionuclide concentrations in 3 Dewey Lake wells just 

south of the site in 1989 and 1990 . One of the four samples measured 37 pCi/Q gross alpha, 13.6 

pCi/Q uranium, and 2.4 pCilP 226Ra + 228Ra (Kenney and Ballard, 1990). 
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EPA needs to either obtain existing radionuclide concentrations in the possible USDWs in order to 

show compliance with 40 CFR 191.24 or explain why this requirement is not applicable. 
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5.0 INDIVIDUAL PROTECTION REQUIREMENTS 

Section 5191.15 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 shall 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 microsieverts) .” 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 (Neil1 et al., 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 

individual 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,OOO milligrams per liter. The individual was assumed to drink 

2 liters per day of this diluted water. The realization 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 evaluated in Chapter 8 of the CCA. DOE provided this analysis in their February 27, 

1997 response to EPA’s request for additional information. The additional pathways scenarios 

analyzed were: (1) farm family inhalation; (2) farm family ingestion; and (3) cattle rancher. DOE 
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dose 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 also 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, 1996a) 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 a given 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 d) was not invoked by DOE 

or EPA in their calculations. This limited quantity of contaminated water would preclude EPA’s 

calculated 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 a residence; 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 a residue from a water treatment process (such as reverse osmosis). 
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However, these scenarios result in estimated doses that are less that 0.1 mredy .  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 

this to be a closed issue. 
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6.0 EVALUATION OF EPA’S RESPONSES TO 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 (US. 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 underestimated. 

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 m3 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 sizeholume in the CCA were not consistent with available information. EPA 

directed DOE in letters dated March 19, 1997 (Docket A-93-02, Item 11-141, enclosure 3) 

and April 25, 1997 (Docket A-93-02, Item 111-1-27) 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 a result of the PAVT, EPA found that the original brine reservoir characteristics 

were, in fact, acceptable. For more discussion on this topic, also 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, 1997e). 

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 reservoir. 

Section 194.23 (CARD 23) Models and Computer Codes 

ISSUE 23.A: Cuttings/Cavings and Spallings Model 

97. The CCA fails to consider cavings that occur as the drill bit passes through the waste, 

cavings from particle impact, cavings from helical turbulent flow, and radioactive brine 

ejected 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 integral 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 a rotation 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 ejected 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 6-1 52): 

The waste must be under suflcient pressure to drive the drilling mud @om 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 ejection 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 releases. 
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EEG Assessment of comment 97. 

The EEG concurs with EPA’s assessment. 

98. The spallings model assumes constant pressure, although blow-out is a phenomenon 

related to pressure differentials. There are several methodological problems with the 

experiments (e.g., no dimensional analysis, no vent sensitivity analysis, etc.). The model 

considers only particle dislodgment, 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 initially 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 

spallings 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, 11-G-22, 

Conceptual Models Third Supplementary Peer Review Report, April 1997, page 12). 

The new computational approach predicts extremely small spallings volumes for all 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 radial fractures in the waste will not be lifted 

2150 ft  to the land surface. In Docket: A-93-02,II-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 
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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 spallings as the average 

radioactivity in the repository (Docket: A-93-02, 11-G-1, Volume 1, Chapter 6, Section 

6.4.7.1, page 6-1 5 1) 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 cuttingshavings 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 cuttingskavings and 

spallings 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 cuttingkavings 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 al., 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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This is still a major concern. 

262b. The CCA fails to consider 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 The conceptual 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 spa11 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-2 1.26) 

670 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 lo4 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. (II-H- 

2 1.27) 

EEG assessment of EPA comment resolution 

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. 

535 The spallings model 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 spa11 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 

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

in the spallings model is a minor concern. 

536 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 

fiom 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 4x105 to 0.2 m (Docket: A-93-02, II- 

G-1, Appendix PAR, page PAR-1 15). 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,II-G-07). Since use of a loguniform distribution biases 

parameter selection during LHS sampling to smaller (Le., more conservative) values, 

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 Me1 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 

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. 

537 [DOE argues that] a larger initial spall will be followed by less erosion than a smaller 

initial spall, resulting in the same final 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 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 the 

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

539 The spallings model does not include a sensitivity 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. (11-H-12.18) 
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EPA resolution of comments 537 and 539 

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 X I ,  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’s initial concerns. 

538 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. (11-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 k 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 m3 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 all spallings’ 
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concerns does not address EEGs’ concerns. EEG believes that relying solely on the 

results fiom 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 look more closely at the newer 

model before dissmissing any comment on spallings. 

540 The “gas erosion” and the “stuck pipe”, considered by the DOE in earlier performance 

assessments, have been excluded fiom 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 processes in 

the CCA spallings model. Gas erosion and stuck pipe releases occur only if the waste 

permeability is less than 1 ~ 1 0 ’ ~  m2 (Docket: A-93-02,II-G-l, 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-I3 m2 (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 . l ~ l O - ’ ~  to 5 .3~10”  m2 on two samples (Docket: A-93-02, 11-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 1 ~ 1 0 - l ~  m2 threshold. 
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EEG assessment of EPA comment resolution 

EEG still considers “stuck pipe” and “gas erosion” as potentially important processes in 

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

ISSUE 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 S-1 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 S 1 : Verification of 2D-Radial Flaring Using 3D Geometry, 

W B S  NO. 1.1.6.3, SANDIA WIPP CENTRAL FILES-A: 1.2.07.3: PA:QA:TSK:Sl, 

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-dimensional (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 model 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 
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demonstrates 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 

similar 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 simulations ( W O #  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 calculations is 

a reasonable simplification and that the predicted results are conservative. 

EEG assessment of EPA resolution of comment 553 

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

Issue 23.W: CCA Parameters and 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 fiom the eight unconsolidated materials; a uniform distribution 

from 0.0783 to 0.277, or a uniform distribution fiom 0 to 0.277. (11-H-25.1) 

DOE Response to the Issue 

845 The comment about the distribution of 0 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 value 

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 insensitive 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 allow 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 residual 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 5 50 

Based on the information presented during the January session of the conceptual model 

peer review panel and to the particle size expert elicitation panel that some waste may be 

consolidated, the range of sampled residual brine saturation of the waste in the CCA 

calculations was appropriate. 

551 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 1 1.0 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 55 1 

No response given. 
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EEG assessment of EPA resolution of comment 55 1 

See resolution to Issue 14.T on page 224. 

552 If the samples distributions of parameters used in the CCA calculations 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 a 

faulty 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 o f ’  

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 $194.23 (c)(4) above in CARD 23 -- Models 

and Computer Codes; EPA Technical Support Document for 5 194.23: 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, 11- 

G-1, Volume 1, Chapter 6, Tables 6-8 through 6-27, page 101 to page 166, A-93-02,II- 

G-1, Volume XI, all of Appendix PAR, WIPP parameter entry forms (464 Forms), 

Parameter Records Packages (PRP), Principal Investigator Records Packages (PIRP), 

Analysis Packages (AP), and Data Records Packages (DRP). The evaluation included a 

review of the expectations listed in the “Compliance Review Criteria” for 0 194.23(~)(4) 

above in Section 5.4.2. As a result of substantial information gathering at the Sandia 
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Records 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 general 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 also found that 89 (5.7%) 

are waste-related parameters derived from the waste inventory report (see docket: A-93- 

02, 11-1-1, Volume 111, Appendix BIR). EPA found that DOE selected the values of 149 

(5.9%) parameters using professional 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 selected 465 parameters on which to concentrate its analysis. EPA selected 

parameters to review based on the following criteria: 

0 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, 

0 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, 

traceability, such as reference constants and general reference values. 

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

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 

$194.23(~)(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 111-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,III-B-5, 

11-G-26 and 11-G-28 for documentation of the changed parameters and their impact on 

potential releases. 

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 sensitivity 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 
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closure of the repository. . . 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 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 EEC that 

microbial degradation should always be specified, Le., 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, Le., 

both possible 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 disposal 

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 microbial 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 Brush6. 
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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. 

(3) 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 chemically 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 

disposal rooms and the probability of significant microbial degradation of plastics and 

rubbers for the performance assessment calculations 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 microbial gas generation and 

50% to the probability of significant microbial 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 

occurs in 25% of LHS sample vectors, and steel corrosion and microbial degradation of 

cellulosics, plastics, and rubbers occur in 25% of LHS vectors. This is 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 Conceptual 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 also be degraded.” [Illustration callout and illustration omitted in this 

quote] 

“This assumption is based on major 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 material. There is apparently no 

scientific evidence that plastics/rubbers degradation will occur at all with 
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certainty, based on contemporary experience. The possibility that products from 

microbial degradation of cellulose, and perhaps radiolysis by alpha irradiation, 

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 plasticshbbers 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 

microbial degradation of this more readily consumable material is a reasonably 

valid assumption. Also, it does not appear scientifically valid to assume that either 

all or none of the cellulose will be degraded in light of the significant 

uncertainties that microbial 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 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. 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. 

Cellulose, plastics, and rubber degrade with a probability of 25%. 

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 
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review 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 

The parameter used to set the probability of microbial 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 conceptual model peer review does not 

meet the requirements outlined in the section. 

557 If a single value for the consolidated waste permeability is to be used for direct brine 

release, then it should be 2 . 4 ~ 1 0 ’ ~  m2 and not 1 . 7 ~ 1 0 ” ~  m2 . (11-H-25.8) 

DOE’s response to comment 557 

The [waste permeability] value of 2.4 x 

correct as the 1.7 x 

would justify using the higher value instead. (11-H-45.5) 

m2 is both reasonable and is as technically 

m2 value. There has been no technical reason offered which 

EPA’s response to comment 557 

EPA has examined information to support this parameter. EPA believes that a single 
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value 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 discussion 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’s response 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, all decisions 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 several 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 conceptual 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 (IC,,). 

Section 194.32 (CARD 32) Scope of Performance 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 elicitation 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 industrial activities 

250 



13 

for 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 is incomplete 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-Yates 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. The CCA provides no experimental 

evidence such as the measurement of water quantities in the anhydrite beds of the Salado 

Formation to support the CCA speculation. (527)(II-H- 12.6) 

14 The claim that there will no waterflooding on the scale of Rhodes-Yates is also 

undermined by field evidence. (528)(II-H-12.7) 

15 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 C02 flooding. (529)( 11-H-12.8). 

16 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 psi per foot. This 

corresponds to 2,400 psi at the WIPP horizon which is well in excess of the fracture 

pressure of the anhydrite beds in the Salado Formation.(53 1)( 11-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 psi, 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)(II-H-12.11). 

EPA’s comment to Issue 32.A 

DOE evaluated 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 Technical 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 still 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 also 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 also requested (see Docket A-93-02, Item 11-1-17) that DOE consider different 

factors in 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 

(Stoelzel 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) all 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 evaluate this FEP for the long-term future. 

EEG Assessment to EPA Resolution of Issue 32.A 

As discussed in Secion of 2.6 of this report, the EEG disagrees with the EPA on this 

issue. 

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

4 The CCA (Appendix MASS, p. 87) claims 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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several decades in southeast New Mexico, including the Delaware Basin, to provide brine 

for oil 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 activities in that area. (533)(II-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) (11-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 (1 997) 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. This is 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 minerals and clays 

because the ore zone is too thin. Solution mining usually 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)(II-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 11-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 also 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 

potential 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’s responses 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 final rule for WIPP. 

0 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 eventually be mined to 

meet world demand. 

ISSUE 32.D Potash reserve assumptions are 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 economically 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 supplemental 

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 actual 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, simply increasing the transmissivity 

within the Culebra does not account for all 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. 

ISSUE 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 incomplete. 

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 analyses 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 

deficiencies in the screening analyses for some FEPs in the CCA. DOE provided 

supplemental information addressing EPA’s questions and public comments (Docket A- 

93-02, Items: 11-1-24,11-1-3 1,II-1-34, 11-I-36,II-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 several 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 events in performance assessment 

ISSUE 33.B: The Performance should incorporate 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 release estimates. (555)(II-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# 41 13 1 
and Appendix PAR, p. 192), EPA found that a constant value of permeability m2 

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 realistic 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 justifications 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 simulations be conducted using lower permeability values 

259 



(parameters used in model- CONC-PLG maximum of m2, BH-SAND maximum of 

5 x lo-’’ m2 ) 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 all the calculations is 

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 (11-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 (11-H-46). This claim is wrong. 

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 

calculations. 

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, 
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provide a bound 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 

adequatelyhadequately justified, and E l  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. 

(21 9)(A-50 [II-H-121) 

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 value 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 El  scenario does not always enhance radioactive 

releases in all 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 ( U S .  DOE, 1996c, 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 

ISSUE 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 AICs for the WIPP site, including fencing, signs, and site 

patrols (Docket A-93-02, Item 11-1-0 1). DOE provided the requested information (Docket 

A-93-02, Item 11-1-07, Enclosure IC). DOE also described legal prohibitions on resource 

extraction and other activities at the WIPP site that function as AICs, such as the erection 
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and testing of passive institutional controls and the implementation of the site monitoring 

plan. 

DOE did not conduct an expert elicitation for the purpose of determining how long the 

proposed AICs specifically are expected to be effective. As EEG noted, an expert 

elicitation conducted prior to the promulgation of the final Compliance Criteria resulted 

in predictions of AICs’ effectiveness generally (see A-93-20, Item 11-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 4 1 .B 
Title 40 CFR 19 1.14 (a) requires maintenance of active institutional controls for as long 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 Institutional Controls 

ISSUE 43.B: DOE’s proposal for PICs credit is or is not 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 institutional 

controls be assumed to eliminate the likelihood of human intrusion entirely” (61 FR 

5243). This topic 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 US. 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 

ISSUE 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 allow 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 

claim as engineered barriers. The NRC specifically excludes borehole seals 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)(l) required DOE to include in the description of the disposal system 

information about engineered barriers, i.e., “any material 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)(l) and Response to 

Comments in 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 natural 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, 1996c) proposal to satisfy this assurance requirement. The EEG view is that 
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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 

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 saltlclay 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 commercially 

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, 

1996c) included these “features” in the section on “engineered barriers”, hence the EEG 

comment. 
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8.1 February 7,1997 Letter from EEG to EPA, with Attachments 



ENVIRONMENTAL EVALUATION GROUP 
b N E O W L O P P O R T U N R Y I - l l V E ~ E M R O Y W D  

7007 WYOMING BOULEVARD, N.E. 
SUITE F-2 

ALBUQUERQUE, NEW MEXICO 87109 
(W) 828-1003 

FAX (505) 828-1062 

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 requested 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 issues in its evaluation of the WIPP-CCA. These 
issues can be grouped in the following broad categories: 

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

Insufficient basis for selecting certain conceptual models and rejecting 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 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. 

Providing an independent technical analysis of the Waste /solation Pilot Plant (WIPPJ, 
a federal transuranic nuclear waste repository. 



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 reject all 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, as they are, evelo in the next few weeks. - f -  

k J 4  Robert H. Neil1 
Director 

RHN:LC:js 
Enclosures: EEG Reviews of the WIPP-CCA, 

Plutonium Solubility 
Chemical Retardation 
Spallings Model 
Fluid Injection 
Brine Reservoir Assumptions 
Engineered Barriers 

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



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

Source of Brine CCA calculations 

Castile 5.7 x 10-9 M 

Salado 4.4 x M 

PLUTONIUM SOLUBILITY-EXPERJMENAL MEASUREMENTS VERSUS CCA 
CALCULATED VALUES 

Experiment, Reed et al. 

8 x M 

9 x 10-5 M 

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(II1) or Pu(IV), with 50% probability of one or the 
other. However, the solubilities are not measured for Pu(II1) or Pu(1V). Rather, the 
solubility of Pu(II1) is calculated using thermodynamic data for Nd(II1) and the solubility of 
Pu(IV) is calculated using thermodynamic data for Th(1V). 

While solubility experiments show that regardless of the initial oxidation state, Pu (VI) 
dominates at steady state conditions, it is not included in the performance assessment 
calculations. Pu(VI) 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 al. (1996) reported, that for brine at pH of 8 to 10, and reducing 
conditions, Pu(VI) is stable with an apparent solubility of 10" M. While it has been argued 
that corrosion of the steel drums would result in a reducing environment, Rao (1996) found 
that it was not possible to reduce Pu(VI) 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 (VI) 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 determined by calculations and experiments 

The experimental evidence leads to the following conclusions: 

1) Pu(VI) will be stable in the WIPP repository. 

2) There is no support for the assumption that plutonium will stabilize in either oxidation 
state Pu(II1) or Pu(IV). 
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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. 
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CHEMICAL RETARDATION VALUES FOR 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 a lack 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 reasonable 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; COz 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,O 
as backfill, the fugacity of COz in the repository is expected to be lo-’. Thus, EEG 
discarded the results for C02 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 K,,, assuming breakthrough at 300 days was used. 

The DOE did not include the influence of organics on K,, values. In batch tests, even low 
concentrations of organics dramatically reduced K,, values. The impact of organics are 
included 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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Oxidation 
State Am Pu U Th 

I11 20 - 500 20 - 500 

IV 900 - 20000 900 - 20000 900 - 20000 

V 

VI 0.03 - 30 

Table 1. K,s used by DOE in CCA. 

NP 

900 - 20000 

1 - 200 

Oxidation State Am Pu U 
111, IV, v, VI 

73 - 314 83 - 270 0.35 - 5 

Table 2. K,s recommended by EEG. 

Th NP 

0.15 - 1.5 1.0 - 21 
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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 a drilling intrusion. Spallings will occur when the roof of 
a waste room is penetrated by a drill, 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 spallings 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 f i d s  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 validation. The spallings model is 
defied as gas driven entrainment of solid particles. The effect of brine in the waste panel is 
ignored. 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 radionuclides in 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 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 releases from a heterogeneous medium. 

Spalling can be viewed as a two 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 the first process: 1) The pressure drop increase resulting from 
ejecting the drilling mud from the drill string is a relatively slow process, 2) the erosion 
process will proceed to a stable void configuration independent of the initial entrainment. In 
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other words, a larger initial spall will be followed by less erosion than a smaller initial spall, 
resulting in the same final void ratio. 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 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 the initial spall 
will be partially 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 inches in 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 silica sand. 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 sensitivity 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 0 to 2 psi. 

The experiments indicated increasing spall with increasing diameter of the vent. The 
spallings model does not include a sensitivity 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'. I' 

In their initial review, the conceptual model peer review panel deemed the spallings model to 
be inadeq~ate.~ Subsequently, the DOE has reconvened the peer review panel twice to 
reassess the spallings 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 inadeq~ate.~.' 

The EEG therefore recommends that further development of the spallings model be pursued. 
The spallings model should be validated by a set of experiments that adequately simulate 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 
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c) both the rapid depressurization and longer term erosion through channels 
d) the effects of varying the waste strength 
e) investigation of scale influences 

2. Exclusion of Two Processes from the Spallings Model 

Two potentially important processes, viz., the "gas erosion" and the "stuck pipe", considered 
by the DOE in earlier performance assessments6, 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 
releases 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. 
This is termed gas erosion. In the SPM-2 report6, releases from 44 to 356 m3 were 
considered possible from gas erosion. Compare this to the maximum calculated release of 4 
m3 in the CCA calculations'. If the amount of spall is above the carrying capacity of the 
drilling mud, then the spall will press against the drilling string, slowing the rotation of the 
drill bit. The normal response of a drilling crew in such circumstances is to raise and then 
lower the bit in order to clean out the cavity. In the SPM-2 report6, releases from 43 to 238 
m3 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 ejection of the 
drilling mud from the drill string. The SPM-2 report6 assumed m2 to be the threshold 
permeability. However, this threshold is not well defined. It certainly is related to the 
pressure in the repository. 

The CCA (Chapter 6 ,  p. 6-100) states that simulated waste compacted under a lithostatic load 
yielded waste permeability in the range of m2 to m2. The CCA assigns the waste 
permeability as a constant at 1 . 7 ~ 1 0 ~ ' ~  m2, as "representative of the average value of 
compacted waste. It 
uncertainty on the CCA spallings model were considered'. 

There is no indication that the effects of neglecting the permeability 

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 m2 lower band assumed in the 
SPM-2 report6. 
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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 BRAGFLO calculations, but did not consider its potential 
effect on these processes, or the effect of MgO backfill in reducing waste permeability. 

The EEG recommends that a more realistic value or a range 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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FLUID INJEXTION 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 Bredehoeft2 (enclosed) to provide additional compelling arguments for 
not accepting that analysis to be valid. A copy of a consequence analysis by John Bredehoeft3 
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 elicitation of expert opinion4 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 industrial activities for the 
full 10,000 years. Further, the probability of a larger number of such injection wells, within 
the site, was predicted to increase with time (Ref.4, Table IV-16). 

With respect to natural resource recovery activities surrounding the WIPP, the surrounding 
public lands are managed by either the Federal Government or the State of New Mexico. In 
addition to federal law, state and federal agencies know that this is a resource 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 Act5 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. 'I This federal law 
does not limit consideration of natural resources on public lands to 'hear future" nor to 
"existing leases." On the contrary, federal agencies such as the Bureau of Land Management 
have explicitly argued that lessees can plan and submit plans for resource recovery activities 
outside their actual leases6. 

Review of Appendix SCR Arguments 

The discussion of fluid injection in Appendix SCR of the CCA is incomplete 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. It is 
argued that the differences between the geology at WIPP and the Vacuum Field and Rhodes- 
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Yates 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 
quantities in 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-Yates 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-Yates, 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 comer 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-Yates.' 

The CCA Appendix SCR argues that waterflooding on the same scale as the Vacuum or the 
Rhodes-Yates Field is unlikely because oil pools in the vicinity of the WIPP are characterized 
by channel sands with thin pay zones, low permeabilities, high irreducible water saturations, 
and high residual 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 saturations is irrelevant. 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 waterflooding7** as 
well as C02 f l ~ o d i n g ~ , ~ J O . ~ ~ J ~ .  

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 is required to meet the near term safety concerns of the 
potash ind~stry'~. 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  concern^^^*^^^^^. 

. 
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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 
7000 feet. One consequence of greater vertical distance is that the surface injection pressure 
is automatically approved for 1400 psi or 0.2 psi per foot. This corresponds to 2400 psi at 
the WIPP horizon which is well in excess of the fracture pressure of the anhydrite beds in 
the Salado Formation. 

As to 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, there is litigation 
and monetary c~mpensation'~*'~. 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 Model 

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 a two 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 a total of 7x105 cubic meters of brine was injected during a fifty year 
period. This is equivalent 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 there is no basis for assuming that 
industrial 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. 
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Solution Mining 

In 1979 the EEG re~ommended'~ 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 
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 oilfield 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. 

As to future mining of potash, solution mining is the only method that can be reasonably 
predicted for the Carlsbad District2'. In Canada and the United States, solution mining is 
used for recovery of sylvite. Langbeinite is not 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, 

all mines in 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 allow ore 
remaining in pillars to be recovered2'. 

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

EEG Recommendations 

Based on a technical 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: 

Waterflooding for enhanced oil recovery. 
Carbon dioxide flooding for enhanced oil recovery. 
Salt water disposal from oil production and other industrial activities. 
Solution mining for halite and sylvite. 
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20. Griswold, G.B., 1995. Future Mining Technology. Chapter IV. Volume-:! of 
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John Bredehoeft 

Hartman Scenario 

Hartman Scenario-Introduction 

The so-called Hartman Scenario is based upon a law suit in the Delaware Basin. In 199 1, Hartman, 
an independent oil operator, attempted to drill a well on the Bates lease approximately 2 miles from the 
Rhodes Yates water-flood project operated by Texaco. The Hartman #2 Bates well encountered brine at a 
depth of2240 feet; the drilling had to be terminated at 2280 feet. In 1953, the Bates ffl well was drilled 
without encountering pressurized brine. 

Water flooding was started in the Rhodes oil field in 1959. Texaco initiated a pilot water flood in 
1964. The water flood was extended in the Rhodes field in 1974. There are several active water flood 
projects in the Rhodes Yates area. 

I reanalyzed the Hartman Scenario. In doing so, I first estimated the transmissivity of the Bates # 
2 we11 that flowed extensively. From the transmissivity, I estimated the permeability. This should be 
obvious, but we are not totally sure what constituted the permeable zone in the Bates X 2 well. I then: 1) 
compared this estimate of permeability with those measured at WIPP, and 2) estimated the inflow to WIPP 
should the permeabilities at the Bates #I 2 site apply in the vicinity of WIPP. 

Transmissivity & Permeability 

The Bates # 2 well flowed 840 gpm, or 1.9 cubic feet per second (cfs). The shut-in pressure at the 
land surface was 1000 psi-approximately 2000 feet of head at the land surface (Van Kirk, 1994). Knowing 
both the flow rate and the well-head, shut-in pressure there are several methods that can be used to estimate 
permeability. I first used the Theim, steady-state solution for radial flow to a well and solved for 
transmissivity, T. I then compared this result to results from two other estimating procedures. 

The difficulty with the Theim approach is that we do not know how far out the cone of depression 
for the Bates # 2 well extended. (We can define the other boundary of the cone as the point where the 
drawdown caused by flow to the well is negligible.) I assumed several different radial distances for the 
extent of the cone (r2), and make the calculations. The differing radial distances bracket the cone. As we 
see, the estimates do not vary a great deal-by a factor of only two which is small in estimating 
transmissivity. 

T = 2.3 Q log (rz/rJ/( 2 K (R - SI)) 
where T = transmissivity 

Q = well production rate 
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r2 and rl are selected radial distances from the center line ofthe well bore. I chose at the wall of 
the borehole approximately 0.5 ft (1 foot diameter well bore-slightly larger than the drill bit). I let 
r2 be the radial extent of the cone of depression-the distance at which the drawdown is negligible. 

( ~ 2  - s,) is the total drawdown within the cone of depression caused by the well-1000 psi. 
(Perhaps I need to amplifv this explanation. When the well is flowing the pressure at the well head 
is atmospheric-which is generally defined as 0. The well head, shut-in pressure gives a us an 
indication of what the formation pressure would be without the well tlowing. The total pressure 
drop when the well is flowing is 1000 psi. It could be smaller due to friction losses in the well 
bore-a smaller pressure drop gives a higher estimate of permeability. The total pressure drop 
across the cone of depression is also 1000 psi.) 

I assume the brine produced a pressure of 0.5 psi per foot of brine. (Van Kirk, 1994, reports the normal 
pressure gradient for saturated salt water as 0.525 psi per foot; I simplified the calculation by rounding to 
0.5 psi / e.) 
With r2 = 1,000 ft. 

T = 2.3 x 1.9 x log (1,000.0 10.5) I (2 x x 2000.0) = 0.00 I I fi2/sec 

With r2 = 10,000 ft 

T = 2.3 x 1.9 x log (10,000.0 10.5) I (2 x x 2000.0) = 0.0015 fi21sec 

With r2 = 100,000 ft 

T = 2.3 x 1.9 x log (100,000.0 10.5) I (2 IT x 2000.0) = 0.00 18 ft21sec 

With r2 = 1,000,000 A 

T =  2.3x1.9xlog(1,000,000.010.5)1 ( 2 x  x 2000.0) = 0.0022 ft2/sec 

We can also estimate the transmissivity using estimating procedures suggested by Theis et al. 
(1963) for pumped wetls, and by Bredehoefi et al. (1983) for flowing wells. The specific capacity is 0.4 
gpm per foot of drawdown, or 0.00095 fi3 / sec per foot of drawdown. The Theis estimate yields: 

T = specific capacity x 2000 (in units of gallons per day per foot) 

T = 0.4 x 2000 = 800 gallons per day per foot = 0.0012 ft2/sec. 

Bredehoefi et al(1983) produced a graphical type curve; use of the Bredehoeft et al. method yields: 

T =  0.0015 A%ec. 

The estimates compare favorably; the values vary by only a factor of two. Since transmissivity 
can vary over 15 orders of magnitude, a factor of two variation (100?6) in the estimates is considered quite 
good. 

The permeability is less clear, only because we do not know through what vertical thickness of rock 
brine flowed. The drilling encountered brine at a depth of 2240 feet, and was stopped by too much flow at 
2280. Assuming the entire 40 feet was permeable, the: 
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k = T/ thickness = 0.001 / 40.0 = 

or k =  

k =  

3 

0.000025 Wsec 

0.00075 cdsec  

0.75 x 10’*mZ 

Implications of the Analysis--Companson to WIPP 

It should be remembered that these numbers are estimated by applying a model for radial flow 
to/from a well. The estimate is some kind of an average permeability that applies to the entire cone of 
depression for the well. In other words, it is an estimate of the regional permeability within the assumed 
cone of depression. 

The permeability of the Anhydrite marker beds was measured in-situ at W P .  The range in 
anhydrite marker bed permeability data used in PA is: 

k anhydrite-undisturbed 

k anhydrite-hydro-fracture &urn value (PA) 

Hartman-Bates ## 2 

7.94 x IO”* m* to lo2‘  mz 

1 o 9  m2 

7.5 1013m2 

The permeability encountered in the Bates ## 2 well almost surely represents hydro-fractured 
anhydrite in the Salado Formation. The shut-in pressure of the Bates well was 1000 psi at land surface. 
There were reports of oil field brine injection activities in the area with 1000 psi land surface pressures and 
higher (Van Kirk 1994). Dennis Powers reported: “For rhe Rhodes Yutes w u t e r f l d ,  rhe injection 
pressure at the SurJCace ran I200 psi and above. Some injection pressures approached 2,000 psi at the 
surface. ” (Silva, 1996, p. 67) A pressure of 1000 psi at land surface is approximately lithostatic at a depth 
of 2000 feet. 

The consensus interpretation of what happened in the Rhodes Yates area is that water injection at 
high pressure caused massive hydraulic fracturing within the Salado Formation. Numerous wells have 
encountered flows of water in the Salado (Van Kirk, 1994). The hydraulic fracturing has increased the 
Salado permeability on a regional scale. Hartman won his law suit on the basis of this hypothesis. This 
interpretation is consistent with our analysis of the permeability encountered in the Bates # 2 well. 

Potential Flow to WIPP 

It is of interest to calculate the flow to WIPP through the anhydrite marker beds. I will do two 
calculations with 1) untiactured anhydrite; and 2) hydro-fractured anhydrite. I will use a simplified model 
for analysis. I make a number of assumptions: 

1. two-dimensional, areal flow (x, y) in combined marker beds 139. A and B; 

2. good connection between the marker beds and WIPP; 

3. single-phase, liquid flow only; 

4. steady flow (not transient); 
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5 .  that fluid is injected with a pressure at a land surface of 1000 psi (68 atmospheres)-pressures 
like that measured at the surface in the Bates # 2 well; (This is lower than the 1200-2000 psi 
pressures reported for surface pressures of injection wells in the Texaco Rhodes Yates water 
flood. As we will see, 1000 psi poses problems.) 

6. that the casing of the injection well fails, and 1000 psi surface pressure is imposed on marker 
beds 139, A and B; 

7. in the hydro-fractured case that the marker beds have a regional permeability equal to that at the 
13 2 Bates # 2 site-7.5 x 1 0  m ; (This assumption deserves more explanation. I suggested 

above that the hydraulic fracturing in the vicinity of the Texaco Rhodes Yates water flood 
increseased the permeability on a regional scale. I am assuming that similar, regional scale 
hydraulic fracturing occurs in the vicinity of WIPP.) 

8. the repository is at hydrostatic pressure and remains at hydrostatic pressure; (Early in the 
history of the repository the pressure could be more nearly atmospheric. As the repository 
receives significant flow the pressure will increase. For this analysis, I neglect both the early 
pressure history below hydrostatic, and the later potential pressure build-up above hydrostatic. 
Hone examines the pressure histories o f W P  computed by P A  hydrostatic pressure is the 
dominate mode.) 

9. since the region of the model is finite, I assume no flow boundaries at the edge of the modeled 
region. (These boundaries force the flow to go to WIPP where the head is held hydrostatic. 
Ideally, we would like no head build-up at the boundaries; as one can see below there is some 
build-up at the model boundaries. This condition can be relaxed by extending the model 
outward. In the hydro-fractured case the permeability is increased in a restricted area; therefore 
the outer, no-flow boundary may not be as bad an assumption as might appear at first glance. 
The region model is fairly large; and the boundaries are somewhat removed from the area of 
principal interest. ) 

The results are summarized in the following table: 

Table I Flow to WIPP 

Model 1 

Model 2 

Distance from Well-head Permeability 
well to W P  pressure (psi) m2 

2km 

2km 

1000 

1000 

10'* 

7.5 x 10'' 

Flow rate 
m' I sec m3 I day 

7 x  l o 9  0.0006 

430.0 
(157,000 I yr) 

Note-ihe appro,rimnte tolalpore volirmr of the reposiior).: a l e .  the sal! deforms. is j0 ,OOO m'. 

It is of interest to examine the head distribution produced by this models. The head is the same for 
each permeability distribution; even thouyh. as Table 1 shows. the flows are quite different. The attached 
Figure is an isometric projection of the head. One can picture the flow if you remember that flow is directly 
down the gradient in head-it is analogous to a marble rolling down hill. 
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Concluding Remarks 

Injection fluid pressures in the vicinity of the Bates lease were high. It seems clear from the data 
that the pressures were sufficiently high to produce massive hydraulic fracturing over a large area that 
included the Bates # 2 well. The permeability, as estimated fiom the well, is five orders of magnitude higher 
than the highest undisturbed measurements at WIPP. On the other hand, the Bates # 2 well permeability is 
three orders of magnitude lower than the maximum hydro-fracture permeability used in Performance 
Assessment. 

Fluid injection in the vicinity of W P  has the potential to quickly fill the repository with brine 
should the operation be similar to that which occurred in the vicinity of the Bates lease. The Hartman 
Scenario is not easily dismissed. 
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Hartman Scenari+Stoelzel-O’Brien Analysis 

Introduction 

Stoezel-O’Brien did a cross-sectional analysis. I modeled a cross-sectional to compare with our 
areal analysis and show you the difference. 

Analysis 

I selected a cross-section strip that is two model cells in width-a total width of 800 meters. This 
is approximately as wide as the smaller dimension of the repository foot print. As before, I placed the 
injection well 2 lan from the repository. I used the permeability estimates from the Harman ## 2 Bates well. 
I assumed an injection pressure of 1000 psi at land surface; held the repository at hydrostatic head; and did a 
steady-flow calculation. 

This analysis is analogous to our previous analysis except that we now have flow only in the cross- 
sectional strip. Enclosed is an isometric plot of head for comparison. 

Results 

The results are summarized in the following table: 

Table 1 Flow to WIPP 

Distance fiorn 
well to WIPP 

Model 1 (areal) 2 km 

Model 2 (areal) 2 km 

Model 3 (strip) 2 km 

Well-head 
pressure (psi) 

lo00 

1000 

1000 

Permeability Flow rate 
m2 m3 / sec m’ / day 

1 0’* 

7.5 1013 

7.5 

7 x  l o 9  

I 101 

0.0006 

430.0 
( 157,000 m’/yr) 

86.4 
(3 1,600 m3/yr) 

Note-the approximate total pore volume ofthe reposiioty, afier the salt deforms. is 50,000 m’. 

As you can see, restricting the flow to a cross-sectional strip reduces it to approximately 115 of the amount 
in areal model. This is the conceptual difficulty with the Stoezel-O’Brien approach. 
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2 

Flow to/fiom WIPP is three dimensional. Sandia claims, perhaps correctly. that analyzing the hll 
3D flow problem is much too computer intensive to be practical for P A  For this reason the problem is 
idealized currently into a plane-a cross-section in the case of WIPP. (Two dimensional analyses, either 
areal-x, y; or cross-sectional-x ,z; or radial-r, z, are the rule in analyzing flow problems.) Any of 2D 
geometry is an approximations for the 3D problem. The simplification is a compromise-sometimes good, 
and sometimes not so good. You can see that the Stoezel-O’Brien cross-section was not very good for 
analyzing flow to WIPP. 

In previous PA analyses a radial formulation was used in which radial distances were measured out 
ward from the disposal room. This formulation did not handle the connection between the disposal panel 
and the rest of the repository very well. This was changed to a cross-section in an effort to improve this 
portion of the modeling. The new cross-section will not do well in handling flow outward in the marker 
beds; the radial model was better in this instance. 

I know that Chuck Byrum is concerned about the 2D approximations used in WIPP PA. EPA has 
had HydroGeologic looking into these approximations. 

My gut reaction is that most of the approximations associated with the cross-sectional analysis used 
in BRAGFLOW are probably okay-assuming a 2D analysis is the only one practical. As I suggested to 
Sandia when it was presented, the Stoezel-O’Brien cross-section concept used for analysis was poor, at best. 
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BRINE RESERVOIR ASSUMPTIONS IN 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. 
It 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 al. , WIPP-TME-3153, 1983) estimated 
the volume of the reservoir to be 2.7 million m3 (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. As the 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 m3 to be 
justified. This is 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 realistically 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 piecemeal, partial 
sensitivity analyses. 
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Comparison of WIPP-12 Brine Reservoir and the CCA Assumptions 

Parameter WIPP-12 (m3) CCA (m3) 

11 Total Reservoir Volume I 2.7 x lo6 (a) I 32,000 to 160,000 (d) 11 
II 5,200 (e) 11 Projected Max. Artesian Flow 1 55,821 (b) I 

Flow to Surface During Drilling 4,306 (c) 400 to 2,100 ( f )  

(a) WIPP/TME-3153, p. H-54 

(c) 
(d) 
(e) 
( f )  

(b) WIPP/TME-3153, p. H-55 
WIPP/TME-3153, p. H-9; Actual "unavoidable" flow 
DOE/CAO- 1996-2 184, Table 6-26 
CMPRR-Suppl., 1211996, p. 42; To the Culebra, after 6 encounters 
CMPRR-Suppl., 12/1996, p. 42; In 10,000 years 
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Belco- 
Hudson 

ERDA-6 

0 WIPP-11 

0 DOE-2 

0 WIPP-13 

91: m''es 
0 1 2 3 m  

0 
Record of brine encountered in the Castile 
No record of brine encountered in the Castile 
Potential extent of the brine reservoir 
encountered by WIPP-12 

Potential extent of WIPP-12 brine reservoir using WIPP-12 
pressure recovery data, rock compressibility of lxlO-'%'a-', 
and reservoir thickness of 24 meters. 
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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 Requirements is 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 requirements were developed 
from that point of view that there may be major 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 disposal 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 Final 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, a waste 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. 
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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 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 original 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 a tracer) 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 @. 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 alkaline (high pH) 
conditions, the emplacement of MgO and its postulated effect allows assumption of lower 
solubility values in the CCA. This assumption results in lower postulated releases to the 
accessible environment and thus helps in 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 
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MgO, although showing higher releases than "with MgO", still is within the compliance 
limits. Such an argument is based on a partial calculation without altering other assumptions 
and input parameters, and therefore appears meaningless. The fact remains that the purpose 
of including MgO in the WIPP repository is to control the chemical conditions in the WIPP 
repository to allow 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 a lesser 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 comer of the WIPP 
site). 

Recommendation 

The EEG has recommended a multi-barrier approach for WIPP since the beginning of the 
project. The EPA regulations also 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 S A R  
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Information from the draft 1996 WIPP SAR 
Appendix A, page A-4 to A-15 
Data is from final row of cumulative values for each waste form 

Final Waste Form 

Combustible 

Filter 

Graphite 

Heterogeneous 

Inorganic Non-metal 

LeadKadmium Metal 

Salt Waste 

Soils 

Solidified Inorganics 

Solidified Organics 

Uncategorized Metals 

Unknown 

Various 

Subtotal of column 

Percent of Total Stored 

Stored Drum Equivalents 

Not Processed To Be Processed 

4194 23570 

976 72 

616 1845 

6355 104300 

1168 1291 1 

83 31 

34 68 

95 1862 

1565 1 30670 

1077 3311 

3348 4875 1 

129 188 

0 20105 

33726 247684 Total stored 
281410 

11.98% 88.02% 

Notes from the 1996 draft SAR 
Final SAR Expected late Jan. 1997 
W.T. Bartlett 1/21/97 



8.2 March 14,1997 letter from EEG to EPA, with attachments 



ENVIRONMENTAL EVALUATION GROUP 

I pcJEQIAL-/AR#M4VV€I\CTY)hlEMROYER- 

7007 WYOMING BOULEVARD, N.E. 
SUITE F-2 

ALBUQUERQUE, NEW MEXICO 87109 
(505) 8281003 

FAX (505) 828-1082 

March 14, 1997 

Mr. Frank Marcinowski 
Director, 
Center for the Waste Isolation Pilot Plant Program 
U.S. Environmental Protection Agency 
Office of Radiation and Indoor Air 
401 M. Street S.W. 
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 packige 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, conceptual and numerical models, and secondary documentations 
related to the CCA, we are bound to come up with additional issues to be resolved. We do 
not view the March 17, 1997 deadline as a bounding date for communicating additional 
concerns to 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 time is not enough. Actually, the review time was 
much shorter since many of the issues that we have identified required a review 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 a result of the 
FEG review (EEG-61). In our additional comments on the CCA to be provided in a report 
that we plan to publish this year, we will analyze our comments on the DCCA and how they 
have been treated in the CCA. At this time, we are formally submitting a copy of EEG-61 
to you and to the Docket as part of our comments on the CCA. 

Providing an independent technical analysis of ?he Waste lsolstion Pilot Plant (W/Pf), 
a federal transuranic nuclear waste repository. 



Mr. Frank Marcinowski 
Page 2 
March 14, 1997 

The issues identified in EEG-61, our letter and enclosures dated 2/7/1997, and this letter and 
the enclosures, should therefore be considered to be our formal comments on the CCA 
submitted to you before the 3/17/97 deadline. As you 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 is to require the DOE to include 
consideration of additional sceniuios 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 of the Assurance Requirement of 40 CFR 191. h T 

WM* obert H. Neill 
Director 

RHN:LC:pf 
Enclosures: EEG Reviews of the WJPP CCA 

Brine Reservoir Assumptions in the CCA (Revised) 
Faulty Sampling Ranges 
Brine Inflow from Salado: 2-D versus 3-D Geometry in BRAGFLO 
Probability of Microbial Degradation 
Borehole Plug Lifetime 
Inconsistency Between Direct Brine Release and Spallings Geometry 
Waste Permeability Values 
Random Emplacement of Waste in the Repository 
Residual Brine Saturation of Waste 
Compendium of Direct Brine Release Problems 
Active Institutional Controls 
Passive Institutional Controls 
Potash Mining 
Documentation of FEPs and Parameters 

cc: Ms. Jennifer Salisbury, NMEMNRD 
Mr. Lindsay Lovejoy, Jr., W A G  
EPA Docket for WIPP (A-9302) 
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BRINE RESERVOIR ASSUMPTIONS IN 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 address issues 
raised in the January 16, 1997 memo of Rick Beauheim to Palmer Vaughn'. No other 
changes have been made to the original 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. It 
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 al., WIPP-TME-3 153, 1983) estimated 
the volume of the reservoir to be 2.7 million m3 (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. As the 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 m3 to be 
justified. This is 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 realistically 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 piecemeal, partial 
sensitivity analyses. 

Revisions to 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 3 1070, 3 1072, 3 1082, 3 1083, 
and 3 1084. 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 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 ratio (PR), given by: 

Where V is the sampled reservoir volume, C, is the rock compressibility and 6 is the porosity. 
Beauheim's recommended range for this constraint is 7x104 to 4 ~ 1 0 - ~  m3/Pa, in which the 
7 ~ 1 O - ~  m3/Pa value is from ERDA-6 data and 4 ~ 1 0 - ~  m3/Pa is consistent with the WIPP-12 
data. The constraint PR should be fixed at 4x102 m3/Pa in order to agree with the WIPP-12 
data, and the ERDA-6 data should not be used because it is irrelevant 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 4 ~ 1 0 - ~  m3/Pa. Attached is a 
figure from an October 3, 1996 memo from Rick Beauheim to Les Shephard2 showing PR 
calculated from the sampled parameters of the CCA calculations. The figure has been 
modified to point out the 4 ~ 1 0 - ~  m3/Pa value determined for WIPP-12. Only five out of 300 
samples were as large as the WIPP-12 measurements. This figure clearly demonstrates the 
inappropriateness of the Castile brine parameters used in the CCA calculations. 

*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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Parameter WIPP-12 (m3) 

2.7 x lo6 (a) Total Reservoir Volume 

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. 

CCA (m3) 

32,000 to 160,000 (d) 

Comparison of WIPP- 12 Brine Reservoir and the CCA Assumptions 

~~ 

Flow to Surface During Drilling 4,306 (c) 400 to 2,100 ( f )  
II 

~ ~~ 

I/Projected Max. Artesian Flow I 55,821 (b) 1 5,200 (e) 
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Potential extent of WIPP- 12 brine reservoir using WIPP- 12 
pressure recovery data, rock compressibility of 1 x 1 O-'oPa7', 
and reservoir thickness of 24 meters. 
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FAULTY SAMPLING RANGES 

If the sampled distributions of parameters used in the CCA calculations are in error, but 
include the likely values of those parameters, should the CCA calculations be acceptable? 
The EEG position is that, under these conditions, the CCA calculations should be repeated 
with the best estimate of the parameter distributions available. The use of a faulty 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 a faulty 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 panel. 

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 panel 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 error in brine 
reservoir interception probability was inconsequential because encounters with a brine 
reservoir, El  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. First, 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 lo5 to 1 . 7 ~ 1 0 ~  m3 rather than the range of 3 . 2 ~ 1 0 ~  to 
1 . 6 ~ 1  Os m3 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 range2. 

Later, the peer review panel used the comparison of plots of brine inflow, brine saturation, 
and gas generation from both El 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 plots included 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 sensitivity analysis 
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report on the CCA Calculations3. Figures 5.1.6 and 5.1.7 contradict the panel’s conclusion. 
Figure 5.1.6 presents volume and EPA unit releases for the different specified second 
intrusion times for an initial E l  intrusion at 350 and 1,000 years. Figure 5.1.7 presents 
similar release data for initial E2 intrusions. For initial intrusions of 350 years, and especially 
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 El  event compared to the E2. Because of 
assumed solubility differences in Castile and Salado brine, the normalized EPA release is only 
a factor of 30 higher 200 years after an El 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 an initial E l  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 experimental data, the 
possibility that the consequence of direct brine release will be much worse 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 40 CFR 191, Part B requires 
estimates of the uncertainty in parameter values. Sampling over the parameter uncertainty 
ranges incorporates this uncertainty in the CCDF curves. Sampling also 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. 

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. Errors in the 
analysis are recognizable and correctable. The concern here is the consequence of recognizing 
an error but failing to correct it. The basis for such a decision 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 conservatism in the results can be clearly demonstrated. 

Demonstrating the consequences of errors in most of the CCA parameter ranges would be 
difficult. The difficulty is compounded by potential interactions of errors in 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 
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set of CCA calculations and yet still fail to provide an adequate demonstration of the 
consequences. 

The most reliable way to eliminate concerns about parameter errors is to rerun the CCA 
calculations with the proper values. It makes little sense to do so in a piecemeal fashion. 
The CCA calculations 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. 

1. Beauhiem, R., Revised Castile Brine Reservoir Volume Record Package, W0#3 1082, 
Sandia National Laboratories, Jan. 16, 1997. 

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

3. J. Helton, Preliminary Summary of Uncertainty and Sensitivity Analysis Results 
Obtained in Support of the 1996 Compliance Certification Application for the Waste 
Isolation Pilot Plant, Memo, Dec. 23, 1996. 
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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 spallings scenario. 

The justification for modeling the repository in a pseudo 3-D manner (2-D radial flaring) 
rather than in a full 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 reported2 lists the residual gas saturation 
as the parameter with the strongest influence on the projected direct brine releases. This is 
also shown in Figure 5.1.5 of the sensitivity analysis report (the attached Figure 1). In 
addition, brine inflow is important to the spallings release estimates through increased gas 
generation. This dependence is made clear in Table 4.4.3 of the sensitivity analysis report 
which lists halite porosity, a large 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 computational 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 

'Vaughn, P., T. Hadgu, D. McArthur, and J. Schreiber, FEP Screening Analysis S1: 
Verification of 2D-Radial 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, DOEKAO-1996-2184, December, 1996. 

2Helton, 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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generation was prescribed as a function of time, ending after 1,000 years in the screening 
calculations. 

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 
fiacturing. 

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 2x1 O6 kg (1,600 m’) of brine enters 
the repository in a period of 200 to 300 years and that this flow rate was continuing unabated 
at the time of drilling intrusion. Another 4x106 kg (3,200 m’) flowed into the repository 
shortly after the drilling intrusion. Figure 2 shows differences of 4x106 to 6x106 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 repod (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. As a crude approximation, consider the undisturbed scenario of a total 
fracture-enhanced flow of 20,000 m3 over a period of 2,000 years. The highest repository 
pressure in the FEP S-1 calculations was 13 MPa. This corresponds to a repository pore 
space of 85,000 111’ (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 1x106 to 2x106 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 
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average 8,000 m3 from the marker beds2. 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 m3 flowed 
into the repository from the marker beds in the S1 CCA calculations. To approximate the 
brine flow error 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 m3 less brine inflow to the full repository. If 1,200 m3 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 additional 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. l), 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 
residual gas saturation of the shaft seals to flow through the marker beds (Table 2.1.1 of the 
sensitivity analysis report). 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 (Le., regions 10,ll in Fig. 1.2.1)." As a result, the upper 
waste panels receive roughly one ninth of the brine inflow from the marker beds per panel as 
the lower waste panel. In a large fraction of the sampled vectors, gas generation stops in the 
upper panels because of limited brine availability for steel corrosion. Thus, the CCA 
calculations are under-predicting repository pressure as well as brine saturation. 

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 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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From: 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. 



From: Vaughn, P., T. Hadgu, D. McArther, and J. Schreiber, FEP Screening Analysis S1: 
Verification of 2D-Radial Flaring Using 3D Geometry, Memorandum to D.R. 
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From: Vaughn, P., T. Hadgu, D. McArther, and J. Schreiber, FEP Screening Analysis SI: 
Verification of 2D-Radial Flaring Using 3D Geometry, Memorandum to D.R. 
Anderson, January 26, 1996. 
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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 is the 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 else the DOE 
should provide demonstration that variations in borehole lifetime do not effect the release 
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 a large impact on the 
final release estimates. The upper borehole lifetime is fixed at two hundred years in all of the 
BRAGFLO calculations, except for the continuous plug configuration. This conflicts with the 
data used to calculate the borehole lifetimes2. The analysis indicates that the results of 
investigation on corrosion and borehole lifetimes are expected to vary over an order of 
magnitude (Thompson, et al. page Bl) and are considered to be conservative(Page B-17). 

The calculation of upper plug lifetime is not entirely clear. It seems to rely on 1) an assumed 
corrosion rate of 1- 3 &year for steel casing 2) the assumption of sufficient water 3) field 
observations of casing failures in the Salado and 4) rapid degredation of the concrete plug 
after casing failure. 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 spallings 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 brine(Page B-18). Field observations indicate that casing 
failures in the Salado are well-known (Page B-20; Bailey memo in La Venue, 19913) at 
depths less than 1,000 feet. However, the same report(Page B-17) also includes information 
that casing failures in 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. 

'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 23, 1996. 

2Thompson, T.W., W.E. Coons, J.L. Krumhansl, and F.D. Hansen. Inadvertent 
Intrusion Borehole Permeability, Attachment 16-3 in Appendix MASS of the Compliance 
Certification Application, DOE/CAO- 1996-21 84, October, 1996. 

3La Venue, M. Anomalous Culebra water-level rises near the WIPP site, INTERA: 
Technical Letter Memorandum, January 28, 1991 
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INCONSISTENCY BETWEEN DIRECT BFUNE RELEASE AND SPALLINGS 
GEOMETRY 

The EEG considers the inconsistency in the conceptual models of direct brine release and 
spallings in the CCA calculations to be unacceptable. The transport of solids and brine to the 
surface as a consequence 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 a waste room as a 
result of room depressurization from drill penetration into the room. The channels develop 
because the velocity of gas is 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 process is aided by 
the flow of gas perpendicular to the channels. The solid mass calculated to have been 
released in the spallings model is assumed to evacuate an annular region around the borehole 
in the direct brine release model. Brine is 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 a waste room and all brine in other rooms of a 
repository panel. The cumulative release to the surface would, thus, be much larger than 
calculated by the direct brine release model. 

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

I Issue 

The CCA uses a constant waste permeability value of 1 . 7 ~ 1 0 - l ~  m2 in the Direct Brine 
Release calculations. The method of calculating this value was questioned by a Peer Review 
Panel and DOE agreed that 2 .4~10- l~  m2 was the appropriate value. The use of this higher 
value in CCA calculations is considered here. 

The rate of radial flow to a well 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 a waste 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, residual brine 
saturation, and fracture flow. 

I Evaluation 

I SNL arrived at the value of 1 . 7 ~ 1 0 - l ~  rn2 for consolidated waste from laboratory data on three 
major waste components (sludge, 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 . 4 ~ 1 0 - l ~  m2. 

The Peer Review Panel recognized that use of this higher permeability value would increase 
brine releases in direct proportion to the increase in permeability (41 %). Yet 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. 
There is also the question of whether the current assumption of darcy flow is appropriate or 
whether the rooms should be modeled as fracture flow. Neither issue is 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 slightly different and result in a 
calculated permeability of 2.2-13 m2. 
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Effect on CCA 

The use of the higher waste permeability value (2 .4~10- l~  m2) 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 value 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 a single value for the consolidated waste permeability is to be used for direct brine release, 
then it should be 2 . 4 ~ 1 0 - l ~  m2 and not 1 . 7 ~ 1 0 - ' ~  m2. 
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RANDOM EMPLACEMENT OF WASTES IN REPOSITORY 

Issue 

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: 

(1) 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 
spallings releases can be assumed to be the average of the entire WIPP 
inventory; 

(3) the concentration of dissolved radionuclides in solution in a waste 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 this in the CCA by sampling 
on a volume weighted distribution on all 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 actual waste emplacement may deviate substantially from random. This is 
due to three factors: (a) during the period that a waste room is being filled there is unlikely 
to be shipment of waste from all Generating Sites on a volume weighted basis. (b) waste 
being shipped from a Site in a TRUPACT I1 is unlikely to be representative of the entire 
site; and (c) wastes arriving on a TRUPACT-I1 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 113 of the 7- 
packs or Standard Waste boxes on a TRUPACT-I1 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 
(WETS) 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 m3 of residues 
at WETS that are 3.3 times the Site average: (2) 60 m3 of SRS waste that are 42 times the 
Site average; and (3) 850 m3 at SRS that are 1.5 times the Site average. 
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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 a factor 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. There is no disputing 
the fact that sampling on activity levels will increase the calculated releases 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 individual 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 individual radioisotopes in the waste. For example, in average SRS waste 
at 350 years the 238Pu 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 234U. Appendix WCA of the CCA states the 
assumption that only 1% of dissolved uranium would be 233U and 234U, because in the total 
inventory these radioisotopes comprise less than 1 wt% of total uranium. However, data in 
the Baseline Inventory Report indicates that the 28,000 m3 of stored CH-TRU at INEEL 
contains 20 wt% of 233U. 

These concerns of non-uniform emplacement of wastes in the repository touch on the issue of 
load management. The CCA concludes that load 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 
several fold. Using a more conservative assumption of random emplacement may not result 
in non-compliance if all other assumptions in the CCA were held constant. However more 
conservative assumptions could noticeably shift the CCDF curve toward the compliance 
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boundary and, when incorporated with other changes to the 10/96 CCA, calculations could 
have a significant effect on the final CCDF. 

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 : 

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 a room is filled entirely with average 
concentration waste from the generating site that results in the greatest consequences. 
For concentrations in the waste this would be WETS. 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 f i s t  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 sites in clusters will have 
on the current calculations involving sampling on 569 waste streams. If 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-3 12. The recommended distribution is uniform 
from 0 to 0.56. It is stated 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 values in 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 
0.0783 to 0.277, or a uniform distribution from 0 to 0.277. 

'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. 

2Appendix PAR of the Title 40 CFR Part 191 Compliance Certification Application for 
the Waste Isolation Pilot Plant, DOEKAO- 1996-2 1 84, December, 1996. 
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COMPENDIUM OF DIRECT BRINE RELEASE PROBLEMS 

We have organized our comments on the CCA in a format so that individual sections tend to 
focus on single issues. To keep the individual sections brief, we have only occasionally 
touched on interrelationships 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 is to 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 
space is a function of pressure. The most important sampled parameter effecting 
repository pressure is microbial degradation. The microbial 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 sensitivity 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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Brine inflow 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 
substantially 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. This is 
most likely in error. 

Brine reservoir assumptions in the CCA 
The DOE has admitted to the conceptual 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 brine release 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 model to 
that assumed in the direct brine release model. The spallings model predicts the 
development of void channels throughout the room penetrated in a drilling 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 a very 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 
is in error by 41%, based on the data used by DOE. This error leads to a 41% bias to 
low values in the calculated releases. 

Residual brine saturation of waste 
The calculated flows are also biased by using a distribution of residual brine 
saturations that is unrealistic. 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 wastes in the repository 
The CCA calculations ignore the possibility of higher consequence events due to non- 
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uniform distribution of waste emplacement. In the direct brine release calculations the 
actinide content of waste in a room 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 difference in 
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 criteria values. 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 calculations 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 a very 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 al., 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 (Hora et 
al., 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 slower rate, in the probability of the effectiveness of active 
control after closure (Hora et al., 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). This team 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. IV-55-56). 

Hora stated that the Boston Team allowed 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 
Hora et al. (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); points in 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 (Hora et al., pp. IV-3 to IV-4). The first 100 years were then dropped and the results of 
the elicitation for ten tables were presented for time periods from 100-300 years (Hora et al., 
1991, Tables IV-2 through IV-I 1) and not from 0-300 years. However, Table IV-14 (Hora et al., 
1991) presents the calculated drilling rate probability for 0-300 years after closure. This table 
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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 a short 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: 

3) 

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

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 site, 

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

4) 

5 )  

the use of uranium mill tailings in Colorado to construct homes and other 
concrete structures despite a restriction to access to the tailings, 

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 pessimistic with respect to society's ability to maintain active 
controls and effective markers" (Hora et al., 1991, p. IV-31). One member speculated that 
controls and markers may last as long 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, all four teams in the elicitation exercise on future societies expressed reservations about 
the project's ability to maintain active control for even a short period of time. 

Recommendations 

EEG recommends that the 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 control. 
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Satisfactory procedure 

BLM failed to request DOE review. 

DOE failed to respond to BLM request. 

BLM approved permits to drill before requesting DOE review. 

BLM approved permits to drill before receiving DOE review. 

PASSIVE INSTITUTIONAL CONTROL 

3 

3 

9 

5 

5 J 

The CCA claims that passive institutional 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 Ownership 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 lease records 
and the internal procedures of the BLM which require the DOEs 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 approval 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 Act3 (Section 3 (b)). How effective 
was the MOU for that two year period? The following example is fairly 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 BLM4 sent a letter to the DOE requesting a review of an "Application 
for Permit to Drill" within one mile of the WIPP Site Boundary. The BLM received DOE's 
review5 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 DOEs 
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. 
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The MOU failed in twenty-two out of twenty-five applications for an institutional failure rate of 
88%. EEG notified DOE of this lapse in institutional control in 19936v7. Fifty-five subsequent 
applications, processed through July 1994, showed a failure rate of 9%. 

Records 

A recent example illustrates the failure of records to communicate important information 
prohibiting drilling in a certain area. In 1978, the DOE purchased leases in the vicinity of the 
current WIPP site for the explicit purpose of preventing drilling. One area was the N% NWVI 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 feetEv9. 

Figure 1. Eight applications for permit to drill into the WIPP Site 
Boundary. 

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 lease 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 a claim in federal court for a takings." In 
June 1996, the federal court awarded Bass et al. $8.9 million plus interest.'* 

Despite the active involvement of attorneys and officials for the oil companies and four federal 
agencies (DOE, BLM, EPA, and the Justice Department), the 1978 judgment, forbade drilling 
wells in Section 6 T23S, R31E, was not discovered until after the June 1996 j~dgment .~" . '~ . '~  
(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 
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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 
condemned those surface locations in 1977.13 

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 acres in 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 institutional 
controls are expected to endure and be understood."16. 

Figure 2. Gathered remains of marker at Shoal. 

On October 26, 1963 a twelve kiloton device was detonated underground at Fourmile Canyon, 
Nevada. The site was designated as the Shoal Site. In the late 1970s the DOE placed a 
substantial marker consisting of a brass plaque 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 plaque 
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 DOES 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 
DOE’S claim of 99% effectiveness of passive institutional controls from 100 to 700 years after 
closure. 
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POTASH MINING 

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 leases adjacent to the site does not account for the currently economical potash reserves. 
Figure 1 shows the extent of lease 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'. 

R30E R31 E 

Potash reserves 
not yet leased. 
Drilling for oll an( 
gas restricted. I 

R32E 

MILES 111 Potash Reserves 
Gas Well O InJectlon or satt 
011 Well water disposal 
011and 61 011 well converted 0 Inferred Reserves 

to InJectlon or satt 
water disposal 0 Barren or Mlnor Gas Well 

lndlcated Reserves 

Figure 1. Lease grade potash ore2 and oil and gas wells3 
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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 5 1,200 
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). 

(B Application Approved * Combination Oil and Gas Well 
0 Application Denied or Cancelled 

Producing Oil Well x Bottom Hole Location 
0 Producing Gas Well o Abandoned Well 

0 Brine Injection Well 

Figure 2. Drilling for oil and gas restricted by BLM due to the presence of potash reserves, 
leased and unleased. 
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Mlnable Potash Reserves 
U.S. Department of Interior"" US, Department of Energf' 

0 Potash Reserves 0 Indicated Reserves 0 Inferred Reserves 

Figure 3. Minable potash. 

Figure 3 shows the different estimates by DOE and DO1 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 leases 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 Act7 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 ....I' (Ref.8, 9 1702( 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, 0 1701(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 
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will best meet the present and future needs [emphasis added] of the American people" (Ref.8, 
0 1702(c)). The term multiple use also means "a combination of balanced and diverse resource 
uses that take into account the long-term needs offiture 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 

f 

- OlCPotash Ana as Designated by 
the sccreisy Effedlvc i m a m 6  

780.61 Sq. Miles 

July 19. 1985 

573.93 Sq. Miles 

Delaware Basln 

156.35 Sq. Miles 

499.589.56 Acres 

- Knwm Potash Lease Are&R-llI-P 

367,31826 Acres 

L X  Knwm Potash Leases Whin the 

100.064.89 Acres 

, 

EEG OBSERVATIONS 
EPA: Use minable reServeS to estimate 

the extent of potential mining. 

DOE: Used existing leases to determine 
impact on regional hydrology. 

BLM: Current 43 CFR 3530.3 specifies 
a per-State acreage limitation of 
5 1,200 acres for holders of 
potassium leases or permits. 

Figure 4. Potash leases within the Delaware Basin and minable potash not yet leased. 

the various renewable resources of the public land consistent with multiple use" (Ref.8, 
9 1702(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 also "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 oil, gas, and potash minerals ...'I (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 is valid. 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 has investigated 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 is received. 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 ID # 3148, bulk compressibility (COMP RCK 
CONC PLG), to have a value of 1.2E-09 Pa-', whereas the value used in the CCA PA 
calculations was 2.64E-09 Pa-'. Supporting documentation (Form 464s in 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 Castile Brine Reservoir Pressure parameter (WPO #3 1612), successive 
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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 erroneously placed into the database as a median, because 
the mode value had been erroneously 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 already 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 Pa is in 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 464s 
is a 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 a total 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 'I.. .the 8 data points.. , ' I ,  not 
", . .8 of the data points.. . 'I. 

Further, the weighting assessments are different between the Tierney and Freeze two 
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documents, and both differ from the weighting assessments in the original interpretation. No 
justification is given for changing these weighting factors. 

The Freeze document is apparently one page from a larger document to which there is no 
reference tie. 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 is the 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 # 3 1070) which 
had been sent to the same Peer Review Panel did contain a memorandum that referenced the 
Panel Report qualifying the parameter. 

Castile Reservoir Compressibility/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 

... I believe that treatment of brine reservoirs for the CCA was indefensible and 
non-conservative. I 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 
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data.. . 

The conclusion quoted above covers both the compressibility and volume of Castile brine 
reservoirs, which SNL analyses consider to be interdependent. 

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 reservoirs in the CCA was 
acceptable. 

However, whatever the effect on the CCDFs, the range used for the parameter in the CCA 
are still ' I . .  .indefensible and non-conservative. 'I 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 
developed, 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 also 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 ID 140, Effective Porosity) is in the Table PAR- 
30 (Appendix PAR, p. PAR-214) as a constant value of 1.5100E-01. The Form 464 for the 
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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 
(from a "student's t" 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 seems to 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 appears to be incomplete. The rationale for excluding many of the FEPs from 
performance assessment (PA) is not documented in the CCA, as required by 40 CFR 
194.32(e)(3). 

The DOE originally developed a list of nearly 1200 FEPs, and the draft CCA (the DCCA; 
DOEIWIPPICAO-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) is included as Appendix A to Attachment 
1 of Appendix SCR to the CCA; the CCA list (= 240) are in 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 ~ 9 0 0  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.) 
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The 30% that passed to the SNL "Side Efforts" program are required to have packages 
supporting the screening decision in the Sandia-WIPP Central Files (SWCF); these were to 
be screened based on the "FEPs Screening Analysis Plan, Version 5.2, for Phase I FEPs", 
dated 12-20-95 (for FEPs related to numerical and conceptual models), and "FEPs Screening 
Analysis Plan, Version 5-4, for Phase I1 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 Neil1 dated August 2, 1996). 

These 31 FEPs may have been part of a perhaps larger group of Phase I1 FEPs which were 
not processed in accordance with the analysis plan due to "resource constraints". The 
Change 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 a rationale 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 FEP is 

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

Table 2 also 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 a rationale 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 a general category of "1.9 Waste: degradatiodcorrosioddissolution" with 12 
subcategories (p. 26), but no alphanumeric designators are supplied. This seems to be the 
closest representation of the "Side Efforts" FEP designated as "DRll,  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. 
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A second concern is that 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 all 
FEPs that might affect the disposal system in the regulatory time frame; (2) a list 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 original 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 quality assurance programs. 

This leads to a fourth 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 a type 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 a five-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 FEPs is 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. There is no documentation that any 
FEPs were reviewed during this surveillance. Thus, the reduction of FEPs from = 1200 for 
the CCA's ~ 2 4 0  has not been assessed by an independent organization. 

FEPs in 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. 
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FEPs Screening Decision Adequacy 

For the CCA, FEPs were eliminated (screened out) from consideration in PA by one of three 
criteria: regulatory (SO-R), for FEPs excluded by language in 40 CFR 191 or $194; low 
consequence (SO-C) FEPs; and low probability (SO-P) FEPs, which are defined in 
§194.32(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 a less 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 
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 potential 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 experimental 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 Sandia- 
WIPP Records Center does store supporting documentation for the CCA, and for this FEP 
the records package is WPO # 3 1491, "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 data relating to physical or electrical contact between metals, or any 
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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 criteria is 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, 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 rejecting the possibility--for both the GG12 and the GG13 FEPs. 

FEPs Excluded on the Basis of Administrative Control 

Table C-3 in 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 
as issues 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 "BackfiWseal 
material deficiencies", "inadvertent inclusion of undesirable materials", "poor quality 
construction", "radioactive waste disposal error", "stray materials left", "Preclosure events", 
"Faulty seal emplacement", "Inadequate seal or compaction, voidage", and "Seal material 
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 a full 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: 
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FEPs relating to constructional, operational and decommissioning errors 
(classified as RD in the 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 privileges in the vicinity of WIPP (see recent EEG discussions of active and passive 
institutional controls) illustrate that such controls are not always effective. 



General Considerations: DQC's 

1. For sampled distributions, CCA Chapter 5 provides a good description of why simulation values need not be covered by DQC's: 

0 

0 

Applicable to tasks involving quantification trhough sampling and analysis of specific constituents in an environmental medium (e.g., 
pollutants in wast streams - waste characterization and environmental monitoring). 
The performance assessment is estimated using mathematical models rather than being determined by direct measurement. 
1) Parameters are treated as being uncertain variables, rather than precisely determined quantities and are characterized by probability 
distributions. 
2) Parameter distributions may span several orders of magnitude due to uncertainty intorduced in susequent processing. Many parameters 
derived from data measurements need be known only within orders of magnitude of their true value. Efforts to reduce the range do not 
necessarily improve model accuracy. 
3) As an example, data accuracy would be very difficult to assess for geologic site characterization activities because reference or true values 
do not exist. 
4) In summary, it's not practicable to apply DQC's to most scientific investigations used support a performance assessment, in which there 
uncertainty in the conceptual models and the resultant ranges of parameters. Instead, controls established by the QA program provide the 
necessary quality. 

2. There are a lot of technical discussions that could be presented to describe why DQC's don't apply to specific data sets The intent here is to 
provide some general discussion regarding the topic. 

3. 194.22(c) itself says "...to the extent practicable, information which describes how all data used to support the compliance application have been 
assessed for their quality characteristics, including: ...[ PARCC]". 

4. Natural features do not lend themselves to DQC's. 

January 16, 1997 
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CATEGORY 

Dominant force - 
relative to releases 

Less important - 
relative to releases 

~ 

No Impact - 
relative to releases 

DATA SET 

Particle Size 

The Probability of 
Microbial 

Degradation 

Anhydrite 
Permeability 

DATA SET DESCRIPTORS 

Particle sizes of waste and 
backfill at the time of human 
intrusion 

0 What future waste might 
look like 10,000 years 

0 No physical data collected 

0 Sampled distribution 

0 

0 interpretative 

0 Interpretative - 
0 Estimate of the likelihood of 

occurrence of gas generation 
- 50% likelihood 

0 

0 Experimental data 
0 Field data 
0 Laboratory data 

A measure of a porous 
medium to transmit fluid 

0 Sampled distributions 

PRECISION, ACCURACY, REPRESENTATIVENESS, COMPLETENESS, COMPARABILITY 
(PARCC) 

P: No physical data collected by project. Values were selected by smallest size analog 
materials & largest annular space. Smallest sized values determined from textbooks 
standard equations. 

A: No physical data collected by project. Values were selected by smallest size analog 
materials & largest annular space. Smallest sized values determined from textbooks 
standard equations. 

R: The uniform distribution assures that all possible values are fully represented. 
C: Distribution captures plausible and realistic values. 
C: N/A: Because there is only one data set. All of the available data were used. 

~ ~~~ ~~~ 

P: Data collected was not used to determine the distribution. Model decision formulated - 
50% likelihood (yeslno), if the process will take place. The 50% value reflects a lack of 
knowledge of the distribution. 
A: Data collected was not used to determine the distribution. 
R: 50%, only 2 possibilities. 
C: Based on- interpretation. 
C: N/A: ~ . For the 50% there are only 2 possibilities. 

P: A wide range of values doesn't affect release. The laboratory and field data were combined 
into a single data set. 

A: Distribution was set up to account for a wide range of data and uncertainty in data points. 
R: Latin Hyper Cube sampling assures that distribution and values fully represented. 
C: Latin Hyper Cube sampling assures that distribution and values fully represented. 
C: N/A: Because all of the available data were used to create the distribution. 



CATEGORY 

Less important - 
relative to releases 

Less important - 
relative to releases 

~~ 

No Impact - 
relative to releases 

DATA SET 
~~ 

Gas Generation 
Rates 

Panel Closure 

Releases through 
the Culebra: Kd's 

DATA SET DESCRIPTORS 

0 Rate of gas generation 
0 Experimental data 

0 Laboratory data 
0 Sampled distributions 

0 Bounding argument 
0 No data collected for panel 

closure. 

0 Experimental data 
0 Field data 
0 Laboratory data 

0 All distributions 

PRECISION, ACCURACY, REPRESENTATIVENESS, COMPLETENESS, COMPARABILITY 
(PARCC) 

P: Variability in values doesn't significantly affect release. Wide variability due to a large 
range of conditions in W l a b  data dominates the variability in the individual experiments. 
Variability scatter of the data collection values is small compared with the much broader 
spread assumed by the distribution to account for uncertainties in the conditions. 

A: Variability in values doesn't significantly affect release. Wide variability due to a large 
range of conditions in €wL$lab data dominates the variability in the individual experiments. 
Variability scatter of the data collection values is small compared with the much broader 
spread assumed by the distribution to account for uncertainties in the conditions. 

R The Test Plan is designed to explore the range of conditions expected in the repository. 
The sampling assures that distribution and values are fully represented. 

C: Latin Hyper Cube sampling assures that distribution and values fully represented. 
C: N/A: Because there is only one data set. 

Permeability is larger than what we think the true value would be. Very conservative value. 
The true distribution of values would all lie below the assumed values and is therefore very 
conservative. 
R: Bounds all plausible values. 

~ ~ ~~ 

P: Variability in values doesn't significantly affect release. Wide variability due to a large 
range of conditions in fieldllab data dominates the variability in the individual experiments. 
Variability scatter of the data collection values is small compared with the much broader 
spread assumed by the distribution to account for uncertainties in the conditions. 

A: Distributions set-up for variability uncertainty. 
R Representativeness of collection cannot be known for 100% certainty for natural features. 

Therefore accounted for by probabilistic method. 
C: Same as for Representativeness. 
C N/A: Because all of the available data were used to create the distribution. 
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ENVIRONMENTAL EVALUATION GROUP 
AN EQUAL OPPORTUNITY I AFFIRMATIVE ACTION EMPLOYER - 

7007 WYOMING BOULEVARD, N.E. 
SUITE F-2 

ALBUQUERQUE, NEW MEXICO 87109 
(505) 828-1003 

FAX (505) 828-1062 

December 3 1, 1997 

Mr. Frank Marcinowski 
Radiation Protection Division 
Office of Radiation and Indoor Air 
U.S. Environmental Protection Agency 
401 M Street SW 
Washington, DC 20460 

Dear Mr. Marcinowski: 

At our meeting on December 10, 1997 in Albuquerque, the EPA WIPP project staff asked us to 
provide a written description of each of the issues related to the EPA’s draft rule on WIPP, that 
we presented that day. This letter is to provide you a summary of each of the issues that we 
presented, as well as summaries of the issues that we did not have the time to present that day. 
Where more details are needed, we have enclosed extended descriptions. As requested by your 
staff, we have made specific suggestions on how to resolve each of these issues. This letter is not 
a replacement for the material presented to the EPA, but supplements and amplifies it. Also, 
please note that our presentations at the 12/10/97 meeting, and this letter, constitute our initial 
reaction to the EPA’s drafl rule published on 10/30/97. As we continue to review the voluminous 
materials released with the draft rule, we will provide additional comments to you in the near 
fhture. 

As we noted on December 10, the issues presented to the EPA were those for which we have 
additional analyses or arguments. The issues not discussed that day were those for which we have 
previously provided detailed comments to the EPA, but the EPA has disagreed with our position, 
as indicated in the Draft Rule. Those issues are also included here with our reasons for continuing 
to believe in our previously stated positions. We trust that this material will be of use to you in 
your continuing review of the DOE application. 

SUWMARIES OF THE ISSUES PRESENTED ON 12/10/97 

Solubility 
In reviewing the basis for the selection of actinide solubilities in the CCA and PAVT calculations, 
the EEG finds that the FMT model is unique to WIPP and is not used elsewhere. Calculations 

Providing an independent technical analysis of the Waste Isolation Pilot Plant (WIPP), 
a federal transuranic nuclear waste repository. 
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using the FMT model result, for example, in a difference of 19 orders of magnitude between the 
projected solubility of thorium pentacarbonate in the Castile brine versus the Salado brine. This 
is hard to explain on the basis of differences in the brine compositions. Hence the code becomes 
suspect. It appears that the EPA verification was limited to an exercise in which EPA used the 
same computers, codes, and database (after correction of some errors in the database) as DOE, to 
determine the same numerical values. This is not the standard of verification that one normally 
applies to chemical modeling codes. Verification would require, at a minimum, an analysis and 
demonstration that the FMT code correctly solves the simultaneous equations, a thorough 
comparison with the results of calculations using a code that is used more widely in the modeling 
community, and a demonstration that the calculations are consistent with all relevant published 
data. For example, as a preliminary analysis, it would have been more informative if a widely used 
code such as EQ3 or PHREEQE had been used with the FMT database and then FMT had been 
used with a database from some other modeling group. 

Plutonium will account for 82% of the WIPP radioactive inventory 100 years after closure. The 
CCA maintains that the plutonium will exist either as Pu(II1) or Pu(1V). However, the plutonium 
data were not used for developing the FMT model to predict the solubility of Pu(1V). Rather, 
the CCA relied on data for uranium and thorium as analogs. But there are long recognized 
concerns about relying entirely on the oxidation state analogy to derive thermodynamic constants 
for modeling complex electrolyte systems. As stated in the NAS/NRC WIPP Committee report 
(Oct. 1996, p. 129): 

Although the oxidation state model (the assumption that the chemistry of a given 
oxidation state is similar for all of the actinides) is an appropriate beginning to a difficult 
problem, deviations from the oxidation state analogy are well known in natural and 
experimental systems. Substantial experimental verification will be needed to establish the 
limits of this analogy. 

In its technical support documentation, EPA discusses the shortcomings of the solubility 
uncertainty ranges advanced by DOE. There is no direct basis for the uncertainty ranges for 
actinides in oxidations states +4 and +6. Moreover, the uncertainty ranges for oxidation states +3 
and +5 are derived primarily from non-actinide data. Nonetheless, EPA has accepted the ranges 
as adequate, commenting “It is not clear that including more data for the other actinide state 
would appreciably change this range” (EPA, 111-B-17, p.35). The argument is weak. It also 
remains unclear that the range adequately brackets uncertainty for a population for which data 
have not been examined. 

In the solubility calculations, the CCA inappropriately discounts the role of organic ligands on 
plutonium solubility. The CCA provides information on the amounts and complexing properties 
of EDTA and then argues that other organic ligands, such as citrate, will be unimportant despite 
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the fact that citrate is the most abundant water-soluble organic constituent. Citrate forms 
e-dremely strong complexes with actinides in the +4 oxidation state [e.g. Th(IV)], but very weak 
complexes with other cations. Moreover, the DOE and EPA have each assumed that the actinides 
and the brine would be evenly distributed and well mixed throughout the repository. The problem 
with this assumption is that the plutonium and citrate are located in the same drums. These waste 
forms result tiom chemical separations of Pu and do not fit the classic description by DOE of 
TRU waste as contaminated tools, rags, gloves, booties, etc. The solubility of the plutonium for 
these waste forms must also be calculated as a very stable plutonium citrate complex where other 
cations in the brine diffusing into the drum cannot compete effectively with the complexed 
actinides (IV). 

Perhaps the most important questionable assumption made in projecting the solubility values used 
in the CCA and the PAVT is the presence of hydromagnesite as the dominant stable mineral 
species resulting from the MgO backfill. DOE’S experimental efforts with MgO predominantly 
produced nesquehonite, a magnesium carbonate mineral, with the later appearance of an 
unidentified phase. Hydromagnesite was not formed in the experiments reported by the DOE 
(Van Bynumls 4/23/97 report); a hydromagnesite-like unnamed mineral is reported. The chemical 
structure of this mineral is in fact more like nesquehonite. The DOE and the EPA believe that 
“hydromagnesite will be the metastable hydrated magnesium carbonate phase and nesquehonite 
will be an intermediate phase.” (EPA Technical Support Document 111-B-17, p.2). There is no 
experimental data for the length of time that nesquehonite is expected to exist. The distinction 
between the projected hydromagnesite-dominated or nesquehonite-dominated chemical 
environment in the repository is important because the actinide solubilities in the presence of 
nesquehonite are 3 to 4 orders of magnitude higher than in the presence of hydromagnesite. 

The EEG therefore recommends that the EPA reexamine these issues and provide additional 
justification for the CCA and the P A W  solubility values. If convincing justification is not 
available, then the “no backfill”, or “nesquehonite” solubilities should be used in a new 
performance assessment calculation. 

The EEG has investigated the effect of actinide solubilities on the mean CCDF plots, using the 
EPA’s PAVT releases, and making no other changes. The investigation (Enclosure 1) included 
the “CCA” solubilities, “no backfill” solubilities, and “nesquehonite” solubilities. The overall 
mean CCDF curve for “nesquehonite” solubility moved one order of magnitude closer to the 
compliance limit at l o 3  probability compared to the CCA solubilities (Enclosure 1, Fig. 1). 

Three Dimensional Processes and Boundary Conditions 
This issue was presented to the EPA staff on December 10, 1997 as “2D/3D Modeling in 
BRAGFLO’. The EEG first brought this issue to the EPA’s attention as an attachment titled 
“Brine Inflow From Salado: 2-D versus 3-D Geometry in BRAGFLO” to the 3/14/97 Neil1 to 
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Marcinowski letter. The DOE submitted a response as an attachment to the 6/27/1997 letter from 
G.E. Dials to L. Weinstock. The Draft Rule includes this issue as Issue F in CARD #23. The 
EEG position is summarized by the EPA as Comment #553 on page 115 of CARD #23, and the 
EPA response is provided on page 116. EEG’s detailed response to the DOE and the EPA 
positions is provided as Enclosure 2 to this letter. A summary of the issue, the EEG’s response, 
and the EEG recommendation to resolve the issue, follow. 

The results of FEP S-1 screening analysis suggest that the two dimensional BRAGFLO model 
used in the CCA calculations may be misrepresenting repository performance at pressures above 
the anhydrite fracture pressure. There is the potential of substantially greater brine saturation in 
the repository at higher pressures than calculated for the CCA. The discrepancy between the 2D 
and 3D versions of BRAGFLO may have resulted in an underestimate of radionuclide releases to 
the surface. 

To resolve this issue, the EEG recommends that several 3D BRAGFLO simulations of the 
repository should be performed using the parameter values of vectors used in the CCA 
performance assessment. The 3D BRAGFLO simulations should be used to provide repository 
conditions for the normal suite of direct brine release calculations. The calculations should also 
be assessed in terms of impact on spallings calculations. Spallings simulations are probably not 
required to assess the impact. The following criteria may be used to select the CCA vectors for 
running the 3D simulations to bound the magnitude of the problem: 

Since the discrepancy occurs above the fracture initiation pressure, the simulations should be 
limited to parameter vectors that result in pressures above 12.7 MPa at some time during the 
10,000 year time frame. 

Direct brine release calculations should be sensitive to increased brine saturations above the 
waste residual brine saturation. Vectors that had either large brine saturations or a mobile 
brine component (saturations above the residual saturation) are more likely to be sensitive to 
increased brine inflow. Figure 5.1.5 of the preliminary sensitivity analysis report (Helton, 
1996) indicates one vector with a 10,000 year pressure above 14 MPa and a brine saturation 
above 0.4. This is a likely candidate. 

The potential for brine consumption by corrosion should be assessed. Vectors with both slow 
and fast corrosion rates that also meet the above two criteria should be run. 

If the first simulations indicate a large change in saturation, then assess whether the 3D 
BRAGFLO simulations indicate a much larger number of significant direct brine releases than 
those calculated in the CCA. Simulations using brine saturations on the order of 0.1 and 0.3 
should be performed. 
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Review of the EPA Spallings Investigation 
The EPA funded a separate investigation of the spallings phenomena that focused on potential 
limits on spall material reaching the surface because of insufficient lofting capacity of gases vented 
from the repository (TSD III-B-10 and TSD III-B-I 1). The EPA investigation determined that 
venting of the repository would not be energetic enough to bring spall material to the surface. 
The conclusion is valid for evaluating the CCA spallings model but cannot be extended to the 
most recent DOE spallings model. The investigation’s focus is on relatively long term transport 
capability consistent with the CCA spallings model. It should be on the immediate transport of 
material from the formation of an explosive spall cavity, as in the most recent DOE model. 

The EPA modeling is superceded by the new spallings model presented in January 1997 (Hansen 
et al., 1997) to the DOE’S Conceptual Model Peer Review Panel. The Panel rejected the CCA 
model and accepted this new model. This new model predicts that almost all spall would come 
from the face of the drilling cavity and that the spall process would occur in the first few seconds 
of repository depressurization. 

The permeability reduction used in the EPA model is inappropriate to address removal of the 
initial spall material. The spallings model of Hamen et al. predicts that spalling will stop after a 
few seconds and that depressurization is negligible beyond roughly 1.5 meters at this time. 
During this initial depressurization, the source of flow is from the region close to the borehole. It 
is this local depressurization that would cause spalling to progress away from the drilling bit. 

The temporal and spatial discretization of the EPA investigation is far too coarse to investigate 
the potential for evacuation up the borehole of spall material created in the first few hundred 
seconds. For example, in the case of a two foot penetration with 0.25 m3 spall cavity, the first 
element of the EPA analysis is 0.39 m thick. In the Hansen et al. model, the first element is 0.01 
m thick. In the EPA investigation the first time step is 86 seconds compared to 0.001 seconds in 
the Hansen et al. model. These differences in both temporal and spatial discretization are an 
indication that the EPA modeling cannot predict gas velocities from local depressurization 
reliably. Hence, the EPA model cannot be used to judge the conservatism of the spall model 
described by Hansel? et al., nor the extension of the Hameti et al. model to potential spall from 
air drilling. 

Hansen et al. also considered the issue of maximum particle size that could be transported up the 
borehole. Their results indicate that particles as large as 10,000 microns may be transported to 
the surface after the mud column has been expelled from the borehole, about 250 seconds after 
intrusion, and that transport of such large particles could occur for much more than 200 seconds. 
Two-hundred and fifty seconds is still very early in the EPA investigation (3 time steps). The 
discretization of the EPA model is too coarse to accurately calculate the flow rates this early in 
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the 1 l-day period. In conclusion, the calculations of Hanseri et al. indicate that transport of spall 
material up the borehole will not limit the release of spall material to the surface. 

The EEG therefore recommends to the EPA to not use the results of simplified modeling 
contained in the draft rule attachments TSD III-B-IO and III-B-11 to confirm the validity of the 
CCA spallings model, or to limit the potential releases fiom air drilling. 

Stuck Pipe/Gas Erosion Scenarios 
“Stuck pipe” is a scenario that occurs when, due to very low permeability of the waste and 
extremely high pressures in the repository, the amount of failed waste (spall) is more than the 
carrying capacity of the drilling mud. The spall then presses against the drill string sufficiently 
hard to slow down the rotation of the drill bit, preventing normal drilling. To free the jammed bit, 
the drillers pull the drill string up and start drilling again. If the pressures remain high, the driller 
may have to bring the bit up several times, thus allowing significant quantities of waste to be 
brought to the surface. “Gas erosion” refers to the scenario in which the failed waste is slowly 
eroded by the drilling mud when the repository pressure is just above hydrostatic and the waste 
permeability is low. Under these conditions, waste may be released into the drilling mud at a rate 
undetectable by the driller. Gas erosion would continue until the repository pressure is in 
equilibrium with the drilling fluid, and may bring significant quantities of waste to the surface in 
the process. Both these scenarios were considered by the DOE in an earlier exercise in the WIPP 
performance assessment (Systems Prioritization Method, 1999, but were not considered in the 
CCA because the permeability of the waste was assumed to be higher than the threshold for these 
processes to occur. 

The CCA (Chapter 6, p. 6-100) states that permeability of the waste compacted under a lithostatic 
load was found to be in the range of IO-’* to m’, but assigns a constant value of 1 .7~10- ’~  m’, 
which is much greater than the assumed threshold of 1016 m’ for the “stuck pipe” scenario. 

This issue was first raised in my February 7, 1997 letter to you, and has been numbered 540 in the 
draft rule (CARD 23). The response to Comment 540 states that the phenomena of stuck pipe 
will not occur because the permeability of the waste in the CCA (DOE, 1996-Chapter 6) was 
greater than the threshold permeability for stuck pipe stated in the CCA (DOE, 1996-Appendix 
CUTTINGS-S). The EPA quotes additional studies of permeability made by the DOE, in which 
the waste permeability was found to be 100 times less than the CCA value (Hansen et al., 1997), 
but still greater than the threshold permeability. Thus, the EPA does not believe that stuck pipe 
and gas erosion are processes to be considered in the CCA spallings model. 

The EEG continues to believe that the “stuck pipe” is a plausible scenario because the threshold 
of 1 ~ 1 0 ’ ~  m’ for stuck pipe and gas erosion may be faulty. This value resulted from the CCA 
Spallings model (as part of CUTTINGS-S), which was found to be conceptually flawed. 



Mr. Frank Marcinowski 
Page 7 
December 3 1, 1997, 

Berglund (1 
for blowout 
cease when 

994) states that, for model simplicity, a value of 1 ~ 1 0 ’ ~  m2 will be used for a cutoff 
. The new spallings model, GASOUT (Hansen et al., 1997), shows that blowout will 
permeability is between 1014  and lo-’’ m2. Berglund (1994) has shown that when 

blowout stops, the stuck pipe and gas erosion mechanisms of spall take over because the failed 
waste will be introduced into the borehole cavity and will not be blown out. Thus, the 
permeability threshold for the stuck pipe and the gas erosion scenarios appears to be to lo-”, 
rather than In any case, because of the stuck pipe and the gas erosion scenarios coming into 
play when the blowout ceases, release to the surface will occur even when the conditions for 
blowout of the mud column cease. We therefore recommend that it should be assumed that all of 
the calculated spall material will reach the surface. 

Furthermore, the permeability of the waste in the WIPP repository is quite likely to be lower than 
that anticipated by the DOE, None of the waste surrogates for permeability testing included MgO 
as a backfill material. It is suspected that MgO precipitation will decrease the permeability by 
providing material for interstitial cementation, which has been postulated by the DOE’S Particle 
Size Expert Elicitation Panel to be a major contributor to increased waste strength and lower 
permeability. Since the permeability of the waste is such a key parameter in assessing compliance 
with the standards, additional permeability measurements on surrogate waste that includes 
magnesium chloride cement should be carried out. Until this is done, the calculations may sample 
on the to range. 

To get a perspective on the potential magnitude of impact of these scenarios on compliance, the 
EEG conducted calculations to investigate the amount of spallings release through either the 
stuck pipe or the gas erosion process that would violate the EPA standard. Enclosure 3 shows 
that if between 8 m3 and 64 m3 of spalled material is assumed to reach the surface, the standard is 
violated at lo-’ probability. The EEG is in the process of computing the releases from the stuck 
pipe and the gas erosion scenarios, and will transmit the results to the EPA as soon as possible. 

Brine Release in Air Drilling 
The EEG has investigated the effect of air drilling on direct brine release, and the results are 
shown in Enclosure 4. The results show that brine releases to the surface could be between 1000 
and 2000 m3, compared to a maximum of 180 m3 fiom the EPA’s PAVT computations. The 
CCDF from the EEG’s runs show that the overall mean for all types of releases (including brine 
release fiom air drilling) comes very close to the EPA limit at l o 3  probability for the actinide 
solubilities assumed in the CCA, and violates the standard at the “no backfill” and “nesquehonite” 
solubilities. 

Fluid Injection Scenario 
The petroleum reservoirs surrounding and underlying the WIPP are potential candidates for fluid 
injection to recover a substantial amount of crude oil reserves. For oil field operations in 
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southeastern New Mexico, the problem of water migrating from the intended injection zone, 
through the Salado Formation, and onto adjacent property has long been recognized. In fact, 
concerns about unexplained water losses due to solution mining, potential oil field development, 
or future oil field waterflooding has helped eliminate other sites from consideration as 
documented in an EEG report on fluid injection (Silva 1996; EEG-62). The EPA proposes to 
accept the DOE position that fluid injection can be ruled out as a potential scenario and, hence, 
need not be considered in the performance assessment calculations. 

For fluid injection activities on leases adjacent to the site, the DOE argues that such events can be 
eliminated from fbrther consideration on the basis of low consequence. The EPA raised questions 
regarding DOE’S consequence analysis and “concluded that regardless of the consequence 
argument, the probability of such an injection event that affects WIPP is very low, and so this FEP 
can be eliminated on the basis of low probability”(CARD 32, p.42). The DOE chose to examine 
consequence rather than probability, as noted by Stoelzel and O’Brien, “[because certain 
petroleum practices are hard to define in a probabilistic sense (for example, the quality of the 
cement and/or casing and its ability to withstand leaks over time). . .”( Stoelzel and Obrien 1996, 8). 
Nonetheless, EPA assigned probabilities to certain petroleum practices, such as an undetected 
leak occurring in the annulus, and multiplied the probability of each event and calculated that the 
realistic probability of a injection well impacting the repository was only one in 667 million (EPA, 
111-B-22, Table Q). But this value appears to be based on an optimistic view of future injection 
well performance and does not reflect the actual experience of documented waterflows in the 
Salado Formation in water flood areas throughout southeast New Mexico. 

In the final analysis, for the low consequence argument, the EPA has accepted the modeling 
results of Stoelzel and O’Brien (1996) and Stoelzel and Swift (1997) for DOE, and has rejected 
the modeling results of Bredehoefl(l997) for the New Mexico Attorney General. The DOE 
maintains that a leaking injection well in the vicinity of WIPP is a low consequence event. But a 
very fundamental question remains. Can the DOE codes model a documented high consequence 
event? In other words, can the DOE codes take the injection data and geologic data from the 
highly visible Hartman case and reproduce what is believed to have happened at the Bates Lease? 
Can these codes model the migration of substantial amounts of water through a single zone of the 
Salado Formation, two miles in the up dip direction, in about 12 years? That has yet to be shown. 
Unless the code is verified with actual field data, the low consequence conclusion will remain a 
speculation at best. 

The EPA does not anticipate that CO, injection for oil recovery will be a widespread practice in 
the future near WIPP (EPA CARD-23, p. 13 1). However, EPA’s reasons do not have supporting 
references and appear to be at odds with the published literature. The EPA technical support 
document (111-B-22) states “at this time, the only examples of CO, injection enhanced recovery 
techniques are some distance from the WIPP site and under much different geologic conditions 
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(Magruder 1990; Trash 1979)”. But an examination of the current and relevant literature strongly 
suggests that the Delaware Mountain Group sands are excellent prospects for future CO, 
flooding. First, CO, flooding has been demonstrated to be quite successfbl in mature fields in the 
Delaware Basin such as the TwoFreds (Silva, 1996, pp. 142-145). Second, the DOE continues to 
sponsor university research on Delaware Basin oilfields, such as the Geraldine Ford and the West 
Ford, aimed at optimizing infill drilling and COz flooding throughout the Delaware Basin. Third, 
oil and gas companies continue to purchase mature fields, such as the El Mar in the Delaware 
Basin, specifically for carbon dioxide flooding. Fourth, the recently drilled reservoirs surrounding 
the W P  such as Cabin Lake, Livingston Ridge, Los Medanos, and Lost Tank have oil and 
reservoir characteristics that easily qualie them as potential candidates for fiture CO, flooding 
using the enhanced oil recovery (EOR) screening criteria. 

EPA maintains that “there are no natural gas storage horizons in the Salado Formation” (EPA 
CARD-32, p.71). As shown on a map presented to EPA by EEG on October 10, 1996, there are 
eight gas storage underground facilities in southeast New Mexico, three of which are in the 
Salado Formation in which the salt was “washed out to create a cavern”, according to entry in a 
State document. 

There are other fluid injection issues that have either not been hl ly  addressed or in which there 
apllears to be a misunderstanding of the issue including, for example, the yet to be explained 
water level rises in the Culebra Aquifer, the likely expansion of solution brine wells in the 
Delaware Basin, and the likely initiation of solution mining activities in maturing potash mines. 

SUMMARIES OF THE ISSUES NOT PRESENTED ON 12/10/97 

The following are the summaries of the other important issues related to the CCA and the Draft 
Rule that were not presented to your staff on December 10, but have been previously presented to 
the EPA. 

Waste Issues 
EEG has concerns about some EPA conclusions regarding: (1) waste inventory and waste form; 
(2) waste characterization; and (3) waste repository limits. 

Waste Inventory and Waste Form: 
The EPA has concurred with the DOE’S contention that there is no uncertainty in the waste 
inventory. EEG’s view is that: (1) there is considerable uncertainty in the stored inventory; (2) 
there is uncertainty in the volume of newly generated waste and the processes at the generating 
sites have changed significantly since the stored waste was generated; and (3) DOE plans to treat 
most of the waste at INEEL and the RFETS (residues) and repackage, and treat for size 
reduction, at other facilities. These plans are not reflected in the CCA inventory. 
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EPA should recognize this uncertainty and either not accept the DOE inventory and Waste 
Material Parameter (WMP) values or not permit DOE to bring in waste that differ significantly 
from the values in the CCA until more accurate inventory data have been developed and used in 
the PA calculations. 

Waste Characterization: 
DOE has concluded that a maximum repository limit of 2x10’ kg of cellulosics, rubber, and 
plastic (CRP) should be set in order to prevent production of more C02 than can be controlled by 
the MgO backfill, EPA has concurred in this recommendation. The expected amount of CRP in 
the repository is 2.1~10’ kg (see CARD 24-38). 

EEG is concerned about the ability to measure CRP in the waste with enough accuracy to ensure 
that this limit will be met. Visual Examination (VE) is a method that is capable of good precision 
on those containers measured if all internal containers are emptied and their contents identified 
and weighed. ‘However, the preferred method of characterization is real time radiography (RTR) 
which is only semi quantitative (W weights are estimated by determining the void space and 
weight of waste in the drum which is not very accurate even if there is only one WMP in the 
container). EEG has not found a reference to the uncertainty in determining the weight of CRP in 
waste containers in either the DOE or the EPA reports. The EPA needs to point out where this 
uncertainty has been addressed, if it has been, or address the issue at this time. 

Waste Repository Limits: 
DOE has concluded that all repository limits need to be controlled only for the full repository. 
EPA has concurred in this recommendation and concluded that DOE’S WIPP Waste Information 
System (WWIS) is capable of controlling repository limits. 

There are two concerns that do not appear to have been addressed: 

(1) An excess of CRP in a waste panel could overload the MgO in that panel and since no 
interchange of brine between panels is assumed, it is questionable how much benefit 
would incur from excess MgO in another panel. Estimated concentrations of CRP do 
vary significantly between generating sites (e.g. at INEEL the average is 1.8 times the 
total inventory average); 

(2) A management plan that allows emplacement of repository limited parameter 
quantities that vary significantly from the required average could result in a situation 
where the required limits could not be met by emplacing the remainder of the 
inventory. This is a potential problem because the actual content of waste containers 
will be known only as the individual containers are characterized and may be much 
different than the current estimates. 
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EEG believes that the case for controlling limits on a repository basis has not been justified. We 
recommend control on a per panel basis, at least, until the inventory is known with more certainty. 

Retardation Coeficient 
The EEG has submitted the following four documents to the EPA on this issue: 

Copy of November 14, 1996 letter from R.H. Neill to J. Salisbury, with attachments; 
February 7, 1997 letter from R.H. Neill to F. Marcinowski, with attachment “Chemical 
Retardation”; 
Copy of May 23, 1997 letter from R.H. Neill to J. Salisbury, with attachments; and, 
Copy of August 29, 1997 letter from R.H. Neill to G.E. Dials, with attachments. 

The August 29, 1997 letter and the attachments (docket # II-D-117) contained the EEG position 
on this issue based on the July 30, 1997 meeting in Albuquerque, which was organized by the 
EEG. Copies of this letter with the attachments were mailed to several EPA officials and the EPA 
WIPP docket. The DOE also sent a copy of their impressions of the July 30 meeting (Dials to 
Neil1 8/25/97 letter with attachments, docket # II-D-115) to the EPA on August 25, 1997, four 
days before the EEG letter. 

The EPA draft rule discusses this issue in the Technical Support Document, “Assessment of Kds 
Used in the CCA”, docket # III-B-4. This document makes extensive references to the DOE’S 
August 25, 1997 letter, but no mention of the EEG’s August 29, 1997 letter. Because the issue 
was raised by the EEG, and the July 30, 1997 meeting was organized by the EEG, it is difficult to 
understand why the EPA’s analysis makes no mention of the EEG’s summary of the July 30 
meeting and the recommendations. 

A: described in the EEG’s August 29, 1997 letter, the EEG has recommended conducting both 
batch and column tests for at least the actinides Pu(III), Pu(IV), and Am(II1) in the Culebra brine; 
setting the lower end of Kd for U(W) to be zero; conducting sensitivity analysis for potential 
impact of organic ligands; extending performance assessment calculations beyond 10,000 years to 
see how long the chemical retardation delays the releases to the environment; investigating the 
potential impact of nonlinear sorption on radionuclide transport; and, checking the validity of the 
K, values derived from the column tests by examining the cores to identitjl whether the Pu and 
Am are present in adsorbed or crystalline solid phase. 

The EEG recommends that the EPA consider the EEG submissions to the docket before reaching 
a final conclusion on the issue. 
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Brine Reservoir Probability 
The EEG raised a number of issues related to the Castile Formation brine reservoirs (see R.H. 
Neil1 letters to F. Marcinowski, dated 2/7/1997 and 3/14/1997, attachments “Brine Reservoir 
Assumptions”). The EPA has accepted all of the EEG suggestions except the one related to the 
assumption of the probability of encounter of brine reservoirs, and we disagree with the EPA on 
this issue. The CCA assumed 8% probability on the basis of faulty assumptions. The EEG 
recommended 100% probability on the basis that the WIPP-12 brine reservoir was large enough 
to most likely extend under the repository, a conclusion also confirmed by geophysical testing 
directly above the repository. The EPA has sampled on a range of 1 to 60%, but has provided no 
basis for assuming less than 60%. Based on the arguments that the geophysical (Time-domain 
electro-magnetic survey) data may be interpreted to indicate the brine to be under 60% of the 
repository, and that some boreholes adjacent to the brine producing boreholes are known to be 
dry, the EEG is willing to accept the assumption of a fixed 60% probability of encounter, and 
recommends that a new performance assessment calculation be run with this fixed value. 

Assurance Requirementmngineered Barriers 
The EEG believes that in allowing the resource disincentive requirement of the EPA standards (40 
CFR 19 1.14 e) to be satisfied if the numerical containment requirements (40 CFR 19 1.13) are 
satisfied (through 40 CFR 194.45), the EPA deviated from the basic philosophy of the “belt-and- 
suspender” approach inherent in the assurance requirements of the standards. Faced with the fait 
accompli of promulgation of 40 CFR 194, the EEG recommended (EEG-61, May 1996) that at 
least the actual conditions at the site related to the presence of natural resources be f X y  and 
conservatively assumed in projecting compliance with the numerical containment requirements. 
This does not appear to have been done in the CCA, judging from the DOE resistance to 
consideration of fluid injection, air drilling, and mining scenarios. The other suggestion made by 
the EEG (in EEG-61) is to compensate for siting the repository in a mineral resource rich area by 
incorporating robust engineered barriers in the W P ’ s  design. The DOE has proposed 
Magnesium Oxide backfill as an engineered barrier, but that is needed for assuming low actinide 
solubility to show compliance with the containment requirement. The “containment” and the 
“assurance” requirements of the EPA standards thus have not been kept separate, as was intended 
by the EPA standards, 40 CFR 19 1. 

The EEG recommends that additional confidence in predicting the behavior of the waste over 
10,000 years can be obtained by processing the waste. Hence, EPA should encourage the DOE 
to process the waste before shipment to WIPP. TRU waste is highly heterogeneous and there are 
no limits on the allowable particle size of the waste. The Nuclear Regulatory Commission 
requires a 300 year waste-form or container longevity for class B or class C low-level waste, 
whereas there are no requirements for the TRU containers or the waste-form in 40 CFR 191. 
Moreover, the DOE proposed action in the WIPP 1997 Environmental Impact Statement only 
commits to meeting the Waste Acceptance Criteria for acceptance of waste at WIPP. The DOE 
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preferred alternative, published in the 1997 Final Waste Management Programmatic 
Environmental Impact Statement for Managing, Treatment, Storage and Disposal of Radioactive 
and Hazardous Waste, is to treat and store at the sites where it is generated prior to shipment to 
WIPP. 

The recommendation to treat the waste before shipping to WIPP should be easier to accomplish 
because several of the DOE’S waste generator sites are planning to process and/or repackage the 
waste before shipping to WIPP anyway, for other reasons, as described below. The EPA’s 
directive will result in an orderly and coordinated decisions on this matter throughout the DOE 
weapons complex, and will make WIPP safer. 

According to the September 1997 WIPP Final Supplemental Impact Statement (DOEES- 
0026-S-2), 27,000 m’ of alpha emitting low level waste at INEEL will be processed to 
convert it to TRU waste. 

The information for the following processing and repackaging plans is derived from the National 
TRU Waste Management Plan, DOE/NTP.-96-1204, Rev. 1. 

INEEL plans to process all the existing and projected TRU waste except for 15,000 drums 
(3,000 m’) to meet the INEEWState of Idaho agreement, which amounts to processing 
79,600 m’ - 3,000 m3 = 76,600 m’ of waste. 

ANL-E plans to treat and stabilize all the 203 m3 existing and newly generated CH-TRU 
waste. 

Hanford plans on repackaging most of its 16,127 m’ of CH-TRU waste. 

Rocky Flats Plant will process the plutonium residues and the scrap alloy since plutonium 
concentrations exceed the DOE limits. About half the other TRU waste will be processed and 
repackaged. 

The Plutonium-238 heat source wastes at Savannah River exceed the hydrogen gas limits 
imposed by NRC and will require treatment or an easing of the regulations for a less stringent 
flammable limit or the use of hydrogen getters in the transportation containers. 

All the 1097 m’ CH-TRU waste at ORNL will be processed with a 50% volume reduction. 

SRS plans to process and repackage 9,525 m’ of the existing 11,725 m’ of CH-TRU waste. 
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In summary, of the existing 104,400 m3 of CH-TRU waste, DOE has plans to treat or repackage 
88,900 m3 or 85%. Of the 15,500 m3 not being processed, 3,000 m3 is intended for shipment to 
meet a scheduled commitment between DOE and the State of Idaho. The EPA should recognize 
DOE'S efforts in stabilizing the waste and encourage DOE to also fix the yet-to-be generated 
waste. 

We look forward to continuing the dialogue with you to resolve these and other issues. 

k c e r e 1  y, 

Director 

RHN:js 
Enclosures 

cc: Mr. Richard Wilson, EPA 
Mr. Larry Weinstock, EPA 
Ms. Mary Kruger, EPA 
Mr. Chuck Byrum, EPA 
Mr. Tom Peake, EPA 
Mr. George Dials, DOE 
Mr. Chris Wentz, NMEMNRD 
Mr. Lindsay Lovejoy, Jr., NMAG 
EPA Docket for WIPP (A-93-02) 



(Enclosure 1 to the 1213 1/97 Letter From R.H. Neil], EEG to F. Marcinowski, EPA) 

Issue: Solubility Modeling 

The modeling of solubility changes to the PAVT started with the re-running of the ‘Source Term’ files. The Latin 
Hypercube Sampling (LHS) generated a range of solubilities in the CCA that were 2.0 and 1.4 orders of magnitude 
below and above the median values, respectively. For the present model the range of solubilities were reduced to a 
constant value, based on solubilities of ‘No Backfill’ from Van Bynum (1997), and Nesquehonite in Novak 
(1 997). The parameters of SOLSIM (solubility factor for Salado) and SOLCIM (solublity factor for Castile) (DOE, 
1996-Appendix PAR) were changed for the oxidation states of +3, +4, and +6. 

Table 1 shows the values used to replace SOLSIM and SOLCIM for all the actinides for the different mineral types. 
Again, the range from -2.0 to 1.4 with a cumulative continuous distribution was changed to the values below with a 
cumulative discrete distribution. One hundred vectors were created for all six scenarios of the first replicate with 
the new LHS file. 

Once Source Term files were created, PANEL was rerun with the new solubilities using BRAGFLO files of the 
PAVT. The BRAGFLO files supply the velocity information for PANEL to use in the transport equations. The 
PANEL ‘concentration’ simulations were ran for 100 vectors of S1 and S2 scenarios. The PANEL ‘time’ 
simulations were reran for 100 vectors of S6 for times 100,350, 1000,4000, 6000 and 9000 years postclosure. 

Lastly, the PANEL files were incorporated into the CCDFGF to create CCDF curves for comparison with 40 CFR 
Part 194. In addition to the Nesquehonite and No Backfill simulations with PANEL to create the new CCDFs, the 
CCA PANEL files containing CCA solubilities were used with PAVT releases of direct brine release, cuttings, 
spallings, and transport through the Culebra. Figure 1 shows the CCDF results of the different solubilities. 

The figure shows that none of the curves violate the standard. The CCA solubility model has an estimated release 
of 0.45 EPA units at the lo3  probability level. This is slightly higher than the 0.37 EPA units of the PAVT model 
and 0.22 EPA units of the CCA. The releases are shown to increase to 6 EPA units for Nesquehonite solubilities 
and to 7.5 EPA units for ‘No Backfill’ solubilities. The EPA compliance limit for the 10” probability level is 10 
EPA units, or 3500 Ci for Plutonium, Uranium, Thorium, and Americium. 

References 
Bynum, R.V., 1997. Chemical Conditions Model: Results of the MgO Backfill Efficacy Investigation, SAND97- 
25 1 1. Albuquerque, NM: Sandia National Laboratories. 

Novak, C.F., 1997. Memorandum from Craig F. Novak to R. Vann Bynum “Calculation of Actinide Solubilities in 
WIPP SPC and ERDA6 Brines Under MgO Backfill Scenarios Containing Nesquehonite or Hydromagnesite as the 
MgO-C03 Solubility-limiting Phase”. Albuquerque, NM: Sandia National Laboratories. WPO# 46 124. 

US.  Department of Energy, 1996. Title 40 CFR 191 Compliance Certification Application. DOE/CAO-1996- 
2 184. 

Table 1. Solubility Factors for SOLCIM and SOLSIM 
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(Enclosure 2 to the 1213 1/97 Letter From R.H. Neill, EEG to F. Marcinowski, EPA) 

Issue: Three Dimensional Processes and Boundary Conditions 

Problem Description 
The EEG first brought this issue to the EPA’s attention as an attachment titled ABrine Inflow From Salado: 2-D 
versus 3-D Geometry in BRAGFLO to the 3/14/97 letter from R.H. Neill to F. Marcinowski. The DOE submitted a 
response as an attachment to the 6/27/1997 letter from G.E. Dials to L. Weinstock. The Draft Rule includes this 
issue as Issue F in CARD #23. The EEG position is summarized as Comment #553 on page 115 of CARD #23, and 
the EPA response is provided on page 116. This issue was presented by the EEG to the EPA on December 10, 1997 
as 2D/3D Modeling in BRAGFLO. 

The FEP Screening Analysis titled S1: Verification of 2D-Radial Flaring Using 3D Geometry (Vaughn et al., 1996) 
compared the two dimensional radial flaring model of BRAGFLO used in the CCA performance assessment to a 
three dimensional BRAGFLO model of the repository. The 3-D model calculated a large flow of brine into the 
repository after the pressure reached the anhydrite fracturing pressure. The large flow did not occur in the 2-D 
model. Figure 1 shows the pressure history for the two models. The scenario used for the investigation included a 
drilling intrusion at 1,000 years, accounting for the large drop in pressure at that time. Our concern is the difference 
in behavior of the two models after the pressures reach 12.7 MPa but prior to 1,000 years. 

Figure 2 depicts the calculated brine inflow and outflow rates. The figure shows a large difference in calculated 
inflows of the two models during the period of 700 to 1,000 years. Figure 3 reinforces the perception that the brine 
inflow in the 3-D model is large. As shown in Figure 3, during the 700 to 1,000 years period the 3-D model shows 
a decrease in gas saturation of 0.05. Our concern is that if the brine inflow calculated in the 3-D model persists for 
thousands of years then the 2-D model calculations significantly under-predict repository saturation at high 
pressures. 

Greater saturations could lead to much larger direct brine release calculations. Figure 4 (Figure 5.1.5 of Hefton) is 
the basis of this contention. Figure 4 depicts the relationship of calculated direct brine releases to repository 
conditions at three separate times. The average repository brine saturation and repository pressure are plotted for 
each vector on the horizontal plane. A vertical line connects the plane to a small circle at the level of the vertical 
axis corresponding to the volume of brine calculated to reach the surface. Calculated releases greater than one cubic 
meter are highlighted using a filled circle. 

Figure 4 indicates that there were few calculated direct brine releases when the calculated repository pressures 
exceeded 12.7 MPa and almost none when the pressure exceeded 14 MPa. Almost all of the larger calculated direct 
brine releases occurred when brine saturations were above 0.5, a condition never calculated at pressures above 14 
MPa. The FEP S-1 analysis suggests that the potential for many of the vectors with great repository pressure to also 
have large brine saturations. Thus calculated direct brine releases might have both larger volumes and greater 
frequency in the performance assessment. 

EEG Assessment of DOE Response to Comment ## 553 

The major concern of the EEG is that the 3-D modeling of the repository system indicates the potential for large 
brine inflow to the repository at high pressure which leads indirectly to the potential of larger direct brine releases 
than calculated in the CCA. The DOE has presented three independent lines of reasoning to indicate that the EEG’s 
concern is unwarranted. If convinced that any of these lines of reasoning are correct then the EEG will concur with 
DOE’s assessment that the issue is of little concern. 

DOE’s three arguments are: 1) Additional brine will be consumed by corrosion and the resultant gas generation will 
not cause greater repository pressures. 2) The difference in the two dimensional and three dimensional models only 
occurs at pressures above those calculated during the performance assessment for CCA. 3) The changes in the 
repository consistent with the three dimensional model are of little consequence to the performance assessment. 
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At this time, the first two of the lines of reasoning appear to be flawed. The third argument relies on the CCA 
values of actinide solubility that the EEG is not convinced are correct. 

1. Additional brine will be consumed by corrosion and the resultant gas generation will not cause greater repository 
pressures. 

That additional brine inflow will lead to more gas generation is not questioned. The flaw in this argument is that the 
potential brine inflow is too large to be consumed in a short period and could lead to large enough amounts of 
additional gas to significantly effect the pressure. The result could be both larger brine saturations and higher 
pressures. Figure 1 indicates that lower pressures are also possible. In the FEP S-1 the rate of gas generation was 
assumed to be constant. Thus, there was no feedback between brine inflow and gas generation in the FEP S-1 study. 

The DOE cites the amount of iron remaining in the repository (Figure 5; DOE, 1996 Figure 12-13) as support for 
the argument that more brine inflow will lead to more gas generation not higher saturations. Figure 6 (Figure 2.2.9 
of Helton) shows less iron remaining in the lower (waste) panel, presumably due to relatively more brine inflow to 
the lower panel (Pg 2-18 of Helton, 1996). Figure 7 (Figure 2.2.7 of Helton, 1996) shows that at most 30,000 cubic 
meters of brine are predicted to be consumed through iron corrosion. In most vectors, the calculated brine 
consumption was less than 15,000 m3. In many, brine consumption continues though-out the 10,000 year 
compliance period. Other vectors show a secession of brine consumption after less than 2,000 years, presumably 
due to exhaustion of available brine (See Section 2.2 of Helton). Figure 2 suggests that brine inflow from fracturing 
may be on the order of 10 m3 / year or more and continue for hundreds to thousands of years. Drawn on the Figure 
7 is a line with a slope of 10 m3 / year. Comparing the brine consumption with this slope indicates that the potential 
brine flow is large compared to the rate of brine consumption. The potential brine inflow is greater than 10,000 m3. 
Most of this flow would likely be into the lower panel. The maximum amount of brine consumed in the lower panel 
was 6,000 m3 (Figure 8, Figure 7.2.1-10 of Bean et al.). 

2. The diflerence in the two dimensional and three dimensional models only occurs at pressures above those 
calculated during the performance assessment for CCA. 

DOE cites Figure 9 (Figure 2.3.2 of Helton), showing the 10, 50 and 90 percentile pressures for each replicate for 
the 10,000 years, as demonstration that pressures will not increase greatly above 12.7 MPa. In fact, Figure 10 
(Figure 2.3.1 of Helton), which depicts the pressure history of each vector of replicate 1, indicates that many of the 
calculated pressures were greater than 13 MPa and that for one vector the calculated pressure reached close to 16 
MPa. 16 MPa is less than 2 MPa below the 17.5 MPa peak pressure of the 2-D simulation of the FEP S-1 analysis 
(Figure 1). The DOE has offered no explanation of what happens between 16 and 17.5 MPa to cause such large 
brine inflow in the 3-D simulation but not the 2-D simulation. A believable explanation is that the change occurs at 
initiation of anhydrite fracturing not just above 16 MPa. 

3. The changes in the repository behavior consistent with the three dimensional model are of little consequence to 
the performance assessment. 

There are two obvious potential impacts on the performance assessment calculations from greater pressure and brine 
saturations in the repository. Greater pressures would lead to larger calculated releases from the spallings model. If 
the spallings model described in Hansen et a]. is correct then it is unlikely that the volumes brought to the surface 
because of greater pressures would approach those calculated in the CCA. 

Either greater pressures or saturations could lead to much larger direct brine release calculations. Figure 4 indicates 
that there were very few calculated direct brine releases when the calculated repository pressures exceeded 12.7 
MPa and almost none when the pressure exceeded 14 MPa. Almost all of the larger calculated direct brine releases 
occurred when brine saturations were above 0.5, a condition never calculated at pressures above 14 MPa. The FEP 
S-1 analysis suggests that the potential for many of the vectors with great repository pressure to also have large 
brine saturations. Thus calculated direct brine releases might have both larger volumes and greater frequency in the 
performance assessment. 
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Direct brine release was a minor component of the total calculated radionuclide releases in the CCA ( Figure1 1; 
Figure 6-41 of the CCA). The volumes of direct brine release would have to be two orders of magnitude greater to 
have an impact on agreement with the containment requirements which is large in relation to a possible increases in 
the calculated volumes of brine brought to the surface through direct brine release. However, the radionuclide 
content of brine brought to the surface may be underestimated in the CCA which would make direct brine release of 
greater significance to the performance assessment (See EEG comments on solubility). 

EEG Response to EPA’s Resolution of Comment # 553. 

The EPA’s resolution of this comment relies on the fact that Abrine and gas saturations are inversely related. This 
relationship does not necessarily lead to higher brine saturations indicating lower pressures or less gas in the 
repository. The statement AThe 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.@ is a conclusion that the 3-D modeling 
results may indicate is not valid. 

Consider Figure 4. This figure provides a plot of calculated brine saturation and pressure conditions in the 
repository at three separate times for undisturbed performance. This figure shows a correlation of brine saturation 
with repository pressure. There are at least three mechanisms that may lead to such a correlation: 

A) Faster corrosion rates lead to more gas generation, less brine and greater pressures. Table 1 (Table 2.3.1 of 
Helton) lists the parameters most closely correlated with pressure in the lower waste panel. The list results from a 
step wise rank regression of the sampled parameters with pressure. The parameter that correlates the most pressure 
is listed first. The table lists the microbial degradation of cellulose and rubber and plastics (WMICDFLG) as the 
most important factor with halite porosity (HALPOR) next. Table 1 indicates that sampled corrosion rate 
(WGRCOR) is not a dominant factor in repository pressure. Halite porosity is a reasonable surrogate for brine 
availability (see Figure 2.1.5 of Helton). 

Table 2 (Table 2.2.2 of Helton) lists halite porosity as by far the most important controlling factor over iron 
consumption. The second most important factor is the corrosion rate. Other parameters identified as slightly 
correlated with repository pressure and fraction of steel remaining are: ANHPRM (unfractured anhydrite 
permeability), SALPRES (Far field pressure in the Salado Formation), SHRGSSAT (residual gas saturation in the 
shaft seal), and WASTWICK (the parameter describing the tendency of brine to be pulled above the lower part of a 
room by capillary forces) 

Figure 12 (Figure 2.4.3 of Helton) provides important supporting evidence. The figure presents the fraction of iron 
remaining in the lower waste panel (FEREM-W) or in the rest of the repository (FEREM-R) with respect to halite 
porosity, microbial degradation, steel corrosion rate. The plots of remaining iron and halite porosity suggest that a 
sufficient supply of brine is needed for iron consumption but other factors also limit corrosion. The main factor is 
probably corrosion rate. Figure 12 shows that low corrosion rates limit iron consumption, but that predicted iron 
consumption is not strongly dependent on corrosion rate. The comparison of iron remaining to microbial 
degradation is important because its strong correlation with repository pressure (Table 1). These plots show that the 
fraction of iron remaining in the repository is only weakly correlated with microbial degradation and that the 
correlation is positive e.g. microbial degradation, hence pressure, is inversely correlated with iron consumption. 
This inverse correlation is probably linked to the availability of brine. 

B) Less brine flows into the repository at high pressures, at least in the 2-D BRAGFLO model used for the CCA 
performance assessment. 

C) The repository inflates as the pressure rises (Figure 13; Figure 2.3.5) leading to more void space and lower 
saturations per unit volume of brine. Figure 13 indicates that the calculated void space in the repository is twice as 
large at 12 MPa than at 5 MPa and nearly three times at 16 MPa. Thus, the correlation of brine volume to pressure is 
much weaker than the correlation of saturation to pressure seen in Figure 4. 
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The FEP S-1 screening analysis concluded that the increased brine inflow to the repository in the 3-D simulation did 
not increase release to the accessible environment through the marker beds. The EEG agrees with this conclusion. 
It has not been demonstrated, however, that the increased flow into the repository predicted using the 3-D geometry 
will not lead to much greater releases from human intrusion. The 3-D modeling indicates that there is a potential for 
the combination of high pressure and relatively high brine saturation in the repository at the same time. This 
combination did not occur in the performance assessment modeling for the CCA and thus conclusions of the impact 
on radionuclide releases due to human intrusion can not be assessed using the CCA performance assessment. 

The DOE has not yet demonstrated that the performance assessment modeling for the CCA accurately represents the 
potential repository conditions. The results of FEP S-1 screening analysis suggest that the two dimensional 
BRAGFLO model used in the CCA calculations may be misrepresenting repository performance at pressures above 
the anhydrite fracture pressure. 

Recommendations for Resolving the Issue 

To resolve this issue, the EEG recommends that a few 3D BRAGFLO simulations of the repository should be 
performed using the parameter values of vectors used in the CCA performance assessment. The 3D BRAGFLO 
simulations should be used to provide repository conditions for the normal suite of direct brine release calculations. 
The calculations should also be assessed in terms of impact on spallings calculations. Spallings simulations are 
probably not required to assess the impact. The following criteria may be used to select the CCA vectors for 
running the 3D simulations to bound the magnitude of the problem: 

0 Since the discrepancy occurs above the fracture initiation pressure, the simulations should be limited to 
parameter vectors that result in pressures above 12.7 MPa at some time during the 10,000 year time frame. 

0 Direct brine release calculations should be sensitive to increased brine saturations above the waste residual 
brine saturation. Vectors that had either large brine saturations or a mobile brine component (saturations 
above the residual saturation) are more likely to be sensitive to increased brine inflow. Figure 5.1.5 of the 
preliminary sensitivity analysis report (Helton, 1996) indicates one vector with a 10,000 year pressure 
above 14 MPa and a brine saturation above 0.4. This is a likely candidate. 

0 The potential for brine consumption by corrosion should be assessed. Vectors with both slow and fast 
corrosion rates that also meet the above two criteria should be run. 

0 If the first simulations indicate a large change in saturation, then assess whether the 3D BRAGFLO 
simulations indicate a much larger number of significant direct brine releases than those calculated in the 
CCA. Simulations using brine saturations on the order of 0.1 and 0.3 should be performed. 
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Figures 
Figure 1: Average Pressure in Repository, FEP S-1 Analysis 
From Vaughn et al, 1996. 

Figure 2: Cumulative Net Brine in and outflow at Repository, FEP S-1 Analysis 
From Vaughn et al, 1996. 

Figure 3: Average Gas Saturation in Repository, FEP S- 1 Analysis 
From Vaughn et al, 1996. 

Figure 4: Three dimensional scatter plots for volume of brine reaching the surface due to direct brine release for a 
drilling intrusion into the lower panel. 
From Helton, 1996. 

Figure 5 :  Fraction of Initial Iron Remaining in Repository 
From: DOE, 1996. 

Figure 6: Remaining Fraction of Steel Inventory in Waste Panel 
Modified from Figure 2.2.9 in Helton, 1996. 

Figure 7: Cumulative Volume of Brine Consumed by Corrosion in the Repository 
Modified from: Helton, 1996. 

Figure 8: Cumulative Volume of Brine Consumed in the Waste Panel 
From Bean et al., 1996 

Figure 9: Percentile curves for three replicated LHSs for pressure in waste panel 
From: Helton, 1996. 

Figure 10: Pressure in waste panel 
Modified from Figure 2.3.1 of Helton, 1996. 

Figure 1 1 : Mean CCDFs for Specific Release Modes, Replicate 1 
From DOE, 1996. 

Figure 12: Scatter Plots of the Fraction of Iron Remaining in the Waste Panel (Right Frames) and Rest of the 
Repository (Left Frames) for Undisturbed Conditions at 10,000 Years. 
From Helton, 1996. 

Figure 13: Scatter plot of pressure versus total pore volume in the repository. 
From Helton, 1996. 

Tables 
Table 1 : Stepwise Regression Analysis with Rank-Transformed Data for Pressure in the Waste panel at 10000 years. 
From Helton, 1996. 

Table 2: Stepwise Regression Analysis with Rank-Transformed Data for Fraction of Steel Remaining and Total Gas 
Generation in Upper and Lower Waste Panels at 10000 years. 
From Helton, 1996. 
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FULL TEXT OF ORIGINAL EEG COMMENT 

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 spallings scenario. 

The justification for modeling the repository in a pseudo 3-D manner (2-D radial flaring) rather than in a full  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. This 
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 report2 lists the residual gas saturation as the parameter with the strongest influence 
on the projected direct brine releases. This is also shown in Figure 5.1.5 of the sensitivity analysis report (the 
attached Figure 1). In addition, brine inflow is important to the spallings release estimates through increased gas 
generation. This dependence is made clear in Table 4.4.3 of the sensitivity analysis report which lists halite 
porosity, a large 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 
computational 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. 

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 2x106 kg (1,600 m3) of brine enters the repository in a period of 200 to 300 years and that this flow rate was 
continuing unabated at the time of drilling intrusion. Another 4x106 kg (3,200 m3) flowed into the repository shortly 
after the drilling intrusion. Figure 2 shows differences of 4x106 to 6x106 kg (3,200 to 6,500 m3) for much of the 
10,000 years. The brine inflow differences listed above should be doubled for the full repository. Virtually no flow 

'Vaughn, P., T. Hadgu, D. McArthur, and J. Schreiber, FEP Screening Analysis S1: Verification of 2-D-Radial 
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/CAO-I 996-2 184, 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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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 the simulation without the beds fracturing. Figure 2.1.4 of 
the sensitivity analysis report2 (Figure 3) indicates very little marker bed inflow with microbial gas generation of 
plastics and rubber, supporting the findings of the FEP 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. As a 
crude approximation, consider the undisturbed scenario of a total fracture-enhanced flow of 20,000 m3 over a period 
of 2,000 years. The highest repository pressure in the FEP S-1 calculations was 13 MPa [Correct value is 16.5 m a ] .  
This corresponds to a repository pore space of 85,000 m3 (Figure 2.3.5 of the sensitivity analysis report)[at 13 MPa]. 
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 1x106 to 2x106 kg ( 800 to 1,600 m3) 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 m3, with an average 8,000 m3 from the marker beds'. 
Mx-ker bed brine flows in the S5 scenario are dominated by flows under low pressure conditions. The marker bed 
flcr-~s are a more significant concern in the S1 undisturbed scenario. An average of roughly 3,000 m3 flowed into the 
repository from the marker beds in the S1 CCA calculations. To approximate the brine flow error 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 m3 less brine inflow to the full repository. If 1,200 m3 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 additional 
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 residual 
gas saturation of the shaft seals to flow through the marker beds (Table 2.1.1 of the sensitivity analysis report). 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 (Le., regions 10,ll in Fig. 1.2. l)." As a 
result, the upper waste panels receive roughly one ninth of the brine inflow from the marker beds per panel as the 
lower waste panel. In a large fraction of the sampled vectors, gas generation stops in the upper panels because of 
limited brine availability for steel corrosion. Thus, the CCA calculations are under-predicting repository pressure as 
well as brine saturation. 

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 S-1 needs to be re-examined with appropriate consideration of the impact of 
increased brine saturation on calculated release estimates. 

DOE Response to the EEG Comments 

Attached to Letter by GE Dials to L. Weinstock, DOE Response to Comments made to EPA by EEG on the DOE'S 
CCA DatedMarch 14, 1997., June, 27, 1997. 
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Brine inflow to the repository 

Vaughn et al. justified the use of the 2-D radial-flaring BRAGFLO model by comparing the results of the 2-D model 
with those of a corresponding 3-D model. However, the limits of the analysis exceeded the highest predicted 
pressures in the repository by approximately 4 to 5 MPa. 

The 2-D and 3-D model results show reasonable agreement, except under conditions where fracturing of the 
anhydrite beds occurs (at pressures above 12.7 MPa). The 3D model predicted a greater flow of brine into the 
repository than the 2-D model when the pressure in the repository was sufficient to increase porosity in the fractured 
anhydrite beds. However, the high constant gas generation rate assumed in the Vaughn et al. analysis resulted in peak 
average pressures in the repository of about 17.5 MPa (2-D BRAGFLO) and 16.5 MPa (3-D BRAGFLO) (Vaughn et 
al., Figure 11) (not 13 MPa as stated by the EEG), which are greater than the highest pressures expected in the 
repository (see Helton, Figure 2.3.2). Thus, the large increases in average anhydrite porosity and associated brine 
inflow predicted by 3D-BRAGFLO are not likely to occur in the repository. 

Vaughn et al. assumed constant gas generation rates with no brine consumption. In reality, any additional brine 
entering the repository would likely be consumed by gas generation processes, which would limit brine saturation. 
PA calculations show that significant amounts (at least 409G of the initial inventory) of uncorroded iron will persist 
throughout the 10,000 year regulatory period under conditions of undisturbed performance (CCA Figure 9- 10). The 
extent of corrosion is limited by the amount of brine available, and the iron inventory will not be exhausted as a 
result of the increase in brine flow to the repository predicted by 3D-BRAGFLO. Subsequent to an intrusion the 
pressure within the repository is relieved and remains below the fracture initiation pressure. 
EEG acknowledges that higher brine saturations would not necessarily occur as a result of increased brine flow to the 
repository, but that increased brine flow would lead to increased gas generation. Increased volumes of gas generated 
at high pressures (above 12.7 MPa) would tend to result in increased porosity in the fractured anhydrite rather than 
significant increases in pressure. Helton (Figure 2.3.1) showed that repository pressures do not increase greatly above 
12.7 MPa (after fracturing has occurred). 

Pressures sufficiently high to cause fracturing (12.7 MPa) tend to occur at low brine saturations (Helton Figure 5.1.5) 
due to the consumption of brine by corrosion. If brine inflow occurs at the high pressures suggested by the 3-D 
BRAGFLO analysis (in excess of 16.5 MPa), then brine saturation in the repository could increase. The EEG 
suggests that brine saturation could increase by as much as 23 % at such pressures. However, as discussed above, this 
value of pressure is unrealistically high given that gas generation processes could consume most of any additional 
brine entering the repository. Nonetheless, even with the unrealistic assumption that brine saturation increases by 
23%, Figure 5.1.5 of Helton shows that the number of simulations in which direct brine release resulting from a 
drilling intrusion occurs would not increase significantly. Although accounting for higher brine saturations could 
increase cumulative direct brine releases, the overall CCDFs from all release pathways would be little changed 
because of the relatively minor contribution of direct brine release to overall releases (CCA Figure 64 1). 

In summary, the set of conditions where the 3D-BRAGFLO and 2D-BRAGFLO do not show good agreement 
(average pressures above 16 MPa) are not expected to occur in the repository. Even if such pressures did occur, 
resulting in anhydrite fracturing and porosity increase, the brine inflow predicted by 3D-BRAGFLO would have little 
effect on direct brine release during a drilling intrusion. 

EPA Response to Comment # 553 

EPA disagrees with the comment. The work that is most relevant to this concern is the FEP Screening Analysis titled 
S1: Verification of 2D-Radial Flaring Using 3D Geometry, WBS No. 1.1.6.3, SANDIA WIPP CENTRAL FILES-A: 
1.2.07.3: PA:QA:TSK:Sl, ERRATA - February 19, 1996 (SNL W O  #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-dimensional (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 
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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 model 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 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 similar for both 2- 
D and 3-D grids. With respect to increased brine saturation, Figures 7 and 12 of the FEPs 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 
simulations (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 calculations is a reasonable simplification and that the predicted results are conservative. 
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Figure 1 : Average Pressure in Repository, FEP S- 1 Analysis 
From Vaughn et al, 1996. 
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Figure 2: Cumulative Net Brine in and outflow at Repository, FEP S-1 Analysis 
From Vaughn et al, 1996. 
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Figure 3: Average Gas Saturation in Repository, FEP S-1 Analysis 
From Vaughn et al, 1996. 



Figure 4: Three dimensional scatter plots for volume of brine reaching the surface due to direct 
brine release for a drilling intrusion into the lower panel. 
From Helton, 1996. 
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Figure 5 :  Fraction of Initial Iron Remaining in Repository 
From: DOE, 1996. 
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Figure 6: Remaining Fraction of Steel Inventory in Waste Panel 
Modified from Figure 2.2.9 in Helton, 1996. 



Figure 7: Cumulative Volume of Brine Consumed by Corrosion in the Repository 
Modified from: Helton, 1996. 
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Figure 8 :  Cumulative Volume of Brine Consumed in the Waste Panel 
From Bean et al., 1996 



U 

Figure 9: Percentile curves for three replicated LHSs for pressure in waste panel 
From: Helton, 1996. 
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Figure 10: Pressure in waste panel 
Modified from Figure 2.3.1 of Helton, 1996. 
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Figure 12: Scatter Plots of the Fraction of Iron Remaining in the Waste Panel (Right Frames) and 
Rest of the Repository (Left Frames) for Undisturbed Conditions at 10,000 Years. 
From Helton, 1996. 
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Figure 13: Scatter plot of pressure versus total pore volume in the repository. 
From Helton, 1996. 
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Table 

step Variableb SRRCC 

1 WMICDFLG 0.7 1 

2 HALPOR 0.45 

3 WGRCOR 0.23 

- 4  ANHPRM 0.1 1 

5 SALPRES 0.07 
6 SHRGSSAT 0.06 

: Stepwise Regression Analysis w 
panel at 10000 years. From Helton, 1996. 

R" 

0.52 

0.73 

0.79 

.OS0 

0.80 

0.8 1 

Rank-Transformed Data for Pressure in the Waste 

Table 2: Stepwise Regression Analysis with Rank-Transformed Data for Fraction of Steel 
Remaining and Total Gas Generation in Upper and Lower Waste Panels at 10000 years. 
From Helton, 1996. 

Step' Vuiableb SRRCC @ VuirMC 

1 HALPOR -0.18 0.0 WMICDFLG 
2 WGRCOR 4.35 0.15 WGRCOR 
3 WMICDFLG 0.12 0.16 HALPOR 
4 WASTWICK 4 . 1 0  o.n MPRM 
5 SHRGSSAT -0.08 0.18 H U R M  
6 BPINTPRS 4.06 0.78 SHRGSSAT 

'Steps in rtepwir rrgrrui4n .arlytis. 

- 
SRRC 

0.46 
4 .45  
4 .38  
4.23 
4.09 
4.09 

- 
- 

A2 - 
0.20 
0.4 t 
0.56 
0.63 
0.63 
0.64 - 

Toul GII Genmuon 
uppa Wme Pmb 

WGRCOR 
WASWlCK 0.07 0.83 
SHRGSSAT 0.06 

foul Grr Genenuon 
Lower WIIIe Panels 

Vuiablc 

WGRCOR 
HALPOR 
ANHPRM 
WMKDFLG 
W R M  
SHRGSSAT 

- 
SRRC 

0.41 
0.45 
0.33 
0.11 
0.12 
0.08 

- 
- 
@ 

0.23 
0.44 
0.55 
0.58 
0.59 
0.60 

- 

Variables Lined in orda of denion in regression d y s i r  wilh ANHCOMP and HALCOMP excluded from enay into rcgrrssion model. 
SundvdLed regression caficicnu ia final rcgmsim model. 
Cumulauve R2 vdue with m y  of& vuuc into rrgcrcion mod~I .  



(Enclosure 3 to the 12/3 1/97 Letter From R.H. Neill, EEG to F. Marcinowski, EPA) 

Issue: Compliance Failure as a Result of Spalied Material Reaching the Accessible Environment 

Introduction 
The issue of spalled material reaching the accessible environment at the WIPP has undergone much research within 
the past few years (Berglund, 1994; DOE, 1996; Hansen et al., 1997). Spa11 is the mechanical failure of waste due 
to high repository gas pressures that could be induced by a drop in pressure from a drilling intrusion. This process 
of waste removal has been included in the Performance Assessment calculations of the CCA. Yet, the amount that 
will actually reach the surface it is still unclear. Spallings are very important to the compliance of the disposal 
system, because the large release of radionuclides in the spalled material may prove the repository to be unsafe to 
future generations. 

The three mechanisms of spall include blowout, stuck pipe and gas erosion, with the latter two being eliminated 
from calculations at the WIPP. It has been estimated that stuck pipe and gas erosion could bring more waste to the 
surface than blowout (Berglund (1994)). Blowout is the removal of the drilling fluid from the wellbore from a high 
influx of gas into the spalled cavity. The gas will cause some of the waste material on the cavity walls to fail in 
tension and be transported to the surface. High repository pressures and high waste permeability are general 
repository conditions for blowout. 

Stuck pipe is a process of spall that, due to relatively low permeability and high repository pressures, may cause 
failed waste to press against the drill string sufficiently hard to prevent normal drilling. The solution of a jammed 
bit is to pull the drill string up and start drilling again. If the pressures remain high, the driller may have to bring the 
bit up several times, thus allowing significant quantities of waste to be brought to the surface. Gas erosion describes 
spall that is eroded by the drilling mud and may occur due to high repository pressures and low waste permeability. 
The rate of spall is slower than stuck pipe due to slightly lower pressures than stuck pipe (just above hydrostatic), 
and may release waste into the drilling mud at a rate undetectable by the driller. Gas erosion could continue until 
the repository pressure is in equilibrium with the drilling fluid, and may also bring significant quantities of waste to 
the surface. Stuck pipe and gas erosion releases would occur if the waste permeability is less than m2, a 
permeability threshold defined in Berglund (1994) that is currently under question, and repository pressures are 
greater than the pressure exerted by the drilling mud. 

As part of the performance assessment, blowout calculations were performed, and volumes of failed waste material 
were estimated for the CCA, which ranged from 0.5 m3 to 4 m3. However, these calculations were found to be 
faulty by the DOE’S Conceptual Model Peer Review Group (Wilson et al., 1997), and a new model for blowout was 
developed (Hansen et al., 1997). The new model showed that the CCA predicted blowout releases were 
conservative, by estimating a maximum release of only 0.27 m3 at the worst conditions of repository behavior. 

Through an investigation of permeability of the new spallings model, it is questionable whether the calculations of 
blowout is sufficient in estimating releases to the surface. The model was run with a range of permeability values 
consistent with Hansen et al., (1997), and was found to have high volumes of failed material in the repository cavity 
when gas influx was insufficiently large to cause blowout. Though blowout had not occurred, the failed waste in 
the borehole cavity would be introduced into the drilling mud and be carried to the surface with other cuttings and 
cavings from borehole drilling activity. This defines gas erosion and was not considered in Hansen et al., (1 997). 

More important to the question of the amount of waste released to the surface that will be expelled from the 
pressurized repository, is the amount of spalled material that will cause the repository to fail compliance. The 
performance assessment calculations of the CCA (DOE, 1996) and PAVT (DOE, 1997) demonstrated that any 
combination of spalled releases from blowout from 0.5 m3 to 4 m3 will demonstrate compliance. However, no one, 
as of yet, looked at the issue of failure. This report investigates the amount of spalled material that would result in 
failure to meet the EPA compliance standards. 
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Discussion 
For the performance assessment calculations of the PAVT, the EPA decided to sample blowout releases on a range 
from 0.5 m3 to 4.0 m3 with a uniform distribution assigned to that range. The result was an increase in the overall 
mean of releases for spallings in the CCDF from 0.04 EPA units at the 10'  probability in the CCA to 0.08 EPA 
Ucits in the PAVT. The increase was also due to the number of vectors that exhibited pressures above hydrostatic. 
The spallings and cuttings portions of the CCDF contribute equally to the overall mean of the CCDF. 

For a more complete view of spallings and its contribution to the overall mean of the CCDF, the values of 0.5 to 4 
m3 used in the PAVT calculations were increased by a factor until it was shown that there was failure of compliance. 
The factor ranged from 2 to 16, and was a very simple adjustment to the PAVT values. 

The results of increased spall reaching the surface can be seen in Figure 1. The increase in spall was accomplished 
by multiplying the PAVT generated releases by a factor of 2,4,  8, and 16. These curves are seen in Figure 1, and 
are compared to the CCA releases. The figure suggests that a maximum of 16 times the amount of spallings will 
cause the repository to fail at the 10 '  probability, which corresponds to spallings releases between 8 m3 and 64 m3. 

Conclusion 
The questions raised on the amount of spalled material that will cause the disposal system to fail compliance is 
addressed here. The concern of additional spalled material that may reach the surface, by either a stuck pipe / gas 
erosion process, or through air drilling can be seen in Figure 1. The figure shows that a maximum of 16 times the 
PAVT spalled release can be brought to the surface before compliance of the disposal system is compromised if 
other modes of releases are held constant. 
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(Enclosure 4 to the 1213 1/97 Letter From R.H. Neill, EEG to F. Marcinowski, EPA) 

Issue: Modeling the Air Drilling Scenario through a Direct Brine Release at  the WIPP 

Introduction 
The practice of drilling with air as the circulation fluid in wells has been established in the Delaware Basin. On 
April 2, 1991 the Lincoln Federal Well No. 1 in Section 26, T21S, R32E, NMPM, in Lea County, New Mexico was 
drilled with air after 1 1  days of drilling with mud brine (Silva, 1994; EEG-55 p.63-64). The CCA did not consider 
the practice of drilling with air as a possible method for well development. 

The modeling of air drilling was first raised by Bredehoeft (1997). Bredehoeft addressed the concern of spalled 
(solid) material that would reach the accessible environment through an air drilling scenario. His results show that a 
large amount of material could reach the surface, thus breaking the compliance standards set in 40 CFR Part 194 
(EPA, 1997). This is the first report to address the issue of contaminated brine released after drilling with air. The 
issue is studied here, by applying a model to the release of brine through an inadvertent drill intrusion into the WIPP 
repository. 

Discussion 
An air drilling scenario is investigated using the Sandia developed code for a brine release through an intruding 
borehole. The code, BRAGFLO-DBR, is used along with the same assumptions as the Performance Assessment 
Verification Test (PAVT), including the BRAGFLO output files, and CUTTINGS-S files, but changing the boring 
fluid from a brine mud to air. The change in boring fluid would decrease the pressure at the bottom of the borehole, 
thus allowing a higher release of brine to escape to the surface. 

For blowout to occur, the pressure of the repository must be higher than the borehole pressure at the repository 
depth. For brine mud, the pressure is assumed to be hydrostatic, or 8 MPa. For the air column, the air pressure will 
be very low, and was assumed to be approximately 2 MPa for this model, thus allowing higher and more frequent 
blowout occurrences than higher pressures. The 2 MPa is assumed to approximate the pressure exerted by a 
foam/air mixture at the depth of the WIPP repository. Air alone would exert pressures far below that of foam/air 
combination. However, this cutoff is reasonable due to the extremely low number of vectors that are expected to 
fall below the 2 MPa cutoff. One additional change from the PAVT for modeling with air includes the density of 
the drilling fluid from 12 15 kg/m3 for brine to 1.16 1 kg/m3 for air. 

The model was run for an initial El intrusion at 350 and 1000 years, and subsequent E2 intrusions at 550, 750, 
1200, 1400, 2000, 3000, 4000, 5000, and 10000 years post closure (S2 and S3 scenarios). The results, shown in 
Figure 1 ,  demonstrates the danger of drilling with air into the repository. The figure shows the results of 100 
vectors for time 1200 years for S3, Replicate 1 using air as the drilling fluid. A single realization is shown to 
release as much as 2400 m3 of brine to the surface at a second intrusion time of 1200 years. This is the highest brine 
release seen for all vectors at all times. The mean value for all releases at 1200 years is 436 m3. The PAVT results 
show a maximum of 76 m3 at 1200 years postclosure (DOE, 1997), and the CCA predicted a maximum release of 
15 m3 (DOE, 1997). 

The high volumes of release seen in Figure 1 can be attributed to the high pressures of the repository. At 1200 years 
postclosure, the repository pressure of vector 5 1,  which has the highest releases, exceeds most other vectors at 13.3 
MPa, and is ranked 4" out of 100 vectors for highest repository pressure. Also contributing to its high release is the 
waste saturation. Vector 51 has a saturation of 0.67, which has been seen in past sensitivity analyses (See Figure 
5.1.5. of Helton, 1996) to be an ideal saturation for release. 

, 

Inherently, there are problems with using the BRAGFLO-DBR code this way. The model assumed an 
incompressible fluid in the wellbore. Air is compressible, and the effects of incompressibility on the releases are not 
known. There are also some questions of whether the drilling fluid density change affected the whole repository or 
just the wellbore. This was a quick experiment, and these questions will be investigated further by the EEG. 
However, the results seen in Figure 1 are believed to provide an indication of the magnitude of potential releases. 
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Figure 1. Air Drilling Results for 100 vectors of an S3 scenario at 1200 years 
postclosure. 

The carrying capacity of the brine to transport radionuclides to the surface depends on the solubility of the actinides 
in solution. The CCA’s median value of solubility for a +4 actinide (Plutonium (IV), Uranium (IV), or Thorium 
(IV)) in Salado brine is approximately 4e-6 M. Thus, calculating the number of grams of Plutonium-239 (IV) for 
2400 m3 of brine is 2300 g. The grams can be converted to activity, and the 2400 m3 of brine can be calculated to 
carry 140 Ci, or 0.4 EPA units. Higher solubility values will result in higher releases to the surface. 

The CCDF curves, using the results of air drilling, can be seen in Figure 2. The code, which produced the curves, 
used the releases from PAVT and solubilities from the CCA. The direct brine release results of air drilling were 
then substituted for the results of the PAVT. Again, it should be noted that the CCDF results use spallings releases 
calculated in the PAVT. Spallings releases due to an air drilling event were not incorporated into the results. These 
curves assume a worst case scenario, in which all the drilling from an E1E2 drilling event would be using air as the 
drilling fluid. 

In addition to the CCA solubilities, actinide solubilities with different mineral species were included. The 
solubilities were from median values using Nesquehonite, a mineral phase of the magnesium carbonate system, and 
from no MgO backfill. The ‘No Backfill’ case does not suggest that MgO should not be present in the repository, 
but gives an upper bound on solubility and how it affects compliance to the EPA standards. Table 1 shows the 
values used for each actinide oxidation state. 

Salado +3 tM) +6 (M) 
6.3e-4 Nesquehonite 3.17e-7 NA (used No Backfill) 
+4 

No Backfill 4e-3 5e-4 8e-5 
Castile 
Nesquehonite 2.4e-6 1.04e-3 NA (used No Backfill) 
No Backfill 2e-3 7e-5 8e-5 

Table 1. Solubility values used in PANEL for generation of CCDF curves. 
2 
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CCDF for Air Drilling with different solubilities. 

The CCDF curves for CCA solubility values do not exceed the EPA standard at the 10 '  or l o 3  probability level. 
Yet, the issue should not be readily dismissed. The problem was run on the scenarios of S2 and S3 only. The other 
three scenarios assumed brine mud as the drilling fluid. Furthermore, solubility values are shown to be greater in 
other mineral species of the magnesium carbonate system, and if the repository is breached during a time when 
these minerals will dominate the repository, then there may be sufficient releases to the accessible environment to 
cause the repository to fail compliance. This example can be seen in the curve for the Nesquehonite solubility. 
Again, this is a worst-case scenario in which all vectors for the simulation of air drilling uses the median values for 
Nesquehonite solubility, which can be seen in Table 1. The curve for Nesquehonite crosses the EPA compliance 
limit at the 0.02 probability level. This relates to a 1 in 50 chance of releasing more than 3500 Ci to the surface. 
The curve drops to a 1 in 500 chance of releasing more than 35000 Ci to the surface. 

The third curve on the CCDF plot shows the response of the disposal system for solubility values from 'No MgO 
Backfill'. The releases for probabilities greater than 1 in 50 are much higher than the other two curves. However, 
at lower probabilities the 'No MgO Backfill' has lower releases than the solubilities with Nesquehonite. This is due 
to the difference in solubility values at the +4 oxidation state for both Salado and Castile brine. In conclusion, the 
CCDF curves are shown to cross the EPA Release limits for higher solubility values, and the issue of air drilling 
must be taken more seriously than previous evaluations. 

Recommendations 
1) 

2) 
3) 

The EPA should look more closely at the issue of air drilling to determine the probability of such an event 
occurring in the 10000 year projected history of the disposal system. 
EPA needs to asses the appropriateness of using the BRAGFLO direct brine release model for air drilling. 
Depending on EPA's resolution of the solubility issue, the EPA may need to calculate CCDFs for air 
drilling. 
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Reproducibility 
To reproduce the results of this experiments, the summarized files (*.TBL) of CUTTINGS-S, BRAGFLO-DBR, 
and SECOTP2D from PAVT, and the summarized files of NUTS, PANEL, and ST (Source Term) from the CCA 
are needed for the input for CCDFGF. In addition, the BRAGFLO-DBR files from an air drilling scenario will 
replace some of the BRAGFLO-DBR of the PAVT. Attachment 1 shows the input for the preprocessor of 
CCDFGF. The Direct Brine Release summarized files begin with: 
‘ SUM-BF4-CCGF-AIR’. 

The simulation of drilling with air with BRAGFLO-DBR was accomplished by changing the inputs to the 
preprocessor of the model. The ALGEBRA file ‘ALG-BF4-CCA-PRE-D1R-REL-S3-DIST.INP7 was modified 
to allow a lower threshold of pressure from the drilling fluid for time stepping. The file sets the time step for the 
BRAGFLO-DBR to 0 if the flowing bottomhole pressure (FBHP) is less than the pressure of the drilling fluid 
column, and to a maximum 1000 time steps if the pressure is greater. The FBHP was established in the 
preprocessor by a 3D curve fit from the Poettmann-Carpenter correlation (DOE, 1996). The ALGEBRA file was 
also modified for drilling fluid density. Attachment 2 lists the file and highlights the areas of change. The original 
ALGEBRA file used 8 MPa as the cutoff for timestep configuration. The new model sets the cutoff at 2 MPa. 
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Attachment 1 : Input for CCDFGF Preprocessor Mode for Air Drilling 
$! - 
$! MODULE: PREPRC.COM 
$! PURPOSE: 
$! 
$! CCDFGF PREPROCESSOR OPTION 
$! - 
$! AUTHOR: JAY D. JOHNSON 
$! DATE: 11/22/96 
$! 
$! Date Changes 
$! 11/10/97 Solubility -D. Rucker 
$! CCA denotes CCA Solubilities 
$! EEG2 denotes Nesquehonite Solubilities 
$! 
$! 
$! 12/3/97 Air Drilling -D. Rucker 
$! Direct Brine Release: 'SUM-bf4-ccgf-air*.tbI' 

RUN PREPROCESSOR CODE TO CREATE CUTTINGS, SPALLINGS, 
BLOWOUT, NUTS, AND SECOTP INPUT TABLES FOR USE BY 

EEGl denotes No Backfill Solubilities 

~~ 

$! - 
$! Setup for run 
$ SETNOON 
$ REP := "RI" 
$! 
$ Testdirl := "t4:[dfrucke.ccdfgf1" 
$ Testdir2 := "t4:[dfrucke.ccdfgf.input-'REP]" 
$ TestdiRa:= "t4:[dfrucke.pavt]" 
$ Testdir3 := "t4:[dfrucke.ccdfgf.input-'REP']" 
$ Testdir3a:= "t4:[dfrucke.pavt]" 
$ Testdir4 := "t4:[dfrucke.ccdfgf.input-'REP]" 
$ Testdir5 := "t4:[dfrucke.ccdfgf.input-'REP]" 
$ Testdiffi := "t4:[dfrucke.panel.con]" 
$ Testdiffia := "t4:[dfrucke.panel.time]" 
$ Testdir7 := "t4:[dfrucke.cusp]" 
$ TestdirB := "t4:[dfrucke.dbr]' 
$ testdir9 := "t4:[dfrucke.nuts]" 
$ testdim := "t4:[dfrucke.st]" 
$ Outdir := "t4:[dfrucke.ccdfgfJ" 
$! - 
$! Define CUTTINGS file names 
$! - 
$ DEFlNElNOLOG HT-FRAC$INP 
$ DEFlNElNOLOG EPAUNI-CCH$INP 
$ DEFlNElNOLOG EPAUNI-CRH$INP 
$ DEFINElNOLOG SUMCUSP-CCGFCCA$INP 
$ DEFlNElNOLOG CCGF-CUTTING$OUT 
$! - 
$! Define SPALLINGS file names 
$! - 
$ DEFlNElNOLOG CH-TRU$INP 
$! - 
$ DEFlNElNOLOG CUSP-SI-L-TlOO$INP 
$ DEFlNElNOLOG CUSP-SI-L-T35O$INP 
$ DEFlNElNOLOG CUSP-Sl-L-TlOOO$INP 
$ DEFlNElNOLOG CUSP-Sl-L-T3000$INP 
$ DEFlNElNOLOG CUSP-Sl-L-T5000$1NP 
$ DEFlNElNOLOG CUSP-Sl-L-TlOOOO$INP 
$! - 
$ DEFlNElNOLOG CUSP-Sl,U~TlOO$lNP 
$ DEFlNElNOLOG CUSP-SI-U-T35O$INP 
$ DEFlNElNOLOG CUSP-Sl-U-TlOOO$lNP 
$ DEFlNElNOLOG CUSP-Sl-U-T3000$INP 
$ DEFlNElNOLOG CUSP-SI-U-T5000$INP 
$ DEFlNElNOLOG CUSP-Sl-U~TIOOOO$INP 
$! - 
$ DEFlNElNOLOG CUSP-S2-L-T550$INP 
$ DEFlNElNOLOG CUSP-S2-L-T750$INP 

'TESTDIRI 'CCGF-CCA-HT-FRAC.DAT 
'TESTDIRl 'EPUCCGF-CCA-CCH.DAT 
TESTDIR1'EPU-CCGF-CCA-CRH.DAT 
'TESTDIR2a'SUM-CUSP-C97-'rep'-Sl -L-T5000.TBL 
'0UTDIRCUTTING.TRN 

'TESTDIR1 'CCGFCCA-CH-TRU.DAT 

'TESTDlR2a'SUM-CUSP-C97-'REP-Sl-L-T1 OO.TBL 
'TESTDIR2a'SUM-CUSP-C97-'REP-S 1-L-T350.TBL 
'TESTDIR2a'SUM-CUSP-C97-'REP~SI-L-TlOOO.TBL 
'TESTDIR2a'SUM-CUSP-C97-'REP~SI-L-T3000.TBL 
'TESTDIR2a'SUM-CUSP-C97-'REP-SI-L-T5000.TBL 
'TESTDlRZa'SUM-ClJSP-C97-'REP-S 1 -L-TlOOOO.TBL 

'TESTDIR2a'SUM-CUSP-C97-'REP-SI-U-TlOO.TBL 
'TESTDIR2a'SUM-CUSP-c97-'REP-Sl -U-T350.TBL 
'TESTDIR2a'SUM~CUSP~C97~'REP~Sl~U~Tl000.TBL 
'TESTDlR2a'SUM-CUSP-C97-'REP-S l-U-T3000.TBL 
'TESTDIR2a'SUM-CUSP-C97-'REP-Sl -U-T5000.TBL 
+TESTDIR2a'SUM-CUSP-C97-'REP~Sl-U~TlOOOO.TBL 
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$ DEFlNElNOLOG CUSP-S2-L-T2000$INP 
$ DEFlNElNOLOG CUSP-S2-L-T4000$INP 
$ DEFlNElNOLOG CUSP-S2-L-TI 0000$INP 
$! - 
$ DEFlNElNOLOG CUSP-S2-U-T550$INP 
$ DEFlNElNOLOG CUSP-S2-U-T750$INP 
$ DEFlNElNOLOG CUSP-S2-U-T2000$INP 
$ DEFlNElNOLOG CUSP-S2-U-T4000$INP 
$ DEFlNElNOLOG CUSP-S2-U-T10000$INP 
$! - 
$ DEFlNElNOLOG CUSP-S3-L-T1200$INP 
$ DEFlNElNOLOG CUSP-S3-L-T1400$INP 
$ DEFlNElNOLOG CUSP-S3-L-T3000$INP 
$ DEFlNElNOLOG CUSPS3-L-T5000$INP 
$ DEFlNElNOLOG CUSP-S3-L-T10000$INP 
$! - 
$ DEFlNElNOLOG CUSP-S3-U-T1200$INP 
$ DEFlNElNOLOG CUSP-S3-U-T1400$INP 
$ DEFlNElNOLOG CUSP-S3-U-T3000$INP 
$ DEFlNElNOLOG CUSP-S3-U-T5000$1NP 
$ DEFlNElNOLOG CUSP-S3-U-T10000$INP 
$! - 
$ DEFlNElNOLOG CUSP-S4-L-T550$INP 
$ DEFlNElNOLOG CUSP-S4-L-T750$1NP 
$ DEFlNElNOLOG CUSP-S4-L-T2000$INP 
$ DEFlNElNOLOG CUSP-S4-L-T4000$INP 
$ DEFlNElNOLOG CUSP-S4-L-TI 00OO$INP 
$! - 
$ DEFlNElNOLOG CUSP-S4-U-T550$INP 
$ DEFlNElNOLOG CUSP-S4-U-T750$1NP 
$ DEFlNElNOLOG CUSP-S4-U-T2000$INP 
$ DEFlNElNOLOG CUSP-S4-U-T4000$INP 
$ DEFlNElNOLOG CUSP-S4-U-TI 0000$INP 
$! - 
$ DEFlNElNOLOG CUSP-S5-L-T120O$INP 
$ DEFlNElNOLOG CUSP-S5-L-T1400$INP 
$ DEFlNElNOLOG CUSP-S5-L-T3000$INP 
$ DEFlNElNOLOG CUSP-S5-L-T5000$INP 
$ DEFlNElNOLOG CUSP-S5-L-T1000O$INP 
$! - 
$ DEFlNElNOLOG CUSP-S5-U-T1200$INP 
$ DEFlNElNOLOG CUSP-S5-U-T1400$INP 
$ DEFlNElNOLOG CUSP-S5-U-T3000$INP 
$ DEFlNElNOLOG CUSP-S5-U-T5000$INP 
$ DEFlNElNOLOG CUSP-S5-U~TlOOOO$INP 
$! - 
$ DEFlNElNOLOG CCGF-SPALLING$OUT 
$! - 
$! Define BLOWOUT file names 
$! - 
$ DEFlNElNOLOG BF4-Sl-L-TI 00$INP 
$ DEFl NElNOLOG BF4-S l-L-T350$INP 
$ DEFINElNOLOG BF4-Sl-L-T1000$INP 
$ DEFlNElNOLOG BF4-SI-L-T3000$INP 
$ DEFlNElNOLOG BF4-Sl-L-T5000$INP 
$ DEFlNElNOLOG BF4-SI-L-Tl 0000$INP 
$! - 
$ DEFlNElNOLOG BF4-Sl-U-T100$1NP 
$ DE FI N U N  0 LOG BF4-S 1 -U-T350$1 NP 
$ DEFlNElNOLOG BF4-S1-U-T1000$INP 
$ DEFlNElNOLOG BF4-SI-U-T3000$INP 
$ DEFlNElNOLOG BF4-SI-U-T5000$INP 
$ DEFlNElNOLOG BF4-Sl-U-T10000$INP 
$! - 
$ DEFlNElNOLOG BF4-S2-L-T550$1NP 
$ DEFlNElNOLOG BF4-S2-L-T750$INP 
$ DEFlNElNOLOG BF4-S2-L-T2000$1NP 

'0UTDIRSPALLING.TRN 

'TESTDIR3a'SUM-dbr-C97-'REP-S1-Up-TlOO.TBL 
'TESTDIR3a'SUM-dbr-C97-'REP-Sl-Up-T350.TBL 
'TESTDIR3a'SUM-dbr-C97-'REP'-Sl-Up-TlOOO.TBL 
'TESTDIR3a'SUM-d br-C97-'REP'-Sl-Up-T30OO.TBL 
'TESTDIR3a'SUM-d br-C97-'REP'-Sl-Up-T5OOO.TBL 
'TESTDlR3a'SUM~dbr~C97~'REP~Sl~Up~Tl0000.TBL 
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$ DEFlNElNOLOG BF4-S2-L-T4000$INP 
$ DEFlNElNOLOG BF4-S2-L-T10000$INP 
$! - 
$ DEFlNElNOLOG BF4-S2-U-T550$lNP 
$ DEFlNElNOLOG BF4-S2-U-T750$INP 
$ DEFlNElNOLOG BF4-S2-U-T2000$INP 
$ DEFlNElNOLOG BF4-S2-U-T4000$INP 
$ DEFlNElNOLOG BF4-S2-U-T10000$INP 
$! - 
$ DEFlNElNOLOG BF4-S3-L-T1200$INP 
$ DEFlNElNOLOG BF4-S3-L-T1400$INP 
$ DEFlNElNOLOG BF4-S3-L-T3000$INP 
$ DEFlNElNOLOG BF4-S3-L-T5000$INP 
$ DEFlNElNOLOG BF4-S3-L-T10000$INP 
$! - 
$ DEFlNElNOLOG BF4-S3-U-T1200$INP 
$ DEFlNElNOLOG BF4-S3-U-T1400$INP 
$ DEFlNElNOLOG BF4-S3-U-T3000$INP 
$ DEFlNElNOLOG BF4-S3-U-T5000$INP 
$ DEFlNElNOLOG BF4-S3-U-T10000$INP 
$! - 
$ DEFlNElNOLOG BF4-S4-L-T550$INP 
$ DEFlNElNOLOG BF4-S4-L-T750$INP 
$ DEFlNElNOLOG BF4-S4-L-T2000$INP 
$ DEFlNElNOLOG BF4-S4-L-T4000$INP 
$ DE F I N ElNOLOG BF4-S4-L-T1 OOOO$ I N P 
$! - 
$ DEFlNElNOLOG BF4-S4-U-T550$INP 
$ DEFlNElNOLOG BF4-S4-U-T750$INP 
$ DEFlNElNOLOG BF4-S4-U-T2000$INP 
$ DEFlNElNOLOG BF4-S4-U-T4000$INP 
$ DEFlNElNOLOG BF4-S4-U-T10000$INP 
$! - 
$ DEFlNElNOLOG BF4-S5-L-T1200$INP 
$ DEFlNElNOLOG BF4-S5-L-T1400$INP 
$ DEFlNElNOLOG BF4-S5-L-T3000$INP 
$ DEFlNElNOLOG BF4-S5-L-T5000$INP 
$ DEFlNElNOLOG BF4-S5-L-T10000$INP 
$! - 
$ DEFlNElNOLOG BF4-S5-U-T1200$INP 
$ DEFlNElNOLOG BF4-S5-U-T1400$INP 
$ DEFlNElNOLOG BF4_S5-U-T3000$INP 
$ DEFlNElNOLOG BF4-S5-U-T5000$INP 
$ DEFlNElNOLOG BF4-S5-U-T10000$INP 
$ 1  -- 
$ DEFlNElNOLOG CCGF-BLOWOUT$OUT 
$! - 
$! DeEne NUTS file names 
$! - 
$ DEFlNElNOLOG ALGST-CCGF-CCA-S1 $INP 
$ DEFlNElNOLOG ALG-ST-CCGF-CCA-S2$INP 
$! - 
$ DEFlNElNOLOG SUM-NUTS-S1 $INP 
$! - 
$ DEFlNElNOLOG SUM-NUTS-S2-100$INP 
$ DEFlNElNOLOG SUM_NUTSS2_350$INP 
$ DEFlNElNOLOG SUM-NUTS-S3-1000$INP 
$ DEFlNElNOLOG SUM-NUTS-S3-3000$INP 
$ DEFlNElNOLOG SUM-NUTS-S3-5000$INP 
$ DEFlNElNOLOG SUM-NUTS-S3-7000$INP 
$ DEFlNElNOLOG SUM-NUTS-S3-9000$INP 
$! - 
$ DEFlNElNOLOG SUM-NUTS-S4-l00$INP 
$ DEFlNElNOLOG SUM-NUTS-S4_350$INP 
$ DEFlNElNOLOG SUM-NUTS-S5_1000$INP 
$ DEFlNElNOLOG SUM-NUTS-S5-3000$INP 
$ DEFlNElNOLOG SUM-NUTS-S5-5000$INP 

TESTDIR3a'SUM-dbr-C97-'REP-S4-Up-T55O.TBL 
'TESTDIR3a'SUM-dbr-C97-'REP-S4-Up-T750.TBL 
'TESTDIR3a'SUM-d br-C97-'REP-S4-Up-T2OOO.TBL 
'TESTDIR3a'SUM-d br-C97-'REP'-S4-Up-T4OOO.TBL 
'TESTDIR3a'SUM-dbr-C97-'REP-S4-Up-TlOOOO.TBL 

'0UTDIRBLOWOUT.TRN 

'TESTDIRO'SUM-ST-CCGF-eegl-'REP-Sl .TBL 
'TESTDIRO'SUM-ST-CCGF-eeg 1 -'REP-S2.TBL 

'TESTDIR4'SUM-NUT-CCGF-CCA-'REP-S1 .TBL 

'TESTDIR~'SUM-NUT-CCGF-CC~-'REP-S~-T~ OO.TBL 
'TESTDIR~'SUM-NUT-CCGF-CC~-'REP-S~-T~~O.TBL 
'TESTDIR~'SUM-NUT-CCGF-CC~-'REP'-S~-T~ 000.TBL 
'TESTDIR~'SUM-NUT-CCGF-CC~-'REP-S~-T~OOO.TBL 
'TESTDIR~'SUM-NUT-CCGF-~C~-'REP'-S~-T~OOO.TBL 
'TESTDIR~'SUM-NUT-CCGF-CC~-'REP-S~-T~OOO.TBL 
'TESTDIR~'SUM-NVT-CCGF-CC~-'REP-S~-T~OOO.TBL 

'TESTDIR4'SUM-NUT-CCGF-CCA-'REP-S4-T100 .TBL 
'TESTDIR4'SUM-NUT-CCGF-CCA-'REP'-S4-T350,TBL 
'TESTDIR4'SUM-NUT-CCGF-CCA-'REP-S5-TlOOO.TBL 
'TESTDIR4'SUM-NUT-CCGF-CCA-'REP-S5-T3OOO.TBL 
'TESTDIR4'SUM-NUT-CCGF-CCA-'REP-S5-T5000.TBL 
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$ DEFlNElNOLOG SUM-NUTS-S5-7000$INP TESTDIR4'SUM-NUT-CCGF-CCA-'REP'-S5_T7000.TBL 
$ DEFlNElNOLOG SUM-NUTS-S5-9000$INP 'TESTDIR4'SUM-NUT-CCGF-CCA-'REP-S5-T9000.TBL 
$! - 
$ DEFlNElNOLOG SUM-PNL-S6-100$INP 'TESTDIR6a'SUM-PANEL-CCDf-eegl-'REP-S6-1 OO.TBL 
$ DEFlNElNOLOG SUM-PNL-S6_350$INP 'TESTDlR6a'SUM-PANEL-CCDf-eegl-'REP'-S6-350.TBL 
$ DEFINWNOLOG SUM-PNL-SG-lOOO$lNP 'TESTDIRGa'SUM-PANEL-CCDf-eeg 1 -'REP-S6-1000.TBL 
$ DEFlNElNOLOG SUM-PNL-S6-4000$INP 'TESTDIRGa'SUM-PANEL-CCDf-eegl-'REP'-S6-40OO.TBL 
$ DEFlNElNOLOG SUM-PNL-S6-6000$INP 'TESTDI R6a'S UM-PANE L-CC Df-eeg 1 -'RE P'-S6-6000 .TB L 
$ DEFlNElNOLOG SUM-PNL-S6-9000$INP TESTDIRGa'SUM-PANEL-CCDf-eegl-'REP'-S6-900O.TBL 
$! DEFlNElNOLOG SUM-PNL-S6-100$INP 'TESTDIR4'SUM-PANEL-CCDfgf-'REP'-S6-lOO.TBL 
$! DEFlNElNOLOG SUM-PNL-S6_350$INP 'TESTDIR4'SUM-PANEL-CCDFgf-'REP-S6-35O.TBL 
$ ! DE FI N ElNOLOG S U M-PN L-S6-1 OOO$ I NP 'TESTDIR4'SUM-PANEL-CCDFgf-'REP'-S6-1000.TBL 
$ DEFlNElNOLOG SUM_PNL-S6_2000$INP 'TESTDIR4'SUM-PANEL-CCDFGF-'REP-S6-ZOOO.TBL 
$! DEFlNElNOLOG SUM-PNL-S6-4000$INP 'TESTDlR4'SUM-PANEL-CCDFgf-'REP'_S6-4000.TBL 
$! DEFlNElNOLOG SUM-PNL-S6-6000$INP 'TESTDIR4'SUM-PANEL-CCDFgf-'REP'_S6-6OOO,TBL 
$! DEFINWNOLOG SUM-PNL-S6-9000$INP 'TESTDIR4'SUM-PANEL-CCDFgf-'REP'-S6-9OOO.TBL 
$! - 
$ DEFlNElNOLOG SUM-CCDFGF-CCA-CAVGEOD$lNP 'TESTDIRG'SUM-PANEL-eegl-CON-'REP-Sl .tbl 
$ DEFlNElNOLOG SUM-CCDFGF-CCA-CAVGE1 D$INP 'TESTDIRG'SUM-PANEL_eegl-CON-'REP-S2.tbl 
$! - 
$ DEFlNElNOLOG CCGF-NUTS$OUT '0UTDIRNUTS.TRN 
$! - 
$! Define SECOTP file names 
$! - 
$ DEFlNElNOLOG STZD3CCA_PM$INP 'TESTDIR~~ 'SUM-ST~D~-C~~-R~-~M.TBL 
$ DEFlNElNOLOG ST2D3_CCA_FM$lNP 'TESTDIR~~'SUM-ST~D~-C~~-R~-FM.TBL 
$ DEFlNElNOLOG CCGF-SECOTP$OUT '0UTDIRSECOTP.TRN 
$! - 
$ DEFlNElNOLOG CCGF-MISC$INP 'TESTDIRI'CCGF-MlSC-PRE-CCA.INP 
$ DEFlNElNOLOG CCGF-SDB$INP TESTDIRI 'CCDFGFSDB 
$ DEFlNElNOLOG CCGF-PRT$OUT 'OUTDIRCCGF-CCDFGF-CCA-'REP'.OUT 
$ DEFlNElNOLOG CCGF$OUT 'OUTDIRCCGF-cca-'REP.OUT 
$! - 
$! Define release summary tables file name 
$! - 
$ DEFlNElNOLOG CCGF-RELTAB$OUT 'OUTDIRccgf-reltab-eegl-'REP'.DAT 
$! - 
$! Execute CCDFGF with preprocessor option 
$! - 
$ CCDFGF 
$! - 

I $ EXIT 
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Attachment 2: ALGEBRA file for Air Drilling Scenario 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
! 
!TITLE:BRAGFLO 1996 CCA CALCULATIONS: REPOSITORY SCALE BLOWOUT 
!ANAYLST: Dan Stoelzel. SNL 
!CREATED: NOV 2,1995 
!PURPOSE: ALGEBRA file computes properties that can not be obtained 
! from CAMDAT andlor assigns properties to element blocks. 
! 
!IMPORTANT: This file originates from J.E. Bean's algebra file for his FEP 
! 
! file, with minor changes 
! 
! 
! new version of bragflo 
! 
! MODIFIED: 
! MARCH 26,1996 
! 

! 
! 
! MAY 17,1996 
! 
! 
! 
! MAY 20. 1996 
! 
! COND. 
! 
! MAY 30,1996 
! 
! FOR BOUNDARY CONDITION WELL: 
! 
! 
! December 1, 1997 
! 
! Dale Rucker, EEG 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(***mmmr+km+ mmtmmttmmwt*m*tt*.*t- 

!CHAPTER 0: DEFINE NEW VARIABLE NAMES AND SOME NEEDED CONSTANTS 
( " m + m + * n m + + + ~ - " * ~ * - * ~ " - - * *  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

THIS FILE PREPARES A .CDB FILE FOR PREBWG TO READ 

model. The methodologies to calculate dip were copied from his 

made to account for the differences in the meshes. 
ALGEBRA TO CALC. DIP IN REPOSITORY - SCALE BLOWOUT MODEL. 

BLOWOUT MODEL STRUGGLING IN PANEL SEAL REGION: TURNED OFF 
CAP PRESSURE IN PANEL SEAL AND HALITE BY SETTING EQUAL TO 
CAP PRESSURE IN WASTE REGION 

ADDED BOUNDARY CONDITION WELL CALCULATION FOR El-E2 SCEN. 
NEW CHANGES FOR LATEST CCA ANALYSIS 

WELL 2 INPUT FILE TO ACCOUNT FOR E1-E2 SAME PANEL BOUNDARY 

ADDED LOGIC TO ACCOUNT FOR CHANGES IN ABANDONED WELLBORE PERM 

SCENARIO 2 AND 4 FILE, FIRST INTRUSION AT 350 YEARS 

Changed Cutoff for pressure in the repository to allow Air Drilling 

! 
! 
! SET CONSTANTS AND PUT IN WASTE REGION 
LIMIT BLOCK I 
THETA1 = MAKEPROP(DIP-DEG[B:8]2.O'Pl[B:8]1360.0) 
THETA2 = MAKEPROP(O.0) 
! 
! 
PERM-X = 1O"PRMX-LOG 
PERM-Y = 10"PRMY-LOG 
PERM-2 = lO"PRM2-LOG 
SB-MIN = SAT-RBRN I .05 
POR-COMP = COMP-RCWPOROSITY 
! CALCULATE PROPERTIES FOR DRZ & HALITE 
LIMIT BLOCK 2 3 
PERM-X = lO**PRMX-LOG 
PERM-Y = 1O"PRMY-LOG 
PERM-2 = 1O"PRMZ-LOG 
S B - M ~  = SAT-RBRN' I .os 
! NOW ADJUST POROSITY AND PORE COMPRESSIBILITY TO EQ. PORE VOL WITH CRUSHED 
! ROOM HEIGHT 
POROSITY = HEIGHT POROSITY I HEIGHT[ID:I] 
POR-COMP = COMP-RCWPOROSITY 
! CAP PRESSURE MODEL CHANGES HERE: 
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CAP-MOD = CAP-MOD[ID:l] 
PCT-A = PCT-A[ID:l] 
PCT-EXP = PCT-EXP[ID:l] 
! CALC PROPERTIES FOR PANEL SEALS 
LIMIT BLOCK 4 
PERM-X = 1O"PRMX-LOG 
PERM-Y = 1O"PRMY-LOG 
PERM-2 = 1O"PRMZ-LOG 
SB-MIN = SAT-RBRN 1.05 
! NOW ADJUST POROSITY AND PORE COMPRESSIBILITY TO EQ. PORE VOL WITH CRUSHED 
! ROOM HEIGHT 
POROSITY = HEIGHT POROSITY I HEIGHT[ID:l] 
POR-COMP = COMP-RCWPOROSITY 
! CAP PRESSURE MODEL CHANGES HERE: 
CAP-MOD = CAP-MOD[ID:l] 
PCT-A = PCT-A[ID:l] 
PCT-EXP = PCT-EXP[ID:l] 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

)---_-_--___________---------------------------------------------------- 

! SET WELLBORE PROPS 
LIMIT BLOCK 7 
SEBRlNEl = MAKEPROP(O.0) 
SEGASl = MAKEPROP(O.0) 
KRWl = MAKEPROP(O.0) 
KRGl = MAKEPROP(O.0) 
SEBRINE2 = MAKEPROP(O.0) 
SEGAS2 = MAKEPROP(O.0) 
KRW2 = MAKEPROP(O.0) 
KRG2 = MAKEPROP(O.0) 
SEBRlNE3 = MAKEPROP(O.0) 
SEGAS3 = MAKEPROP(O.0) 
KRW3 = MAKEPROP(O.0) 
KRG3 = MAKEPROP(O.0) 
SEBRINE4 = MAKEPROP(O.0) 
SEGAS4 = MAKEPROP(O.0) 
KRW4 = MAKEPROP(O.0) 
KRG4 = MAKEPROP(O.0) 
! DEFINE CONSTANTS FOR THE THREE EQUATIONS TO BE USED TO CALCULATE FBHP 
! EQUATION 1: (FOR BRINE FLOW ONLY, KRG = 0) 
! FBHP = (A+BX+CY)/(l+DX+EY) 

! Y = PANEL PRESSURE (Pa) 
! 8,002,373 Pa FBHP 8,036,090 Pa 
EQl-A = MAKEPROP(8002577.4) 
EQl-B = MAKEPROP(821379.75) 
EQ1-C = MAKEPROP(0.024916096) 
EQ1-D = MAKEPROP(O.10264807) 

! EQUATION 2: (FOR LOGlO(KRGIKRW) 0 BRINE DOMINATED FLOW) 
! FBHP = (A+BX+CXA2+DXA3+EY)I(1 +FX+GXA2+HY) 
! X = LOGlO(KRGIKRB) 
! Y = PANEL PRESSURE (Pa) 
! 225,453 Pa FBHP 8,028,643 Pa 
EQ2-A = MAKEPROP(847082.65) 
EQ2-B = MAKEPROP(2788147.9) 
EQZC = MAKEPROP(3451058.3) 

....................................................................... 

! X = LOGlO(BRINE CONST) LOG MA3/pA-S 

EQl-E = MAKEPROP(3.1235777E-9) 

EQ2-D = MAKEPROP(44884.388) 
EQ2-E = MAKEPROP(-0.017079483) 
EQ2-F = MAKEPROP(0.8953597) 
EQ2-G = MAKEPROP(0.54041532) 

! EQUATION 3: (FOR LOGlO(KRGIKRW) > 0 GAS DOMINATED FLOW) 

! X = LOGlO(KRG/KRB) 
! Y = PANEL PRESSURE (Pa) 

EQ2-H = MAKEPROP(4.9369107E-9) 

! FBHP = EXP(A+BX+CXA0.5+DEA-X+EYA0.5) 

10 



! 153,271 Pa e FBHP e 385,493 pA 
EQ3-A = MAKEPROP(8.9214635) 

EQ3-C = MAKEPROP(1.3680586) 
EQ3-D = MAKEPROP(1.8350086) 
E: :-E = MAKEPROP(O.00045726223) 
! 
! CALCULATE SKIN FROM SPALL REMOVED, &WELL PRODUCTIVITY INDEX 
! ELEMENT 59 IS LOCATION OF WELL 2 (2ND INTRUSION DOWN DIP) 
WELLRAD = BITSEER 
DRAINRAD = SQRT(DEL-X[E:59]*DEL-Y[E:59]/PI[B:8]) 

SKIN = IFLTO(SKIN,SKIN,O) 
! CHECK TO BE SURE WELLPI IS NOT 0 OR NEG, & SET TO 1.0 IF IT IS 

EQ3-B = MAKEPROP(-0.2274279) 

SKIN = -1 .O*LOG(SQRT(AREA_TOT/PI[B:8])1WELLRAD) 

! WELLPI 
WELLPI 

= PERM-X[ID:l] ' HEIGHT[ID:l] / (LOG(DRA1NRADMIELLRAD) + SKIN - 0.5) 
= IFGTO(LOG(DRA1NRADMIELLRAD) + SKIN - 0.5,PERM-X[lD:l)'HElGHT[ID:l] & 

/ (LOG(DRAINRAD1WELLRAD) + SKIN - 0.5),1.0) 
! CALCULATE CONSTANTS NEEDED FOR WELLBORE MODEL: 

! WITH LAMBDA (PORE-DE) = 2.89, NO CAP PRESSURE). DO FOR 4 COUPLED REGIONS 
! REGION NO 1 (PANELS 1 & 8) 

! CALCULATE EFFECTIVE SATURATION USING KRP 4 (BROOKS - COREY MODIFIED, 

BRINE1 = IFLTO((BSATPAN1 [ID~l]-SAT~RBRN[ID~l]),SAT~RBRN[lD~l],BSATPANl[lD~l]) 
SEBRlNEl = (BRINE1 - SAT-RBRN[ID:l])/(l .O - SAT-RBRN[ID:l]) 
SEGASl 
SEGASl 

= (BRI NE1 - SAT-RBRN[ ID: 1 I)/( 1 .O-SAT-RBRN[ ID: 1 1-SAT-RGAS[ ID: 11) 
= IFLTO((1.0 - SEGAS1),1 .O,SEGASl) 

KRWl = SEBRlNEl*((2+3'PORE-DIS[ID: l])/PORE-DIS[ID: 11) 

! NOW CALCULATE CONSTANT FOR BRINE AND GAS 
CONBRl = WELLPI * KRWl I VISCO[ID:5] 
CONGAS1 = WELLPI ' KRGl / VISCO[ID:6] 
! NOW TAKE LOG BASE 10 OF PARAMETERS NEEDED FOR FBHP EQUATIONS 

KRGl = (1 .O-SEGASl)T'(l .O-SEGASl"((2 + PORE-DIS[ID:l])/PORE-DIS[ID:l])) 

LOG-B1 = IFEQO(KRW1 ,-lO,LOG1O(CONBR1+1E-24)) 
LOG-KR1 = IFEQO(KRW1 ,lO,LOGl O((KRG1 + l  E-24)/(KRW1+1 E-24))) 
! CALCULATE FBHPs AND SET WITHIN LIMITS 
PRl -EQ 1 = (EQ 1 -A+EQ 1 -B*LOG-B 1 +EQ 1 -C*PRESPAN 1 [ID : 1 ])/ & 

(1 .O+EQl-D'LOG-Bl +EQl-E'PRESPANl [ID: 11) 
PR1-EQ1 = IFLTO(8002373.0 - PR1-EQ1 ,IFLT0(8036090.0 - PRl-EQ1,8036090.0, & - ~ 

PRl-EQ1),8002373.0) 
PR1-EQ2 = (EQ2~A+EQ2~B'LOG~KR1+EQ2~C*LOG~KR1"2+EQ2~D*LOG~KR1*3+ & 

EQ2-E'PRESPANI [ID: 1])/(1 .O+EQ2-F9LOG-KR1 +EQ2-G9LOG-KR1"2+ & 
EQ2:H'PRESPANl [ID: 11) 

PRl-EQ2),225453.0) 
PR1-EQ2 = IFLTO(225453.0 - PRl-EQ2,IFLT0(8028643.0 - PRl_EQ2,8028643.0, 8 

PRl-EQ3 = EXP(EQ3-A+E03-B*LOG-KRl +EQ3-C*ABS(LOG-KR1)"0.5+ & 
EQ3_D'EXP(-l .O*ABS(LOG-KRl))+EQ3-E'PRESPANl [ID:l r0.5) 

PRl-EQ3 = IFLTO(153271 .O - PRl_EQ3,IFLT0(385493.0 - PRl_EQ3,385493.0, & 
PRl_EQ3),153271 .O) 

! RESET FBHP TO 0 IF NO BRINE BLOWOUT (KRW = 0 OR PRESSURE e 2 MPa (300 psi)) 

! IF NO BLOWOUT, SET NUMBER OF BRAGFLO STEPS TO 1, ELSE 1000 
NUMSTEPl = MAKEPROP(IFEQO(FBHPl,1,lOOO)) 
! REGION NO 2 (PANELS 2 &7) 
BRINE2 = IFLTO((BSATPAN2~lD~1]-SAT~RBRN[ID~l]),SAT~RBRN[lD~l],BSATPAN2[lD~l]) 
SEBRINEP = (BRINE2 - SAT-RBRN[ID:l])/(l .O - SAT-RBRN[ID:l]) 
SEGAS2 
SEGAS2 

= (BRINE2 - SAT-RBRN[ID:l])/(l .O-SAT-RBRN[lD:l]-SAT_RGAS[ID:l]) 
= IFLTO((1.0 - SEGASS),l .O,SEGAS2) 

KRW2 = SEBRlNE2"((2+3'PORE-DIS[ID:l])/PORE-DIS[ID:l]) 

! NOW CALCULATE CONSTANT FOR BRINE AND GAS 
CONBR2 = WELLPI ' KRW2 / VISCO[ID:5] 
CONGAS2 = WELLPI KRG2 / VISCO[ID:6] 
! NOW TAKE LOG BASE 10 OF PARAMETERS NEEDED FOR FBHP EQUATIONS 

KRGZ = (1 .0-SEGAS2)"2'(1 .O-SEGAS2"((2 + PORE-DIS[ID:l])/PORE-DIS[ID:l])) 

LOG-B2 = IFEQO(KRW2,-lO,LOG1O(CONBR2+lE-24)) 
LOG-KR2 = I FEQP(KRW2,10, LOG 1 O( (KRGZ+ 1 E-24)/( KRW2+ 1 E-24))) 
! CALCULATE FBHPs AND SET WITHIN LIMITS 
PR2-EQ1 = (EQl-A+EQl-B'LOG-B2+EQl-C*PRESPAN2[ID:l])/ & 

(1 .O+EQl-D'LOG-B2+EQl,E'PRESPAN2[1D: 11) 
PR2-EQl = IFLTO(8002373.0 - PR2-EQ1 ,IFLTO(8036090.0 - PR2-EQ1,8036090.0, & 
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PR2-EQl),8002373.0) 
PR2-EQ2 = (EQ2-A+EQ2-B*LOG_KR2+EQ2_C'LOG-KR2*2+EQ2-D*LOG-KR2**3+ & 

EQZ_E*PRESPANZ[ID: 1 ])I( 1 .O+EQ2-F'LOG_KR2+EQ2-GG'LOG-KR2*2+ & 
EQ2_H'PRESPAN211D:ll) 

PR2-EQ2 IFLTO(225453:O - PR2-EQ2,IFLT0(8028643.0 - PR2-EQ2,8028643.0, & 
PR2 EQ2).225453.0) 

PR2-EQ3 EXP(EQ3-A+EQ3-B*LOG-KR2+EQ3-C*ABS(LOG-KR2)*0.5+ 8 
EQ3_D*EXP(-l .O*ABS(LOG-KR2))+EQ3-E*PRESPAN2[1D: 1 ]'*0.5) 

PR2-EQ3 = IFLTO(l53271 .O - PR2-EQ3,lFLTO(385493.0 - PR2-EQ3,385493.0, 8 
PR2_EQ3),153271 .O) 

ESSURE < 2 MPa) 

! IF NO BLOWOUT, SET NUMBER OF BRAGFLO STEPS TO 1, ELSE 1000 
NUMSTEP2 = MAKEPROP(IFEQ0(FBHP2,lI 1000)) 
! REGION NO 3 (PANELS 3 & 6) 
BRINE3 = IFLTO((BSATPAN3[1D~1]-SAT~RBRN[ID~l]),SAT~RBRN[lD~l],BSATPAN3[lD~l]) 
SEBRINE3 = (BRINE3 - SAT_RBRN[ID:l])I(l .O - SAT-RBRN[ID:l]) 
SEGAS3 
SEGAS3 

KRG3 = (l.O-SEGAS3)"2'(1.0-SEGAS3**((2 + PORE-DlS[lD:l])IPORE~DIS[ID:l])) 

= (BRINE3 - SAT-RBRN[ID:l])I(l .O-SAT-RBRN[ID:l]-SAT_RGAS[ID:l]) 
= IFLTO((1 .O - SEGAS3),1 .O,SEGAS3) 

KRW3 = SEBRINE3**((2+3*PORE~DlS[ID:l])/PORE~DlS[lD:l]) 

! NOW CALCULATE CONSTANT FOR BRINE AND GAS 
CONBR3 = WELLPI " KRW3 I VISCO[ID:5] 
CONGAS3 = WELLPI * KRG3 I VISCO[ID:6] 
! NOW TAKE LOG BASE 10 OF PARAMETERS NEEDED FOR FBHP EQUATIONS 
LOG-B3 = IFEQO(KRW3,-1O,LOG1O(CONBR3+1 E-24)) 
LOG-KR3 = IFEQO(KRW3,lO,LOGlO((KRG3+lE-24)I(KRW3+1E-24))) 
! CALCULATE FBHPs AND SET WITHIN LIMITS 
PR3-EQ1 = (EQl~A+EQl~B*LOG~B3+EQl~C*PRESPAN3[ID:l])I & 

(1 .O+EQl-D*LOG-B3+EQl-E'PRESPAN3[1D: 11) 

PR3-EQ1),8002373.0) 
PR3-EQ2 = (EQ2-A+EQ2_B*LOG-KR3+EQ2-C*LOG-KR3**2+EQ2-D'LOG_KR3"3+ & 

EQ2_E*PRESPAN3[1D: 1])1( 1 .O+EQ2-F*LOG-KR3+EQ2-G*LOG-KR3**2+ 8 
EQ2_H'PRESPANJ[ID: 11) 

PR3_EQ2),225453.0) 

PR3-EQ1 = IFLTO(8002373.0 - PR3-EQl ,IFLTO(8036090.0 - PR3-EQ1,8036090.0, 8 

PR3-EQ2 = IFLTO(225453.0 - PR3-EQ2,IFLT0(8028643.0 - PR3-EQ2,8028643.0, 8 

PR3-EQ3 = EXP(EQ3-A+EQ3-B*LOG-KR3+EQ3_C'ABS(LOG-KR3)*0.5+ 8 
EQ3_D*EXP(-l .O*ABS(LOG_KR3))+EQ3-E*PRESPAN3[ID:l Y0.5) 

PR3-EQ3 = IFLTO(l53271 .O - PR3_EQ3,IFLTO(385493.0 - PR3-EQ3,385493.0,& 
PR3_EQ3),153271 .O) 

! RESET FBHP TO 0 IF NO BRINE BLOWOUT (KRW = 0 OR PRESSURE < 2 MPa) 

! IF NO BLOWOUT, SET NUMBER OF BRAGFLO STEPS TO 1. ELSE 1000 
NUMSTEP3 = MAKEPROP(IFEQO(FBHP3,1,1000)) 
! REGION NO 4 (PANELS 4 8 5) 
BRINE4 = IFLTO((BSATPAN4[1D:l]-SAT~RBRN[ID:l]),SAT~RBRN[lD:l],BSATPAN4[lD:l]) 
SEBRlNE4 = (BRINE4 - SAT-RBRN[ID:l])/(l .O - SAT-RBRN[ID:l]) 
SEGAS4 
SEGAS4 

= (BRINE4 - SAT-RBRN[ID:l])I(l .O-SAT-RBRN[ID:l]-SAT_RGAS[ID:l]) 
= IFLTO((1 .O - SEGAS4),l.O,SEGAS4) 

KRW4 = SEBRINE4*'((2+3*PORE~DlS[ID:l])/PORE~DlS[lD:l]) 

! NOW CALCULATE CONSTANT FOR BRINE AND GAS 
CONBR4 = WELLPI KRW4 I VISCO[ID:5] 
CONGAS4 = WELLPI KRG4 I VlSCO[lD:6] 
! NOW TAKE LOG BASE 10 OF PARAMETERS NEEDED FOR FBHP EQUATIONS 

KRG4 = (1 .O-SEGAS4)"2*(1 .O-SEGAS4**((2 + PORE-DlS[lD:l])IPORE~DIS[ID:l])) 

LOG-B4 = IFEQO(KRW4,-lO,LOGl O(CONBR4+1 E-24)) 
LOG-KR4 = IFEQO(KRW4,lO,LOGl O((KRG4+1 E-24)I(KRW4+1 E-24))) 
! CALCULATE FBHPs AND SET WITHIN LIMITS 
PRQEQl = (EQl-A+EQl-B*LOG-B4+EQl-C'PRESPAN4[1D:l])/& 

(1 .O+EQ1-D*LOG-B4+EQl-E*PRESPAN4[ID:l]) 

PR4-EQ1),8002373.0) 
PR4-EQ2 = (EQ2-A+EQ2-B*LOG-KR4+EQ2-C*LOG-KR4"2+EQ2-D*LOG-KR4g*3+ & 

EQ2-E*PRESPAN4[ID: 1 ])I( 1 .O+EQ2-F'LOG_KR4+EQ2-G*LOG-KR4**2+ 8 
EQ2_H*PRESPAN4[1D:l]) 

PRQEQl = IFLTO(8002373.0 - PRQEQl ,IFLTO(8036090.0 - PR4-EQl,8036090.0, 8 

PR4-EQ2 = IFLTO(225453.0 - PR4-EQ2,IFLT0(8028643.0 - PR4-EQ2,8028643.0, & 
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PR4-EQ2),225453.0) 
PR4-EQ3 = EXP(EQ3-A+EQ3-B*LOG-KR4+EQ3-C*ABS(LOG-KR4)++0.5+ 8 

EQ&D*EXP(-I .O*ABS(LOG-KR4))+EQ3-E*PRESPAN4[1D:l]"0.5) 
PR4-EQ3 = IFLTO(153271 .O - PR4-EQ3,IFLT0(385493.0 - PR4-EQ3,385493.0, 8 

PR4 EQ3),153271.0) 
! RESET FEHP TO 0 IF NO'BRINE BLOWOUT (KRW = 0 OR PRESSURE 2 MPa) 

! IF NO BLOWOUT. SET NUMBER OF BRAGFLO STEPS TO I, ELSE 1000 
NUMSTEP4 = MAKEPROP(IFEQO(FBHP4,l,lOOO)) 
DELETE BRINEI, BRINE2, BRINE3, BRINE4 
1----------------------------------------------------------------------- ....................................................................... 
p + + m * t . w * . H m t m m m * - m r m r + m t m m n m m m m +  *m+ 

!SET UP BOUNDARY CONDITIONS FOR PREVIOUS INTRUSIONS HERE 

! SET UP NEEDED CONSTANTS (NOTE: BOREHOLE LENGTH FROM PANEL TO CASTILE B.P. 

! MODIFICATIONS MADE 5130196 
LEN-BC = MAKEPROP(247.0) 
DRAIN-BC = MAKEPROP(SQRT(DEL-X[E:1 5]*DEL-Y[E:15]/PI[B:8])) 

RHO-G-H = MAKEPROP(DNSFLUID[ID:5]"GRAVACC[ID:8]"LEN-BC) 

~H+r*+*"*r+++r+~mmm+rmmnmmmmnmmm+ -tnr 

! IS 247 METERS - USED IN CON-SAND 8 CON-CREP) 

WELPI-BC 

CON-OPEN = MAKEPROP((PRM-CASMHCK-CAS[ID:B]*(LOG(DRAIN-BCMIELLRAD)-0.5)) 8 

PERM-X[ID:I] HEIGHT[ID:l] I (LOG(DRAIN-BCMLLRAD) + 0.0 - 0.5) 

I (PERM-X[ ID: 1 ]"HEIGHT[ID: 1 ]*(LOG( RE-CAST[ ID:9]fWELLRAD)-O.5))) 

(LOG(DRAIN-BCMIELLRAD)-0.5)) I (PERM-X[ID: 1 ]"HEIGHT[ID: I]"LEN-BC)) 

(LOG(DRAIN-BCMIELLRAD)-0.5)) I (PERM-X[ID:l ]"HEIGHTID:l ]"LEN-BC)) 

CON-SAND = MAKEPROP((PRM-SAND'PI[ID:8].WELLRADWLLRAD* 8 

CON-CREP = MAKEPROP((PRM-CREP*Pl[lD:8]^WELLRADWELLRAD* 8 

! SOLVE FOR OPEN BOREHOLE TO CASTILE B.C. (WITHIN 200 YEARS AFTER FIRST INTR.) 

! DIP) FOR ALL SUBSEQUENT INTRUSIONS 
! USE FBHP4 SINCE BOUNDARY CONDITION WELL IS ASSUMED TO BE IN PANEL 5 (DOWN- 

BHP-OPEN = (FBHP4+CON_OPEN'(CAST-RE-RHO-G-H))/(1 .O+CON-OPEN) 
! SOLVE FOR SAND-FILLED BH CONDITION (200 TO 1200 YEARS AFTER IST INTRUSION) 
BHP-SAND = (FBHP4+CON_SAND*(CAST-WB-RHO-G-H))/( 1 .O+CON-SAND) 
! SOLVE FOR CREEP-CLOSED BH CONDITION (1200 YEARS AFTER IST INTRUSION) 
BHPCREP = (FBHP4+CON-CREP*(CAST-WB-RHO-G-H))/( 1 .O+CON-CREP) 
!ASSIGN ABANDONED BH PRESSURE BASED ON INTRUSION TIME 
PREV-TME = MAKEPROP(l000.0) 
DELT-TME = INTR-TMENRSEC[ID:8] - PREV-TME 
BHP-ABAN = IFGTO(DELT-TME - 200.1 ,IFGTO(DELT-TME - 1200.1 ,BHP-CREP,BHP-SAND),& 

~ ~ ~ + r + + r n + r + + + ~ m m * n m r . r r m m + r m w m m n r  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
j***++t**tt++++**t*t-++++++-*++++~-~-n 

!CHAPTER 3. COMPUTE DIP IN REPOSITORY 

,*****++**m++mm++*++*H+r-*-~-*t--- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I---------------------------------------------- 

HHmtt 
BHP-OPEN) 

( * + + * + + + * t r n n + + * + + m m + H + r + + ~ ~ - * ~  

.............................................. 
LIMIT ELEMENT OFF 
!COMPUTE THE GRID BLOCK ELEVATIONS ACCOUNTING FOR 1 DEGREE DIP IN SALAD0 
!DEFINE GRID BLOCK ELEVATIONS DUE TO DIP 

ZORlGlN = 382.671 
YORIGIN = 1000.0 

! USE ELEVATION OF SHAFT AT MID-REPOSITORY 

ELEVN = MAKENODE(COS(THETA1 [ID:l])'(Z-ZORIGIN) 8 
+ SIN(THETAI[ID:l])'(Y-YORIGIN)) 

ELEVE = NODPELE(ELEVN) + ZORlGlN 
!COMPUTE GRID BLOCK POTENTIAL ASSUMING BRINE IS INCOMPRESSIBLE (APPROXIMATELY) 
POTE = PRESEU(DNSFLUlD[ID:5]'GRAVACC[lD:8]) + ELEVE 
! 
! NOW SET GRID THICKNESS FOR ALL ELEMENTS TO CRUSHED PANEL HEIGHT 
THICK = MAKEAlTR(HEIGHT[ID:l]) 
! 
DELETE ELEVN, YORIGIN, ZORlGlN 
EXIT 

13 



8.4a. Solubility of Plutonium as Expected Under Conditions 
in the WIPP Repository (V.M. Oversby, 1997) 



THE SOLUBILITY OF PLUTONIUM UNDER CONDITIONS 
EXPECTED IN THE WIPP REPOSITORY 

V. M. Oversby 
VMO Konsult 
Karlavagen 70 

S-I 14 59 Stockholm 
Sweden 

October 31, 1997 

This report was prepared for the Environmental Evaluation Group, Albuquerque, New 
Mexico. Every attempt has been made to make the report as complete as possible within 
the time available for its preparation; however, the author cannot guarantee that all 
relevant work is included in the discussion. The author is not responsible for the 
subsequent use of information and opinions contained in this report. 



Table of Contents 

Introduction 

Factors controlling solubility 

Redox state 
Brine Composition 
Phases controlling brine composition 
Complex ion formation 

Scenarios for dissolution of Pu 

Suggestions for future work 

References 

Appendix A: 

Appendix B: 

Appendix C: 

I 

2 

9 

10 

13 

Review of Chemical Conditions Model 

Review of Novak and Moore 
solubility calculations 

Review of SOTERM Appendix to CCA 

Appendix D: Summary of relevant articles used in 
preparation of this report 

2 



Introduction 

The Waste Isolation Pilot Plant (WlPP) is located in southeastern New Mexico. It 
is designed to be a final disposal site for transuranic wastes (TRU) produced 
from defense-related activities in the USA. The repository site is 655 meter 
below ground surface in a bedded salt formation (Salado Fm.) of Permian age. 
The planned inventory of wastes includes 850,000 canisters of relatively low 
activity, contact-handled, TRU, and about 7500 canisters of higher activity, 
remote-handled, TRU (Chaturvedi et al., 1997). The remote handled TRU 
canisters will contain about 15% of the total activity in the repository and, thus, 
can be expected to contain the highest concentrations of Pu and Am, the main 
actinide constituents in the waste. 

The Environmental Evaluation Group (EEG) conducts independent technical 
evaluations of the impact of the WIPP project on public health and on the 
environment. In October, 1996, the US Department of Energy submitted their 
Compliance Certification Application (CCA) to the US Environmental Protection 
Agency. During their independent review of the CCA, EEG identified a number 
of concerns (Chaturvedi et al., 1997). They determined that an additional review 
of the factors that influence the solubility of plutonium under the conditions that 
will pertain at WIPP would assist them in their evaluation of the CCA. The work 
covered by this report was initiated in response to EEG’s request. Some specific 
questions were proposed as important to their evaluation: 

Is there enough experimental evidence to rigorously conclude that plutonium will 
be in the Pu(lll) and Pu(lV) states in the repository environment, rather than the 
potentially more soluble Pu(V) state? 

Is there something that has not been considered in the CCA that might result in 
higher Pu solubility? 

What is the effect on the solubility of Pu of the compounds formed by the MgO 
backfill interactions with brine? 

What, specifically, are the scientific shortcomings of the DOE arguments in the 
CCA and what needs to be done to address these shortcomings in terms of 
calculations and experimental work? 

This report attempts to answer those questions by discussing the most likely 
redox state for Pu based on published experimental work, the effect of brine 
composition on solubility of actinides in the (IV) valence state, the influence of 
solution species formed by reaction of the MgO backfill on An(lV) solubility, and 
the influence of other potential ligands present in the waste itself on actinide 
solubility. An analysis of the calculational path used as a result of the scenario 
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adopted for the calculations suggests that there are means of forming significant 
amounts of soluble Pu as citrate complexes or as complexes with the chemical 
degradation products of cellulose. A new scenario for calculations to test the 
sensitivity of the results to pathway is proposed. In addition, some 
inconsistencies in the calculated results reported in the CCA are discussed and 
issues are identified that need resolution. 

Factors controlling solubility 

There are four major factors that will determine the effective solubility of 
plutonium in the WIPP environment. These are (1) the redox conditions, (2) the 
brine composition, (3) the availability of ligands through degradation of the 
waste, and (4) the effects of slow kinetics of reaction due to lack of lability of 
species (i.e., persistence of metastable species). The brine composition, itself, 
will be affected by the persistence of metastable reaction products, especially 
those formed by the MgO backfill. Each of these factors is discussed in the 
sections that follow. 

Redox state 

Plutonium can exist in several oxidation states in natural waters depending on 
the availabilty of oxygen and complexing agents. Under normal atmospheric 
carbon dioxide pressure (pco,= 3.2 XI 0" atm), but in the absence of other 
complexing ligands, the expected oxidation states of Pu are PuO,~', PuO,', and 
Pu4' under oxic conditions and Pu4' and Pu3' under reducing conditions. PuO,' 
disproportionates into PuO,2' and Pu4+, but the rate of the reaction depends on 
the 4th power of the H' concentration and on the square of the PuO,' 
concenfration so that at low concentrations of Pu in neutral solutions the reaction 
rate is negligible (Choppin, 1990). This suggests that PuO,', once present, may 
persist outside of its stability field because of slow reaction kinetics. 

During the operational period of the WIPP repository, oxygen will be present in 
the storage rooms. This oxygen will be trapped in the salt formation after 
repository closure and will be available to react with the waste materials and their 
containers. Void space in the repository will be reduced by salt creep, and the 
encroaching salt will eventually crush the waste drums. The residual oxygen can 
react with the drum material or with the waste itself, producing soluble corrosion 
products, such as Fe2', and possibly PuO,'. Radiolysis of water inside the waste 
drums can also result in oxidation of plutonium to produce PuO,'. If there are 
organic complexing agents present, the PuO,' will be rapidly reduced to Pu(lV) 
and stabilized in solution as soluble complex ions (AIMahamid et al., 1996). It is 
reasonable to conclude that Pu0,'will not be able to coexist with organic ligands 
for any significant period of time, and that solubility calculations should consider 
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either transient presence of PuO,’ or presence of Pu(lV) with or without organic 
ligands. 

Weiner et al. (1996) discuss the possible oxidation states of Pu under WIPP 
conditions. They conclude that Pu(lV) is expected to be the stable state, but 
include Pu(lll) based on observations by Felmy et al. ( I  989). These experiments 
used Pu(lll) maintained in that redox state by adding Fe powder to the solutions. 
The solubility of Pu(OH), was measured in dilute solutions and brines. The 
redox state of Pu was verified by using chemical extraction methods; however, 
the method used measured Pu(lll) + Pu(lV), so there is not positive identification 
of Pu(lll) content. At pH 9 and above, the concentration of Pu was below 
detection limits (Felmy et al., 1989). This would suggest that Pu(lll) needs to be 
considered up to pH 9 in modelling calculations if metallic Fe is present, which it 
will be in the form of WIPP disposal drums. Above pH 9, the upper limit for 
Pu(lll) is set by the detection limit in the Felmy et al. (1989) experiments as I O ”  
M. 

Pu(V) has been observed in a number of experiments conducted in brines. 
Weiner et al. (1 996) discuss some of these results in Appendix A to their report 
and conclude that Pu(V) will not be important because it disappears with time. 
This conclusion would be perfectly valid for cases where release from the 
repository is assumed to occur through flow mechanisms that take long periods 
of time to reach the accessible environment; however, for human intrusion 
scenarios where the brine may reach the surface directly via a borehole, it is 
probably more valid to include transient species that have been shown to have 
long lifetimes. Since any Pu(V) is likely to react with dissolved Fe(ll), the steady- 
state amount of Pu(V) should be small and not lead to a large increase in 
calculated total mobile Pu species in the repository. 

Brine composition 

Brine composition can affect solubility in two principal ways. The first is through 
the effect of ionic strength, which will generally lead to higher actinide solubilities 
for high ionic strength. Most of the effect of ionic strength increase is seen by 
the time a solution concentration of 2M NaCl is reached, with little change in 
effective activity coefficients expected as ionic strength increases further. The 
second means of affecting solubility is through the formation of complex ions. 
Carbonate ion and hydroxyl ion are the main inorganic ligands that will cause 
increased solubility of Pu in the WIPP brines. Novak and Moore (1996) 
calculated that sulfate complexes are important for some cases; see Appendix B 
for discussion. 

In this section we will consider experimental evidence that can be used to 
evaluate the expected effects of brine composition on the solubility of Pu. The 
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conclusions that can be drawn from the experimental evidence will be useful in 
assessing the validity of model calculations. Most measurements using Pu have 
been done with oxygen present in the system, either with normal atmospheric 
composition together with carbon dioxide, or under argon glove box conditions 
with 18 to 30 ppm oxygen in the gas. While the latter amount may seem very 
small, it is enough to provide for oxidation of Pu from Pu(lV) to Pu(V) in solution. 
Once Pu(V) is formed, it may be long-lived if there is not an active reductant 
present. 

DePablo et al. (I 995) conducted experiments using unirradiated crystalline UO, 
(s) in synthetic brines. Both oxidizing and reducing conditions were studied; 
reducing conditions were maintained using a hydrogen flux and a Pd catalyst. 
Carbon dioxide was not present in the experiments. Brine compositions (molal 
concentrations) were 

Species NaCI-brine MgCI,-brine 

Na+ 
K+ 
Mg2' 
Ca2+ 
CI- 
SO,' 
Ionic Str 
PH 

6.036 
0.037 
0.01 8 
0.021 
6.036 
0.058 
6.25 
7.7 

0.48 
0.57 
4.21 
0 
8.84 
0.32 
14.00 
4.7 

The UO, (s) had an initial surface condition that was very oxidized, UO,,, as 
measured by XPS. This led to an initial rapid dissolution of the oxidized surface 
even when the solution was maintained with reducing conditions. The solution 
concentrations in both brines gradually decreased and settled after 20 to 25 days 
at steady-state values of 2.8 x IO-' mollkg in the NaCl brine and 3.1 x IO- '  mol/kg 
in the MgCI,-brine. At the end of the experiments the Eh was measured to be 0 
to 60 mV (compatible with the stability of UO,) and the surface of the dissolving 
solid was measured to have a composition of UO,,, as measured by XPS. A 
model calculation was done using the PHRQPITZ code (the PHREEQE 
equilibrium code with Piker parameters added) and gave quite good agreement 
of the concentrations predicted by the calculations with those measured in the 
experiments. The calculated concentrations for zero ionic strength solutions 
were about a factor of 3 lower than those calculated for the brines. 

The experiments of DePablo et al. (1995) show that for UO, (s), there is very little 
variation in solubility that can be attributed to the combined effects of increasing 
the brine ionic strength by a factor of more than 2 and simultaneously increasing 
sulfate by a factor of 5. In addition, changing the dominant cation from Na+ to 
Mg2' did not seem to have a large effect. From the modelling calculations, the 
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effect of high ionic strength on solubility of the UO, (s) was limited to an increase 
G, a factor of 3. 

?he effect of carbonate ion on the solubility of Th was measured in solubility and 
speciation experiments by b tho ls  et al. (1994). They measured the solubility of 
a freshly precipitated thorium oxide/hydroxide with low crystallinity as a function 
of pH with an atmosphere of 10% carbon dioxide. They analyzed the data and 
deduced speciation with Th(OH),CO,’ as the dominant species from pH 5 to 
slightly greater than 7 and with Th(C0,):- beginning to occur at pH just under 7 
and taking over from the hydroxycarbonate complex after pH7.4. The total 
solubility of Th(lV) at pH 7 was M. b tho ls  et al. (1994) also calculated 
stability constants for these species and the solubility product for amorphous 
Tho, for their experimental solution conditibns of 0.5 M NaCIO, and for the 
extrapolated values at zero ionic strength. 

Rai et al. (1995) measured the solubility of U(IV) and Th(lV) freshly precipitated 
oxides under inert atmosphere conditions as a function of carbonate/bicarbonate 
concentration in solution. For the U experiments, Fe powder was added to the 
solutions to ensure that no U(VI) formed. At low carbonate concentration, the 
uranium solubility was about 1 O-* M. (This is about a factor of 10 lower than the 
value calculated by DePablo et al. (1995) for low ionic strength and no 
carbonate. See above). Two data points at a carbonate content of 0.1 molal 
also had a solubility of IO- *  M for Th(lV). The Th solubility increased to be I O e 5  M 
at a sodium carbonate content of about 0.3 m, which is similar to the carbonate 
content that one would expect with a partial pressure of CO, of 0.1 atmosphere. 
For U, a carbonate concentration about a factor of 4 higher was needed to 
achieve the same solubility of M. It should be noted that for both U and Th, 
the concentration of carbonate had to exceed 0.1 molal before a dramatic 
increase in solubility was observed. 

From the results presented above, we may derive two important conclusions 
concerning the effect of brine composition on Pu(IV) solubility. 

(1) The detailed composition of the brine will probably not be important 
in determining Pu(lV) solubility in the absence of organic ligands 
and at low carbonate concentrations. 

(2) Carbonate ion concentrations will only have a large effect on Pu(IV) 
solubility if they are above 0.1 molal. 

These conclusions should be valuable in assessing the reliability of modelling 
calculations for WlPP long-term performance predictions. 

Experimental studies of Th and Pu solubility were supported by the WIPP Project 
in FY 1997 to determine what the effects of the MgO backfill would be on 
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solubility and to validate the model assumption that Th data could be used to 
model Pu behavior. Preliminary results are available in the annual report for 
FY97 (Rai et al., 1997). All experiments were done with nitrogen atmosphere. 
The concentrations of Th in the presence of MgO after 5 days exposure in two 
brines was between 1 O-77.3 and I O - *  MI while with hydromagnesite present the 
solubility was much higher (IOm5 and 10-6.5 M). The solubility of amorphous 
plutonium dioxide in the brines in the presence of Fe powder was measured to 
be I O-6.5 M at pH 7.5 and I O-7.5 M at pH 8. Solubility changes when 
hydromagnesite was present were +/- a factor of 10 with increase in pH of 0.5 
units in both brines. The presence of Na,S,O,, a strong reducing agent, resulted 
in higher Pu solubility in all cases. This was interpreted to indicate the possible 
presence of Pu(lll) species that were more soluble than the Pu(lV) species. 
Pu(V) was also considered as a possible species to explain some of the higher- 
than-expected concentrations found. 

The solubilities for Pu in the absence of carbonate found by Rai et al. (1997) are 
quite similar to those found by DePablo et al. (1 995) for UO,. Solubilities for Pu 
and Th depend to a large degree on the “age” of the solid and its degree of 
crystallinity. This factor is less important for UO,. Since the preliminary results 
for Pu in brines seem to be consistent with those for UO, solubility in brines, the 
UO, solubility data measured in brines would seem to represent a sounder basis 
for performance prediction than those calculated from a model based on Th with 
Pitzer parameters. This conclusion is strengthened by the fact that the 
solubilities of Th measured by Rai et al. (1997) in the presence of 
hydromagnesite are much higher than those calculated by Novak (1997 - see 
discussion in the next section and in Appendix A). 

Phases controlling brine composition 

The brine compositions assumed for the WIPP performance assessment 
conditions are either the Salado brine or the Castile brine or a mixture of these 
brines. To assess the solubility of actinides in the brines, Novak and Moore 
(1996) further assumed that the brines became saturated with halite and 
anhydrite, the major minerals in the associated salt formations. The effective pH 
of the brines under these conditions was about 5.6 to 5.8, which was thought to 
be lower than desirable. Actinide solubility goes down with increasing pH, at 
least until pH of 11 or 12 is reached; for this reason, addition of a backfill 
material was considered to buffer the pH at about 10 and to absorb CO, gas that 
might be generated by microbial action. (See Appendix A for a more detailed 
discussion of this issue.) 

The MgO from the backfill was thought to produce brucite and magnesite as its 
stable reaction products and that these materials would be those responsible for 
conditioning the brine chemistry. During experiments with alteration of MgO with 
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the brines, it was found that other phases formed. These phases are (or, at 
least, may be) metastable with respect to magnesite and brucite; however, they 
may persist for extended periods of time under the WlPP disposal conditions. 
The draft report on the MgO alteration shows evidence for the formation of 
reaction products that are predominantly nesquehonite (MgC0;3H20) with the 
later appearance of a phase that could not be positively identified, but was 
tentatively identified as MgCOg 3H20 . MgCI(0H) (PDF7-278) (no name given). 
The chemistry of this phase is quite different from that of hydromagnesite 
[(MgCO,),. Mg(OH);4H2O]. Despite this, the draft report claims on page 30 that 
“we observed that hydromagnesite, with a loose platy habit, is the favored 
metastable phase in our experiments, rather than nesquehonite” (Sandia, 1997). 

The identity of the Mg-carbonate phase that forms with alteration of MgO is 
important because this phase will control the carbonate and bicarbonate 
concentrations in the brines. High concentrations of carbonate in the brines can 
increase the solubility of Pu via complex ion formation with carbonate. 
Calculations in the Sandia, 1997, draft manuscript reported only the effect of 
hydromagnesite on expected actinide solubility. Hydromagnesite, however, was 
never identified in the experiments described in the draft manuscript. In other 
materials available from Sandia, it was seen that calculations were also done 
with nesquehonite (C. F. Novak memo to R. Vann Bynum dated 21 April 1997, 
“Calculation of actinide solubilities in WlPP SPC and ERDAG brines under MgO 
backfill scenarios containing either nesquehonite or hydromagnesite as the Mg- 
CO, solubility-limiting phase.”) Since the results with nesquehonite were quite 
different for the (IV) actinides, they are reproduced here together with the results 
reported in the draft manuscript. 

Conditions +4 act., molar +4 act., molar log 
Salado (SPC) Castile fugacity (CO,) 

CCA calc. 4 E-6 6 E-9 
No backfill 5 E 4  7 E-5 
5424 hydromag. 1 E-8 4 E-8 
4323 hydromag. 2 E-8 5 E-8 
Nesquehonite 6.3 E 4  1.0 E-3 

-6.9 
0 to 2 
-5.5 
-5.39 
-3.8 

Note that with nesquehonite present, the solubility of the +4 actinides is 
calculated to be higher than it is with no backfill present. pcH for Salado 
conditions is calculated to be 9.4 and for Castile, 9.9. 

The predictions of solubility in the presence of hydromagnesite are lower than 
the experimental results for Th discussed above, but are similar to the results 
found for Pu in the presence of hydromagnesite and Fe. No experimental data 
on the solubility of Th or Pu in the presence of nesquehonite is yet available. 
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Complex ion formation 

Discussions in the previous sections have shown that the inorganic anions most 
likely to affect actinide (IV) solubility through complex ion formation under WIPP 
brine conditions are hydroxide and carbonate ions. Sulfate ion has been shown 
in experiments with U(IV) to have no significant effect on overall solubility over 
the range of variation in sulfate content expected for the WIPP. 

The remaining possibility for complex ion formation comes from the waste 
materials, themselves. Citrate, which forms a very stable complex ion with Th, is 
present in large amounts in the waste inventory. The solubility calculations for 
the actinides in brines with and without MgO are discussed in Appendix B. 
These calculations assume homogeneous equilibria, which for actinides in the 
absence of complexing ligands from the waste is probably an adequate estimate. 
For the case where organics are present, the organics are also treated by 
SOTERM as if they were homogeneously dissolved in 29,841 m3 of brine. 

To model the behavior of Pu with citrate, we must consider heterogeneous 
equilibria for organic complexation with the actinides. The main difficulty arises 
because the Pu in the waste is probably located in the same drums as the 
citrate, which is the dominant organic ligand. This is because these wastes arise 
from chemical separations of Pu and are not the type of waste described in the 
general descriptions of TRU waste as contaminated equipment, clothing, etc. To 
get an accurate estimate of the effect of organic ligands on Pu solubility, one 
must calculate the concentration of Pu as citrate complex inside a waste drum 
that has been breached, but can still provide a hindrance to mixing of the brine 
inside the drum with a larger pool of brine outside the drum. This will give a high 
concentration of Pu in solution as the citrate complex. Other ions will not 
compete with Pu sufficiently to prevent complex formation because the stability 
for (IV) actinide complexation - as shown by the stability constant for Th(lV) on p. 
39 of the SOTERM appendix- is orders of magnitude larger than that for other 
ion complexes with citrate. 

Another possible ligand for increasing Pu(lV) solubility comes from the 
degradation of cellulose. Work in England has shown that degradation of 
cellulose can occur both through chemical processes at high pH and by radiation 
effects. The degradation products have been shown to increase the solubility of 
plutonium dramatically (Cross et al., 1989; Greenfield et al., 1992). 

To obtain a more accurate estimate of the effect of citrate and cellulose 
degradation products on Pu solubility in the event of human intrusion, 
calculations that use Pu complexes formed inside a waste drum and model the 
mixing of that relatively concentrated brine with the average repository brines 
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must be done, taking into account the time scales for mixing and the possibility 
i?at the intrusion event may release some brine from waste drums that has not 
had an opportunity to mix with the average repository brines. The development 
of an appropriate scenario is discussed further in the next section. 

The conclusion given in the CCA SOTERM appendix that EDTA complexes will 
not increase actinide solubility is probably correct, since the amount of EDTA is 
small and the Ni and Fe complexes have stability constants that are similar to 
those for the actinides. It is not shown, and is probably not true, that the more 
abundant citrate inventory will not increase actinide solubility, especially for Pu. 

Scenarios for dissolution of plutonium 

Analyses of the long-term performance of the WIPP repository have shown that 
the only likely cause for significant releases of radioactivity would come as the 
result of human intrusion into the repository. One pathway for release involves 
drilling into the repository level, flooding of the repository with brine, and then 
flow of the brine through the overlying Culebra dolomite aquifer. This pathway 
would require considerable time before radionuclides would reach the accessible 
environment and, in this case, the model of homogeneous brine compositions 
averaged over the whole repository at the time of the release is probably 
appropriate. For this scenario, the large volume of brine (29,841 m3) discussed 
in the SOTERM calculations is probably needed. 

Another human intrusion release scenario involves drilling through the repository 
and reaching the underlying Castile formation, in which there are pockets of 
pressurized brine. If a pocket of pressurized brine were to be encountered 
during drilling, it is possible that it might rise up the drill hole, through the 
repository, and up to the surface very rapidly. The only waste encountered in 
this case might be that in a few drums that were in the immediate path of the drill 
hole. These drums might contain low Pu concentrations and little or no citrate 
iot-s or cellulose degradation products, or they might contain the maximum 
allowed Pu concentration and sufficient citrate or cellulose degradation products 
to fully complex the Pu. The brine composition would be determined by the 
local, internal environment in the waste drum, rather than by the grand average 
of the repository. 

As an illustration, the volume of brine that would be associated with this release 
scenario may be estimated by assuming a small diameter exploratory drill hole of 
about 0.01 m2 area (a bit over 10 cm diameter drill core) and a hole depth of 
about 900 m. The volume to fill this hole would be 9 m3. A reasonable volume 
for the release of brine before it was capped off would be about 100 m3, or about 
10,000 liters of brine. This brine could be assumed to contain the contents of 
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two waste drums, each containing l og  Pu and I O  moles of citrate. The brine 
inside a crushed waste drum with these inventory amounts could be modelled 
assuming the drum material was actively corroding to provide Fe(ll) at equilibium 
concentration with appropriate citrate complexation as well as the Pu( IV) citrate 
complex. The amount of such brine could be quite small (e 1 L) or moderate 
(10-30 L). This assumed concentrated brine could then be intercepted by the 
drill hole and the brine rising from the Castile formation, providing dilution of the 
concentrated brine, but probably not a major change in speciation. The 
appropriately diluted brine would then be the material that would be assumed to 
reach the surface. 

The construction of the CCDF for assessment of compliance with 40 CFR 191 
would then involve a selection of model realizations with the release from a 
pressurized brine and a probability distribution of whether the drums that might 
be intersected by the drill hole were those with high Pu or with low Pu. This 
method for handling heterogeneous waste distributions and heterogeneous 
equilibria in the respository would be rather simple to implement, at least on the 
level of exploratory calculations. 

Suggestions for future work 

Experimental work 

Performance predictions for WIPP are currently done using equilibrium 
thermodynamic modelling of brine chemistry and with Th as the representative of 
the (IV) actinides. The calculated Th concentrations have internal 
inconsistencies (described in Appendix B) with respect to both the total solubility 
and the speciation of Th under conditions with similar brine composition. 
Experimental work on systems that contain Pu itself, rather than Th as a 
surrogate, have been started and should be continued. Results from these and 
future experiments should be compared with existing experimental results on 
U(IV) compounds. 

If MgO will be used in the repository to control pH and to attempt to control 
carbon dioxide fugacity, experiments using brines with nesquehonite and brines 
with hydromagnesite should be conducted. Carbon speciation should be 
measured in these experiments as a function of reaction progress, as well as the 
evolution of the brine chemistry. These parameters will be needed if the longer 
term solubility of Pu in these systems is to be modelled. Redox state of Pu in 
solutions should be measured; methods that might be used are direct 
spectroscopy at relatively high concentrations and valence-specific solution 
extraction methods at low concentrations. 
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The stability constant for formation of citrate complex ions with Pu(IV) should be 
determined. The sensitivity, if any, of the value of the stability constant on brine . 
composition should be evaluated. Experiments in systems that contain abundant 
citrate and Pu together with metallic iron and iron corrosion products formed 
under WIPP-relevant conditions should be done to evaluate the ability of Fe(ll) in 
solution to compete for citrate ion in complexes. Sequential dilution of brine with 
Pu-citrate complexes in solution by adding samples of that brine to solutions 
containing brine with metal and corrosion products should be conducted to 
provide validation of the calculations suggested below. 

Thermodynamic properties and models 

Use of Th to model the behavior of all actinide (IV) elements requires that (1) the 
chemistry of all actinide (IV) elements in brines is closely similar and (2) that the 
data base for species formation and solubility as well as for activity coefficients of 
Th(lV) species in brines is sufficiently well known. The differences found 
between Th concentrations calculated by Novak and Moore (1996) and those 
measured by Rai et al. (1997), and the differences between the calculations for 
Th and the experimental data for U(IV) indicate that one or both of those 
requirements is not met. 

Several work areas need to be undertaken in order to improve the reliability of 
the calculations. First, the calculations should be done using data.for Pu and the 
values for solubility and complex ion formation contained in the peer-reviewed 
data compilation prepared by OECD/NEA. This work has been underway for 
about 10 years and has had many man-years of effort from the members of the 
specialist review committee. Even though small changes may be made between 
the current draft document and its final publication, it is likely that a significant 
improvement in the consistency of the calculated results and the findings in 
solubility and speciation experiments could be found if this source were used for 
the basic thermodynamic data. 

DePablo et al. (1995) reported calculations of U(IV) solubility in brines using an 
equilibrium thermodynamic modelling code developed by the US Geological 
Survey. It would be instructive to compare the results of calculations of Th 
solubility using the same code and data base to the reported results of Novak 
and Moore (1996). In particular, a comparison of the calculated activity 
coefficients for dissolved species using each code would be useful. For highly 
charged species such as Th(C0,);- it is extremely difficult to estimate the activity 
coefficient using calculational methods. Comparison of the species included in 
the calculations as well as the results of speciation and solubility predictions for 
Th would be interesting and might give an insight into the uncertainties that exist 
in the calculation of solubilties for these systems. 
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A sensitivity analysis should be conducted to determine the effects of 
uncertainties in both the solubility measurements and stability constant 
determinations as well as the estimation of Piker parameters on the final 
calculated solubility. This would involve a “Monte Carlo” type of sampling 
procedure that selects a value within the range of +/- appropriate to the solubility 
product for a given compound and then values for each of the complex ion 
stability constants within their range of data uncertainties. A similar process 
would be used for the calculation of the Piker coefficients. Results of 30 to 40 
calculations using this type of sampling method should give a reasonable 
indication of the real range of combined uncertainty in the calculations. 

Release scenario calculation 

A scenario for release via human intrusion that involves release of brine with 
concentrated Pu-citrate content via mixing with a larger volume of brine and 
transport through the Culebra aquifer should be done. This calculation can be 
done as a simple, sequential dilution model in which 10 liters of initial Pu-citrate- 
containing brine is mixed with 10 liters of Salado brine equilibrated with 
appropriate minerals and Fe(ll) corrosion products. The second calculation 
would then mix this 20 liter volume of brine with another 20 liters of Salado brine. 
Ten steps of mixing would give a brine volume of 10,000 liters. The pattern of 
speciation changes in Pu and the overall Pu solubility calculated could then be 
compared to the sequential dilution experiments discussed above. If the results 
agree, a level of validation is achieved for the calculations. If the results 
disagree, insight into requirements to improve the data base and calculational 
methods should be gained. 
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Appendix A 

Review of “Chemical Conditions Model: Results of the MgO Backfill Efficacy 
Investigations”, Sandia National Laboratories (no author names), April 23, 1997, 
Draft. 

This paper describes some experiments in which MgO in the form of small 
pellets (2 to 4 mm in size) or MgO “fines” (0.5 to 1.0 mm) were reacted with 
Castile and Salado brines (presumably synthetic, but the text does not address 
this point). 

The experiments produced reaction products that are predominantly 
nesquehonite (MgCO;3H20) with the later appearance of a phase that could not 
be positively identified, but was tentatively identified as MgCO; 3H,O ’ MgCI(0H) 
(PDF7-278) (no name given). The chemistry of this phase is quite different from 
that of hydromagnesite [(MgCO,); Mg(0H)i 4H,O]. Despite this, the paper 
claims on page 30 that “we observed that hydromagnesite, with a loose platy 
habit, is the favored metastable phase in our experiments, rather than 
nesquehonite.” (See comment 4 below for a more detailed discussion.) 

The concentration of an element in solution is the sum of all of the species 
concentrations in which that element is present. Usually, one species 
predominates as the most soluble for a given element under a given set of 
conditions, and the concentration of that species is determined by the solubility 
of the most soluble solid phase that results in that species being formed. That 
phase will continue to control the solubility so long as it is present in the system, 
even if other, more stable, phases are also present. For the set of possible 
conditions with MgO backfill present, and assuming the absence of ligands for 
the actinides that result in even higher solubility species, the phase that results in 
highest (IV) actinide solubility is nesquehonite. So long as nesquehonite may be 
present in the WIPP repository, the solubility of (IV) actinides must be modelled 
using calculations that include it as a member of the phase assemblage. Since 
the production of CO, is assumed to persist over periods of thousands of years, 
and since nesquehonite is observed to be formed early in the sequence of 
phases formed when carbon dioxide reacts with MgO in the backfill, we must 
assume that nequehonite will be present over thousands of years, even if it can 
be shown that the conversion of a particular amount of nesquehonite to a less 
soluble phase occurs over a time scale of a few hundred years. 

As shown in item 7 of the detailed comments, the solubility of (IV) actinides with 
nesquehonite present is even higher than that calculated for the case with no 
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MgO present. If nesquehonite must be considered as present for most of the 
performance period of the repository, it would seem that the addition of MgO 
does not enhance the performance of the repository, but rather adds to the 
uncertainties to be considered, if our attention is limited to the case of the (IV) 
actinides. For the (111) and (V) actinides, the MgO does seem to reduce the 
solubility considerably, even with nesquehonite present (data in Novak, 21 April 
1997 memo). Since Pu is the dominant actinide, and since (Iv) is the most likely 
oxidation state for Pu under WIPP conditions, there might be good cause to 
reconsider the inclusion of MgO as backfill in the repository. 
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Detailed comments: 

1. p. 5, bottom. “There is evidence in the literature that MgO can exhibit a 
bactericidal characteristic. However, there [sic] studies supporting this assertion 
were performed under conditions far removed from those expected in the WIPP 
and no direct correlation could be drawn from the literature conditions to those 
expected at WIPP. Therefore, no beneficial credit was taken for the potential 
bactericidal effect of MgO and the microbial gas generation rates were left 
unchanged.” 

The microbes are assumed to decompose cellulose to CO, and methane. 
If the microbes are not present, chemical degradation of cellulose at high 
pH is likely to result in compounds that can form complexes with actinide 
elements and increase their solubility. See, for example, the paper by J. E. 
Cross, F. T. Ewart, and B. F. Greenfield in Mat. Res. SOC. Symp. Proc. Vol. 
127, W. Lutze and R. Ewing, eds., pp. 715-722,1989. Absence of 
microbes may provide negative as well as positive contributions to the 
potential performance of the repository. 

2. p.2, middle. “Arrhenius plots assembled with laboratory synthesis of 
magnesite at 60°C for 7 years and at higher temperatures suggest that 
magnesite will form within several hundred years in the WIPP.” And, p. 19, 
“Nesquehonite is also temperature sensitive, but is stable well within the 
temperature range anticipated at the WIPP; it will convert to hydromagnesite 
above about 60°C (Lippmann, 1973).” The extrapolations using Arrhenius plots 
are discussed in more detail on pages 35-6. 

The use of data obtained outside of the field of temperature stability of a 
phase to estimate kinetics of converstion of that phase to another phase is 
invalid. In addition, the phase into which nesquehonite converts is stated 
on p. 19 to be hydromagnesite, not magnesite. 

3. p. 13. The pH curves vs reaction time show Salado brine with both the 
“coarse” and “fine” MgO with pH about 6, and the Castile samples to have pH 
about 6.8. In the figure caption, it is claimed that “The difference between the 
Salado and Castile curves reflects differences in the mineralogy of the coatings 
formed in these two brines.” 

This statement seems to conflict with the reaction product discussion in the 
manuscript on page 20 ff. 

4. p. 30. “As describe [sic] in Section 4, we observed that hydromagnesite, with 
a loose platy habit, is the favored metastable phase in our experiments, rather 
than nesquehonite.” 
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This statement conflicts with the content of section 4. Hydromagnesite was 
never identified in any of the experiments. Nesquehonite was described as 
the abundant and identifiable phase in most of the experiments. 

The reaction sequence observed is decribed on p. 20 ff. in the draft 
manuscript. There is no clear difference in the phase assemblage claimed 
in the two brine systems, only in the morphology of the phases; see p. 27 
top in the draft manuscript. From what can be seen in the text, 
nesquehonite, once formed, persists in the system even if a new, 
unidentified phase also forms later. 

The first phase observed (at point c in the model of reaction progress) is 
stated to contain C, 0, and Mg, with very little CI. It is interpreted to be 
protohydromagnesite on p. 21 top. Note: protohydromagnesite is not the 
same phase as hydromagnesite. 
“For the coarse fraction samples, nesquehonite formation had become the 
dominant alteration process by day two for the Salado fraction and day 
three for the Castile fraction.” (p. 21) 
For the fines, at day four there was no nesquehonite observed in either 
brine, but the original alteration product (noted above as point c) was 
thicker and is now referred to as “hydromagnesite-like”. At day ten, the 
Salado brine sample with MgO fines showed nesquehonite as a mat over a 
CI-rich version of the “hydromagnesite-like” material. (p. 21, middle and 
Fig. 4-5). 
At stage f in the reaction progress model, the samples (not stated whether 
it is coarse fraction, fine fraction, or both) develop an interlocking mesh of 
fine, platy crystals, which is interpreted to be protohydromagnesite 
containing a detectable amount of CI. 
On p. 27, the appearance of the new phase is claimed to be related to the 
presence of a high Mg concentration. The phase identification was 
tentative. “Although the SEM photographs show the material to be 
crystalline, the small crystal size has made it very difficult to get positive 
identification by x-ray diffraction. The best, though still highly tentative, 
identification arises from the comparison of the fines recovered from a I O -  
day treatment. In the case of the Castile coarse sample, a very clean 
pattern for pure nesquehonite was obtained. The dominant peaks in the 
Salado coarse sample were also nesquehonite, but a comparison with the 
Castile pattern showed that a few very small new peaks were present. 
These could be indexed to the material 
MgCO; 3H,O . MgCI(0H) (PDF7-278).” Six lines later, the manuscript 
claims “The parallel between this new material and hydromagnesite is quite 
evident. Both this phase and hydromagnesite [(MgCO,); Mg(0H); 4H,O] 
consist of mixtures of magnesium carbonate, magnesium hydroxide, and 
waters of hydration.” 
phases listed on page 18 would also be equally closely related to the new 

This analogy would imply that most of the other 
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material. The presence of CI in the new material is, apparently, not 
considered to be important. 

On. p. 29, the results of the “tea-bag” experiments are discussed. The 
samples with longest reaction times were for 19 days. “In the 19-day 
samples, masses of nesquehonite needles are readily observable in the 
pore spaces between the grains.” 

5. p.32. “Given the extremely slow precipitation rate detailed by the low pC0, in 
the repository, we expect that nesquehonite will not form. The favored 
metastable phase is hydromagnesite.” 

It is difficult to reconcile this claim with the experimental evidence presented 
in Section 4 of the manuscript, especially since hydromagnesite has not 
been seen to form in any of the experiments described in that section. 

6. In the figure caption for Fig. 5-5, it is stated “In our experiments, 
nesquehonite, [sic ] is initially formed but converts to hydromagnesite, probably 
through the protohydromagnesite intermediary.” 

This statement misrepresents the experimental results. The only phase 
that was positively identified was nesquehonite, which was found in 
abundance in nearly all of the experiments discussed in the draft 
manuscript. The reaction path described at the top of page 37 as 
“possible” is just that - possible, not definitive. 

7. p. 38. “As shown previously, hydromagnesite has been observed and 
predicted to be the metastable phase possibly formed in the repository which 
then ages to form magnesite. Model predictions were performed to predict the 
actinide solubilities which could occur during these transient periods. To perform 
the model predictions, hydromagnesite had to be added to the actinide solubility 
database.” 

As stated above, hydromagnesite was never identified in the experiments 
described in the draft manuscript. In other materials available from Sandia, 
it was seen that calculations were also done with nesquehonite (C. F. 
Novak memo to R. Vann Bynum dated 21 April 1997, “Calculation of 
actinide solubilities in WIPP SPC and ERDAG brines under MgO backfill 
scenarios containing either nesquehonite or hydromagnesite as the Mg- 
CO, solubility-limiting phase.”) Since the results with nesquehonite were 
quite different for the (IV) actinides, they are reproduced here together with 
the results reported in the draft manuscript. 
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Conditions +4 act., molar 
Salado (SPC) 

+4 act., molar 
Castile 

log 
fugacity (CO,) 

CCA calc. 
No backfill 
5424 hydromag. 
4323 hydromag. 
Nesquehonite 

4 E-6 
5 E 4  
1 E-8 
2 E-8 
6.3 E 4  

6 E-9 
7 E-5 
4 E-8 
5 E-8 

1.0 E-3 

-6.9 
0 to 2 
-5.5 
-5.39 
-3.8 

pcH for Salado conditions is calculated to be 9.4 and for Castile, 9.9. 

Note that with nesquehonite present, the solubility of the +4 actinides is 
higher than it is with no backfill present. This suggests that the addition of 
MgO backfill may not provide clear improvement in performance, but may 
add significant uncertainty in performance predictions. 
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Appendix B 

Comments on SNL Tech Memo by C. F. Novak and R. C. Moore dated March 
28, 1996, “Estimates of Dissolved Concentrations for +Ill, +IV, +V, and +VI 
Actinides in a Salado and a Castile Brine under Anticipated Repository 
Conditions.” (Referenced in US DOE Title 40 CFR Part 191 Compliance 
Certification Application for the Waste Isolation Pilot Plant, Appendix SOTERM, 
October 1996. Stated to be on file in Sandia WIPP Central File A: WBS 
1.2.0.7.1; WBS 1.1.10.1.1: WPO 36207.) 

This memo describes the general method used to calculate the solubilities of 
actinides for use in the CCA and gives the results for several sets of calculations. 
The database used is cited, but not included in the memo. 

Solubilities were calculated using an equilibrium thermodynamic speciation code 
“FMT”, which employs Piker-type interaction parameters to obtain activity 
coefficients for dissolved species. 

Equilibrium thermodynamics for solution chemistry requires the use of the 
activity, a, of species in equations that describe solubility or complex ion 
formation. The activity of a species is related to its concentration in solution by 
the relationship 

a = ym where y is the activity coefficient and m is the 
concentration of the species in moles per kg of 
solution. 

The solubility product, kq, of the salt AB in an aqueous solution can then be 
written as 

The term aAB is eliminated because the activity of a pure solid is unity. The terms 
s: :h as yA+ are the activity coefficients of the dissolved ionic species. For an 
iaeal solution, which generally means solutions near infinite dilution (very little 
solute), these terms approach unity and the solubility may be approximated by 
the product of the molal concentrations. At low total dissolved solids for aqueous 
solutions, molal concentration (m) approaches molar concentration (M = 
moles/liter). 

When solubilities are calculated for systems with many components, a group of 
equilibrium solubility equations must be solved simultaneously with a group of 



association relationships that describe formation of complex ions in solutions. 
The association relationships generally are limited to the attachment of an 
anionic ligand, L, to a cation, A+. 

where the subscript 1 ,I indicates that the 
complex consists of 1 cation and 1 ligand. 

To solve the system of equations, data are needed for the equilibrium solubility 
constants, the association constants for ligands with cations, and the activity 
coefficients for all solution species. 

What is available from direct measurements is the equilibrium solubility of 
compounds under various conditions at a fixed ionic strength in some 
noncomplexing electrolyte such as 0.5M NaCIO, and similar data for association 
reactions for ligands and cations. These data must first be extrapolated back to 
zero ionic strength to get true equilibrium values for infinite dilution and then 
extrapolated up to the ionic strength of the actual solution. For dilute natural 
groundwaters, the zero ionic strength data are generally used directly. For 
brines, the use of some scheme such as Pitzer parameters is needed to provide 
the activity coefficients for the calculations. 

Chemical solutions with many components are routinely modelled using 
computer codes such as EQ3, or, in the case of the WIPP project, FMT. These 
codes use a database of equilibrium, zero ionic strength data for solubility and 
complex ion formation, a method to calculate activity coefficients as a function of 
solution chemistry and solution ionic strength, and a numerical method to solve a 
large number of simultaneous equations. Errors and uncertainties can enter the 
calculations from any and all of these areas. In addition, since the codes are for 
equilibrium conditions, when systems occur with long-lived metastable species 
the code user must select which species will be surpressed in the calculations. 
This means that the surpressed species are eliminated from the calculations so 
that less stable species can control solution concentrations. For example, if 
hydromagnesite is to be allowed to be present, the more stable magnesite phase 
must not be included in the calculations. The user of the code must select the 
phases that will not be allowed to form. 

The types of difficulties that can be encountered in using computer modelling of 
solution chemistry are 

(1) Data for solubility or complex ion formation are not available for the species 
needed or are incorrect. 

(2) Insufficient data exist to allow accurate estimation of ion interactions at high 
ionic strength. (Activity coefficients cannot be accurately estimated.) 
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(3) Data for solubility or for complex formation are known, but are not included in 
the data base used by the code in question. 

(4) Incompatible thermodynamic properties data are included in the data base. 
(This can cause erratic results in calculations.) 

(5) Calculational problems related to the algorithms used to solve the 
simultaneous equations. (This can result in errors from accumulation of rounding 
errors in calculations or from multiplication of uncertainties through use of a 
convoluted calculational path.) 

It is rare that the accuracy of computer calculations of thermodynamic equilibria 
for complex systems can be determined directly. In most cases, one must 
examine the results of calculations for consistency with experiments on related, 
but not identical, systems. It is also important to examine the results of 
calculations for internal consistency, i.e., when large changes occur in the 
calculated concentration of a solution species, are these accompanied by other 
changes in the solution species that would be expected. 

When I examined the calculational results in the memo by Novak and Moore, I 
found inconsistencies both internally and with respect to relevant published work. 
These are discussed below. 

Novak and Moore did a series of calculations in which they stepwise equilibrated 
a brine composition with selected solids, actinides, more selected solids, and 
organics in the solution phase. The sequence of calculations was 

(1) Brine alone 
(2) 
(3) 

(4) 
(5) 

Brine plus halite and anhydrite 
Brine from step 2 plus Am(lll) + Th(lV) + N p O  until an actinide solid 
phase precipitated for each actinide 
Brine from step 3 plus brucite and magnesite 
Brine from step 4 plus organic ligands. 

In addition, steps 4 and 5 were done with saturation with portlandite and calcite 
instead of with brucite and magnesite. 

Selected calculation results are presented in Table 1 as element concentrations 
and in Table 2 as species concentrations in mollkg. The changes in major 
solutions chemistry in going from step 1 to step 3, which is the first result shown 
in Tables 1 and 2, were 

ERDA brine: sodium increased from 5.63 m to 6.22 m, and 
pmH decreased from 6.74 to 5.84, accompanied 
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by changes in carbon dioxide and carbonate 
species related to pH and compex ion formation. 

Salado brine: sodium increased from 2.06 m to 2.9 m, and 
pmH increased from 4.1 1 to 5.63, again with 
changes in carbon dioxide and carbonate species. 

We will discuss only the calculations for Th solubility and speciation here. For 
the case with actinides plus brine plus saturation with halite and anhydrite, two 
sulfate complexes with thorium appear as the sole reason for high solubility in 
the Salado brine case and are significant contributors to high solubility in the 
ERDA brine case. The abundance of these calculated species does not appear 
to be strongly affected by the factor of 4 difference in sulfate ion concentration in 
the two brines. When calculations are then done for addition of brucite and 
magnesite, the sulfate ion concentrations in solution remain about the same, but 
the Th sulfate complexes become insignificant. This occurs together with a 
calculated decrease in total Th solubility. Since the only major change in brine 
chemistry for the ERDA case is an increase in pH and accompanying changes in 
carbonate equilibria, the Th sulfate solution complexes should remain dominant. 
Their absence in the speciation results for the step 4 cases suggests that there 
are major calculational problems with the FMT code and its data base. 

Experimental data for the solubility of UO, in brines of NaCl with similar ionic 
strength (pH = 7.7) and MgCI, with higher ionic strength (pH = 4.7) under 
reducing conditions in the absence of carbon dioxide gave U4’ concentrations of 
2.8 x IO-’  m and 3.1 x m, respectively (DePablo et al., 1995). These results 
are compared to calculations for thorium by Novak and Moore in the following 
table. (See Tables 1 and 2 at the end of this appendix for detailed results.) 

Table B-I : Comparison of experimental determination of solubility for U with 
calculated solubility for Th. 

Brine type 

NaC VERDA 
MgCI,/Salado 

Experimental value 
UO,, DePablo et al. 

2.8 x 1 0 7  m 
3.1 x m 

Calculated value 
Tho,, Novak and Moore 

3.9 x m 
4.4 x l o 4  m 

The Th solubility in the ERDA brine was calculated to be dominated by the 
pentacarbonate complex; however, the amount of soluble Th sulfate complexes 
was calculated to be 7 x I O 4  m. For the Salado brine, the calculated Th 
solubility was due almost completely to the soluble sulfate complexes. Since 

4 



DePablo et al. had no carbon dioxide in their system, the soluble species should 
be present as hydroxy or sulfate complexes only. The experimental results are 
three and four orders of magnitude lower than those calculated by Novak and 
Moore for Th. Since the WlPP project bases their model for (IV) actinide 
solubility on the assumption that all (IV) actinide solubilities can be calculated 
using Th as the model, this discrepancy between calculations and experiments 
under similar conditions is significant. 

The Th sulfate complexes used in the calculations were proposed by Felmy and 
Rai (1992) when they reinterpreted data published originally in 1963; they do not 
consider the monosulfate complex. Data for sulfate complexes of Pu being 
considered for use in the international compendium of thermodynamic data for 
Pu and Np under preparation by OECD/NEA contains recommended values for a 
mono-sulfate, Pu(SO,)~+, and a di-sulfate, Pu(SO,),, complex, rather than the di- 
and tri-sulfate complexes, Th(SO,), and Th(SO,),', used in the Novak and Moore 
calculations (K. Spahiu, personal communication). This suggests that either (1) 
the complexes used to model Th were incorrect, or (2) that Th is not a good 
surrogate for Pu in its behavior with respect to sulfate complexes. In either case, 
the calculations done for Th would not be valid for use in estimating Pu solubility. 

Another problem that is evident in the Novak and Moore calculations concerns 
the carbonate species calculations. At low pH in the Castile brine, the dominant 
soluble Th species is calculated to be Th(C0,);- with very minor amounts of 
Th(OH),CO,. At higher pH (9.9), the two species are calculated to be about 
equal in importance in Castile brine, but with the solubilities in the 2 to 4 x IO- '  
range. 
the same pH as for the equivalent Castile calculation, which shows this complex 
present at 3 x lO"m), but appears at 3 orders of magnitude higher than Castile 
calculated concentrations at pH 9.4, with similar total dissolved carbonate 
species in the two cases. These internal inconsistencies in calculated results 
point to problems in the calculational methods used and/or the data base 
parameters selected. In addition, the species predominance at low pH should be 
the opposite of that calculated for the Castile brine. The stabilitiy constants for 
these species were determined by dsthols et al. (1 994); a graphic display of the 
progression of species as a function of pH is given in their paper. The 
pentacarbonate complex is dominant at high pH; while the hydroxycarbonate 
species is important at lower pH. 

In Salado brine, the pentacarbonate complex is absent at pH 5.6 (nearly 

An additional problem with the calculated carbonate species for Th is that the 
pentacarbonate complex is predicted to exist in solutions with only micromolal 
carbonate concentrations. In general, this species is not important until 
carbonate concentrations are above 0.1 molal. See, for example, Rai et al. 
(1 995). Discussion with K. Spahiu confirmed that behavior of Pu carbonate 
complexes could be expected to be similar to Th and to require concentrations in 
the > 0.1 m carbonate range. 
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It should be noted that conclusions drawn by Novak and Moore concerning the 
lack of importance of organic complexation in the determination of Th solubilities 
are invalidated since their basic calculations for Th solution species appear to 
contain a number of significant errors. 
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Table 1 : Results of model calculations by Novak and Moore( 1996) in concentrations of moles/kg brine. 
Equilibrations of Castile-like brine (ERDA) and Salado-like brine with anhydrite and halite plus 
actinides with and without MgO or CaO. 

Element 

Hydrogen 
Oxygen 
Sodium 
Potassium 
Magnesium 
Calcium 
Chlorine 
Sulfur 
Carbon 
Boron 
Bromine 
Th( IV) 
Am( 111) 
NPW) 

PmH 

Solid phases 

ERDA-HA-An 
no MgO 
111 
56.5 
6.22 
0.1 1 
0.02 14 
0.01 12 
5.98 
0.189 
1.86 E-2 
0.0709 
0.01 24 
3.88 E-3 
4.49 E-4 
1.74 E-4 

5.843 

halite 
andhydrite 

AmOHC03(s) 
Th02(am) 
KNp02C03.2 H2 O( s) 

with MgO 
111 
56.5 
6.2 
0.1 1 
0.0443 
0.01 33 
5.97 
0.1 91 
3.1 5 E-5 
0.0708 
0.01 24 
6.78 E-9 
4.12 E-7 
2.53 E-6 

9.893 

halite 
andhydri te 
brucite 
magnesite 
glauberite 

AmOHC03( s) 
Th02(am) 
KNpOZC03.2H20(s) 

Salado-HA-An 
no MgO 
111 
55.8 
2.9 
0.865 
1.62 
0.0305 
6.95 
0.0529 
1.1 5 E-2 
0.0225 
0.01 12 
4.37 E-4 
2.57 E-4 
1.78 E-5 

5.63 

halite 
andhydrite 

AmOHC03 (s) 
Th02(am) 
KNp02C03.2H20( s) 

with MgO 
111 
55.9 
4.69 
1.05 
0.51 
0.033 1 
6.67 
0.06 

0.0272 
0.01 36 

4.08 E-5 

4.98 E-6 
4,39 E-6 
2.64 E-6 

9.366 

halite 
andhydrite 
brucite 
magnesite 
Mg-oxychloride 

Am(OH)3 
Tho2 (am) 
KNp02C03.2H20(s) 

with CaO 
111 
55.6 
3.5 
1.06 
6.0 E-6 
1.31 
7.1 2 
0.002 
5.87 E-6 
0.0244 
0.01 22 
1.1 6 E-9 
1.25 E-9 
4.85 E-6 

12.1 24 

halite 
andhydrite 
brucite 
portlandite 
calcite 
Ca-ox yc hloride 
Am( OH)3 (s) 
Tho2 (am) 
Np02(OH)(aged) 



Table 2: Solution species concentrations in brines (from Novak and Moore, 1996) in moles/kg 
Only species involving major ions, sulfate, carbonate, and actinides are given. 

Species 

Na+ 
K+ 
Ca++ 
Mg++ 
MgOH+ 
H+ 
CI- 
S04= 
HS04- 
HC03- 
C03= 
COaaq) 
Np02+ 
NpOZOH(aq) 
Np02(OH)= 
Np02C03- 
Am+++ 
AmOH++ 
Am(OH)2+ 
AmC03+ 
Th( S04)2(aq) 
Th(S04)3= 
[Th(C03)5]6- 
Th(OH)3C03- 
~h (0~)4 (aq )  

Castile 
EROAG-HA-An 

6.22 
0.1 1 
0.01 1 
0.02 1 
2.1 E-8 
1.4 E-6 
5.98 
0.1 87 
4 E-6 
8.1 E-4 
8.0 E-8 
1.4 E-3 
1.7 E-4 
1.9 E-9 
NEGL. 
6.6 E-7 
3.4 E-4 
1.1 E-4 
5.0 E-9 
3.2 E-6 
1.35 E-5 
5.9 E-4 
3.27 E-3 
2.0 E-7 
1.3 E-9 

ERDA-HA-An-Mg 

6.2 
0.1 1 
0.01 1 
0.039 
4.2 E-4 
1.3 E-10 
5.97 
0.1 91 
3.6 E-10 
7.1 E-6 
8.0 E-6 
1.2 E-9 
1.7 E-6 
2.1 E-7 
1.0 E-9 
6.3 E-7 
7.8 E-11 
2.7 E-7 
1.4 E-7 
7.2 E-11 
9 E-22 
4 E-20 
3.7 E-9 
1.8 E-9 
1.3 E-9 

Salado 
SPC-HA-An 

2.9 
0.865 
0.03 
1.62 
1 E-6 
2.3 E-6 
6.95 
5.16 E-2 
8 E-7 
2.39 E-3 
6.4 E-7 
9.1 E-3 
1.7 E-5 
1.5 E-10 
NEGL. 
4.2 E-7 
1.94 E-4 
5.6 E-5 
1.8 E-9 
7.3 E-6 
1.4 E-5 
4.2 E-4 
0 
6.9 E-7 
1.1 E-9 

SPCHA-An-Mg 

4.69 
1 .os 
0.032 
0.496 
1.7 E-3 
4.3 E-10 
6.67 
6.02 E-2 
3 E-10 
1.78 E-6 
8.3 E-7 
1.2 E-9 
2.4 E-6 
1.2 E-7 
1.8 E-10 
1.2 E-7 
3.2 E-9 
3.8 E-6 
5.7 E-7 
2.9 E-10 
1 E-20 
8 E-20 
5 E-6 
5 E-10 
1.2 E-9 

SPC-HA-An-Ca 

3.5 
1.06 
1.29 
1.6 E-6 
4.4 E-6 
7.5 E-13 
7.12 
1.97 E-3 
1 E-14 
1.4 E-10 
3.1 E-7 
6 E-16 
7.3 E-8 
2.4 E-6 
2.4 E-6 
1 E-9 
1.4 E-17 
1.2 E-11 
1.1 E-9 
3 E-19 
0 
0 
0 
1 E-13 
1.2 E-9 



APPENDIX C 

Comments on Appendix SOTERM to the Title 40 CFR Part 191 Compliance 
Certification Application for the Waste Isolation Pilot Plant dated October 1996. 

Comments will be confined to those sections of the Appendix that deal with 
estimation of the dissolved actinide portion of the source term as it applies to 
plutonium. Most attention will be focused on Pu(lV), which is the most probable 
oxidation state under WIPP conditions. The section concerning the potential for 
colloidal transport (6) is quite thorough and, if anything, overestimates the 
amount of actinide that might be transported as the result of the presence of 
colloids in the brine. 

The solubility calculations for the actinides in brines with and without MgO are 
discussed in Appendix B. These calculations assume homogeneous equilibria, 
which for actinides in the absence of complexing ligands from the waste is 
probably an adequate estimate. For the case where organics are present, the 
organics are also treated by SOTERM as if they were homogeneously dissolved 
in 29,841 m3 of brine. There are some inconsistencies in the table of inventories 
and molal concentrations (see item 8 below); however, this problem is small 
when compared to the failure to consider heterogeneous equilibria for organic 
complexation with the actinides. 

The main difficulty arises because the Pu in the waste is probably located in the 
same drums as the citrate, which is the dominant organic ligand. This is 
because these wastes arise from chemical separations of Pu and are not the 
type of waste described in the general descriptions of TRU waste as 
contaminated equipment, clothing, etc. To get an accurate estimate of the effect 
of organic ligands on Pu solubility, one must calculate the concentration of Pu as 
citrate complex inside a waste drum that has been breached, but can still provide 
an hindrance to mixing of the brine inside the drum with a larger pool of brine 
outside the drum. This will give a high concentration of Pu in solution as the 
citrate complex. Other ions will not compete with Pu sufficiently to prevent 
complex formation because the stability for (IV) actinide complexation - as shown 
by the stability constant for Th(lV) on p. 39 - is orders of magnitude larger than 
that for other ion complexes with citrate. 

To obtain a more accurate estimate of the effect of citrate on Pu solubility in the 
event of human intrusion, calculations that use the Pu citrate formed inside a 
waste drum and model the mixing of that relatively concentrated brine with the 
average repository brines must be done, taking into account the time scales for 
mixing and the possibility that the intrusion event may release some brine from 
waste drums that has not had an opportunity to mix with the average repository 
brines. 
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The conclusion that EDTA complexes will not increase actinide solubility is 
probably correct, since the amount of EDTA is small and the Ni and Fe 
complexes have stability constants that are similar to those for the actinides. It is 
not shown, and is probably not true, that the more abundant citrate inventory will 
not increase actinide solubility, especially for Pu. 

Specific comments: 

(1) p.2 and later discussions of the same topic. The authors appear to believe 
that degradation of organic waste can only occur by microbial action and that the 
most detrimental product will be carbon dioxide gas. Work in England has 
shown that degradation of cellulose can occur both through chemical processes 
at high pH and by radiation effects. The degradation products have been shown 
to increase the solubility of plutonium dramatically (Cross et al., 1989; Greenfield 
et al., 1992). 

(2) p. 17 Figure caption seems to be incorrect. This should be the Castile 
Brine. 

(3) p. 19 The corrosion equation at the bottom of the page is not balanced. If 
the corrosion is envisaged to occur through the action of water, rather than 
dissolved oxygen, it should be written as 

Fe + 2H,O = Fe(OH), + H, 

(4) p. 20, near bottom “Therefore, radiolysis is not expected to affect the 
reduction-oxidation state of the repository.” This is probably true on the scale of 
the entire repository, averaged over time; however, radiation effects within a 
waste canister that contains up to 10 g of 239Pu could be quite significant on the 
local scale. 

(5) p. 26 The selection of species for Th solubility includes Th(SO,), (as.) and 
Th(SO,),’. The data base being prepared by OECD/NEA for recommended 
thermodynamic properties for Pu and Np includes sulfate complexes for Pu with 
one and two sulfate ligands and none with 3 sulfate ligands. In addition, the 
calculations of speciation with sulfate complexes for Th appear to give erratic 
results. See appendix B for further discussion. 

(6) P. 29 The small range in uncertainties estimated for the calculation of 
solubilities seems to be at odds with the differences in calculated results for 
brines with rather similar chemistry and the difference between the calculated 
results and those measured for solubility of uranium dioxide in brines. See 
Appendix B for details. 
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(7) p. 35 bottom and 36 top. "Neretnieks (1982) has shown that when dissolved 
actinides in moving groundwater came in contact with Fe(ll), the actinides were 
reduced to a much less soluble state and precipitated." Actually, Neretnieks did 
not show that reduction occurred; he did a model calculation that predicted the 
process should occur. His calculations, of course, have the same limitations 
concerning the adequacy of the data base used as do those done by Novak and 
Moore. 

(8) p. 37, Table SOTERM-4. This table gives organic ligand inventories and 
calculated molal concentrations in a brine that is stated to be 29,841 m3, being 
the smallest volume of brine that could escape from the repository. Converting 
to kg of brine using a density of 1.125 kg/L gives a total of 3.35 x I O 7  kg of brine. 
Using the inventory amounts in grams and converting to moles, one finds 

Ligand Mol. Wt.,g 

Acetate 60 
Oxalate 126 
Citrate 192 
EDTA 372 
(Mwt. as Versenate) 

Inventory, g 

1.3 x I O 6  
1.6 x I O 6  
1.4 x I O 8  
2.3 x 104 

Inventory, moles 

2.2 x i o 4  
1.3 x io4  
7.3 x 105 
62 

Dividing the inventory in moles by the brine amount in kilograms gives the molal 
concentration of the organics. The table below compares the results of my 
calculation with the values given in Table SOTERM4 

Ligand Molal conc. from 
Inventory calc. above 

Acetate 
Oxalate 
Citrate 
EDTA 

6.6 x I O "  
3.9 x I O "  
2.2 x I O - *  
1.8 x 

Molal conc. from SOTERM 

5.2 x IO '  
2.3 x I O "  

2.0 x I O "  
3.6 x 10-3 

The differences in calculated concentrations range from 10% for EDTA to a 
factor of 6 for citrate. 
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8.4b Solubility Issues Raised by Dr. Rodney C. Ewing 
After the February 20,1998 Meeting Between the EEG and Sandia. 



Department of Nuclear Engineering and Radiological Sciences 

Ann Arbor, Michigan 48109-2104 
phone: (734) 647 8529 

fax: (734) 647 8531 

Rodney C. Ewing 

The University of Michigan 

February 22, 1998 

Robert H. Neill, Director 
Environmental Evaluation Group 
Suite F-2, 
Albuquerque, New Mexico 87109 

7007 Wyoming Boulevard, NE 

mb 
ENVIRONMENTAL EVALhTtON GROUP 

Dear Bob, 

Thank you for inviting me to attend the technical exchange 
meeting between DOE contractors and the EEG on the subject of the 
actinide source term (AST) held this past February 20th. Since the 
time of the last meeting of the National Research Council’s 
Committee on the Waste Isolation Pilot Plant (May, 1997), I have 
not had the opportunity to follow the progress of the AST program. 
I should also emphasize that I am no longer on the NRC WIPP 
Committee, and these brief comments represent my own views. I 
am not a representative or consultant for any committee or agency 
regarding the WIPP. 

I want to emphasize my view of the importance of the actinide 
source term work. Although the NAS (1996) report on WIPP 
arrived at a positive evaluation of the potential for the WIPP as a 
repository for transuranic waste, the same report clearly 
identified outstanding technical issues, prominent among them 
was the issue of actinide solubilites in brine (page 5). 
Unfortunately, there was little of substance to review concerning 
the AST program at the time the WIPP committee completed its 
report in October of 1996. We concluded (page 62): 

“Overall, the scientific program outlined by DOE for study of the 
source term is adequate, provided that the program is carried to 
completion. 
of work planned or in progress, it has not been possible to 
critically review experimental results or to judge whether 
these results are used appropriately in the PA analysis.” 

Because the program at this time consists largely 

Thus, I believe the review of this topic by EEG and EPA is essential 
to establishing confidence in the data and models used for the AST 
in the performance assessment. 
analysis suggests that the actinide solubilities in brine are of 
lesser importance; however, this conclusion is based on the new 
and revised view of transport in the Culebra and the introduction 
of the MgO backfill. In the event, either or both of these issues 

I note that the most recent PA 
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change with further analysis or experimental results, then the 
role of actinide solubilities may again become important. 

My general observations and comments include: 

1. The oxidation state analogy and the FMT calculations appear 
to predict trends in actinide solubilities; however, this work 
still requires important experimental verification. The NAS 
(1996) report concluded (page 63), 

“Although some aspects of its geochemical behavior can be 
estimated by studies of other actinides using the oxidation 
state model, ideally, data for each oxidation state should be 
followed by experiments with plutonium.” 

The presentations this past week only emphasized and 
confirmed the need for such experiments. Particularly 
important were the points made by the EEG consultant, Dr. 
Virginia Oversby, which were based on a critical review and 
use of data in the published scientific literature. It seems to 
me that the credibility of the project would be greatly 
enhanced by the comparison of FMT results to experimental 
results obtained outside of the project, as an example, studies 
of actinide solubilities in spent fuel or U 0 2  corrosion 
experiments. 

2. It certainly appears to be an opportune time to review the 
results and analysis of the source term test program (STTP) 
at LANL. 
conclude that the predicted actinide concentrations in brine 
are “conservative”. In my view, the data only suggest that 
there are processes (not identified) that affect the actinide 
concentrations, and these processes, in general, lower the 
actinide concentrations. 

The limited results presented, were used to 

There was some mention of discontinuing some of these tests; 
however, considering the time, effort and expense required 
to begin and sustain these experiments, such a decision 
should be made only after careful review and analysis of the 
data from the STTP experiments. 
experiments may have no present applicability to the WIPP 
project, DOE may want to consider the experiments in a wider 
context, as an example the interaction of actinides and clays 
may be important to other DOE projects; thus, there may be 
value to continuing even those experiments which are not 
now considered to be relevant to WIPP. 

Although some of the 
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3. The project still is not in a position to present and discuss 
models of the longer term evolution of the chemistry of the 
WIPP system. In this regard, well constrained, simple, 
experiments with relevant actinides (e.g., Pu) that are 
designed to run for years are still much needed. I see no 
reason that such experiments cannot be initiated and run 
through the operational phase of the repository, and their 
results may be utilized in the recertification process. This is 
consistent with the recommendations of the NAS (1996) study 
(page 64). Similar experiments to study retardation in the 
Culebra would also be of value. 

4. Concerning the report and comments by the EEG consultant, 
Dr. V. Oversby, I believe that some of the issues she raised 
can be rather directly addressed by the exchange of recent 
and relevant results, straightforward calculations, and/or 
limited additional experimental work. However, her 
approach to the review of the CCA, particularly in the areas 
of verification and validation, merit careful attention. I 
believe that she very commendably demonstrated the real 
meaning of a critical review by: 

i.) 
(e.g., use of the NEA data base; UOz and spent fuel corrosion 
studies); 

comparison of project results to the published literature 

ii.) 
more generally used and accepted geochemical code results. 

comparison of results from project codes and models to 

I hope that these brief comments are of use to the project. 
may give copies to this letter to DOE and EPA. 

You 

Sincerely, 

cc: John Garrick, chair, NRC WIPP Committee 
Thomas Kiess, staff officer, NRC WIPP Committee 
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Issues related to solubility of Pu at WIPP 

1) Heterogeneous vs homogeneous equilibria 

Calculations of solubility of actinides under WIPP c nditi ns hav been done 
assuming that before any release the repository will contain 29,841 cubic 
meters of brine that is well equilibrated. This assumption is doubtful and 
other models should be investigated to determine the effects of local 
variations in brine compositions and actinide speciation and concentration. 
After closure, the repository salt formation will creep and close up void 
spaces. Subsequent intrusion of brine, either as drilling fluid during an 
intrusion event or as intrusion of pressurized brine following penetration to 
layers below the repository, will add concentrated - if not saturated - brine 
solutions to the repository horizon. After fluid is added, the resulting physical 
state of the repository should still be one of rather low total porosity and have 
a high proportion of solids relative to fluids. In that case, equilibration of fluid 
compositions over large distances is unlikely, since the mechanism of mixing 
would be diffusion rather than advection. Local pockets of solutions with 
chemical compositions representative of the range of potential waste 
container soluble actinide inventory should be considered, rather than the 
grand average of the actinide inventory and brine compositions. This is 
particularly important for issues such as the complexation of Pu by citrate 
and/or cellulose degradation products, as well as the changes in solubility 
that may accompany presence of different alteration products of MgO. 

2) MgO alteration products 

The CCA calculations of solubility of actinides assumed that MgO backfill 
would alter to produce an equilibrium assemblage of brucite and magnesite. 
Later investigations indicated that the first phase formed from reaction of 
MgO with aqueous carbon dioxide dissolved in the brine would be 
nesquehonite. Calculations of actinide solubility in the presence of 
nesquehonite resulted in estimates of Th solubility (and, thus, other actinide 
(IV) elements) that were in the range of those calculated for the case without 
backfill. While it was argued that the longer-term phase would be 
hydromagnesite, nesquehonite might persist for rather long times. 

At the meeting between WIPP staff and EEG on February 20, 1998, it was 
stated that the reason nesqhehonite had been found in the previously 
reported experiments was that a high pressure of carbon dioxide had been 
used. New experiments, with lower carbon dioxide pressure, produced an 
unidentified phase, persistent over at least 200 days, that was thought to be 
h yd romag nesite. 
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Two issues remain to be resolved: I) what is the identity of the phase in the 
new experiments, and 2) what is the effect of heterogeneous repository 
conditions on the pressure of carbon dioxide in local regions of the 
repository. Gas generation rates will depend on the local abundance of 
bacteria and microbes as well as the local abundance of materials that can 
degrade to produce carbon dioxide. An analysis of maximum gas generation 
rates in local areas is needed before it can be assumed that nesquehonite 
can not form. 

3) Relative solubility of Th versus other actinides 

As part of the rationale for using Th as an analog to estimate the solubility of 
other actinides in the (IV) oxidation state, the WIPP staff claim that Th 
always shows higher solubility than U(IV) and Pu(lV). While this has been 
shown to be the case for freshly precipitated Th and U hydroxides, it is not 
the case for the vast majority of materials that contain U and Th in natural 
settings - Le., minerals containing U and Th. A vast body of geochemical 
data pertaining to the U-238 decay series shows that U leaches from 
minerals in preference to Th. 

Th (and Pu) forms an amorphous solid when freshly prepared from solution 
by precipitation of the hydrous oxide. The solubility of this amorphous 
hydrous oxide can be quite high. With time, Th and Pu precipitates of 
hydrous oxides age into materials that have increasing degrees of 
crystallinity. As crystallinity increases, the measured solubility of the 
materials decreases. This is the major reason for the very large range of 
reported solubility data for Th and Pu oxides in the literature. 

4) Solution speciation in solubility calculations 

In order to evaluate the potential validity of calculated actinide solubilities 
one must closely inspect the identity of the solid phases assumed to control 
the brine composition and the speciation of the actinides in solution. As 
conditions change (e.g., identity of solids assumed to be present, or 
chemistry of the brine), the speciation of the actinides should change in a 
manner consistent with the changes in assumed solids and fluid 
compositions. Changes in speciation between two successive calculation 
that cannot be explained by rational chemical arguments are symptomatic of 
problems in the chemical data base or the calculational methods. An 
example of this type of problem was seen in the CCA calculations, where Th 
solubility was dominated by di- and tri-sulfate complexes in the no backfill 
case, but these species were calculated to be insignificant in the case where 
Mg was added. Detailed examination of the solution speciation did not 
indicate any reason for this drastic change in calculated speciation. 
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5) Calculations and measurements for pyrochemical salts 

Tests underway at LANL using actual waste samples have produced 
conditions for which the calculated solution concentrations for Pu were 
greater than 0.001 M. The details of these calculations have not been 
presented. If the pH of the brines in contact with the pyrochemical salts is 
near neutral or higher, the high calculated solubility should not be greatly 
affected by the assumption of adding MgO to the system. Measurements of 
Pu-239 in these tests gave concentrations of about 1 E-5, which is higher 
than the concentration used in the CCA for demonstration of compliance with 
release limits. These high calculated and measured solubilities need to be 
investigated, particularly in light of the fact that inventories of Pu contained in 
chloride salts at Rocky Flats exceed 1 ton. 

6) Direct estimates of solubility for U(IV) and Pu(lV) 

The Nuclear Energy Agency (NEA) of the OECD has published a 
compendium of recommended values for the thermodynamic properties of U. 
Data from this volume (I. Grenthe, ed.) should be used to provide a direct 
estimate of the solubility of U(IV) in brines similar to those expected at WIPP. 
Also, data on U solubility in brines published in the open literature should be 
used as a means to estimate solubilities for U(IV) under WIPP conditions. 

The NEA is also preparing a compendium of recommended values for the 
thermodynamic properties of Np and Pu (R. Lemire, ed.). This volume is in 
the final stages of preparation, so that any changes in the recommended 
data between the present draft and the final issued volume should be small. 
This volume could provide a sound basis for estimation of Pu solubility in 
WIPP brines. 

7) Needs for additional experimental work 

Direct measurements of solubilities of actinides under conditions that are 
assumed to be relevant for WIPP are needed. Some examples of the types 
of experiments needed are measurements of the solubility of Pu in brines in 
the presence of Fe, direct measurement of Pu speciation in brines, and 
solubility of actinides in the presence of the alteration phases of MgO, both 
at low and high carbon dioxide concentrations. 
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8.5 WIPP Related Geological Issues (Chaturvedi, 1993) 



8.6 Letter Reports of EEG Consultants on the K d Issue 



Donald Langmuk, PhD 
Hydrochem Systems Corporation 

129 South Eldridge Way 
Golden, CO 80401 

August 5 ,  1997 

Dr. Robert H. Neil 
Director, Environmental Evaluation Group 
7007 Boulevard, N.E., Suite F-2 
Albuquerque, NM 87 109 

Dear Bob: 

Following are some thoughts based on my attendance at the DOEEEG Meeting on Chemical 
Retardation in Albuquerque on July 30,1997, and on related reading. I have ordered the 
discussion topics as they were set forth by Dr. Lokesh Chaturvedi of EEG in his introductory 
presentation. 

Transferability of Lab & Data to Field 

Transferability has always been an issue of concern. My understanding is that a consensus 
now exists that groundwater flow in the Culebra is slow enough to guarantee that important 
diffusion of the groundwater into rock matrix will occur. If this is the case then the radionuclides 
in groundwater will have ample opportunity to access mineral surfaces in pores in the dolomite, 

~ 

making laboratory measured batch & values applicable to the field. 

The Limited I(d Data Base 

The limited & data base remains a serious problem. We can all agree that &values for 
the important actinides Pu, Am and U, regardless of oxidation state, probably equal or exceed 1 
mVg in Culebra groundwaters, which is necessary for compliance. However, the hydrologic 
model for the Culebra and associated groundwater flow mechanisms and travel times in the 
formation have non-zero uncertainties. It is unclear how much these hydrologic uncertainties 
contribute to the uncertainty of assigning a minimum compliance & value of 1 mVg. Given this 
additional hydrologic uncertainty, if1 were a regulator, I would be much more confident that the 
site was in compliance ifthe DOE'S recommended &'s for the important actinides were at least 
10 to 100 times greater than 1 mVg. As discussed below, the approach used by the DOE for 
estimating unmeasured & values involves questionable assumptions. 

& Estimation Methods used by the DOE 

The DOE proposes that & values for actinide cations of the same charge should be 
roughly the same. This approach has been used by many others. (See discussion below). Its 
weakness lies in the fact that such approximations assume that differences in the speciation 
behavior of the cations does not affect their adsorption and can be neglected. 

The second assumption used by the DOE to estimate & values, is that predictable trends 
exist among the &'s of actinide cations of different charge. The DOE assumed that such trends 
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identified by Canepa (1 992)’ in dilute, J-13 groundwaters at Yucca Mountain would apply to 
WIPP brines. Canepa (1 992) proposed that K, values for actinides in J- 13 groundwater should 
decrease in the same order as their solubilities increased in the same groundwater. The reported 
solubility data for U(VI), Np(V), Pu(IV)’ and Arn(II1) plotted linearly, seeming to support her 
contention. This led to the proposal that K,., values should decrease in the order 
Am(III)>Pu(IV)?>Np(V)~U(VI). The DOE has suggested that the same order of I& values 
should apply in groundwaters at the WIPP site. However, recent solubility measurements 
performed at LANL indicate that NHV) solubility is about 10 times lower than assumed by 
Canepa (1 992). The computed solubility of Np in J-13 groundwater is in fact as low as 1 O-’ 
m o m  (Langmuir, 1997, p. 534)’, about 1 O3 less than suggested by Canepa (1 992). Similarly, the 
solubility of U(VI) in 5-13 groundwater may also be about lo-’ mom, 10‘ to lo5 times lower than 
proposed by Canepa (cf. Langmuir, 1997, p. 533). Assuming as did Canepa (1 992), that the 
actinide solubilities in J-13 groundwater should be inversely proportional to their K,., values, these 
changes suggest that the order of decreasing I&’s m J-13 and m WIPP groundwaters should be 

In fact, in general K,., values are probably not inversely proportional to the solubilities of 
the actinides. Thus, m a summary of adsorption trends among the actinides, Langmuir (ibid, p. 
536) reports that I&’s decrease in the order Th(IV)>Am(III)>Np(V) for the adsorption of these 
actinides by A1203 as evidenced by respective pH values of 2.4,5.8, 7.3 at 50% of each species 
adsorbed. Similarly, as pH is increased, goethite has adsorbed 50% of Pu(IV)- U(w and NpfV) 
at pH values of 3.2,4.2 and 7.0, respectively. This is therefore also the order of their decreasing 
I& ‘s (Langmuir, ibid, p. 537). Also, based on a literature survey, Silva and Nitsche (1 996)4 
propose a general order of decreasing K, ‘s for the adsorption of actinides (An elements) by the 
same sorbents, of An(IV)>An(lTI)>An(vI) >An(V), in general agreement with the abbreviated 
adsorption series listed previously. Based on the plot of Canepa (1 992), the DOE argues in the 
CCA, that estimated K, values for Am(III) and Pu(II1) should be greater than the measured K, for 
Pu(V). Although their conclusion is based on the questionable data and assumptions in Canepa 
(1 992), the same trend of K, values for these species is fortuitously observed within the 
adsorption trends for the actinides reported by h g m u i r ,  (1 997) and Silva and Nitsche, (1 996). 

Am(III)>U(VI)-Pu( IV)>Np(V). 

Availability and Reliability of Measured I& Values 

At the July 30, 1997 meeting m Albuquerque, the DOE presented the results of 
adsorption measurements performed in both column and batch tests. Results of the intact core 
column tests are probably of questionable value for determining Am(III) and PU (V) (Pu(lV)?) 
adsorption K,.,’s , in that the Am and Pu input concentrations to the cores were high and so close 

‘hs a m o s  National Laboratory 

’The oxidation state of PU may have been a mixture of IV, V, and VI. 

’Aqueous Environmental Geochemistry. Rentice Hall. Upper Saddle River, NJ. 600 pp. 

4Actinide Environmental Chemistry. Radiochim. Acta, in press. 
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to saturation with solids, that precipitation rather than adsorption may have occurred. The 
Th(1V) column adsorption experiments and their results were not discussed at the meeting. 

Useful batch adsorption results have been reported for P u o ,  U(VI), Th(IV) and Np(V). 
Performance assessment indicates that the important actinides at WIPP are Pu and Am, with U of 
tertiary importance. Based on oxidation state predictions, Pu(II1) and Pu(IV) are the dominant 
Pu oxidation states in WIPP brines. Unfortunately, Am(II1) batch adsorption experiments have 
given inconclusive results, and batch adsorption of Pu(II1) and Pu(lV) has not been measured. 
Thus, the I(d values for the most important actinides in WIPP brines have had to be estimated. 

Oxidation 
State Am Pu U Th NP 

111 20-500 20-500 
(no data) (no data) 

Iv 900-20,000 900-20,000 900-20,000 900-20,000 

V 20-500 1-200 

VI 0.03-30 

(no data) (no data) (no data) 

IC,., Values Chosen for the CCA 

Probable 
Order of 

Decreasing 
Kd’s 

2 

1 

4 

3 

In the CCA, it was conservatively assumed that the lowest & values measured in the 
Culebra Dolomite or deeper Castile or Salad0 brines would be assumed for performance 
assessment (PA). Ranges of K, values for the actinide cations proposed in the CCA are given m 
Table 1. 

The DOE reported a measured batch K$ of 20-500 mVg for P u o ,  a species not expected in 
WIPP brines. Based on adsorption trends, the I(d for Am(III) and Pu(III) should be greater than 
its value for Pu(V). Given this assumption, the DOE conservatively assumes the I(d for Am(III) 
and Pu(III) equals the range measured for P u o .  One could as well argue that the lower 
measured K, range of 1-200 d g  for Np(V) adsorption could instead have been assumed 
conservatively for Am(II1) and Pu(III). 

In summary, the most important actinides in WIPP brines are Pu(III), Pu(N) and Am(III). 
The DOE has used the Canepa (1 992) report and limited batch adsorption data to estimate & 
values for these actinides in WIPP brines. Although the estimated & values used in the CCA are 
probably conservative, it is most unfortunate that Am(III), Pu(II1) and Pu(lV) adsorption has not 
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been measured. I understand that batch adsorption experiments designed to obtain & values for 
these actinides would not be particularly difficult to perform, and might be completed in a few 
months. It is also possible that accelerated intact column tests could be run in a few months 
using an ultracentrifuge. Admittedly, resultant I(d’s can be predicted to exceed 1-3 mVg. 
However, having measured instead of estimated values for the key actinide species would greatly 
improve confidence that & values for the most important actinides are in compliance with 
regulations. 

Solubility Controls on Am, Pu, U and Np Concentrations in WIPP Brines 

According to an unpublished July 6, 1996 Sandia report by Stockman and Stockman, 
titled “Constraints on Actinide Oxidation State in the Culebra: Reaction Path Mixing 
Calculations”, the Culebra Dolomite contains an average of 0.17% FeO. These authors also note 
that 20 polished sections of the Culebra fiom 9 WIPP-area boreholes contained pyrite (FeS,) in 
every section. The redox state of the rock will ultimately control redox conditions in the WIPP 
brines. In the absence of a source of fiee oxygen, reducing conditions are likely to dominate 
groundwaters away &om the waste. Fenic iron staining is common m the Culebra. Eh values in 
the brines are thus likely to be poised by reactions between either fmoan dolomite and the Fe(II1) 
oxyhydroxides, or pyrite and the Fe(III) oxyhydroxides. 

deplete any oxygen introduced with the waste. Reduced Fe, S and C in the waste and the rock 
are likely to cause reduction not only of PuO to Pu(IV) and Pu(III), but may also lead to 
reduction of U p )  to U(W) and Np(V) to Np(N). If these reductions take place, then maximum 
concentrations of Pu, U and Np may be limited by the solubilities of their quadrivalent oxides or 
hydroxides to values of 1 0-’ mom or less. If maximum concentrations of Pu and U are so limited, 
then the adsorption behavior of higher oxidation states may be irrelevant to performance 
assessment. 

Am(II1) hydroxy-carbonate to values below lo-’ m o m  between about pH 7.5 and 9 (Langmuir. 
ibid). In WIPP brines at high pH’s in the presence of MgO to scavenge the carbonate, Am(OH), 
solubility may limit Am(III) concentrations at similarly low concentrations. 

Limited solubility data for these actinides in WIPP brines is available. However, those of 
An(IV) species m particular are likely to be well below 1 0-’ m o m  in the presence of MgO and in 
the absence of carbonate. It would be usel l  for the DOE to evaluate and report on the available 
solubility data for these actinides measured in W P  brines and in similar brines. The brine 
solubilities of analog rare earth cations and analog actinides such as Th(rv> would also shed light 
on the probable behavior of Am(III), Pu(II1) and Pu(IV) m WIPP brines. 

In the Vicinity of the waste, iron and nickel metal and organic matter will also tend to 

In carbonate-rich groundwaters, the concentration of Am(ITI) is limited by the solubility of 

Non-Culebra Dolomite 

The Kd’s for U(W) adsorption by Norwegian dolomite are Within the range of values for 
U(VI) adsorption by Culebra Dolomite. This is reasonable. That this pure dolomite adsorbed 
more U(VI) than some Culebra Dolomites that contain other sorbing minerals, does not strike me 
as an issue of concern. 

Page 4 of 5 



Effect of Organic Ligands on Actinide Complexing and Adsorption 

It seems probable as argued by Vann Bynum, that organic complexing of actinides does not 
signtficantly increase their solubilities or adsorption behavior in the vicinity of the waste. This 
reflects the competition of more abundant cations such as Ni” , Ca” and Mg”‘ for organic ligands 
such as EDTA. Also important is the fact that actinides such as Th(lV), Pu(lV) and Np(IV) form 
strong OH complexes at neutral to alkaline pH’s so that their free ion concentrations are many 
orders of magnitude lower than the free ion concentrations of N?’, for example. Van Bynum 
made his calculations ignoring hydrolysis of the actinide cations, and still found less than I % of 
Th(N) complexed with EDTA, the strongest organic complexer. If he had corrected for Th-OH 
complexing, orders of magnxtude less Th would have been complexed by EDTA. 

It would be most convincing if the actinide complexation reaction calculations were r q  
but including OH and other inorganic actinide complexing, and varying (increasing) the amount of 
EDTA in the waste within possible ranges, to more rigorously disprove the importance of 
actinide-organic complexing near the WIPP waste. 

Kd’s Based on the Intact Column Test Results 

As noted earlier, the Pu(V) and Am(II1) column test results are of dubious value for 
determining & values for these actinides. Because of the high concentrations of Pu(V) and 
Am(1II) in intake solutions, they could have been precipitated as solids rather than been adsorbed 
m the columns. If so, their concentrations in the rock cannot be used to define & values. In 
order to prove or w o v e  this concern., ifpossible, it is recommended that the core materials that 
have been drilled out be examined to identrfy whether the Pu and Am are present in adsorbed or 
3-D solid phase f o m  It is also unclear whether the Pu is adsorbed as Pu(V) or as a lower 
oxidation state such as Pu(IV). The similar & values for Pu(V) and Th(lV) found in batch tests 
with ERDA-6 brines (about lo3 and 103.6 mVg) suggest that the Pu may be adsorbing as Pu(IV). 
We were never shown tomographic results of the Th(N) column tests and resultant & values. If 
these tests were run at Th(IV) concentrations below saturation with Th(IV) solids, the test results 
could be used to estimate the J(d for Pu(IV) adsorption. Finally, as noted earlier, it is possible that 
& values for the important actinides could be obtained in a few months from accelerated intact 
core experiments performed in an ultracentfige. 

I hope my comments and suggestions have been usel l  to you. 

Yours truly, 

J 
Donald Langmuk, PhD 
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REPORT ON CHEMICAL RETARDATION DATA FOR CULEBRA AQUIFER 

To: Environmental Evaluation Group (EEG) 
7007 Wyoming Blvd, NE 
Albuquerque, NM 

From: Mark L. Brusseau 

Date: 11 August 1997 

I have reviewed the documents supplied to me before and during the July 30 meeting, 
and have considered the presentations and comments provided during the meeting. My 
comments and recommendations are presented below. 

I. Analysis of Original EEG Concerns 

1. 

2. 

3. 

Use of batch K,, data: EEG originally expressed concern with the use of I(d values 
determined from batch experiments for the field-scale modeling. The major question 
was the representativeness of batch & values for the field scale. It appears that at 
least some (the more recent) batch experiments were conducted under well defined 
and controlled conditions. The results obtained from these experiments may thus 
provide an accurate data set for evaluating the "sorptivity" of the specific 
radionuclides used in the experiments. 

However, there remains the basic question of whether or not I(d values obtained 
under static batch conditions are an accurate measure for dynamic field conditions. 
I do not believe that this question has been answered for the Culebra system. To 
help address this issue, I recommend that additional analyses be made of the column 
experiments (to be discussed in greater detail below). 

h a l o  : EEG expressed concern with the use of the 
oxidation state analogy for estimating K,, values. This approach appears to have 
merit in some cases (when it is definitively conservative), but appears to have large 
uncertainty for other cases. It is not clear why batch experiments were not conducted 
for the most critical radionuclides. An opinion was expressed by a DOE employee 
that the K,, values for at least some of the unmeasured radionuclides could be 
measured relatively easily. I recommend that such experiments be conducted for as 
many of the critical radionuclides as is feasible. 

Use of Uniform Distribution: EEG expressed concern with the use of an uniform 
distribution for representing the I(d data. The reasoning provided by DOE for the 
use of an uniform distribution appears to be valid. As they noted, the experiments 
were not designed to provide a statistically representative sample of all possible field 
conditions. Thus, the uniform distribution should be the one to use. I recommend 
that this approach be accepted. 



4. m a n i c  Lieands - and Fac ilitated Transport: EEG expressed concern regarding the 
potential of organic ligands to complex the radionuclides and thereby facilitate their 
transport. There were three subconcerns associated with this topic- 

A) There was concern regarding the varied sources of complexation-coefficient data 
used in the original DOE analyses. The DOE mentioned new data at the meeting 
that may negate this concern. The DOE now appears to have a consistent set of 
measured complexation-coefficient data specific to the Culebra/WIPP system. 

B) There was concern regarding the amount of EDTA DOE assumed would be 
present in the waste. I agree that there is great uncertainty in the concentration of 
EDTA that may be present in the WIPP system, and that the value used by DOE 
may be too small. 

C) There was concern regarding the potential for other organic ligands, which were 
not included in the DOE analysis, to facilitate the transport of radionuclides. I agree 
with this concern. 

To help resolve both B and C, I recommend that the DOE conduct a formal 
sensitivity analysis of the potential impact of organic ligands on the aqueous 
concentrations of the radionuclides. The concentrations of the ligand should be 
vaned by several orders of magnitude, and the full list of ligands provided by EEG 
should be used. Based on the preliminary analysis presented by DOE personnel at 
the meeting, it is quite possible that the results from this study will indicate that 
complexation by the organic ligands may have minimal impact on radionuclide 
behavior. A formal sensitivity analysis will provide greater confidence in the results. 

5.  Other Concerns of EEG: EEG expressed concern with the application of the 
Norwegian dolomite study results to the Culebra system, and with the use of different 
C02 concentrations in the batch experiments. After the meeting, EEG commented 
that these were of minor concern, and I concur. 

11. Additional Concerns 

1. Potential Nonlinear Sorption: The data I reviewed indicates that the sorption of 
many of the radionuclides is most likely nonlinear. This is to be expected given the 
sorption mechanism stated by DOE (exchange reaction). As is well known, nonlinear 
sorption can cause retardation to vary as a function of solute concentration. In 
addition, it is possible that the initial representative retardation factor operative 
during field-scale transport may not be the same as that calculated using the batch 
I(d data. Thus, not accounting for nonlinear sorption may under or over predict 
retardation, depending on the initial solute concentrations used in the analyses. It 
is not clear if the range of I(d values reported by DOE take into account the 
concentration dependency of sorption. I recommend that the potential impact of 
nonlinear sorption be addressed. 



2. 

3. 

Use o f a L  Amroach _ _  versus a mo re ComDlex Approach: The transport model used 
by DOE is based on the simple & approach, which is based on linear, instantaneous 
sorption. It is clear that the fluid-solid interactions influencing radionuclide transport 
at the WIPP site are more complex, potentially involving inorganic/organic 
complexation, precipitation/dissolution, competitive sorption, and varying pH and 
ionic strength effects. The simplicity of the & approach makes its use 
understandable. However, some analysis of the potential impacts of more complex 
fluid-solid interactions on radionuclide transport would be useful. 

SDatial Variabilitv of Son> ti o n: The current modelling analysis is based on a 
homogeneous I(d field. It is highly likely, however, that sorption is spatially variable 
at the site. The potential impact of spatially variable sorption on radionuclide 
transport should be evaluated. 

111. Conclusions and Recommendations 

Several questions and concerns were addressed satisfactorily at the meeting. 
However, some issues remained unresolved. The majority of these could potentially be 
resolved with relatively minimal additional effort. Recommendations for additional activities 
are as follows: 

1. 

2. 

3. 

4. 

5. 

It is recommended that additional analyses be made of the column experiments. 
This includes additional analysis of the completed experiments and additional 
analysis of the ongoing experiments. The latter should involve an attempt to 
determine if precipitation is occurring during the column experiments, which appears 
to be a major uncertainty influencing the applicability of the column results. Would 
it be possible to sample the column material at the completion of the experiment and 
analyze for precipitated forms of the radionuclides? 

I recommend that additional batch experiments be conducted to measured I(d values 
for the critical radionuclides, at least hm and Pu’”. 

I recommend that a formal sensitivity analysis be conducted to examine the potential 
impact of organic ligands on the aqueous concentrations of the radionuclides. The 
concentrations of the ligand should be varied by several orders of magnitude, and the 
full list of ligands provided by EEG should be used. 

If the potential impact of nonlinear sorption is not incorporated in the range of K,, 
values used by DOE, I recommend that the potential impact of nonlinear sorption 
on radionuclide transport be addressed. This could be accomplished by calculating 
effective I(d values for pertinent C, values, using the nonlinear isotherm data 
available. These values could then be compared to the existing K,, range. 

I recommend that the potential impact of spatially variable sorption on radionuclide 
transport be evaluated. This could be done by conducting a series of model 
simulations using spatial distributions of I(ds based on the conceptual site models. 



Leslie Smith 
Hydrogeological Analysis Groundwater contamination Studies 

August 12,1997 

Dr. Robert Neil1 
Director 
Environmental Evaluation Group 
7007 Wyoming Blvd, N.E., Suite F-2 
Albuquerque, New Mexico 87 109 

Dear Bob, 

In this letter I provide my viewpoint on chemical retardation in the Culebra 
dolomite. The opinions expressed reflect my consideration of the reports and 
correspondence supplied to me prior to the meeting, the material presented by EEG and 
DOE at our meeting on July 3 1 , and the ensuing discussions that day. I will not comment 
directly on the issues concerning the amount of EDTA in the waste inventory, the 
potential for EDTA to facilitate transport of thorium, or the data presented by DOE to 
justify their application of the oxidation state analogy. 

The Probability Distribution for Kd 

I accept the DOE position that it is appropriate to adopt a uniform probability 
distribution to represent the uncertainty in the Kd values for the CCA calculations. The 
use of a log-uniform distribution, as required of DOE in the EPA verification tests, has the 
primary benefit of placing considerably more weight on the lower end of the proposed 
range for Kd. The EPA verification test suggests that the conclusions drawn from the 
CCA calculations with respect to transport in the Culebra are not sensitive to this marked 
change in the form of the distribution. 

The probability distribution for Kd can be interpreted in terms of the likelihood 
that a value sampled from the distribution will correspond to an effective Kd value for 
sorption in the matrix blocks. This value must be applicable for transport times greater 
than 100 years, and transport distances of approximately 3 km. I see the attempt to 
quantify this likelihood as an issue related to, but distinct from, the distribution of Kd 
values obtained in the replicate batch tests. It is not feasible to obtain a set of field data, 
applicable at the scale of the transport predictions, that would allow one to equate the 
distribution of measurements with an appropriate sampling distribution in the CCA. One 
is forced to adopt a more subjective viewpoint in representing the uncertainty in the Kd 
value, with the consequence that the distribution of the data from the batch tests need not 
correspond to the distribution describing the likelihood for the effective Kd value. This 
approach is the most reasonable way to account for the spatial variability in Kd, and the 
influences of brine type and pH conditions inside a plume migrating through the Culebra. 

4640 Mahood Drive, Richmond, British Columbia, Canada V7E 5C4 
Office: (604) 822 4108 Fax: (604) 822 6088 Home: (604) 271 2799 
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The position taken by DOE that the sorption experiments (batch, mechanistic, and column 
tests) should be used to define a range for the Kd parameters, rather than its distribution in 
probability space, is reasonable. 

I have used decision models that adopt uniform distributions to characterize the 
uncertainty in the key model parameters (eg. Bugai, Smith, Beckie; Environmental and 
Engineering Geoscience, 1996). We took this approach because we were faced with a 
sparse data base, and there were confounding uncertainties in future system behavior. A 
uniform distribution is appropriate when there is no strong basis for deciding if one value 
in the range is more likely than any other. It is my opinion that this is the case we face 
when selecting an effective Kd value for radionuclide transport in the Culebra. This is a 
slightly different spin on the DOE statement that "the uniform distribution is appropriate 
when all that is known about a parameter is its range". 

In more recent work, I have adopted truncated exponential distributions to 
represent uncertainty in model parameters (Smith and Gaganis, Environmental and 
Engineering Geoscience, submitted). This latter model for representing parameter 
likelihood includes the uniform distribution as a special case, if the prior estimate of the 
mean is midway between the specified lower and upper bounds of the distribution. There 
is a sound basis in theory for choosing a truncated exponential distribution to represent 
parameter uncertainty, when the data base is sparse. Qualitatively, the log-uniform 
distribution is similar to the truncated exponential distribution, when the estimate of the 
mean is closer to the lower bound than the upper bound. 

The more important issue to debate, in my opinion, is the values that DOE has 
selected for the lower and upper bounds of the probability distribution, and how these 
bounds are defined relative to the type of brine used in the batch experiments. I agree 
with the approach taken by DOE in choosing a range for Kd relative to brine type that will 
give a conservative estimate of retardation. I was somewhat bothered by DOE'S decision 
to select this range based on the average value of the sample distribution. It is possible to 
criticize the sampling range for Puv in this regard (and by their extrapolation, the sampling 
ranges for Pum and Amm). The recommended range used in the CCA calculations was 
20 - 500 d g ,  which reflects values from the batch tests using deep brines. Batch tests for 
Puv with Culebra brines had a higher mean value for Kd, but the lower bound was smaller 
(9.8 d g ) .  Therefore, the sampling distribution in the CCA does not encompass all the 
measured values from the batch tests for a Culebra brine, at the low end of possible 
values. A more conservative sampling distribution would have ranged from 10 - 500 mVg. 
However, because I would not expect the lowest value from a set of small-scale batch 
tests to equal the lower bound for a single, effective Kd value along a 3 km flow path, the 
consequence of their approximation is not likely to have a significant impact on the 
reliability of the CCA calculations. The analogy here is that the smallest value of hydraulic 
conductivity measured in a set of slug tests is not a reasonable lower bound on the 
estimate of a larger-scale effective hydraulic conductivity. A similar approximation did 
not emerge in selecting the sampling range for Thrv because data are only available for the 
deep brine. 
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The DOE data base indicates UvI will be the most mobile radionuclide of concern 
in the Culebra. The low end of the sampling range for UvI is 0.03 mVg, if we ignore the 
negative Kd values. This lower bound is obtained from the observed breakthrough of UW 
in the column tests. If we accept the interpretation of Bob Holt that the column test for 
UVI measures retardation tied to the advective porosity, then this lower bound should be a 
conservative value for the compliance calculations when matrix diffusion plays a major 
role in retardation. The value from the column test is lower than any of the values in the 
batch tests (Tables D-1 through D-4 of the Brush memo, June 10, 1996). This sampling 
range for UVI introduces the possibility that the EPA standard could be violated in an 
undetermined number of observations in the CCA calculations, if alternate scenarios were 
considered for the release of the uranium inventory from a disposal panel (ie. a Kd less 
than 1 mYg, using the DOE benchmark for Pum and Amn1). We do not know how robust 
the CCA calculations are to a violation of the assumptions on the uranium release to the 
Culebra. Several factors need to be considered. A lower bound for Kd more reflective of 
matrix sorption than the value obtained in the column tests is not well-defined because of 
uncertainties in the batch tests (eg. the negative values). The zero values assigned to the 
negative Kd values for the batch tests with the Culebra brine did not get passed into the 
CCA calculation because of a lower average value of Kd for the batch tests using deep 
brines. This issue may be worth pursuing if EEG has concerns about the scenario assumed 
in characterizing the release of uranium to the Culebra. 

An alternate interpretation in adopting the log-uniform distribution is that it 
de-emphasizes the importance of the Kd value that defines the upper bound of the 
distribution. Given the results of the EPA verification test, 1 have concluded that the 
questions regarding the relevance of the mechanistic Kd tests on pure dolomite from 
Norway are not a significant issue. These tests only make their way into the final sampling 
distributions once, in determining the upper bound for Uvl at high pH conditions. 

The Sparse Kd Data Base 

I disagree with the characterization made by M. McFadden in his opening 
presentation that Kd values used in the CCA are well-founded on experimental data. This 
simply is not the case, given the lack of experimental data for some radionuclides. The 
real issue is whether there is an adequate data base, and evidence to support the 
application of the oxidation state analogy, in assigning conservative bounds for 
radionuclides where measurement are not available from batch or column experiments. 
While I found the arguments presented by DOE to be compelling, they are not based on 
experimental data specific to the Culebra. It is still reasonable to ask if it would be more 
expedient, in a project of this magnitude and duration, and given the importance to DOE 
of a public demonstration of their commitment to ensuring the safe disposal of radioactive 
wastes, to complete a set of batch experiments on Pum, Amm, and PuN. DOE could 
then avoid the arguments and indirect support that must be linked to the oxidation state 
analogy. I understand for informal comments made at our meeting that these experiments 
could be carried out without great technical difficulty. My expectation from all that I have 
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heard is that these tests would serve to confirm that DOE has used a suitable range of 
values in the CCA calculations. 

Batch Tests 

EEG has accepted the viewpoint that the batch tests have relevance in determining 
Kd values for the CCA calculations. After considering the geologic and hydrologic 
descriptions in the report by Bob Holt on a conceptual model for multi-rate transport in 
the Culebra, I am persuaded the batch tests can provide a basis for defining Kd values that 
characterize matrix sorption. The approach is subject to uncertainty (which should be 
balanced by conservative approximation), and I would not necessarily expect a one-to-one 
correspondence between a batch test and a long-term column test in a core from the same 
sample location (and interpreted with a dual porosity model). However, I am now of the 
opinion that the batch tests can be used to identify the sampling range in the CCA 
calculations. This sampling range applies only to the matrix porosity. It is inappropriate to 
use these batch test values to characterize retardation in the fracture system (advective 
porosity). 

Column Tests 

It is my impression that the latest analyses of the column tests do not move us 
much further along in reducing the uncertainty in the appropriate sampling range of Kd for 
Pum and ArnIu. The attempt was worthwhile, but we now see there are limitations in the 
experimental design, because of issues tied to solubility. I agree that if it is technically 
feasible, it would be worthwhile to request that DOE try to determine if a mineral phase is 
present, that would c o n f m  if the migration distance cannot be interpreted strictly in 
terms of a Kd estimate. It is not apparent to me what else could be done with the column 
experiments to gain further insight to the magnitude of Kd for Pu* and Amru. 

Tom Clemo has raised the important issue that the only batch test data available 
for ThW (and, by DOE extrapolation Uw and PUN) are for the ERDA-6 brine. His 
statistical analysis suggests that the mean Kd's measured in ERDA-6 brine are greater than 
the values determined using the other 3 brines. It is my understanding that the column 
tests on the B core were carried out using Culebra brine. The estimated Kd value from 
tomographic analysis on the B-core is reported to be approximately 400 mVg. Although 
this value is lower than the sampling range from batch tests that was used in the CCA 
calculations (900-20,OOO d g ) ,  the value is sufficiently beyond 1-3 mVg (the DOE 
benchmark) to suggest that ThrV will not be of concern. Whether this same conclusion 
can be drawn for PUN and Uw depends upon the acceptability of the oxidation state 
analogy in setting conservative bounding values for their sampling distributions. 

Beyond 10,OOO Years 

In our discussion after the meeting with DOE, we considered whether the CCA 
calculations should be extended beyond the mandated 10,OOO year time frame. This topic 
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is akin to an issue of full disclosure. There has been considerable informed debate on the 
regulatory time frame, and the advantages / limitations of looking beyond 10,OOO years. 
My personal bias, influenced by reviewing projects under Canadian regulations, is to base 
siting decisions on a 10,000 year time frame, but to examine system behavior from a more 
qualitative perspective over a longer time horizon. Perhaps there is a role to be played 
here by EEG, in representing the interests of the State of New Mexico. It could be 
informative to look at the probability of radionuclide release along the pathway through 
the Culebra for time frames of 20,000 or 30,000 years, using the sampling distributions 
adopted by DOE. 

Closure 

EEG should continue to press DOE to refine and verify their calculations and 
modeling assumptions used in the CCA. Comments made by Sandia and LANL staff at 
the meeting suggest that this process is ongoing, if informal. For example, Vann Bynum 
described his latest calculations on the effects of the amounts of organic ligands on 
transport, and we heard that measurements of the EDTA p for nickel under WIPP 
conditions have recently been completed. Efforts to update the performance assessment 
should continue as time and computational tools become available. 

Sincerely, 

Leslie Smith 



8.7 Walter Gerstles’ Responses to Anhydrite Fracturing Issues 
Raised on February 17,1998 



Feb. 24,1998 Memo 

To: 

From: 

Lokesh Chaturvedi 
Environmental Evaluation Group 
Albuquerque, NM 
Fax: (505) 828-1062 
Phone: (505) 828-1003 

Walter Gerstle 
Dept. of Civil Engineering 
University of New Mexico 
Albuquerque, NM 87 13 1 

I have had a few days to digest Norm Warpinski’s presentation at our meeting last week. I make the 

following observations. 

I. Estimate of Crack Opening: Displacements in Bradlo Model. 

The Bragflo model “smears” cracks in the anhydrite layers, using the porosity model. Assuming 

200,OO m3 of gas is stored in these cracks, and assuming n layered cracks, with radius R=lOOO m, 

it is possible to calculate the average crack opening displacement, w. Figure 1 shows the situation. 

L 
L w = crack width I 

1 I 
, ,’( I 

I 1 I 

1 - n layered 
I cracks I I I C -  

* 
Figure 1 .  Cross Section Along Crack Diameter 

The area, A, of each crack is A = xR2 = x( 1000 m)2 = 3.14 x 1 O6 m2. . 
v -  200,000m3 - - 6.37cm 

nA n(3.14x106m2) n 
olume = V = nwA; w = - - 

So the average crack opening displacement is 6.37 cm divided by the number of layered cracks. 



The following table shows the average crack width for various numbers of cracks. 

- n w. cm. 

1 6.37 

5 1.27 

10 0.64 

20 0.32 

So the consequence of the Bragflo porosity model is many cracks with wide openings. However, 

anhydrite is relatively fine grained, and certainly cannot transmit stresses across crack openings of 

larger than approximately 0.001 cm. Consequently, it is reasonable to assume that all but one of the 

cracks would close up, but that single crack would extend in radius, as both the Gerstle and 

Bredehoeft 1997 and the Geertsma and Deklerk 1969 models assume. 

11. Geertsma and Deklerk 1969 “Industv” Model 

Warpinski made reference to the Geertsma and Deklerk 1969 model as being both an industry 

standard model and as being more consistent with the Bragflo model than with the LEFM model. 

In fact, the Geertsma and Deklerk model is an LEFM model, with fracture toughness assumed to be 

negligible, and it predicts even longer crack radii than the Gerstle and Bredehoeft 1997 model, 

contrary to Warpinski’s assertions. I agree with Warpinski that the Geertsma and Deklerk model is 

basically reasonable, in that it assumes a single, localized, discrete crack. 

A quote from Geertsma and Deklerk 1969 illustrates the fundamental difference between this model 

and the Bragflo model: “it is found that pw (pressure at the well bore) decreases with increasing 

fracture length and approaches S (overburden stress) for large values of L (crack length). Such 

pressure behavior is in agreement with reported field observations.” It is noted that the Gerstle and 

Bredehoeft 1997 model also demonstrates this pressure behavior, while the Bragflo model 

demonstrates the opposite pressure - crack length behavior. The decreasing pressure vs. increasing 

crack length behavior also is indicative of a single, localized hydrofracture, which is in contrast with 

Bragflo’s assumption of widely dispersed cracks forming simultaneously in multiple anhydrite 

layers. 



Warpinski in his presentation predicted a crack radius of R = 366 m using Geertsma and Deklerk’s 

formula: 

Where R = fracture radius 
Q = rate of flow into hydrofracture 
t = time 
C = fracturing fluid coefficient, C = u f i  
U = rate of filtration loss per unit of exposed surface of the fracture. 

I do not know what numbers Warpinski used, but I used the following numbers and arrived at a 

much larger predicted radius, R. 

m 3  
= 1 . 2 7 ~ 1 0 - ~  4499m 

U ”  
2 ~ ( 7 5 0 m ) ~ ( i  OOOyrs) m ’ -yr. 

C = u f i  = 1 . 2 6 ~ 1 0 - ~ 5  3 x d m  = 4~10-’  m 3  
m ’ -yr m ’ - G  

Obviously, there is room for debate upon precisely what values of C, Q, and t are reasonable, but 

Sandia has not performed any calculations using the Geertsma and Deklerk model or any other 

standard hydrofracture model. This should be done. 



111. Warpinski’s claim that Gerstle and Bredehoeft model is incorrect. 

Warpinski claimed that Gerstle and Bredehoeft’s 1997 model is incorrect because it contained no 

explicit flow equation and no leakoff equation. In fact, calculations in (Gerstle, Mendenhall, and 

Waweisik 1996) show that leakoff is negligible - and therefore does not need to be explicitly 

included in the LEFM model. Warpinski also claimed that our model would require flow rates of 
Q = 1.85 x 1 O7 m3/yr, using the equation 

7c w3AP 
6p In [Rh] Q =  

In fact, use of this equation is inappropriate because we assumed identical pressure (AP=O) 
everywhere within the crack, and thus flow Q would be negligible. Our LEFM model neither 

assumes nor requires high flow rates. 

IV. Conclusions 

It is essential for the WIPP facility that a credible gas-driven hydrofracture model be used. I believe 

that the (Gerstle and Bredehoeft 1997) model is essentially correct despite Warpinski’s observations 

about it. Warpinski’s comments appear to be spurious. 

I would suggest that Sandia present calculations of hydrofracture extent using Geertsma and Deklerk 

1969 model, fully documenting all inputs to the model. I believe‘ they will arrive at conclusions 

similar to those I have presented. 



8.8 Neil1 to Kruger letter dated 8/11/97 with attachment, 
"EEG comments on CCA Chapter 5" 



ENVIRONMENTAL EVALUATION GROUP 
ANEouuOPPORTL*CTY I - m + € m  EMROYER - 

7007 WYOMING BOULEVARD, N.E. 

ALBUOUEROUE, NEW MEXICO 87109 
SUITE F-2 

(sos) 8281003 
FAX (505) 828-1062 

August 11, 1997 

Mary Kruger 
U.S. Environmental Protection Agency 
Office of Radiation and Indoor Air 
401 M Street SW (6602J) 

of the WIPPCCA (DOE~CAO-l996-2184), Chapter 5 

Robert H. Neil1 
Director 

RHN:js 

cc: EPA Docket 

Providing an independent technical analysis of the Waste lSOlatfOn Pilot Plant (WIPP), 
a federal transuranic nuclear waste repository. 



EEG REVIEW OF WIPP/CCA @OE/CAO-1996-2184) 
CHAPTER 5 (QUALITY ASSURANCE) 

The DOE's Carlsbad Area Office (CAO) has successfully focused on developing a quality 
assurance (QA) program which implements the Nuclear Quality Assurance (NQA) standards 
required by 40 CFR 194 over the last few years. Chapter 5, Quality Assurance (QA), in the 
DOE's Compliance Certification Application (CCA), is, however, of lesser quality than the QA 
program it attempts to describe. The chapter fails to show compliance with most of the 
requirements of 40 CFR 194.22, Quality Assurance, and ignores most of the expectations for 
QA published in EPA 402-R-95-014, Compliance Application Guidance for 40 CFR 194 (the 
CAG). 

In a chapter which should provide specific responses to clearly delineated requirements and 
expectations Chapter 5 offers a diffuse scattering of relevant information, provides generalized 
information without examples or details, and references other documents which are no more 
specific (and were not intended to address the QA requirements for the CCA). The chapter 
contains what seems to be extraneous information (some of which is found elsewhere in the 
CCA), glosses over past QA problems rather than explaining how they were resolved, and fails 
to include infomation explicitly required by 40 CFR 194.22. In many cases the CAO QA 
program and process has adequately covered the area, yet the chapter fails to fulfill the 
responsibility of describing how it was done. 

Parts of Chapter 5 are also misleading. For example, "the CAO QAPD" is referenced throughout 
much of the chapter and is initially identified as appearing in CCA Appendix QAPD. The 
version in the Appendix QAPD is Revision 1, dated April 22, 1996, though it was not officially 
transmitted to, or required to be implemented by, subsidiary organizations until after June 13, 
1996--when essentially all QA-related activities for the CCA had already been completed. 
Revision 1 is a substantial rewrite of Revision 0, among other thngs establishing the CAO 
QAPD as a requirements document for all CAO subsidiary programs for the first time, and 
adding elements of NQA standards previously not included. To state that 

The TWBLR was prepared in compliance with the CAO QAPD ... 

(p. 5-3) implies that the data from the T W I R  used in the CCA (first published in December 
1995) was prepared according to the requirements in Revision 1. It wasn't, and the distinction 
should have been clearly made. Similar statements are found elsewhere Chapter 5: 

The WAC was written and reviewed in compliance with the CAO QAPD [p. 5- 
31 ... The TRU QAPP was written and reviewed in compliance with the CAO 
QAPD requirements [p. 5-41 ... NDA software is controlled in accordance with the 
requirements of the CAO QAPD [p. 5-91 ... 

Versions of the WAC and TRU QAPP current at the time the CCA was submitted were written 
under Revision 0; the NDA (Non-Destructive Assay) software is, of course, currently controlled 
under Revision 1, but any NDA data used in the CCA would clearly predate the issuance of 
Revision 1. 



The chapter contains an important misinterpretation of the intent of 40 CFR 194.22(a)(2). This 
paragraph requires the compliance application to demonstrate that a QA program adhering to the 
1989 edition of the Nuclear Quality Assurance (NQA) standards has been established and 
executed for eight specific areas considered by the EPA to be critical to the compliance 
application. In Chapter 5, this is inteqketed @. 5-3, line 28) as: 

40 CFR Part 194 stipulates that the DOE apply QA controls to eight areas. 

Under this interpretation Chapter 5 fails to clearly demonstrate that the requirements of the NQA 
standards have been executed for any of the eight areas, though discussions under specific 
headings for each of the eight areas immediately follows. In some of these discussions virtually 
no QA information is supplied at all. 

The EEG, in a preliminary commentary (Neill-to-Dials letter dated July 22, 1996; see 
Attachment I) on what now must be considered a draft of the final Chapter 5, pointed out several 
clearly enoneous statements in the text. Most of these have been removed from this October 
version, but the chapter still includes a curious concept that since the €PA had reviewed site 
selection and site characterization QA programs during examination of the 1989 No-Migration 
Variance Petition (NMVP), the QA for site selection and characterization is considered 
satisfactory by the DOE (p. 5-8). The EEGs comment pointed out that the argument was 
untenable, in that (among other reasons) compliance with NQA standards was not a part of the 
1989 NMVP. The DOE response (enclosure to undated Dials-to-Neil1 letter received August 9, 
1996; see Attachment 11, enclosure p. 4) stated that the DOE agreed with the comment, and "We 
have updated this portion of Chapter 5". The updating is not apparent--the argument is still the 
same, and still an obvious exror (see line-by-line review of p. 5-6, lines 6-13 for more 
discussion). 

The EEG's July 1996 letter concerning Chapter 5 (see Attachment I) recommended that the DOE 
rewrite the chapter to meet the published EPA requirements and expectations for QA. The DOE 
has not substantially rewritten the document (though material was added and removed), and this 
final CCA Chapter 5 and associated materials arguably fails to demonstrate fidfillment of the 
requirements in 40 CFR 194.22, Quality Assurance. 

The following sections consist of 1) a comparison of Chapter 5 to the CAG expectations; 2) a 
comparison of Chapter 5 to the requirements for QA in 40 CFR 194.22; and 3) a line-by-line 
review of the document. 

I OCTOBER '96 CCA CHAPTER 5 (QA) AND THE CAG 

The DOE has previously (see Attachment II, letter p. 2, and enclosure p. 7) informed the EEG that, 
as a guidance document, the Compliance Application Guidance (CAG) expectations need not 
necessarily be included in the CCA. However, the CCA begins with the statement that: 

This application has been developed to be fblly responsive to the requirements of 40 
CFR Part 191, the criteria in 40 CFR Part 194, and the guidance in the Compliance 
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Application Guidance for 40 CFR Part 194, EPA 402-R-95-014. [p. EXEC-1; 
emphasis in the original] 

Chapter 5 is not hlIy responsive to the CAG expectations. The chapter seems to address the CAG 
requirements for QA only occasionally, and by accident, rather than design. Below are listed some 
of the CAG expectations for Yj 194.22, Quality Assurance, and the results of EEGs attempts to find 
the data in Chapter 5 .  This is not an exhaustive list, as it is intended only to show that the CAG 
expectations for QA were not addressed by the DOE. 

18 of- 

1. DOE top tier QA documents will be included in the CCA. 

The DOE included only the CAO QAPD. The TRU Waste Characterization Quality Assurance 
Program Plan, Revision 0 (QAPP; CAO-94-1010) would also seem to be a DOE top-tier 
document, and much of it would enhance the DOE'S claim to having implemented a QA 
program in accordance with the NQA statutes. The TRU-Waste Characterization QAPP 
(Section 1 .O, p. 1.1) does contain an important statement that the CAO QAPD Revision 1 
lacks: 

This QAPP addresses all of the basic requirements, and their supplements, of 
ASME NQA- 1. 

Section 1.9.3, Computer Hardware and Software, of the Waste Characterization QAPP also 
supplies a clear statement requiring the use of the successor document to the 1989 NQA-2 
Subpart 2.7, "Quality Assurance Requirements of Computer Software for Nuclear Facility 
Applications", which would seem to address the specifications for software QA as required 
by 40 CFR 194.22(a)( 1). The CAO QAPD Revision 1 contains no comparable direct statement 
of compliance with the requirements found in $194.22(a)(l)--that is, adherence to a QA 
program which implements the requirements of NQA-1, NQA-2 Part 2.7, and NQA-3. 

Nor, in fact, does Chapter 5 contain a direct statement of compliance to the requirements of 
NQA-I, NQA-2 Part 2.7, or NQA-3. 

2. DOE principal contractor top tier QA documents, and a list of all non-principal contractor or 
sub-contractor top tier QA documents will be included in the CCA. 

SNL QA top-tier documents were not included, nor any listing of QA documents for non- 
principal contractors or subcontractors for WID or SNL. 

1. Provide a list of quality affecting activities and items important to a demonstration of 
compliance. 
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Lists seem to be incomplete. For instance, the bulk of field measurements of geological factors 
were performed by SNL, yet SNL activities are described as "None" in the section concerning 
measurement of geological factors (5.1.3; p. 5-6, line 26). Other examples: Section 5.1.1 
identifies the WlPP Waste Information System ( W W I S ;  p. 5-4, lines 2-3) and the Performance 
Demonstration Program PDP (p. 5-4, lines 22-23) as elements of the waste characterization 
system, but doesn't show them as activity for any of the organizations involved. Section 5.1.2 
doesn't include a discussion of QA on the current WID environmental monitoring program; 
Section 5.1.3 doesn't mention QA of the current WID meteorological monitoring program, or 
past SNL meteorological programs. These two sections have "environmental monitoring" and 
"meteorological" in their titles. 

2. Describe the selection of applicable NQA requirements for each of the areas. 

No descriptions are included. 

Provide dates of QA implementation conforming to NQA for each item or activity, and the 
nature and location of objective evidence which supports this determination. 

3. 

No dates are provided. 

6 19;m were 7- 

Provide the QED governing documents that include procedures and management plans for 
independent review, peer review ... 

1. 
I 

QED governing documents were not included in the CCA (CAO M p  10.5, SNL QAP 20-3). 

OCTOBER '96 CCA CHAPTER 5 (QA) AND 5194.22 REQUIREMENTS 

w ~ e o u u e m e n t :  As soon as practicable after April 9, 1996, the DOE will adhere to 
a program that implements the requirements of the NQA standards. 

The CAO QAPD Revision 1 (in CCA Appendix QAPD) does not require full 
implementation of NQA standards for all activities, but only for those listed in 
9 194.22(a)(2), other radioactive materials handling, and processes related to transportation 
containers. This is established in the CAO QAPD in section 1.1.2.3, Applicability of 
QAPD Requirements, where the difference between general requirements and additional 
requirements is introduced, and subsections A through J list the areas that fall under the 
additional requirements. The additional requirements generally seem to be those which are 
found in the NQA standards, but not in DOE Order 5700.6C, the DOE'S internal QA 
requirements document (which follows 10 CFR 830.120). For compliance with 40 CFR 
194.22(a)(l), the NQA standards may need to be the primary criteria. 



There is no indication in $194.22(a)(l), or anywhere else in the criteria, that some WIPP 
activities can be granted a variance from the requirements of the NQA standards. 

~Le4.22@)(2)Xeqmement: The compliance application will demonstrate that the QA program 
adhering to the NQA standards has been established and executed for the following activities: 
waste (i) characterization activities and assumptions: (ii) environmental monitoring, monitoring 
of the disposal system peflormance, and sampling and analysis activities: (iii)Jield 
measurements of geologic factors, ground water, meteorologic, and topographic characteristics: 
(iv) computations, computer codes, models and methods used to demonstrate compliance; (v) 
expert elicitation procedures used to support compliance; (vi) design of the disposal system and 
actions taken to ensure compliance with design specifications; (vii) collection of data used to 
support the compliance application; (vii) other systems structures, components, and activities 
important to containment of waste. 

The requirement is misinterpreted in Chapter 5 as "40 CFR 194 stipulates that the DOE 
apply QA controls to eight areas" (p. 5-3, line 28). The misinterpretation is essentially an 
echo of page 5-2, lines 6 and 7. This statement is far from presenting evidence that the 
program has been established and executed. Demonstration of execution would 
presumably be by citing independent assessments (audits and surveillances) for the 
different areas. 

The chapter does provide separate sections for each of the eight activities, but 
demonstration of establishment and execution of adherence to the NQA standard 
requirements is weak or nonexistent in these sections and references from these sections 
(see line-by-line review below). 

w = 2 a w  * The compliance application shall include information which 
demonstrates that data collected prior to establishment of adherence to the NQA standards has 
been qualified by a methodology approved by the EPA. 

Chapter 5 offers no demonstration of EPA approval of any of the methods used. While the 
EEG understands that the EPA has not provided approvaYdisapprova1 to the DOE for the 
various methods the DOE has utilized, 0 194.22(b) clearly requires information 
demonstrating approval to be in the CCA. The CCA should at least contain a statement 
concerning qualification of the methodology by the EPA. 

& L N , . 2 ~ ~ q & ~  The compliance application shall provide, to the extent practicable, 
information which describes how data in support of the application have been assessed for data 
quality characteristics, including precision, accuraq, representativeness, completeness, and 
comparability (PARCC). 

The application provides an argument that it is not practicable to apply the PARCC 
characteristics to "most scientific investigations used to support performance assessment in 
which there is uncertainty in conceptual models and the resultant ranges of parameters" 
(section 5.2 1.1, lines 40-42). The characteristics are not provided as required. While it 
may be that evaluation of these characteristics did not take place at the sampling level, 



some assessment should have been made to establish how much uncertainty in models and 
parameters would be not only practicable, but necessary. Note also that apparently some of 
the scientific investigations are not covered by the argument, and information which 
describes how PARCC was assessed for these, at least, should have been included. For 
example, the argument states specifically that the PARCC requirements would apply to 
waste characterization and environmental monitoring activities, yet provides no 
information as to how data from these areas were assessed for PARCC. 

The application shall provide information which demonstrates how all 
data are qualified for use in the demonstration of compliance. 

Section 5.4.2.1 of the CCA does provide a description of the programs for qualifying data. 

LINE-BY-LINE REVIEW OF CHAPTER 5 

Page 5-1, Lines 17-18: ... see Table 1-5 in Chapter 1.0 for a list of appendices thatprovide 
additional information supporting this chapter ... 

Table 1-5 lists only Appendices QApP and AUD, but other appendices are referenced in 
Chapter 5 (MON, p. 5-5 line 38; EMP, p. 5-6 line 20); S E U ,  p. 5-12 line 24) 

These additional appendices should have been included in Table 1-5. 

Page 5-1, Lines 29-31: A comprehensive series of assessments has determined that the DOE, 
SNL, and WID Q A  programs are adequate and effectively implemented. 

The overall CAO assessment of SNL QA (May 1996) and WID QA (June 1997) previous 
to the publishing of the CCA found the SNL program to be marginal both for adequacy and 
implementation, and the WID program marginally effective (see CCA p. 5-39, lines 6-13 
for definitions of these terms.). It is the later resolution of issues raised during the 
assessment by which the CAO determined SNL and WID QA to be adequate and 
effectively implemented (see Section 5.4.2, p. 5-45 ff, and section 5.4.3, lines 24-29). The 
text of this portion of Chapter 5 should reflect that the resolution of concerns raised by the 
assessments were performed before the SNL and WID QA programs was determined to be 
adequate and effectively implemented. 

Page 5-2, Line 6: These NQA requirements form the basis of the CAO QAPD. 

Revision 1 of the CAO QAPD may incorporate the requirements in the NQA standards, but 
they are split between general requirements (for all activities) and additional requirements 
(applied to activities in which radioactive materials, shipping packages, or the eight 
compliance activities specified by 0 194.22(a)(2) are involved). This division indicates that 



DOE Order 5700.6C is the basis of the CAO QAPD rather than the NQA requirements, as 
DOE Order 5700.6C is covered by the general requirements, and the additional 
requirements are those NQA requirements not covered in the DOE Order. 

There is no variance granted in §194.22(a)(l) for activities in the QA program, and Chapter 
5 presents no evidence of any agreement for such a variance. The intent of the regulation 
seems to be that the WIPP will adhere to NQA standards for at least all disposal-related 
activities, and arguably for the entire QA program. 

This statement is, however, as close as Chapter 5 gets to a clear statement of compliance 
with §194.22(a)(l), which requires that the DOE 

... shall adhere to a quality assurance program that implements the 
requirements of [the NQA standards]. 

Page 5-2, Lines 6-7: Additionally, 40 CFR J 194.22 requires that QAprograms be applied to 
the following eight items or activities: ... 

tj 194.22(a)(2) does not require the application of QA programs to the areas described in its 
eight subparagraphs. The requirement is for the compliance application: the CCA must 
demonstrate that the requirements of the NQA standards have been applied for each of the 
eight subparagraphs. The regulation is: 

Any compliance application shall include information which demonstrates 
that the quality assurance program required pursuant to paragraph (a)( 1) of 
this section has been established and executed for [the eight activities]. 

Demonstration of execution of the requirements of the NQA standards would presumably 
be by describing QA assessments which confirm adherence to the NQA standards for each 
of the areas. 

The difference in approach to the requirement is critical. Chapter 5 describes the general 
QA program which includes the eight critical area specified by 6 194.22(a)(2), but is 
ineffective in demonstrating that the QA program has been established and executed for 
each of them. 

This misinterpretation of the regulatory requirement is repeated on page 5-3, line 28 (see 
below). The chapter should address the requirements as stated. 

Page 5-2, lines 33-39: The CAO QAPD establishes two primary categories of requirements, 
identified as general requirements and additional requirements. The sections of the CAO QAPD 
that do not identifi specific applications are general requirements that apply to all items, 
activities, andprocesses under the cognizance of the DOE. The requirements of the CAO QAPD 
sections identified as additional requirements apply to the eight key areas identified above. 
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See comment for page 5-2, line 6. These statements imply that the NQA standards in the 
CAO QAPD Rev. 1 additional requirements are to be applied only to the eight key areas, 
omitting the radioactive materials handling and NRC packaging included in Revision 1 of 
the CAO QAPD (sections 1.1.2.3.A and 1.1.2.3.5; pp. 1-10 and 1-1 1). 

Page 5-2, line 41, to page 5-3, line 8: Additionally, the use of a graded approach supports the 
proper implementation of QA program requirements ... 

The discussion of the graded approach offers no tie of the graded approach to the 
compliance application requirements. A statement that NQA- 1 does allow the graded 
approach (with reference) would seem appropriate, and perhaps necessary. 

40 CFR 194.22(a)(l) specifically excludes those portions of NQA-3 (which addresses QA 
for site characterization data collection activities), that refer to the graded approach. 
Having raised the "graded approach" issue, Chapter 5 should provide evidence (even a 
single statement) that the site characterization data was not collected or processed using a 
graded approach to QA. 

Page 5-3, lines 11-14: The CAO QAPD requirements are further supported and amplified by the 
next tier of QA program documents which include the DOE TRU Waste Characterization Qual@ 
Assurance Program Plan (TRU QAPP), the SNL Implementing Procedures, and the WID Quality 
Assurance Program Description. 

The first CAG expectation @. 18) is that the DOE top tier QA documents be included in the 
application; the second is that the top tier QA documents of principle contractors also be 
included in the application. This first mention of these documents should also state where 
they can be found. CCA Appendix QAPP contains the CAO QAPD Rev. 1 and the WID 
QAPD Rev. 16, but the TRU QAPP, SNL's procedures, and QAPjPs from the generator 
sites are not included. 

It is important to note that the CAO QAPD Revision 1 became the sole "top tier" DOE QA 
document after June 13, 1996 (the CAO transmittal letter dated June 13, 1996 requires it to 
be implemented within 60 days after receipt). There was no requisite condition previously 
that programs other than the CAO itself adhere to the CAO QAPD. Revision 0 states that 
the QA programs of WIPP participants are expected to be "guided" by the CAO QAPD 
only @. 1-1), and the DOE has informed the EEG that guidance documents need not be 
followed (Neill-to-Dials letter received August 9, 1996). 

Revision 0 also did not place an emphasis on the NQA standards as requirements for WlPP 
QA programs, instead stating that @. 1-1): 

WIPP participants develop, implement, maintain, and document their 
quality assurance programs either in accordance with DOE Order 
5700.6C or 10 CFR Part 830. 

Page 5-3, line 28: 40 CFR Part 194 stipulates that the DOE apply QA controls to eight areas. 
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The requirement (0 194.22(a)(2) is that the comphanceapplicatiandemanstrate that a QA 
program adhering to the NQA standards has been established and executed for the eight 
areas (see comment for page 5-2, lines 6-7). 

Page 5-3, lines 34-39: The Transuranic Waste Baseline Inventorl, Report (WBIR) (see 
Appendix BIR) is the inventory source document that provided the waste data used in the 
peflormance assessment and is presented in tabular form in Chapter 4.0 ... 

Chapter 5 is titled "Quality Assurance", but is noticeably incomplete in discussing QA for 
the TWBIR. 

' The TWBIR has been pubIished separately as Revision 0 (June 1994), Revision 1 
(February 1999, and Revision 2 (December 1999, and some of the radionuclide data 
varies widely between the different versions. CCA Appendix BIR data is from Revision 2, 
with additional material requested by the EPA after Revision 2 was published (included in 
TWBIR Revision 3, according to the Executive Summary). 

None of the data in any of the TWBIR versions seems to have been gathered under the 
NQA standards as required by $194.22(a)(2)(i). Sources of information included 
extrapolations from, among other sources, safety documentation and interviews with 
workers (TWBIR 2 p. 1-21; DOEICAO-95-1121). EEG-61, Review of the WIPP Draft 
Application To Show Compliance with EPA Transuranic Waste Disposal Standards (EEG; 
March, 1996) on page 4-5 quotes a 1995 ORNL report that "TRU waste streams at ORNL 
are not as yet blly characterized ... waste sludge ...p hysical data such as particle size, 
hardness, viscosity and particle distribution are unknown". 

The bulk of the source data may be more reliable, but is based primarily on acceptable 
knowledge (TWBIR 2, p. 1-20), which is in turn predominantly process knowledge. Use of 
process knowledge to quantify components in waste, which is how the TWBIR data is used 
in the CCA, is required by §194.24(~)(3) to conform to the NQA standards, also. There is 
no evidence in the CCA that any of the process knowledge activities were conducted under 
the requirements of the NQA standards. 

The Waste Characterization Analysis Peer Review Report @. 4-3) mentions both cost and 
time restraints as justification for the lack of QA on the TWBIR. The NQA standards 
contain no variances for cost and time considerations. 

Page 5-3, lines 36-38. The TWBIR wasprepared in compliance with the CAO QAPD and this 
activirqf was audited by the DOE QA Program on September 5 and 6, 1995. 

Chapter 5 is offering incomplete and misleading data here. Note that the data (taken from 
Revision 2) used for the CCA was published months after the single assessment (a 
surveillance by one auditor, not an audit) cited, and QA of the additional data requested by 
the EPA (in 1996) included in CCA TWBIR was certainly not assessed during the 
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surveillance. The surveillance issued one significant finding, which essentially stated that 
there was no analysis or data collection plan to assess the TWBIR against, as is required by 
the NQA standards. 

The implication is that the waste characterization data used in the CCA has not undergone 
sufficient QA assessment. Given that both §194.22(a)(2) and $1 94.24(~)(3) required a 
demonstration in the CCA that QA has been performed on the TWBIR data, it would seem 
that a QA assessment should have been conducted of the TWBIR data used in the CCA. 

Page 5-3, lines 38-39: Quality assurance of the use of these waste data (3y SNL) for 
performance assessment is addressed in Sections 5.1.4 and 5.1.7. 

The referenced sections are brief generalized statements which include no specific 
discussion of waste characterization data from the TWBIR. The data in section 5.1.4 is, in 
fact, misleading when applied to TWBIR data--it does contain a brief paragraph on the use 
of NDA (non-destructive assay) QA, which in part states that: 

NDA software is controlled in accordance with the requirements of the 
CAO QAPD. 

NDA software used to gather data in the TWBIR, Revision 2, was not controlled by the 
requirements of the CAO QAPD (see earlier discussion). 

Page 5-3, line 41 - page 5-4, line 12: The Waste Acceptance Criteria (WAC) serve as the 
primaly directive for ensuring that only waste that can be transported, handled, and disposed of 
in the WIPP are shipped and or ensuring that these wastes are certified by the generator and 
storage sites .... The TRU QAPP describes the QA and quality control requirements for 
characterization ... . 

The requirement fiom §194.22(a)(2) is for a demonstration that a QA program in 
conformance with the NQA standards has not only been established, but also executed for 
waste characterization activities. Presumably, demonstration of execution would be 
accomplished by citing QA assessment reports on the generator sites. The EEG is unaware 
of any demonstration that compliance with the WAC criteria has been officially met for any 
waste container, so it seems unlikely that the NQA requirements can be said to have been 
"executed". 

It may be argued that establishing the QA of the WAC, the TRU QAPP, and site QAPjPs 
and procedures as documents shows that the NQA standards have been "executed". One 
counter to this argument is provided on page 4-9 of EEG-61 (cited above): 58% of a 
WAC-certified population of 80 drums at INEL were miscertified according to a 1993 DOE 
report (DOE/WIPP 93-062). 

The DOE now has a strict program for certification of generator sites before waste 
characterization can take place. Information on a demonstration of a full execution of the 
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requirements of the NQA standards at the generator sites, including the certification audits, 
should have been provided in the CCA. 

Page 5-4 line 14-1 6: The DOE verijles program implementation at participating sites through 
audits and assessments to ensure that WIPP waste characterization activities comply with 
applicable QA PjPs and standard operating procedures. 

The first three sites to ship waste to WIPP will be INEEL, Rocky Flats, and LANL. The 
three CAO formal assessments of waste characterization QA at these sites previous to CCA 
publication found that at INEEL (August 1995; INEL at the time), that ANL-W QA was 
inadequate; at Rocky Flats (September 1995), that the program was marginal; at LANL 
(August 1996), that software QA had only just begun, LANL waste characterization has 
not yet been formally audited by CAO to the NQA standards, though several surveillance- 
type activities have taken place. None of these would qualify as a demonstration that a QA 
program adhering to the requirements of the NQA standards had been established and 
executed for waste characterization activities and assumptions. 

Page 5-4 Lines 25-42: The following identrfies the applicable quality-affecting activities, QA 
documents, and examples of subcontractors for the principal participants. DOE Activities: 
... DOE QA Documents: ... 

The list of documents does not include some that would seem to be applicable. For 
instance, documentation used in design of the TWBIR (which should have addressed QA), 
the TRU Waste Characterization QAPP, the WWIS Software Quality Assurance Plan, and 
Performance Demonstration Program documentation should be listed, as these activities are 
all mentioned in the preceding text. 

The “examples of subcontractors for the principal participants” does not include the 
subcontractor that assembled the T W I R ,  which is the principal waste characterization 
activity that had taken place at the time the CCA was published. 

Page 5-5 Lines 3-25: Generator Site Activities: 1.  Characterize TRU waste. Generator Site QA 
Documents: The following sites have Generator Site QAPjPs that have been approved by the 
DOE.. . 

The DOE should show that the QAPjPs were in force for the collection of data for the 
TWBIR. It is likely that the approval of at least some of the QAPjPs by CAO post-dates 
the accumulation of the TWBIR data. 

The CAG (Compliance Application Guidance for 40 CFR Part 194; EPA 402-R-95-014) 
states @. 18-19) that the EPA expects much more information on waste characterization 
activities and assumptions than is included in this section. Among these expectations are 
several that relate to objective evidence for various QA activities; a listing of dates when 
conformation to the NQA standards for each activity became effective; a description of not 
only DOE but principal contractor QA assessment activities; and the schedules for these 
activities, None of these aie supplied in the CCA, though Appendix AUD lists by title 
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(which is not a description) and date a general list of assessments that includes CAOs 
waste characterization assessments. The list does not however, show assessments by 
"principal contractors", which for waste characterization would be the generator site QA 
programs. 

Page 5-5, Lines 30-38: The monitoringplans required by 40 CFR J 194.42 detail the disposal 
system monitoring program that will be implemented during pre-and postclosure of the WIPP. 
This program will be implemented by the WID under the QA program described in this chapter 
SNL Activities: None. WID Activities: Conduct performance monitoring. WID Documents: 
Reference Appendices MON and EMP. 

Lines 30-38 are the complete section. The section offers no demonstration that the 
"monitoring plans" have been established in accordance with the NQA standards; the 
"monitoring plans" are not even identified, though one can infer that the appendices may 
contain them. The section itself offers no demonstration that a QA program adhering to the 
requirements of the NQA standards has been established and executed for the titular areas-- 
no QA documents specific to the activities are listed, no procedures that would demonstrate 
QA requirements at the working level. 

Environmental monitoring activities, and associated sampling and analyses activities, have 
been conducted for years by the WID but no mention is made of QA for this effort. 

The referenced appendices do not contain information which demonstrates execution of the 
NQA standards, even for the pre-closure activities that have been in operation for years. 
The QA section in CCA Appendix MON simply states @. MON-62) that future work will 
be controlled by the CAO QAPD Rev. 1, and that the DOE has "agreed to adopt QA and 
quality control guidance" from the NQA standards (the DOE opinion is that guidance for 
QA is not a requirement, and therefore need not be addressed). CCA Appendix EMP 
describes in general terms the QA program for environmental monitoring but does not 
demonstrate that it has been executed. The description is in terms of 10 CFR 830.120 
(from which DOE Order 5700.6C was derived), not the NQA standards, though a table 
(Table 8-1 on p. 8-2) attempts a cross-reference to NQA-1 requirements. 

The mapping of 10 CFR 830.120 or DOE Order 5700.6C requirements to the NQA 
standards is not a satisfactory process--nor a quality one. NQA-1 alone contains about 30 
pages of basic and supplemental requirements (not counting definitions or suggested 
practices); the $830.120 requirements cover about 2 pages. To find 30 pages of 
requirements in 2 pages of information would seem to require an exceedingly imaginative 
approach. 

It appears that 40 CFR 194.22(a)(2)(ii) requirement for demonstration in the CCA that a 
quality assurance program in conformance with the NQA standards has been established 
and executed for monitoring has at best only been partially met. 
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The CAG expectations seem to have been ignored completely, unless "conduct 
performance monitoring" can be considered a "list" of quality affecting activities. 

Page 5-5, Lines 43 to page 5-6, line 4: The current WIPP activities related tofield 
measurements are conducted by the WID and include several areas. Measurements of geologic 
factors include. .. 

No statements related to QA are attached to the description of measurement of geological 
factors. 

Page 5-6, lines 6-13: In 1989, the EPA reviewed and commented on much of the data collected 
by the DOE during the site selection and site characterization program. After this review by 
EPA geologists, hydrologists, and other scientists, the EPA reached conclusions regarding the 
adequacy of the DOE'S site characterization program and the reasonableness of the site 
characterization activities. The EPA 's independent reviews and conclusions regarding the 
adequacy of the data were supplemented by the independent reviews conducted by the National 
Academy of Sciences. Therefore, the DOE considers the adequacy of the QA program and the 
data collected during site selection and characterization to be satisfactory. 

Substantially the same argument was included in the earlier version of Chapter 5 that EEG 
commented on (Neil1 to Dials letter dated July 13, 1996). The EEG comment @. 3 of the 
enclosure) noted that: 

This is untenable on several grounds, not the least of which is that the 
NMVP is for compliance with 40 CFR 268.6, which has no requirement 
that QA programs must comply with the 1989 versions of NQA-1, 
NQA-2 Part 2.7, and NQA-3, as is found in 40 CFR 194. 

The DOE'S response (p. 4 of the enclosure to Dials-to-Neil1 letter received August 9, 1996) 
was as follows: 

We agree with the comment on the No Migration Variance Petition 
(NMVP) and had already noted this. We have updated this portion of 
Chapter 5 .  

The only substantive differences between the two presentations of the argument is that 1) in 
the most recent version, a statement that the EEG also conducted an independent review 
and was in agreement with the EPA and NAS conclusions has been dropped; and 2) 
references to the source document were dropped. 

The argument is ludicrous in a document written to show compliance with 40 CFR 194. A 
large part of site characterization data included in the CCA has been performed since 1989; 
the NMVP is concerned with disposal of chemical wastes, not the radiological component 
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that is the 0 194 concern, and the major concern at WIPP (plutonium is not on the list of 40 
CFR 268 hazardous components); QA approaches and philosophies have changed in the 
intervening years; the regulation to be complied with is different for the CCA (40 CFR 191 
and 194) than it was for the NMVP (40 CFR 268); and a demonstration of establishment 
and execution of a QA program that adheres to the NQA standards was not a requirement 
for the 1989 NMVP. 

Neither the "References" nor the "Bibliography" at the end of Chapter 5 contain an entry 
for either an EPA document, or an NAS document, concerning the 1989 NMVP. The 
accuracy of the DOE interpretation cannot be verified without proper referencing of the 
source documents. 

The May 31, 1996 draft of Chapter 5 (p. 5-6) included the statement that: 

These conclusions were issued in a document titled Background 
Document for the U.S. Environmental Protection Agency's Proposed 
Decision on the No-Migration Variance for the U.S. Department of 
Energy's Waste Isolation Pilot Plant. 

No further information on this document was provided in the bibliography of the May 3 1, 
1996 draft Chapter 5. One of the EEGs comments on this draft was that documents were 
not referenced in a manner which allowed traceability. 

Page 5-6, lines 15 and 17: Topographic characteristics were characterized early in the site 
characterization phase of the WIPPproject, and the QA of data from that period is addressed in 
detail in Section 5.4.2.2. 

Section 5.4.2.2 discusses in very generalized terms the Qualification of Existing Data 
(QED) process (for data that was not collected under an NQA program) and includes 
no commentary specific to measurements of topographic characteristics. Reference to 
this section implies that a demonstration of adherence to NQA standards for 
topographic characteristics as required by 6 194.22(a)(2) cannot be performed. 

Page 5-6, lines 20-21: See Appendix EMP for QA controls applied to monitoring activities of 
groundwater well levels. 

The section of Appendix EMP concerning groundwater (Section 5.4.3, p. 5-12) does not 
include any QA information; the QA section of Appendix EMP does not discuss 
establishment and execution of NQA requirements (see comments to p. 5-5, lines 30-38 
above for additional data on the QA section of Appendix EMP). 

Page 5-6, lines 23-35: The following identifies the applicable quality-affecting activities, QA 
documents, and examples of subcontractors for the principal participants. SNL Activities: 
None. 



SNL was responsible for most of the measurements of geologic factors, including the 
"site selection and characterization program" mentioned in this section. To state that 
there were no SNL activities, QA documents, or subcontractors is ludicrous. 

WID Activities: 

No mention is made of the WID meteorological measurements or associated QA efforts. 

The WID has measured meteorologic characteristics at the WIPP for many years; Section 
2.5.2 (p. 2-178 ff) of the CCA indicates that data was used in the CCA from WID 
environmental monitoring reports from 1991-1995. This section of Chapter 5 should 
demonstrate that a QA program adhering to the requirements of the NQA standards was 
established and executed for these data and reports. 

Appendix EMP also contains a section on meteorological monitoring (section 5.4.1, p. 5 -  
11) which states that: 

A Quality Assurance Project Plah (QAPjP) is being developed for the 
collection of meteorological data use [sic] for regulatory purposes. 

This QAPjP may be necessary before demonstration ofestablishment and execution of a 
quality assurance program that adheres to the NQA requirements can be made. 

Appendix EMP section 5.4.1 lists the requirements documents for the QApjP. Those listed 
do not include 40 CFR 194, the NQA standards, or the CAO QAPD Revision 1. 

Page 5-6, lines 36-39: WID QA Documents ... WP 02-1 WZPP Groundwater Monitoring Quality 
Assurance Plan 

The title of t h s  document since March 3, 1996 (eight months before the CCA was 
published) has been "Groundwater Surveillance Program Plan, Revision 3"; it is not a 
"Quality Assurance Plan", but five of the 25 pages (pp. 5-9) have brief sections addressing 
each of the 18 NQA-1 Basic Requirements. 

The QAPjP for collecting meteorological data described in Appendix EMP is not listed 
among the WID QA documents. 

Page 5-7, lines 9-10: Computations and computer codes used to demonstrate compliance with 
40 CFR Parts 191 and 194 are controlled as described in Section 5.3.20. 

Section 5.3.20 is a general description of computer software QA for the WIPP. It does not 
address computations (which are not always performed on a computer) and does not 
demonstrate the establishment and execution of a QA program which adheres to the 
requirements of the NQA standards for computer codes. It also does not describe the 



process for controlling the most important of computer codes for the CCA, those related to 
performance assessment (PA). 

None of these PA codes were properly qualified (as prescribed by NQA-2 Part 2.7) for use 
at the time the PA calculations used in the CCA were performed (see p. 1 in Attachment 1 
of the EEG July 1 1, 1996 Walker-to-Neil1 memorandum, "CAO Audit of SNL PA June 17- 
2 1, 1996", included here as Attachment 111, for a more complete discussion). Some of the 
important documentation for perhaps the most important computer code, BRAGFLO, had 
still not been completed in December, 1996--two months after the CCA was submitted, and 
several more months after the PA for the CCA was ran. 

Page 5-7, lines 11-16: Software supporting compliance fall into one of three categories ... Table 
5-1 lists the compliance software according to category. 

It is unclear why the three categories are described, as no information on the differences in 
QA among the various categories is supplied. Were these three categories graded 
differently for QA purposes? 

The statement implies that all software supporting compliance is to be found in Table 5-1 
(which lists only SNL's PA-related software). Other software (data acquisition, WWIS, 
facility design, NDA) are discussed later in this section (p. 5-9, lines 14-30), but these are 
not identified in Table 5-1, which is titled "Computer Software and Codes". 

Page 5-7, lines 19-37: SNL QAP 9-2, Qual@ Assurance Requirements for the Selection and 
Documentation of Parameter Values Used in WIPP Performance Assessment. .. The four 
parameter categories that are used in current compliance calculations are ... 1.  parameters 
derived from experimental data ... 2. parameters representing inventory of the waste ... 3. 
parameters representing physical constants ... 4. parameters that are model configuration 
parameters or that are assigned based on assumed correlation ofproperties between similar 
materials. 

It is unclear why the description of the four categories of parameters is included in a section 
that should be discussing QA for computations, computer codes, models, and methods. 
Discussion of parameter categories are not a part of the requirements of either 40 CFR 19 1, 
9 194, the CAG, or the NQA standards. The categories are more properly described in 
Appendix PAR (p. PAR.1). 

Since SNL's QAP 9-2 and parameter categorization is mentioned, however, it should be 
pointed out that parameters of the 4th type are divided into type 4a and 4b in the version of 
QAP 9-2 current at the time of publication of the CCA (Revision 2, effective 09- 12-96; see 
P* 3). 

It should also be pointed that various groups of parameters are not required to comply with 
the complete QAP 9-2. None of the parameters entered into the PA database before 11-28- 
95 are required to comply with the quality-affecting portions of 9-2 according to Revisiori .1 
(see p, 3), which was current when the CCA was published. Revision 1 did not require any 
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of the type 4 parameters to comply with QAP 9-2, though 9-2 could be used at the 
discretion of the Parameters 'Task Leader (Rev 1, p. 3). Type 4b in the current Revision 2 
are the "model configuration parameters", and are excluded from the requirements of QAP 
9-2 (p. 3 of Revision 2), 

...as they are not used in current compliance calculations and therefore are not 
subject to this procedure. 

QAP 9-2 requires, among other things, that the need and intended use of a parameter be 
documented; that the rationale for the parameter choice (the value range) be documented; 
and that documentation of the parameter development be referenced or attached to the 
Form 464 (which is a form essential to tracing of parameters). These requirements are 
unique to QAP 9-2, and should be required of all parameters used. Assuming that the PA is 
considered a scientific investigation, the CAO QAPD Rev. 1 would seem to require use of 
QAP 9-2 for all but the excluded type 4b parameters under the dictates of Section 5.1 .B, 
5.1 .C, 5.1 .D, 5.1 .E, and 5.1 .H (other sections may also apply). 

Finally, it seems useful to note that parameter data in the CCA (in Appendix PAR) is not 
necessarily the same values as was used in the running of the PA codes for the CCA. For 
example, Parameter # 3 148, a concrete compressibility parameter, is listed in Appendix 
PAR as having a value of 1.2e-9/Pa, but is shown in the code listings for the CCA (not in 
the CCA; at SNL) as 2.64e-9Ra. This difference is apparently due to Appendix PAR being 
taken from a later database than the one used by the PA codes for the CCA. The 
information and data in the CCA should be the same data that was used to demonstrate 
compliance. 

Page 5-7, line 39, to page 5-9, line 2: A set of screening efforts, comprised of calculations and 
reasoned arguments, has been identified to help define and build confidence in assumptions, 
data sets, and conceptual and numerical models on which the performance assessment in this 
application is based. Assessing the effects of features, events, and processes (FEPs) on system 
performance is a primary component in conceptual model development ... 

No explanation as to the definition or purpose of "screening efforts" is supplied, and the 
terminology is rather obscure. The calculations and reasoned arguments are used to 
determine whether or not to include consideration of a FEP in a model, but this is not 
explained in the text. 

The connection between screening efforts and the requirements of 40 CFR 194.22 or the 
NQA standards is not made clear in this section. As with the parameter categorizations, 
this is not a QA description but a description of an operational process. 

No screening efforts other than those for FEPs are identified. 

Page 5-9, lines 4-10: FEP screening is phased. Phase I FEPs are those that could potentially 
affect conceptual and/or numerical models. Phase II FEPs are those that could impact 
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parameter input to the numerical models. FEP screening analysis plans for Phase I and Phase 
11 FEPs were developed and controlled in accordance with SNL QAP 9-1 ... 

Phase I and I1 screening were only performed separately so that SNL could meet deadlines, 
and under SNL QAP 9-1 could have easily been written as a single analysis plan. The 
necessity for describing them in the CCA chapter on QA is not apparent. 

FEPs screening is an area of controversy all its own, as 40 CFR 194.32(e) requires that the 
CCA include documentation of the reason for excluding any identified processes or events 
that may affect the disposal system during the regulatory time frame. The DOE originally 
developed a list of nearly 1200 FEPs; the draft CCA (DOE/"WIPP/CAO-2056, March 3 1, 
1995) considered about 900 FEPs; of the 900, about 30% were addressed by Phase I and I1 
screening plans for the CCA, and 89 of these were *'screened in" to the CCA. No 
documentation, or screening analysis plans, were developed for the reduction of the vast 
majority of the nearly 1200 FEPs to the approximately 240 included in the CCA. 

The FEPs which were to be addressed by Phase I and I1 analysis plans were not all 
adequately documented. The EEG asked for information on 3 1 of these FEPs (Neill-to- 
Dials letter dated July 1 1, 1996) and the response (McFadden-to-Dials letter dated August 
2, 1996) was that screening information would be supplied only in the CCA--though the 
analysis plans indicate screening decision packages were to be kept for each FEP. All FEP 
screening decisions should have been performed according to a reviewed plan, and be 
adequately documented. 0 194.32(e) requires the CCA to include documentation of why 
those screened out were not included in the PA results. This was not done. 

Page 5-9, lines 10-11: Additionally the DOE and SNL have provided oversight of the FEPs 
screening process in the form of detailed audits and surveillances. 

Failure of the DOE and SNL detailed audits and surveillances to discover and require 
resolution to the FEP screening problems described above does not establish confidence in 
the application of the quality assurance process to FEPs. 

Page 5-1 0, lines 20-23: WID Documents ... WP 16-1 1 7 WIPP Computer Sofmare Quality 
Assurance 

This document was replaced by WP16-IT3117, Revision 0, which has the same title, on 
9/26/96 (a month before publication of the CCA). 

This section simply states "No expert judgment activities have been identified" (p. 5-10, 
line 3 1). There have been many expert judgment activities; the question is whether or not 
any of these should have been performed under the formal elicitation process regulated by 
40 CFR 0 194.26. 

EEG Review of CCA Ch. 5, QA. p. 19 of 39 



Some examples of expert judgment activities used in the CCA follow. Expert judgment is 
a part of the passive institutional control development process according to the WIPP 
Passive Institutional Control Peer Review Report @. 4-3 and 4-4). Numerous parameters 
used in the performance assessment are justified by "investigator judgment" or 
"professional judgment". A November 14, 1995 RESPEC Inc. memorandum (FWSPEC's 
Pfeifle to SNL's Diane Hurtado) outlines as part of a task plan "solicitation of expert 
opinion" for establishing seals parameter values, and execution of this task plan would 
seem to fall directly under the 5 194.26, Expert Judgment requirements. 

6.1 WIPPF- .. 
Page 5-1 1, lines 6-1 1 : Disposal system items andprocesses were designed using sound 
engineering practices, scientific principles, and applicable industry and government standards. 
Svstem design descriptions, conceptual design reports, pe$ormance requirements, and 
regulatory requirements are included in new designs. Designs are initiated using a 
classification system that ensures that the proper level of design and QA requirements is 
employed to meet design and testing requirements. 

The EEG and the EPA have both commented that many assertive statements in previous 
drafts of Chapter 5 were not substantiated. These are examples of such statements. The 
requirement is that the application should demonstrate that the design was established and 
executed under a QA program that adhered to the requirements of the NQA standards, not 
to merely restate those requirements. Chapter 5 contains many other such unsubstantiated 
statements (see, for example, most of section 3,1), so many that the EEG will desist from 
pointing them out--but the practice adds no substantive value to the application. 

Note that the initial sentence alone covers past development of designs. NQA- 1 Basic 
Requirement 3, Design Control, begins: 

The design shall be defined, controlled, and verified. Applicable design 
inputs shall be appropriately specified on a timely basis and correctly 
translated into design documents. Design interfaces shall be identified 
and controlled. Design adequacy shall be verified by persons other than 
those who designed the item. 

The final sentences of the Chapter 5 statement is in the present tense. What QA documents show 
that the WIPP facility was initially designed according to the NQA standards? The documents 
should be properly referenced. 

Page 5-11, lines 13-22: NQA-I Supplement 3S-I requires that design verification be 
performed ... Design verification was accomplished by a combination of Supplement 3S-1 
methods. 
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Again, this is an assertive statement which is unsupported by evidence. A reference to the 
document which shows that Supplement 3s-1 methods were used to verify the WlPP 
facility design should be referenced. 

Design 

Page 5-1 1, lines 26-31 : After Bechtel turned systems over to the DOE, an extensive and 
comprehensive program of start-up testing was initiated by the DOE. The program tested 
systems and components against the requirements specrfied in design documents. This testing 
meets the requirements of Supplement 3s-I for design verification. 

The design documents and start-up testing documents should be referenced. The 6 194 
requirement is to demonstrate that the activities described in these statements were 
performed, not to describe them. 

Page 5-1 1, lines 33-38: Brookhaven National Laboratoly performed independent calculations 
of important design parameters ... This task was dxumented in a report commissioned by the 
Oflce of Environmental Safety and Health (EH-30) titled, "Waste Isolation Pilot Plant Safety 
Evaluation Report" dated August 1989, including two subsequent addenda, the last of which 
closed all action items, concluding the Brookhaven effort. 

The report (referred to hereafter as the 1989 SER) is not listed in either the "References" or 
"Bibliography" sections at the end of the chapter, though a memorandum which apparently 
describes the report is. The document is dated July 27, 1989, not August. The document 
and addenda (Supplements) should have been properly referenced in the bibliography. 

The purpose of the report was to independently document the completeness and adequacy 
of the Final Safety Analysis Report (FSAR) on WIPP that was current at that time 
(December 1988 version). The 1989 SER was only for the now-discarded "test phase" 
which had a 5-year lifespan rather than the 10,000 year requirements in 4 194, and notes 
that the 1989 FSAR did not include remote-handled waste (RH-TRU) in its considerations. 
The 1989 SER does, however, state that the review addresses the adequacy of design for 
the lifetime of ground structures and site characterization. 

The 1989 SER also contains the following statement (p. 11-3 and 11-4): 

A Quality Assurance issue ...was the failure to adequately transfer knowledge 
of facility design bases (Ref 13) to either DOE or the operating contractor. 
DOE and operating contractor staff engineer(s) were not hlly knowledgeable 
of the details of the WIPP designs, the design calculations, specifications and 
drawings (as-built, ship, etc.). It is therefore unlikely that issues pertaining to 
the design bases, design calculations, structures, etc., and related quality 
control can be adequately addressed. 

This is related to a concern expressed in an EH-30 Request for Additional Information. 
which stated that 
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The FSAR states that construction management documents. ..are 
available at the WIPP Facility. Based on our efforts to collect 
information fiom the site, this is a gross misstatement of the facts. 
Documents are not generally available nor are they organized in any 
fashion which lends itself to review and/or audit ... Any attempt to assess 
as-built conditions are clearly frustrated by such a situation. [SER 
Appendix B, Response to DOEEH Request for Additional Information: 
Chapter 3, May 3, 1989, p. 22; the DOE’S response was to simply note 
that these were program management documents, not construction 
records] 

Supplement 1 to the 1989 SER (“Supplement 1 to Safety Evaluation Report for Waste 
Isolation Plant” dated 01/16/90, p. 11-3) notes that the W P  committed to completing the 
“as-built” drawings for critical systems in the facility on a schedule provided. A 
memorandum fiom M. R. Brown, Manager of Westinghouse Engineering & Repository 
Technology Support, to Richard J. Figlik, W P  Project Office, dated May 5, 1989 (see 
Attachment N), illustrates the extent of the process necessary for developing the “as-built” 
drawings: Attachment 1 to the memorandum is a list of prioritized “as-builts” to be 
reconstituted, which, among other items, includes the electrical system for both the surface 
and underground, the environmental monitoring system, the radiation monitoring system, 
the underground ventilation system, the confinement facilities, the shaft hoist systems, 
communication systems, fire protection systems, waste handling equipment, the central 
monitoring system, security systems, water systems, underground testing and testing 
equipment, and “General Civil and Standard Systems” (which would seem to be the non- 
specialized items such as the site support buildings). 

In short, the original QA records for design were not collected, stored, or maintained as 
required by NQA-1 Supplement 3s-1.7, and had to be redone. Chapter 5 should reflect the 
true history of QA for the facility design. 

Page 5-12, line 4: See Section 5.3.1.8 for the location of applicable QA records For WID 
design I .  

Section 5.3.18 @. 5-37) contains QA records location information (there is no section 
5.3.1.8). 

Page 5-12, lines 24-34: The repository sealing system desi gn.... report [Appendix Seay was 
extensively reviewed. ..audits and surveillances were perjrormed on each of the primarl, 
contractors ... The DOE performed oversight activities ... of the SNL QA program as it relates to 
the SNL Sealing Systems Program ... 

References to the specific audits and surveillances should have been included. 

Page 5-14, line 17: VI. Activities: None. 
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Data and infomation collected by WID is used throughout the CCA. Several chapters in 
the CCA reference the Site Environmental Reports for 1990 and 1992-1 995, for example. 
Many of the appendices to the CCA are totally based on WID or WID subcontractor data. 
These include the Annual Site Environmental Report (Appendix SER); Appendix RPB, 
Statistical Summary of the Radiological Baseline Program for the WIPP, March, 1992; the 
Engineered Alternatives CodBenefit Study (Appendix EBS); Appendix EMP, the 
Environmental Monitoring Program (which wasn’t mentioned as part of Environmental 
Monitoring, section 5.1.2); Appendix GTMP, the geotechnical surveillance program; and 
Appendix GWMP, the groundwater monitoring program. 

Organizations other than the DOE, SNL and WID are referenced in the CCA; for instance, 
Appendix HYDRO is written from US Geological Survey reports. The introduction to the 
Appendices (in the computerized version of the CCA) states that: 

Significant portions of the hydrological data in Chapter 2.0 are derived 
from this report. 

Chapter 2 is Site Characterization, a major component of the CCA; and hydrological 
considerations are of major importance to compliance. This, too, is data and information 
used to support Compliance, and demonstration of establishment and execution of a QA 
program that adheres to the NQA standards for the USGS data would seem to be a 
requirement of 0 194.22(a)(2)(vii)--though processing through the QED process allowed by 
9 194.22(b) would seem to be a viable alternative. 

8 OtJ- . . .  
nf Was- 

Page 5-14, Lines 24-26: At this time, the DOE has not identlfied any other systems, structures, 
components, or activities important to the waste isolation in the disposal system that require 
controls to be applied as described in the CAO QAPD. 

The process utilized for controlling drilling activities in the WIPP vicinity is an important 
activity for containment of waste with which the DOE has had problems in the past (see the 
“Passive Institutional Controls” section of EEG’s March 14, 1997 letter to the EPA, in the 
WIPP docket for a pertinent example). QA oversight of this process could enhance the 
WIPP disposal system. 

Page 5-15, Lines 1-19: A QAprogram was established in late 1977 that was based on IO CFR 
Part 50, Appendix B...By late 1978, DOEpolicy refinements had expanded the QA program to 
incorporate the requirements of ..(ANSI)/ASME N45.2, and had extended the applicabilio. ... to all 
earth science activities furnishing information on the possibiliy of radionuclide release into the 
biosphere ... in late 1979 ... The WIPP QA program was revised to meet the DOE/Albuquerque 
Operations Manual (Chapter WIPP), which was equivalent to the requirements of ANSI/ASAlE 
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NQA-1-1979 ... Over the next 12  years, the WIPP Q A  program was revised to reflect the 
... changes in upper tier Q A  program documents NQA-1-1979 to NQA-1-1989 ... 

The principle documents for the QA program(s) described, and the documents showing the 
changes, should be referenced. The DOE/AL Operations Manual should be included in the 
ReferencesBiblioghy at the end of the chapter. 

The 1989 SER (FSAR review by DOE Headquarters EH-30; referenced above in comments 
on p. 5-1 1, lines 33-38) found in late 1988 (p. 11-2): 

(1) A lack of sufficient independence for the QA organization, (2) a lack 
of adherence to the intent of the ANSYASME NQA-1 Supplements, (3) 
a lack of an adequate design control program, (4) an inconsistent 
approach for the evaluation of “Important to Safety” items and services, 
( 5 )  a lack of training, qualification and certification of audit, inspection, 
and test personnel and (6)  no training and indoctrination programs. 

The first attempts to address these were also woefully inadequate, indicating that basic 
knowledge of NQA-1 was not highly developed. The 1989 SER comments on WIPP’s first 
response (from the 1989 SER, p. 11-3): 

The requirements of ANSUASME NQA-1 were quoted but no 
description of how they would be implemented was provided. Although 
there was improvement in most areas, the Quality Assurance Program 
still lacked: (1) identification of the responsible Quality Assurance 
authority and its place in the WIPP Organization Structure, (2) interface 
requirement between the three major participants [DOE, SNL, WID], (3) 
responsible authority and commitment for a Training and Indoctrination 
Program, (4) specific commitments for review and approval of 
procurement documents, ( 5 )  a requirement for receipt inspection and the 
option of using source inspection to accept procured items or services, 
(6 )  the specifics for waste material receipt inspection at the site, (7) 
responsibilities for the processing and storage of radioactive materials, 
(8) test procedure requirements, (9) handling and storage requirements 
for radioactive waste materials, (1 0) responsibilities for nonconformance 
control, and (1 1) qualification and certification of audit personnel. 

Given that these items reflect language from many NQA-1 requirements it seems likely that 
the application of NQA-1 was not a significant part of the WLPP QA program before the 
EH-30 evaluation took place. 10 CFR 50 Appendix B, cited as the basis for the 1977 origin 
of WIPP QA, contains similar requirements. 

A June 1, 1989 memorandum fiom James P. Knight, Director of the DOE’S Office of 
Safety Appraisals, to Richard W. Starostecki, on the subject “EH Oversight of the Waste 
Isolation Pilot Plant Project (WIPP)” (see App. V), adds other failures in the WIPP QA 
program to address NQA requirements (p.2): 
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A fundamental management issue also remains at this time; the 
adequacy of the DOE Quality Assurance (QA) program for the WIPP 
project. As presently structured, neither the dedicated QA staff, one 
person designated as the QA Manager, nor the low reporting level of the 
QA program meet the ANWASME, NQA requirements espoused by 
DOE orders. 

The “one person designated as the QA Manager” was the entire W P  Project Office QA 
staff at the time (Westinghouse apparently had the “dedicated QA staff’ mentioned). 
Indirect evidence also points to a lack of QA during the period up to 1989. The “as-built” 
design problems addressed above (see comment to page 5-1 1, line 33-38) were apparently 
never addressed by the W P  QA organizations. Jack B. Tillman, DOE’S W P  Project 
Manager in 1989, testified during the June 12,1989 hearings of the US. House of 
Representatives Environment, Energy, and Natural Resources Subcommittee of the 
Committee on Government Operations that: 

The as-builts have been known as a deficiency since the Corps of 
Engineers left the site ... 

(Page 171 of the printed hearings; U.S. Government Printing Office, 1990.) However, 
there is no evidence that responsible QA organizations pursued remediation of that 
deficiency in the years after the Corps of Engineers left. Any auditing activity seeking 
objective evidence that NQA-1 Basic Requirement 3 had been met, in virtually any area at 
WIPP site during this time, would have rediscovered the deficiency. Chairman S p a r  of 
the subcommittee later indicated his view of the QA program @. 333 of the printed 
hearings): 

... without an adequate quality assurance program, Mr. Tillman, I think it 
is very unlikely that you are going to be able to ensure that the 
experiments are going to be run properly, that the appropriate data is 
collected, and that it is applied properly. 

In 1989, it appears that reviewers did not find a W P  QA program which met the 
requirements of the NQA standards. Chapter 5 should reflect a more accurate history of 
WIPP QA. 

“Adequacy” is later defined @. 5-39) as the flowdown of requirements contained in upper-tier 
documents into implementing procedures. The subsections under this heading seem to be 
arranged in accordance with the Basic Requirements of NQA-I, with NQA-2 Part 2.7 and those 
portions of NQA-3 not already covered added at the end. This format and intent should have 
been made explicit in the text. 

Though arranged according to the NQA standards, the subsections do not describe how all of the 
requirements described in the Basic Requirements and Supplements are met. The matrices 
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mentioned on page 5-  1, which link NQA requirements to the principal QA documents for the 
major WIPP organizations, would seem to have been more effective (and concise) in 
demonstrating that the WIPP QA program documents contain the requirements of the NQA 
standards. 

In several subsections implementing documents for SNL are described as "None", even though 
these are requirements of the NQA standards which are applicable to SNL operations. These 
appear to reflect a lack of research in writing Chapter 5 ,  rather than an absence of adequacy in 
the SNL QA program. 

Page 5-1 6, lines 12-18: From May I993 to March 1994, DOE Headquarters.. . (EM-342) 
assessed the quality of the WIPP data acquisition process for performance assessment ... The team 
concluded that the DOE needed to reevaluate all experimental program data used to support 
performance assessment. 

The EM-342 documents describing the assessment and its conclusions should be 
referenced. 

Page 5-16, lines 20-42: The adequacy of the current DOE QA program is ensured bypassing 
down requirements ... with the directive that applicable requirements then be passed down to 
lower tier organizations ... Adequacy of QA program requirements are initially verified by the 
DOE through the review of lower-tier QA program documents prior to their 
implementation ... Formal document review forms are used. .. 

QA documents that demonstrate this is being done should be referenced (the CAO QAPD 
in Appendix QAPD, Section 1.1.2.1 covers the majority of these requirements). 

Page 5-21, Lines 1-8: The DOE has also prepared matrices tracing the applicable NQA 
requirements referenced in Section 5. I to the CAO QAPD. WID and SNL likewise are required 
to prepare and maintain matrices ... the matrices are designated [sic] to demonstrate that the 
DOE, SNL, and WID QA programs are adequate and address all applicable requirements. 

Including the matrices could have been a major step in demonstrating adherence to a QA 
program that implements the requirements of the NQA standards, as required by 40 CFR 
194.22(a)(l). These matrices would also provide substantiation for many of the assertive 
statements that currently lack substantiation (see comment addressing page 5-  1 1, lines 6- 
11). 

Page 5-21, lines 10-11: The DOE, SNL, and WIDperform assessments that include the review 
of implementing documents for adequacy. 

The source document(s) for this requirement should be properly referenced. 

Page 5-25, line 19-21 : WID Implementing Document: WPI 3-QA3501 Graded Approach 



The EEG controlled copy of the WID QA procedures shows that this document was 
removed from the WID Quality Assurance Manual on September 27, 1996, a month before 
the CCA was issued. The controlled copy change notice does not indicate any replacement 
document. At the EPA audit of WID in February, 1997, WP13.03 Revision 0, Quality and 
Regulatory Assurance Department Assessment Program, effective August 26, 1996, was 
identified as the current implementation of the WID grading process (Section 7.3.1, 
"Activity Grading Process"). 

This section does not include SNL QA program documents. The CAG expectation (p. 18) 
is that DOE principle contractor top tier QA documents would be included in the CCA, not 
merely listed. 

Page 5-26, line 2: Personnel perjoming work are qualrfied and capable ofperforming their 
assigned tasks. 

Personnel are required to be qualified and capable--that does not mean personnel will 
always be so. It hasn't been in the past: for example, an SNL surveillance in November, 
1995 discovered that only 2 of 30 personnel in the FEPs program had fblfilled the training 
requirements. 

Similar overstatements, wherein a QA program requirement is described as if absolute 
compliance with the requirement is a certainty, are made throughout Section 5.3 
subsections. These are logical fallacies for which countering examples can nearly always 
be found (see comment to the following section, 5.3.3.4, for another example). Such 
statements are usually so self-evidently overdone that most are only a minor distraction, 
and will not be individually pointed out. 

Many of these statements also should provide a specific reference to the section(s) of WIPP 
QA docurnent(s) that establishes the requirement. These will also not be individually 
pointed out--but assertions should always be backed by objective evidence or a path to the 
objective evidence. 

Page 5-26, lines 28-30: Management personnel ...p erfom assessments of the portions of the 
program for which they are responsible to assist in ensuring eflective implementation of QA 
requirements. 

The CAO Manager had yet to perform an assessment of CAO at the time the CCA was 
published (one is scheduled for February 24-28, 1997). The NQA-1 requirement (Basic 
Requirement 2, last paragraph) is that management "...shall regularly assess the adequac: 
of the program for which they are responsible...". SNL's last WIPP Project Managerneni 

EEG Review of CCA Ch. 5, QA, p. 27 of 39 



Assessment (previous to the October 1996 publication of the CCA) was June 12, 1995. 
Corrective Action Reports on management assessments have been initiated at both CAO 
and SNL. 

.3.7DocumentContr_ol..=S 
Eage~5-27 to 5-32- *a- 
mtKQl- &&-- 
c o n t m m - m & &  
C o n t r o l o f .  No significant additional comments, though these sections do not 
necessarily address all the NQA-1 requirements for the area specified. For instance, section 
5.3.4, Design Control, does not show how design inputs are identified, documented, reviewed, 
and approved, as required by NQA-1 Supplement 3s-1.2. Editorial note: page 5-30, line 3 1, 
"WP 13-QA10003" should be "WP 13-QA 1003". 

I ;e 5-32, lines 6-22: Inspections determine acceptance or rejection of a process, product, or 
jcrvice. Inspection documentation for DOE participants includes the following: approved 
implementing procedures.. . DOE Implementing Documents: None SNL ImpIementing 
Documents: None 

The CAO QAPD, Rev. 1 requires that inspections be performed in accordance with 
approved implementing procedures (Section 2.4.1). This section implies that SNL does not 
have the procedure required by the CAO QAPD for conducting inspections. It fiuther 
implies that there are no documents controlling SNL's inspection activities at all. 

Page 5-32 line 32 to Page 5-33 line 16: ... Test included aspart of scientific investigations are 
conducted in accordance with the QA methods described in Section 5.3.21 ... SNL Implementing 
Documents: None 

Apparently all SNL tests are considered to be scientific investigations, covered by the 
procedures listed in Section 5.3.2 1. This should have been made explicit in the text, as the 
sense of the text in this section is that SNL has no implementing documents for control of 
testing. 

Page 5-33 line 20: WID Implementing Documents: WP 03-001 Preparation, Release, and 
Cancellation of Start-up Test Procedures 

While this is not particularly a CCA concern, the document has not been changed since 
August 21, 1992, and the last periodic review noted in EEGs controlled copy was August 
12, 1993. Page 4-5 of the document requires control and startup QA records to be 
processed in accordance with WP 13-6, a procedure removed from service before 
September 27, 1996. 
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Page 5-34, lines 21-37: Items ... are handled, stored, and shipped using approved and 
documented metho ds... SNL Implementing Documents: None 

NQA-1 Supplement 13s-1.2 requires that these processes are to be "...conducted in 
accordance with established work and inspection instructions ... or other pertinent documents 
or procedures specified for use in conducting the activity." This section implies that SNL 
has no such documents or procedures. 

Page 5-35, lines 5-7: The specific status indicators, their use, and the authority to apply or 
remove them are delineated in applicable QA plans or implementing procedures...SNL 
Implementing Documents: None 

The implication is that SNL has no internal documents requiring compliance with NQA-1 
Basic Requirement 14, Inspection, Test, and Operating Status. 

of N 

Page 5-35, line 30 to page 36, line 13: ... When appropriate, further work on the item is halted 
by senior management until the appropriate actions have been taken and verrfied. The 
nonconformance control process is documented in applicable QA plans or implementing 
procedures.. . WID Implementing Document: WPI 3-00 7, Hold Tag Issuance 

In this section, neither SNL or DOE implementing documents are specified. SNL does 
have at least one procedure that would seem to apply to the discussion in this section (QAP 
2-5, "Issuing and Lifting Stop Work Orders"); WID, too, has a "Stop Work" procedure that 
would also seem to apply (WP13-008). 

The CAO QAPD, Rev. 1, Section 1.3.2.3.D, requires that disposition of nonconforming 
items, and the responsibility and authority for evaluation and disposition, be defined in QA 
documents (plans or procedures). The NQA-1 requirement (Supplement 15-S 

Nonconforming characteristics shall be reviewed and recommended 
dispositions of nonconforming items shall be proposed and approved in 
accordance with documented procedures. 

Procedures covering the discussion of nonconforming items should have been 

17 Cor- 

.4.1) is: 

isted. 

Page 5-36, lines 21-23: A significant condition adverse to quality is defined as a condition that, 
if not corrected, could have a serious effect on compliance with 40 CFR Parts I91 and 194. 

A statement that compliance with the EPA disposal regulations is the only defining factor 
for a significant condition adverse to quality is exceptionally disconcerting. This definition 
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is simply unacceptable--A WIPP QA program utilizing such a definition would likely be 
unacceptable. Fortunately, the CAO QAPD, Rev 1, offers an infinitely better definition 
which is in use by WIPP QA (Section 1.3.2.1, p. 1 - 16): 

Significant conditions adverse to quality are conditions that if not corrected, 
could have a serious effect on safety, operability, waste isolation, compliance, 
or the reliability of the QA program. 

The difference between chapter 5 and the QAPD definitions of what constitutes a 
significant condition adverse to quality is evidence both of poor writing and inadequate 
review of chapter 5 .  

Page 5-37, lines 8-9: Minor software problems are documented by software problem reports or 
other resolution mechanisms as discussed in Section 5.3.20. 

No specific mention is made of software problem reports or other resolution mechanisms in 
Section 5.3.20; the closest statement is @. 5-41, lines 25-26): 

For released versions, software problems are documented, evaluated, 
and, if appropriate, corrected. 

This seems far short of the "discussion" indicated. 

Page 5-37, lines 9-10: Ifa softwareproblem is determined to be a condition adverse to quality, 
it is documented and resolved as described in this section. 

The difference between a minor software problem, which may or may not be corrected, and 
a condition adverse to quality in software, for which the corrective action process must be 
followed, is not explained. The term "condition adverse to quality" is not defined, though 
"significant conditions adverse to quality" is. 

Page 5-37, line 36, to Page 5-38, line 6: The records managementprocess includesprovisions 
for. ..classrfLing QA records as either lifetime, nonpermanent, or postclosure... 

Classification of the many unique records generated by the WIPP has yet to be 
accomplished, as the DOE must submit suggestions to NARA (National Archives and 
Records Administration) on classification of WIPP records and await NARA's guidance. 
The NARA positions could take some years to obtain. The provisions are in place, but 
many of the QA records have not been classified yet. This should have been explained in 
the CCA. 

Page 5-38, lines 17-22: These [QA] records are maintained by the proper organization for 
approved disposition. DOE QA records are retained in the document services storage facilihu in 
Carlsbad, New Mexico. SNL QA records are retained in the SNL WIPP Central Files located in 
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Albuquerque, New Mexico, and Carlsbad. WID QA records are retained in the WID WIPP Files 
located in Carlsbad. Generator site QA records are retained in NQA-I storage facilities at each 
site. 

Essential records are still at several subcontractor sites other than those mentioned. For 
instance, records related to microbial degradation of the waste were at Brookhaven 
National Laboratories in early February, 1997, four months after the CCA was published. 

Page 5-39, lines 15-16: The management and control of audits and surveillances are 
documented in QA plans or implementing procedures. 

The “implementing documents” sections for this section list procedures, but no QA plans 
are cited. 

Page 5-40, lines 10-12: Plans areprepared at the start of the software life cycle to document the 
software basis and objectives of the software to meet its intended use. 

This description (however it may be interpreted) falls short of describing the necessary 
“requirements phase” documentation specified by NQA-2 Part 2.7 sections 3.1 and 6.2. 
These sections require that in the requirements phase that software functionality, 
performance, design constraints, attributes, and external interfaces shall be specified 
documented, and reviewed, that the software response to anticipated classes of input data 
shall be defined. Section 3.1 also requires that verification and validation plans are to be 
written. The CAO QAPD Revision 1 (in Appendix QAPD) does contain what seems to be 
an adequate description of the process, and could have easily been referenced. 

Page 5-40, lines 15-17: Any software errors and failures are reported to the sponsoring 
organization for analysis and then forwarded to the supplier, if applicable. 

NQA-2 Part 2.7 Section 10.1 states that not only will the supplier report software errors or 
failures to the purchaser, but “...the purchaser shall report software errors to the supplier.” 
No mention of determination of applicability by the purchaser is to be found in NQA-2 Part 
2.7-the reporting of software errors and failures to the supplier must always be performed. 

Page 5-4 1, lines 25-26: For released versions, software problems are documented, evaluated, 
and, i f  appropriate, corrected. 

When would correction of software problems not be appropriate? NQA-2 Part 2.7 Section 
8 does, however, have similar language: 
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Corrective action by the responsible organization shall assure that: (a) 
problems are identified, evaluated, documented, and, if required, 
corrected.. . 

Software problems that do not require correction should not be considered problems. 

Page 5-41, lines 39-42: WID Implementing Documents ... WP 16-11 7, WIPP Computer Sofmare 
Quality Assurance 

The comment to Page 5-10, lines 20-23 was that this document was replaced by WP16- 
IT3 1 17, Revision 0, same title, on 9/26/96, a month before publication of the CCA. 

Page 5-42 line 4-6: Process variables afecting scientific investigations are measured and 
controlled as described in Section 5.3.13. 

The section referenced is "Control of Measuring and Test Equipment". Process variables 
other than equipment can affect scientific investigations. 

Page 5-42, lines 3 1-32: Scientific investigations are peformed according to requirements 
documented in scientific notebooks or technical implementation documents or both. 

The statement reverses the order found in Section 5.2.A of the CAO QAPD Rev 1 (p. 5-2): 

Scientific investigations shall be performed in accordance with 
requirements documented in test plans, procedures, and scientific 
notebooks. 

Test plans and procedures go through a series of required reviews, a comment resolution 
process, and approvals before promulgation; it is hard to imagine that requirements listed in 
scientific notebooks would undergo anywhere near the same scrutiny. 

The problem of using scientific notebooks as a requirements document has cropped up at 
SNL in the past, when scientific investigations were in process (sometimes completed) 
before test plans or procedures governing the operation had finished the review and 
comment process. When QA assessments uncovered the deficiency the response has been 
that daily communications documented by entries in scientific notebooks were thought to 
be sufficient. If comments have yet to be resolved and approvals haven't been granted, how 
can the daily communications recorded in the notebooks reflect the yet-to-be-determined 
requirements? 

If the result of the CAO QAPD statement quoted above is to allow scientific notebooks to 
be used as described at SNL, the CAO QAPD may have failed to fulfill Basic Requirement 
2 of NQA-1. This requirement states in part that the documented quality assurance 
Program 
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... shall provide for the planning and accomplishment of activities 
affecting quality under suitably controlled conditions. Controlled 
conditions include the use of appropriate equipment, suitable 
environmental conditions for accomplishing the activity, and a ~ ~ u ~ a n c e  

added] 
atisfied. [emphasis . .  

-w-v1@ beens 

Scientific notebooks are a record of thoughts, processes, data, and results from within a 
scientific investigation. Planning documents establishing requirements for the 
investigation should be completed before the work begins. Use of scientific notebooks 
should not be a circumvention of the responsibility to plan, review, and authorize 
requirement documents for scientific investigations. 

Since SNL is responsible for the bulk of scientific investigations for W P  matters, it is 
worth noting that SNL QA Procedure (QAP) 20-2, Preparing, Reviewing, and Approving 
Scientific Notebooks, requires as the first step in the process (Section 4.1, Step 1, p. 5) that 
the principal investigator 

Ensure that planning is documented in an approved Test Plan according 
to QAP 20-1 or an approved TOP [Technical Operating Procedure] ... 

QAP 20-1, Preparing Reviewing, and Approving Test Plans, dictates that requirements are 
to be addressed in test plans (Appendix A, p. 1 1). 

Page 5-43, lines 1-2: Uncertainty limits are assigned to the data prior to their use. 

Uncertainty limits should be derived from statistical interpretation of the data, rather than 
assigned (this may be simply poor word choice). 

Page 5-43, line 34: WID Implementing Documents: None 

WID performs scientific investigations (under any rational definition of the term WID’S 
environmental monitoring program qualifies), and undoubtedly has implementing 
documents in the form of plans and procedures which should have been listed here. 

Page 5-43, line 38-40: 40 CFR $194.22(c) states that to the extentpracticable, data used to 
support compliance will be assessed according to their accuraq precision, representativeness, 
completeness, and comparability. 

This is a misinterpretation of 40 CFR 194.22(c)]. The requirement is as follows: 

Any compliance application shall provide, to the extent practicable, 
information which describes how all data used to support the compliance 
application have been assessed for their quality characteristics, 
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including ...[ the PARCC characteristics (precision, accuracy, 
representativeness, completeness, and comparability)] 

The requirement does not state that the data must be assessed according to the PARCC 
characteristics, only that the CCA include a description of how the assessment was 
perfonned. It is also important to note that the requirement does not limit the DOE to only 
considering the PARCC characteristics-the DOE could also take the opportunity to 
describe how other quality characteristics of the data were assessed. 

Page 5-43, line 39 to page 5-44, line 2: The DOE believes that these data quality 
characteristics are applicable to tasks involving the quantification through sampling and 
analysis of specific constituents of an environmental medium. The DOE also believes that these 
requirements are intended to address activities such as the determination of the presence or 
absence ofpollutants in waste streams. Waste characterization and environmental monitoring 
are examples of the types of activities at the WIPP in which data quality characteristics apply. 
In these cases the performance measurement is the concentration of the constituent of interest. 

The DOE agrees that waste characterization and environmental monitoring activities could 
be assessed using the PARCC characteristics, but no description of how data from these 
areas were assessed is included in this section, chapter 5 ,  or elsewhere in the CCA. 

Page 5-44, lines 4-12: In pegormance assessments ... the performance measure is cumulative 
release of radionuclides to the accessible environment over the next IO, 000 years. This measure 
is estimated using mathematical models rather than being determined by direct measurement. 
The peformance assessment process requires the use of mathematical models for the repository, 
which, in general, require that numbers (here called parameters) be assigned to geologic 
formation and waste properties. Since many of these parameters are not amenable to direct 
measurement, they must be treated as uncertain variables, rather than precisely determined 
quantities, and characterized by probability distributions. 

There seems to be a logical jump at the beginning of this paragraph that is not warranted. 
The ultimate performance measurement for PA is compared with an interim performance 
measurement for environmental monitoring. The ultimate performance measure for 
environmental monitoring is determination that radionuclides have, or have not, been 
released, just as it is for PA; concentration values are an interim step to that measurement, 
just as many parameter values are for PA (the difference is, of course, that environmental 
monitoring results are real, while PA is a projection). Other parameter values, those “not 
amenable to direct measurement”, should be based on data measurements to which PARCC 
characteristics could be applied. Finally, the PARCC characteristics do not need to be 
applied only to “precisely determined quantities”; for example, the completeness figure for 
a difficult process could be lo%, and the accuracy set to 300%. The requirement is to 
show how the values were assessed, not to require that narrow limits be put on the 
measurements. 

The PARCC characteristics are a method for establishing the validity of the measurement-. 
but that is a scientific usage, not a QA function. The 9 194.22(c) QA requirement is that the 
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CCA should contain information which describes how the PARCC characteristics were 
assessed. 

Page 5-44, lines 14-21: Data are used to develop conceptual models for disposal system 
performance that are implemented as computational models in the performance assessment. 
Data are also used to support distributions for parameter values used in computational models. 
Between the point of data collection and the final computational model, uncertainty is introduced 
@or example, experimental design, extrapolation of the experimental results to spatial or 
temporal scales, etc.). These parameter distributions may span several orders of magnitude, and 
many parameters derived from data measurements need be known only within orders of 
magnitude of their true value. Efforts to reduce the range do not necessarily improve the model 
accuracy. 

The requirement is for the data, not for the computational modeling use of it. If the low- 
level data, based on measurements, have not been assessed for their quality, how much 
assurance can there be that the parameter distributions based on it are a measure of reality? 
An original measurement that represents a sample three orders of magnitude from the mean 
of the population is not much improved by establishing a three orders of magnitude range. 
The last sentence implies again that the PARCC characteristics are a requirement to reduce 
the range; they aren’t. The PARCC characteristics help establish what sort of range should 
be used. This relates to the confidence which can be placed on the model accuracy, not the 
accuracy itself. 

Page 5-44, lines 31-26: Uncertainty and sensitivity analyses respectively assess the uncertainty 
in system performance measures and identifj, modeling areas and parameters in which 
reductions in uncertainty can increase confidence. If the uncertainty of a parameter is of 
signlficant importance to the performance of the WIPP, more data could possibly be collected to 
reduce uncertainty. 

This paragraph doesn’t address the requirement at all. PARCC characteristics are not 
intended to reduce uncertainty, but to establish the quality of whatever uncertainties are 
used. The requirement is to ensure that an attempt has been made to address the uncertainty 
at the experimental data level. Uncertainty and sensitivity analyses at SNL determine the 
most important parameters, but it is the level of confidence in the underlying data for 
parameters that the application of quality characteristics is meant to establish. 

Page 5-44, lines 33-38: Instead of the above qual@ characteristics, other steps ensure that data 
are of adequate quality. Upper-tier quality requirements documents specifically define QA 
requirements for the collection of scientijic and technical information. Section 5 of the CAO 
QAPD, Scientlfic Investigation Requirements, identifies the current requirements for data 
collection. For inclusion in compliance calculations, the data must be collected under an 
approved QA plan or otherwise be qualified. 

3 194.22(a) covers the requirement for the QA program described; 0 194.22(c) seems clearly 
to be a requirement independent, and additional, to that established for the overall QA 
program. 
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Page 5-44, lines 40-43: In summary, it is notpracticable to apply data quality characteristics to 
most scientific investigations used to support a peformance assessment in which there is 
uncertainty in the conceptual models and the resultant ranges of parameters. Instead, controls 
established by the QA program provide the necessary quality. 

The section fails to supply the required PARCC infomation for those scientific 
investigations which this summary admits are not covered by the arguments. 

It is likely that some, if not most, of the underlying scientific investigations used in PA had 
some sort of evaluation related to quality characteristics applied to it. The PARCC 
characteristics in particular have been established scientific quality attributes for many 
years. Some of evaluations may have even been clearly prescribed and documented. 
Retrieval of this data would be an enonnous task, and even when retrieved would not be 
likely to show a consistent method of application. It may be that it is not practicable to 
supply information in the CCA as to how the PARCC characteristics were applied to all the 
data used in the CCA--but the arguments used in this section of Chapter 5 are not 
persuasive. 

The arguments presented in this section are concerned solely with the PARCC 
characteristics. The DOE has provided no information as to how any quality characteristics 
were assessed for data, at any level. It may not be practicable to always assess the PARCC 
characteristics, but different quality characteristics for data used in the CCA could have 
been defined and assessed, and information concerning these assessments could have been 
included in the CCA. 

This section is for the most part a well-written and accurate description of the proactive and 
effective W P  QA program the EEG has observed in recent years. Many of the comments 
that follow are editorial in nature--but there are still significant deviations from easily 
discoverable facts. 

Page 5-45, lines 26-31: The most recent audit ofDOE/CAO ... concluded that the DOE/CAO Q A  
Program was adequate and effective, but not completely implemented. They cited 
nonimplementation of two DOE procedures ... These procedures are now fully implemented and 
the overall DOE QA Program is effectively implemented. 

Reference to the documentation of the acceptance by the auditors that the program is now 
considered to be effectively implemented should be included. 
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Page 5-48 line 41 to page 5-49 line 6: An SNL audit Internal Audit [IA] 95-03 ... was conducted 
in August 1995 to verrfi the adequacy and effective implementation of QA requirements ... All the 
resulting corrective actions have been completed and verified ... The audit concluded that ... SNL 
QA controls were in place and that they were adequate and effectively implemented. 

This paragraph begins the section on data qualification, and appears as a non sequitur in 
that it doesn’t seem to relate to the title. It is not until the succeeding paragraphs define 
what “data qualification” is that a possible clue to the applicability of the paragraph may be 
deduced: this audit may have established the time after which SNL’s data can be said to 
have been developed under the NQA standards. This interpretation can only be tentatively 
made. The reason for including the paragraph should have been made explicit. 

Page 5-49, lines 8-16: Data can be qualrfied for use by one offive methods ...(2 ) existing data 
collected before the implementation of a qualGed QA program are qualrfied by showing that the 
data were obtained under a QA program that is equivalent to one satisfiing the NQA 
requirements referenced in Section 5. I... 

In the Independent Review Team (IRT) process, the entire QA program did not need to be 
equivalent to one which satisfied the NQA requirements. Only those portions applicable to 
the data being qualified needed to be equivalent to NQA requirements. The difference is 
important, in that none of the data qualified by IRT processes was collected under a fully 
NQA equivalent program. 

Page 5-50, lines 1-2: ... collected after August I, 1995 when SNL QA program was qualified by 
the DOE (Method I).  

The DOE document establishing the qualification should be referenced. 

Page 5-51, lines 13-14: All data sets not qualified by IRT or collected under a quali$ed QA 
program were qualified by the peer review process. 

Only those data sets used in the CCA were qualified. About 30 data packages failed the 
IRT process but were not sent to peer review. 

Page 5-51, Lines 30-31: Theprocess [T=O for subcontractors to SNL] is documented in SNL 
procedure QAP 20-7, Establishing T=O for Internal and External Experiment Activity QA 
Programs, and includes the following key elements ... 

Revision 0 of QAP 20-7 has an effective date of November 20, 1996, nearly a month after 
the CCA was published. The process used may be documented in the procedure, but an 
approved version of QAP 20-7 was obviously not available at the time the T=O 
determinations for the subcontractors listed in Table 5-6 were made. The process of 
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determining T=O is a quality-affecting one, and should have been controlled by procedures 
or instructions as required by NQA-1, Basic Requirement 9 and Supplement 9s-1.2, and 
the CAO QAPD Section 2.1 .A--that is, the SNL document(s) that controlled and authorized 
the process at the time the subcontractor T=O determinations were made should have been 
cited, not QAP 20-7. 

Page 5-52, lines 36-40: WID determines the adequacy of the implementation of QA 
requirements for both internal WID customers and external contractors. Internal determinations 
of adequacy of QA implementation are generally based on adherence to the WID QAPD 
requirements. The process includes a review of the contractor’s QA program with regard to the 
applicable element of the WID QAPD, nationally recognized codes and standards, and 
regulations. 

The tern “internal customer” is not a commonly understood term, and should have been 
defined. 

The transition from internal QA to external contractor QA between the second and third 
sentences is not explicit. 

Page 5-52, lines 40-43: The WID has peformed audits and surveillances to determine the dates 
when each of its supplier’s and subcontractor’s QA programs were considered adequate and 
effectively implemented. These dates and the basis for  determination are shown in Table 5-1 0. 

This is the “T=O” process which was more carefully described for SNL in Section 5.4.2.3. 
The controlling instructions or procedures for this process required by NQA-1, Basic 
Requirement 9 and Supplement 9s-1.2, and the CAO QAPD Section 2.1 .A, should have 
been cited. 

I. July 22,1996 letter from R. H. Neill, EEG, to George Dials, DOE (Referenced on page 2 of 
this review). 

11. Undated letter (received by the EEG on August 9, 1996), from G. Dials, DOE, to R. H. 
Neill, EEG (Referenced on page 2 of this review). 

111. August 20, 1996 memorandum from B. Walker, EEG, to R. H. Neill, EEG (Referenced on 
page 16 of this review). 

IV. May 5, 1989 memorandum from M. R. Brown, WID, to R. J. Figlik, WPODOE 
(Referenced on page 21 of this review). 

EEG Review of CCA Ch. 5 ,  QA, p. 38 of 39 



V. June 1,  1989 memorandum fiom J. P. Knight, DOE, to R. W. Starostecki, DOE 
(Referenced on page 23 of this review). 
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I Attacnment A LO LCU h r v ~ e w  
of CCA, Chapter 5 

ENVIRONMENTAL €VALUATION GROUP 
* N c Q y L Q p o L l l v m I ~ I M ~ B A o * 8 1 I  

loo7 WOMINQ BOULEVARD, N.E. 
SUITE F.2 

ALBUQUEROUE. NEW MWlCO 87laO 
(sa) 828.1003 

FU( (505) 826-1082 

I 

July 22, 1996 

Mr. George Dials, Manager 
carlsbad Ana Ofhcc 
u. s. Deptnmt of Energy 
P. 0. Box 3090 
carlsbad, NM 88221-3090 

Dear Kr. Dials: 

Attached is the EEG review of Chapter 5 ,  'Qual~ty Assurance,' from the W P  Compliance 
Certifiation Application (CCA), published as DOUCAO-962056 on May 3 1, 1996. 
Chapter 5 contains sigdicant omissions and errors, and does not appear to meet the QA 
requirements listed in 40 CFR 194 or tfie expectations for QA as listed in the Compliance 
Application Guidaact (CAG; EPA 402-R-95414). 

While the EPA has agreed to review the CCA a chapter at a time, the expectation was that 
each chapter would be a final version that would illustrate the DOE'S best explanation of how 
the regulatory requirements for the areas covered by that chapter have been met. Chapter 5 
contains many 'plaoeholders', which art apparently to be replaced by data and analyses 
which have yct to be generated. Two appendices arc referenced which were not included; 
the included Appendix RE-5 is apparently not referenced by the chapter, and is either 
incomplete or uanacessary. nK EEG cannot provide a a m p l e r  review until the additional 
information is addad to the chaprer package. 

Chapter 5 also fids to meet the QA expectations listed in the CAG under the heading 
'8194.22 Quality Assurance' @age 18). The EPA clearly states on page 1 of the CAG that 
these expectations will be the criteria by whch the completeness of the application will be 
judged, and that no further actions wil l  k taken until the expectations are included. EEG 
could only verify that one of the first five expectations was included in Chapter 5 .  Unless it 
is the DOE'S intention to meet the CAG QA expectations elsewhere in the CCA then Chapter 
5 is also deficient in this regard. 

For the most p;ut Chapter 5 also fails to respond to the EPA comments on the Draft 
Compliance Certification Application (DCCA), as transmitted to your office on October 3 1, 
1995 and January 30, 1996, and to some extent fails to address the comments published in 

Providing an independent 1.chniCd rna/ysis of the Waste /Solation Pilaf Plant (WlPPJ, 
a fsdcra! transuranic nuclear w w e  repository. 



Attachment I to EEG Review 
of CCA, Chapter 5 

Mr. George Dials 
we 2 
July 22, 1996 

EEG-61, 'Review of the WIPP Draft Application to Show Compliance with the €PA 
Transuranic Waste Disposal Standards" march, 1996) concerning the DCCA QA Chapter. 
Chapter 5 contains editorial and technical difficulties which could delay the EEG and the 
EPA review of the completc application. A listing of some of these, as well as additional 
commentary on the 'placeholders', CAG expectations, and other issues, can be found 
attach4 to this letter. 

There is no indication in Chapter 5 that objective criteria arc applied when audit teams 
determine the effectiveness of QA program adequacy and implementation. The process by 
which program effectiveness is detcnnincd should be described in Chapter 5 .  

Chapter 5 appears to be substantially incomplete. EEG recommends that the DOE withdraw 
the Chapter 5 submission, and resubmit it after (1) data to be included has been collected and 
analytcd, (2) the document has becn rewritten to conform to CAG and other EPA 
expectations, and (3) full editorial and technical reviews of the contents by cognizant 
personnel have been performed. 

RHN:BAW:ss 
Enclosure 
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ENVIRONMENTAL EVALUATION GROUP REVIEW OF CHAPTER S 
OF WIPP COMPLIANCE APPLICATION (DOUCAO-962056) 

Chapter 5 of the CCA, "Quality Assurance", published as DOUCAO-962056, is an 
incomplete document which fails to adequately support compliance with the 40 CFR 194.22 
QA requirements and the expectations for QA in the Compliance Application Guidance 
(CAG). This issuance of Chapter 5 appean to have been premature; material is missing, 
adequate technical and editorial review were apparently not performed, and then e r n s  to 
have been no attempt to o o m p  its contents against the EPA's crib for completeness, or 
comments on the DCCA version of the chapter. 

The following commentary is not a line-by-line review of Chapter 5 ,  as the document is 
incomplete, and more general concerns should be addressed before such a review could be 
c o n s i d d  useful. Examples are randomly selected, to show the types of corrections 
neceSSary rather than a complete list of them. 

Chapter S k an iacomplete d d t .  

Chapter 5 as nccived by EEG on June 6, 1996, is a draft that would have been more 
appropriate in the DCCA. The document must be considered a draft, rather than a 
submittable document for compliance, as information has been replacad by "placeholders'. 
The first page (5-1) has the following statement in the middle of a paragraph: 

This program of audits and surveillances assesses the adequacy and 
effectiveness of implementation of the individual QA programs. mceholder 
for cobch~~ions concerning the adequacy and effectiveness of 
implementation of the CAO and SNL Q A  programs]. (Emphasis in the 
original) 

Then are many such placeholder statements to be found in the document. Page 5-16 has one, 
page 542 has two, page 5 4 3  has one, 5-44 has two, 546  has two, 5 4 7  one, 5-50 thret, 
and there may be others. The apparent reason for many of the placeholder statements is that 
QA activities necessary for production of a QA chapter in the CCA have not yet been 
completed and adequately analyzed. The placeholder q u o d  above, for instance, probably is 
due to external audits which had been scheduled, but not completed, of SNL (performed in 
May and June 1996) and CAO (scheduled for July 15-19, 1996) prior to the writing of 
Chapter 5 .  Other placeholders (on p. 5-46 and 5-47) are related to peer review qualification 
of data; thesc peer reviews are still in progress. 

The results of thesc QA activities may not always support the conclusions already drawn in 
Chapter 5 .  The effectiveness of SNL's QA program was recently adjudged as "marginal' b y  

a CAOcontracted audit, and if the DOE intends to use the results of the audit in the CCA 

1 



Attachment I to EEG Review 
of CCA, Chapter 5 

then some son of updating activity should k pcrformcd to show that the program is 
adequate. 

Note that neither WID nor MY of the generator sites were included in the placeholder 
statement quoted above. Adapacy and effectiveness of QA at thesc sites, too, was yet to be 
established at the time of publication of the document, though major audits of INEL 
(effective, except for ineffective Am-West) and Rocky Flats (marginal) were performed in 
late 1995. 

In addition to 'placeholder' statements, other information to be used for compliance is yet to 
be obtained. For example (from p. 5-3 and 5 4 ,  Section 5.1.1): 

The TWBlR was p q a d  in compliance with the CAO QAPD and was 
audited by CAO QA on September 5 and 6, 1996. 

Since the EEG is reviewing Chapter 5 in June, 1996, it is not meaningful to take credit for 
an audit in September, 1996. The version of the " B l R  to be audited hasn't been published 
yet, either; and the version of the CAO QAPD with which it apparently is to comply was not 
officially transmitted to TRU-waste personnel (or EEG) until after Chapter 5 was received 
(distribution memo dated June 13, 1996, from CAO's QA Manager). 

Until the evidence to be used in Chapter 5 has been appropriately gathered and properly 
analyzed, the chapter can only be considered an incomplete draft. 

Chapter 5 was not adequately reviewed by the DOE. 

In the above quotation, the applicable version of the CAO QAPD is not listed, nor is the 
version number of the TWBIR. Document version numbers are not to be found for most (if 
not all) documents in the chapter, which makes verification of many statements impossible. 

Other editorial and technical review mistakes exist. Descriptions of the "graded approach" 
appear in two different plat# @. 5-2 and 5-23); thest provide different (though partially 
overlapping) sets of criteria for grading activities. Section 5.1.2 'Environmental Monitoring, 
Monitoring of the Performance of the Disposal System and Analysis Activities' @. 54)  
indicates that no monitoring need take place prior to closure, in direct contrast to the 
#194.42(c) requirement that monitoring of critical parameters commence before waste 
emplacement begins. The section concerning softwart (5.1.4, p. 5-77 E) considers only PA 
software as neceSSary for compliance activities, though software used in waste 
characterization and for site activities Carried out by WID are also used for compliance with 
40 CFR 194. In Section 5.3.7, Document Control @. 5-28), WID'S principal procedures for 
document control are not listad-and WID has been tasked with the ultimate storage of all 
pertinent documents to the project. Section 5.3.9 (p. 5-29) offers no objective evidence (in 
the form of governing procedures) to show that identification and control of items is required 
to be performed, though all the other sections of Section 5.3 have such references. 
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In Section 5.1.3,@. M), it is used that since the EPA had reviewed site selection and 
site characterization QA programs during examination of the 1989 NeMigration Variance 
Petition (NMVP) that the QA for site Klection and characterization should k considered 
satisfactory. This is untenable on stvtral grounds, not the least of which is that the NMVP 
is for complianct with 40 CFR 268.6, which has no requirement that QA programs must 
comply with the 1989 versions of NQA-I,  NQA-2 Part 2.7, and NQA-3, as is found in 40 
CFR 194. 

Section 5.4.2 (Page 544)  illustram several potential deficiencies. The initial paragraph 
contains a statement which includes plactholden, as follows: 

A primary mlt of the qualification of the SNL QA audit and surveillance 
programs [)pIpcehokr] the determination of which performance assessment 
data provided by SNL subcontractors Iplncebolder] collected under an 
approved QA program and which data requires additional qualification. 

Unfortunately, without the placeholden, the statement has effectively no useful semantic 
content, and cannot be analyzed in Elation to the requirements of 40 CFR 194. 

The next paragraph describes the change from the SNL QAPD revision P to revision R. 
Some mention of revision Q would prevent possible confusion. 

Under the W i n g  'Scientific Investigation' (still Section 5.4.2, p. 5-44), the statement is 
made that 

QAP 20-2 was added to a d d m  scientific notebooks. Previously, scientific 
nottbooks were rarely used... 

Notebooks arc usually considered the basic documentation of scientific work, and the DOE 
may want to reconsider the phrasing of the second part of the statement. 

The results of SNL Audit LA 95-03 (August, 1995) are reported in Section 5.4.2.1, Data 
Qualification @p. 544,45): 

The audit resulted in 14 findings in the areas of calibration, procedures, 
training, experimtal planning, test ncords, and equipment and data 
acquisition ... The audit concluded that, with the exception of the Conective 
Action Requests, then was evidence that S N L  Q A  controls were in place and 
that they were adequate and effectively implemented. 

Given the breadth of the Corrective Action Requests(CARs), what areas were left to show 
adequate and effective implementation of the QA controls? In this presentation, it seems as 
if the program was considered adequate and effective regardless of the audit findings. 
Chapter 5 also lacks discussion of the process used by audit teams for determining the 
effectiveness of QA programs; if adequacy and implementation effectiveness statements are 

3 



Attachment I to EEG Review 
of CCA, Chapter 5 

included in the CCA, then the process by which the= statements are generated should k 
described. 

Almost no document in Chaptcr S is properly referend. QA documents are listad without 
version numbers; published government documents an listed without document numben  @. 
5-6, .Background Document...'; p. 5-14, gDOUAlbuquerque Operations Manual'), or 
Without even a title @. 5-1 1, 'This task was documented in a DOE Headquarters report..."). 
None of these documents a p p r  in the bibliography for the chapter, either. 

Anything more than a rudimentary review by ptrsonnel familiar with the overall WIPP 
project and QA would have uncovered at least some of thest deficiencies. In a QA chapter, 
the DOE has failed to adequately perform one of the basic principles of QA--review of 
documents. Such an omission creates an errOneOus impression of the quality of QA activities 
that CAO has developed in the last few years. 

Chapter S docs not address CAG expectations. 

While it is not a compliance requirement for DOE to fulfill the expectations in the 
Compliance Application Guidance (CAG EPA 402-R-95-014), the guidance was developed to 
assist the EPA in determining if the CCA is complete (CAG, page 1). The document goes 
on to state (also page 1): 

A completeness detmnination is a threshold determination that the application 
warrants further scrutiny, so that EPA, DOE, and the public do not invest 
major fesources in a rulemaking proceeding for an incomplete document will 
likely (and justifiably) consider the CCA incomplete until these expectations 
are met. 

There is no evidence in Chapter 5 that the expectations in the CAG were considered during 
the development of the chapter. The DOE Sent out Chapter 5 with a matrix which matches 
the requirements of 40 CFR 194 QA requirements with the chapter, but makes no nfemce 
to the CAG expectations. There are no statements, references, or sections within Chapter 5 
that echo language or sbuctuxe unique to the CAG. An attempt to verify that the five 
expectations on page 18 of the CAG w m  met in Chapter 5 produced febrile m u l t s 4 y  
one of the five could be oonsidercd to be cumpletcly met. These five expectations, and the 
result of the E ' s  verification attempt, arc as follows: 

1. That DOE top tier QA documents demonstrating commitment to NQA-1 (1989), 
NQA-2 Part 2.7 (1990), and NQA-3 (1989) be included in the CCA. Revision 1 of 
the CAO QAPD (if Revision 1 will be the version used for the CCA--= expectation 
3) could be said to meet this requirement by itself, and evidence in Chapter 5 is that 
this document will be included in Appendix QAPD. 

This expectation is also the heart of the 40 CFR 194 QA requirements, and it  is not 
likely that it was included as a CAG consideration. 
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2. 

3. 

4. 

5 .  

'That DOE principa) contractor top tier QA documents, and a list of all top tier 
documents of subcontncton performing quality affecting activities as listed in 
@194.22(a)(2), be in the application. Appendix QAPD will appamtly include the 
SNL and WID QAPDs, but Chapter 5 includes no listing of subamtractor documents 
as spcified, nor the togtier documents for generator sites, and even the TRU-QAPD 
may not be included in Appendix QAPD (it is not so referenced in Chapter 5 ) .  

That the effective Qtes the documents from expectation 2 wen in conformance with 
the NQA requirements be listed in the application. No effective data were listed for 
QA documents in Chapter 5 ;  version numbers were not even given. 
That a list of quality affecting activities and items important to demonstration of 
compliance be included in the CCA. No such list is in Chapter 5 .  

That the rationale used in developing the list for expectation 4 be given. No List, no 
explanation. 

Chapter 5 is manifestly not complete according to the criteria in the CAG, nor, it  seems, has 
DOE made an attempt to m e t  the completeness for QA as identified in the CAG. 

The included appendix was poorly presented. 

In its mailing of Chapter 5 ,  the DOE included a separate b u n d  document, 'Appendix RES", 
dated May 10, 19%. The letter of transmittal indicates that 

This appendix amtains excerpts and summaries of specific references used to 
support CCA conclusions within the chapter. It will allow reviewers to 
quickly find the specific portions of referend documents when tracing the 
logic of &he CCA's conclusions. 

EE.G could find no specific references in Chapter 5 to Appendix RE5, nor was the rationale 
for the conteats of Appendix RE5 apparent. The appendix consists of brief abstracts from 
the NQA standards and two NUREG position ppcn (1297, Peer Review, and 1298, 
Qualification of Existing Data). The bibliographic referenas for the documents duplicate the 
bibliography in Chapter 5. All five documents an readily available as published documents. 
The abstracts, when pertimt, are not so lengthy that they could not have been quoted 
directly in C h a p  5. 

Appendix RE-5 appears to either be an unnecessary addition to the CCA, or perhaps another 
"placeholder" into which filler material was inadvertently placed. In any case, it is apparent 
that the Appendix as it exists is not a well-thoughtat addition to the CCA. 

Two referenced appendices were not included. 

In cOntraSt to Appendix RE-5, two other appendices are referenced in Chapter 5 ,  but neither 
of these were sent with the document. 'Appendix QAPD' is referenced throughout much of 
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the chapter, and would w m  to include the current QAPDs for CAO, SNL, and WID, but no 
complete listing of the contents is included. Thesc documents an expectations in the CAG, 
along with other toptier documents (set discussion of CAG requirements above). 

'Apptndix AUDIT' is said to contain rcsults of intcnral audits and surveillances of the WID 
QA program, and lists of both internal and external audits and surveillances of the CAO, 
WID, and SNL (Section 5.4.4); whether generator site msment s  are included as a part of 
"CAO" is indetcrminatc. 

All references to Appendix AUDIT appear on the last page of Chapter 5 (p. 5-51). For such 
an Appendix to have real meaning, specific audits contained in it should be rrferenccd by 
Chapter 5 as objective evidence that requirements have bear met. 

Without thesc appendices, the effcctivene~~ of Chapter 5 cannot be completely assessed. 
Appendices QAPD and A U D I T  should have been transmitted with the chapter. 

Chapter 5 faik to a d k  EEG's comments on the DCCA. 

The Em's comments on the DCCA QA chapter as published in EEG-61 (March, 1996) are 
b,&o only parhally add& in Chapter 5 .  EEG (EEG-61 p. 5-2) suggested that the QA 
chapter should have addressed the requirements of 40 CFR 194.22, and Section 5.1 of 
Chapter 5 does address the requirements from 40 CFR 194.22(a), including the overriding 
requirement for conformance with the applicable NQA standards (NQA-I, NQA-2 Part 2.7, 
and NQA-3). However, 40 CFR 194.22@) requires that: 

Any compliance application shall include information which demonstrates that 
data and information collected prior to the implementation of the quality 
assurance program required pursuant to paragraph (a)(l) [the requirement for 
the NQA standards] of this section have boen qualified in accordance with an 
alternate methodology, approved by the Adminisbator or the Administrator's 
authorizad npnscntative, that employs one or more of the iouowing methais: 
peer review ...; corroborating data; confirmatory testing; or a quality assurance 
program that is equivalent in effect to...[ the NQA standards). 

Chapter 5 describes the pmmses used for data qualification by SNL (Section 5.4.2.1 and 
following sections, m n g  on p. 5-44), but docs not include information which 
demonstrates that the Administrator has approved of these methods. 

As in the DCCA QA chapter, Chapter 5 emphasizes the QA program as it exists in 1996 
over QA of the data gathering and processing activities which make up a major part of 40 
CFR 194 requirements; this was another principal concern expressed in EEG-61. The CCA 
QA chapter should provide objective evidenct that information utilized by the other sections 
of the CCA fulfills the quality requirements in 40 CFR 194. In places this is partially 
achieved; Table 5 4  contains a list of data packages qualified by the Independent Review 
Teams in the Quahfication of Existing Data process under SNL's Quality Assurance 
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Procadurc 20.3, but does not explain where and how these packages arc uscd, and their 
importance to compliance, nor arc any references or guidances provided that would dlow 
confirmation of the table of contents. 

Chapter S f a h  to adequately address EPA't comments on tbe DCCA. 

The DOE has failed to completely address the EPA general comments on the QA chapter as 
provided in the mclosurc from EPA's Larry Weinstock to CAO's George Dials dated 
October 31, 1995 @p. 3 & 4). The EPA stated that: 

A number of &ve Statements intended to dexribe the curnnt status of the 
program arc made without substantiation, including statements regarding 
training rocotds, calibration ncords, and documat  and record control 
pnxxdurts. Objective evidence should k p m t e d  which demonstam the 
successful implementation of thest and other aspects of a quality assurance 
program for the WIPP. Examples of the evidence of implementation may 
include approved governing documents, implementing proctdures, 
implementing plans and timetables, audits, surveillance, and verification 
reports, history of mrractive actions, and the effective dates of program 
implementation. 

Some of the governing documents, some of the procedurts, and some of the effective dates 
of program implemm~tion can be found in Chapter 5. However, many more assertive 
statements arc to be found in Chapter 5 than were in the DCCA QA chapter, and objective 
evidence for them is not pma~ted. A few examples follow: Section 5.1.6.2 @. 5-11), 
"Original Repository Design', states that "All changes arc approved by technically qualified 
individuals', but no evidence is supplied for the statement. Section 5.3.8 (p. 5-28), 'Control 
of Purchased Items and Services", states that 'Prospective suppliers are evaluated and 
selected on the basis of documented criteria', and eight bullets list other procurement 
controls said to be in place. However, only WID implementing documents are provided as 
evidences for the section', and thesc an for 'Receipt Inspections" and 'Source Inspections" 
(which may cover two of the eight bullets). The section does not reference the missing 
appendices, which might possibly include mort objective evidence. 

The DOE also seems to have made only a cursory attempt to a d d m  the mort specific 
comments the EPA provided on the QA Chapter of the DCCA (transmitted as pp. 39-42 of 
the January 30, 1996 lettcr from Weinstock to Dials). For example, the first specific 
comment states in part, 'The DCCA should have specified the roles of EM-1, EM-20, and 
EM-30'. While Chapter 5's "Organizational Interfaces' chart (Figure 5-3, p. 5-21) shows 
EM-1 and EM-30, EM-20 is still not listed. The same EPA comment also implies that the 
organizations that conduct Q A  audits of conmctors and waste generator sites should be 
listed; they aren't. Another EPA comment indicates that evidence substantiating that all 
workers were properly trained should be included; it wasn't. 

The inclusion of the "Organization Interfaces" figure, which was not in the DCCA, implic-j 
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that the EPA's comments were consided on some level. However, it also seems obvious 
that no line-by-line check to make sure that concerns raised by EPA comments wen 
addressed was made. A search for a random sample of three other EPA comments-lack of 
objective evidence for mtrol and maintenance of QA m r d s ,  missing data quality 
indicators for the waste charactenration program, and a necd to address software rrporting, 
correction, and implementation of requirements--shows that only the last of these is included 
in Chapter 5 .  

Chapter 5 appamntly circumvents CAO's own Q A  program. 

The wcakncsscs described above, in a chapter concerning QA, are apparently due to 
circumvention of the DOE'S own QA program. CAO Management Procedure (MP) 4.4, 
Revision 0, dated April 19, 1W6, states (Section 3.1.1) that 

Before a document is produced, the requestor should evaluate the need, end 
use, cost-effectiveness, intended audience, duplication of effon, regulatory and 
technical requirements, and any external organization's requirements or 
agreements related to the document. 

MP 4.4 also establishes review processes, which are to be in performed in accordance with 
MP 4.2. 

Recommendat ion 

The DOE should consider developing not only Chapter 5 but all of the CCA under the 
requirements of the CAO QAPD, Revision 1. A solid quality assurance program is of little 
utility unless work is performed under its control. 
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Department of Energy 
Carisbad Area 0- 

P.O. Box 3090 
Carbbed, New Mexiai 68221 

Mr. Robert H. Neill, Director 
Environmental Evaluation Group 
7007 Wyoming Blvd. NE, Suite F-2 
Albuquerque, N.M. 87 109 

We were quite surprised by your July 22, 1996 letter that expressed your concerns with Chapter 
5 ,  ‘‘Quality Assurance”, of the Waste Isolation Pilot Plant (WPP) Compliance Certification 
Application (CCA). Your letter implied that there are deficiencies in the Carlsbad Area Office 
(CAO) Quality Assurance (QA) program based upon your analysis of the Chapter 5 .  Contrary to 
this, we have shown time and again, through surveillance and audit, that the CAO QA program is 
effective. Let me remind you that the Carlsbad Area office has just been audited by the 
Department of Energy-Headquarters (EM-30), led by an NQA-1 certified QA auditor, during 
which some of your staattended, along with the Environmental R o t d o n  Agency (EPA). The 
repon concluded that the CAO QA program was adequate and effective. 

We feel that many of your comments are inconect, exaggerated, and in some cases they reflect a 
basic lack of understanding of the intended requirements, expectations, and subject material. 
Your analysis brings to mind that we are not aware of any Environmental Evaluation Group 
(EEG) employee who is a certified QA auditor or has the relevant QA experience to make the 
judgments of a QA program as contained in your letter. Please reconsider your conclusions based 
upon the following: 

I General Comments 

The following general responses are provided to express our overall disagreement and 
disappointment with your response. Specific responses to each of your concerns are addressed in 
the enclosure to this letter. 

1. Your letter indicates that Chapter 5 contained sinnificant omissions and errors. We totally 
disagree with this statement. Specific responses provided herein should convince you that 
Chapter 5 contains neither significant omissions nor si@cant errors. 

2. With respect to the “placeholders” identified in Chapter 5 :  the placeholders were planned 
and incorporated in the May 3 1 1996 revision, to flag events that had not yet O C C U K ~ ,  
but would take place at a later time. The placeholders represented assessment dates or 
conclusions that had not been hlly completed by the May 31, 1996, Chapter 5 submittal 
date. The placeholders do not represent “data and analyses” as alluded to in your letter. 
The missing appendices referred to are not critical to the review of Chapter 5 .  EEG 
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arrrently has copies of the information in the appendices: 

Appendix QAPD is comprised ,of the CAO, SNL, and WID QAPDs. EEG has 
copies of these documents. 

Appendix SCHED is aa orample of a typical assessment schedule. EEG is on 
distriiution for the qutcr ly  issue of the CAO Assessment Schedule and the 
biweekly draft updates. 

Appendix AUDIT identifies in tabular form crudits and surveillances performed by 
CAO, SNL, and WID, which are only indirectly related to supporting conclusions 
made in the Chapter. This information has also been provided to EEG in the form 
of the CAO Assessment Schedule. 

Appendix RE-5 is a compilation of reference material from Chapter 5 and is intended to be a 
source of references or portions of references to make it easier for the reader. A similar appendix 
is included for each Chapter of the CCA 

3. Throughout your comments you refer to the “QA expectations” listed in “Section 194.22 
Quality Assurance” of the Compliance Application Guidance (CAG). 

The Preamble to the CAG clearly indicates that the CAG is to be used as guidance: 

“The CAG summarizes and explains the February 9,1996 final d e .  The United 
States Environmental Protection Agency @PA) developed this guidance to assist 
the United States Department of Energy (DOE) with the preparation of any 
Compliance Certification Application (CCA) for the WlPP and, in turn, to assist in 
WA’s review for completeness and generally to enhance the readability and 
accessibility of the CCA for EPA and public scrutiny. It is EPA’s intent that this 
guidance will facilitate the understanding that DOE and public have of the s@c 
information that is expected to be included in a complete application for 
certification of compliance. Examples used for clarification in this guidance should 
not be considered exhaustive or definitive, since they are provided merely to 
facilitate DOE’S understanding of the types of information EPA is expecting.” 

The EPA staff clearly supports the position that the CAG is for guidance only. 
The CAG is only guidance and therefore should not be used by EEG to make an argument 
that Chapter 5 is deficient, nor that expectations have not been met. 

We disagree with your statement that the May 3 1, 1996 revision of Chapter 5 fails to 
respond to EPA comments. Specific responses to the EPA Draft Compliance Certification 
Application (DCCA) comments were provided to EPA on January 23, 1996. Ln additiop, 
the current revision of Chapter 5 has been specifically revised in format and content to 
address EPA DCCA comments. 

* 
4. 
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5. Your comment relative to the lack of objective criteria used by wdit teams “to determine 
the effeCtiVmus of QA program adquacy and implementation” reflects 8 basic 
misunderstanding of QA audit processes, audit rrcope3, and audit t emhlogy.  Quality 
Assurance wditors and Id wditors are qualified and trained; lead  auditor^ 
As part of their training, the three components of the audit conclusion are clesrty 
presented. While it may appear that the process is subjective to casual observa~, the 
process is well undastood by q d e d  QA audit p e r s 0 ~ ~ 1 .  We feel tha! a discussion of 
basic auditing practices should not be included in Chapter 5 .  

certified. 

”be mclosure to this letter will further address the spacific points included in your d o w e  
“CCA Ch. 5 @OE/CAO-96-2056) Review.” 

In summary, your letter does not provide an accurate assessment of the condition, content, or 
quality of Chapter 5 .  Again, we feel that many of your comments are incorrect, oragerrated, and 
in some cases they reflect a basic lack of understanding of the intended requirements, 
expectations, and subject material. 

We are, however, currently updating the placeholders and other information contained in Chapter 
5 and will consider the specific comments you have made. lf it is appropriate that they be 
addressad in Chapter 5 ,  we will do so. 

Sincerely, 

Enclosure 

cc w/enclosure: 
R Brown, CAO 
M. McFadden, CAO 
J. Mewhinney, CAO 
J. Maes, CAO 
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Enclosure 

This enclosure addresses the specific comments provided by EEG in the enclosure to the “Robert 
H. Neil1 letter to George Dials, dated July 22, 1996.” 

Introductory Paragraphs 

Chapter 5 of the CCA, “Quality Assurance”,publkhed as DOE/G40-962056, b an 
incomplete document which fairs to adequately support compliance with the 40 CFR 194.22 
QA requirements and the expectations for QA in the Compliance Application Guidance 
(CAG). This issuance of Chapter 5 appears to have been premature; maferhl is missing 
adequate technical and editorial rev& were apparently not performed, and there seem to 
have been no attempt to compare its contents against the EPA’s criteria for completeness, or 
comments on the DCCA version of the chapter. 

1. 

2. We disagree. Chapter 5 

3. 
4. 

We disagree. The document is COR).&& (with the inclusion of placeholders for ongoing 
activities) . 

requirements. 
We disagree. The CAG is a guidance document and does not contain requirements. 
We disagree. The Chapter went through extensive technical and editorial revision. Over 
80 pages of Document Review Records that include comments and resolutions are 
maintained as CAO QA records. 
We disagree. Responses to EPA comments were provided to EPA on January 23, 1996. 
Additionally, the current format and content of Chapter 5 are a direct result of the EPA 
comments made concerning the DCCA. 

adequately support compliance with the 40 CFR 194.22 QA 

. 

5 .  

“Chapter 5 is an incomplete draft.” 

Chapter 5 as received by EEG on June 6,1996, is a draft that would have been more 
appropriate in the DCCA. The document must be considered a draft, rather than a submitable 
document for compliance, as information has been replaced by ‘placeholders”. The first page 
(5-1) has the following stdement in the middle of a paragraph: 

This program of audits and surveillances assesses the adequacy and eflectiveness of 
implementation of the individual QA program. [Placeholder for conclusions 
concerning the adequacy and effectiveness of implementation of the CAO and SNL QA 
program]. (Emphai3 in the original) 

\’e disagree hith the comment that it “would have been more appropriate in the DCCA.” 
The Chapter is complete (with the inclusion of the placeholders). The use of placeholders 
was a planned feature that permits a review of the content with the knowledge that 
specific information will be updated as it becomes available. 
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There are many such placeholder statements to be found irr the document. Page 5-16 has one, 
page 5-42 has two, page 5-48 has one, 5 4 4  hus two, 5-46 has two, 5-47 one, 5-50 three, and 
there may be others. The apparent rearon for many of the placeholder statementr b that QA 
activities necessary for production o fa  QA chapter in the C U  have notyet been completed 
and adequately analyzed The placeholder quoted above, for instance, probably is due to 
external audits which had been scheduled, but not completed, of SNL @erformed in May and 
June 1996) and CAO (scheduled for JUry l5-19,1996) prior to the writing of Chapter 5. &her 
placeholders (on p. 5-44 and 5-47) are related to peer review qualificrrtion of &to; these peer 
reviews are still in progress. 

We agree with your description of the reasons for the placeholders used in Chaptn 5.  
Further classification includes: Of the 2 1 placeholders identified in Chapter 5 ,  15 are for 
dates to be supplied as activities occur (e.g. audit dates); three are for a description of 
audit conclusions (when they are reached); two are to identify the past tense; and one is a 
table of the packages qualified through the Peer Review process. 

The res& of these QA activities may not always supporl the conclusions already drawn in 
Chapter 5. The effectiveness of SNL ‘s QA program was recently adjudged as “marginal” by a 
CAO-contracted audit, and ifthe DOE intends to use the results of the audit in the CCA then 
some sort of updating activity should be performed to show that the program is adequate 

With respect to the SNL audit conducted by CAO in May 1996, the SNL QA program 
was determined to be “marginal.” CAO had already invited EEG and EPA to attend a 
review of the corrective actions for those ateas that contributed to the marginal 
conclusion. This review is currently scheduled to be held during the last week of August. 
This evaluation will also include a review of the status and effectiveness of critical 
corrective actions identified during previous assessments. 

Note that neither %‘ID nor any of the generator sites were included in the placeholder 
statement quoted above. Adequacy and egectiveness of QA at these sites, too, was yet to be 
established at the time of publication of the document, though major audirs of INEL (eflecrive, 
except for ineffective ANL- West) and Rocky Fiats (marginal) were performed in late 1995. 

We agree, WID will be included as appropriate. However, since none of the generator 
sites will be certified by 1013 1/96, generator sites will not be included. QA program 
assessment conclusions will be prepared for the generator sites at the appropriate time. 

In addition to “placeholder” statements, other information to be used for compliance is yet to 
be obtained For example @amp. 5-3 and 5 4 ,  Section 51.1): 

The TU’BIR warprepared in compliance with the CAO QAPD and was audited by 
CAO QA on September 5 and 6,1996. 
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Since the EEG is reviewing Chapter 5 in June, 1996, it is not meaningfd to take credit for an 
audit in Septewaber, 1996. The version of the TWBIR to be audited hasn't been published y a  
either; and the version of the U O  QAPD with which it apparently b to comp& was not 
officially transmined to TRU-waste personnel (or EEG) until afler Chapter S was received 
(distribution memo dated June 13,1996, from CAO's QA Manager). 

In the above question, the applicable version of the CAO QAPD is not listed, nor is the version 
number of the TWBIR 

We agree. We had also identified the typo reflecting the incorrect TWBIR audit date. 
The correct date was September 5 and 6,1991. This has been changed. The audit was 
conducted in accordance with implementing proccdures and CAO QAPD, Revision 0. 

"Chapter 5 was not adequately reviewed by the DOE" 

We disagree with the basic premise. Chapter 5 went through a rigorous and 
comprehensive review process conducted in accordance with CAO h4P 4.2. Over 80 
pages of review comments were identified, resolved, and, where appropriate, incorporated 
into the document. In addition, Chapter 5 went through extensive editing for grammar, 
format and consistency, by professional document editors. 

Document version numbers are not to be found for most (iynot all) documents in the chapter, 
which makes verification of many statements impossible. 

We disagree with your comment relative to indicating the version, (or more correctly, the 
revision) of the CAO QAPD and other document referenced in the Chapter. Documents 
in any complex, regulated program will change over a given period of time and should 
always be verified for each application. Omission of the revisions for these documents is 
appropriate and reflects the basics of information controls. 

Other editorial and technical review &takes may be found ako. Descriptions of the "graded 
approach appear in two dinerent places @.5-2 and 5-23); these prov& direrent (though 
partially overlapping) sets of criteria for grading activities. Section S.l.2 "Environmental 
Monitoring, Monitoring of the Performance of the Disposal System and Andy& Activities 
@. $6) indicates that no monitoring need take place prior to closure, in direct contrast to the 
$1 94.42(c) requirement that monitoring of critical parameters commence before waste 
emplacement begins. The section concerning sofi'ware (5.1.4, p. 5- 77 f f l  considers only PA 
software as necessary for compliance activities, though software used in waste 
characterization and for site activities carried out by WID are ah0 used for compliance with 
40 CFR 194. In Section 5.3.7, Document Control @. 5-28), WID 's principal procedures for 
document control are not listed-and W7D has been tasked with the ultimate storage of all 
pertinent documentr to the project. Section 4.3.9 @. 5-29) offers no objective evidence (in the 
form of governing procedures) to show that identification and control of items is required to 
be performed, though all the other sections of Section 5.3 have such references. 
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1 

2. 

3. 

4. 

We agree with some of the specific comments here. For example the comment relative to 
the grading paragraphs in the two locations. While they are included in the two separate 
locations for different reasons, the amount of detail in the “Applicability”, Section 5.1, is 
not required. The description will be kept, but the details (bullets) will be deleted. 

We agree with the comment regarding monitoring of the performance of the disposal 
system. Monitoring will commence prior to waste emplacement. Appendix LTM to 
CCA Chapter 7 will be referenced as the document describing the WID performance 
monitoring. 

We agree with your comment relative to additional softwan that should be referenced. In 
our current update we have already added words to describe the application of software to 
data acquisition activities, WID design activities, and nondestmctive assay activities. 

We agree that one additional WID document control procedure is appropriate for 
reference (WID WP 15-PS3 103). However, we do not agree that document control and 
QA records are related in the manner that you indicate. The document control procedures 
are not intended to address “ ... the ultimate storage of all pertinent documents to the 
project.” Record storage requirements are different than document control requirements. 
In addition we are adding one WID implementing document that addresses the 
identification and control of items (WP IS-PM35 17). 

In Section 5.1.3 @. 5 4 )  the theory is advanced that since the EPA had reviewed site selection 
and site characterizcrtion QA programs during eramination of the 1989 No-Migration 
Variance Petition (NUVP) that the QA for site selection and characterization should be 
considered satisfactory. This is untenable on several grounds, not the least of which is thar 
the NMVP is for compliance w2h 40 CFR 268.6, which has no requirement that QA programs 
must comply with the 1989 versions of NQA-I, NQA-2 Part 2.7, and NQA-3, as is found in 40 
CFR 194. 

We agree with the comment on the No Migration Variance Petition o\RMvp) and had 
already noted this. We have updated this portion of Chapter 5.  

Sections 5.4.2 (Page 5-11) illustrates several potential defiiencies. The initial paragraph 
contains a statement which includes placeholders, as follows: 

A primary result of the qualifictrtion of the SNL QA audit and surveillance programs 
[Placeholderj the determination of which performance assessment data provided by 
SAW subcontractors /Placeholderj collected under an approved QA program and 
which data requires additional qualijkation. 
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Unfortunately, without the placeholders, the statement has eflectively no wcful semantic 
content, and cannot be analyzed in relation to the requirements of 40 CFR 194. 

We disagree with the comment on the “semantic content” without the placeholders being 
included. The placeholders are intended to be replaced by the word “was” at the 
appropriate time to indicate that the activity has already occurred. 

The next paragraph describes the change from the SNL QAPD revision P to revision R. Some 
mention of revision Q would prevent possible con fusion. 

We disagree with the need to discuss revision “Q” of the SNL QAPD. Since EEG has 
observed CAO audits and surveillances of SNL starting in August Of 1995, you should be 
aware that there is no revision “Q’ of the SNL QAPD. The alpha designators “0” and 
“Q” are often intentionally not used due to the potential for mistaking one for the other. 
This was the case here. 

Under the heading uScientii Investigation (st21 Section 5.4.2, p .  5-44), the statement k 
made that 

QAP 20-2 was added to address scientijk notebooks. Prevwusly, scientifu, notebooks 
were rarely used.. 

Notebooks are usually considered the basic documentation of scient@ work, and the DOE 
may want to reconsider the phrasing of the second part of the statement. 

We agree bith the poorly phrased statement relative to the “previous use of scientific 
notebooks”. This sentence will be deleted. 

The results of S4VL Audit LA 95-03 (August, 1995) are reported in Section 5.4.2.1, Data 
Qualification @p. 5-44,45): 

The audit resulted in llfindings in the ureas of calibration, procedures training, 
experimental planning, test records, and equipment and data acqukilion.. The audit 
concluded that, with the exception of the Corrective Action Requests, there was 
evidence that SNL QA controls were in place and that they were adequate and 
egectively implemented 

Given the breadth of the CARS, whaf areas were left show adequate and effective 
implementation of the QA controls? In this presentation, it seems as if the program was 
considered adequale and eflective regardless of the audit findings. 

We disagree with your overall conclusion regarding the SNL internal audit 
(IA-95-03). The executive summq indicated: 
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"Within the scope of this audit it was determined that, With the exception of the 
identified CARS, then was evidence that SNL QA controls were in place and that 
they were adequately and effectively being implemented for those experimental 
programs addressed in Phases 1,2, and 3." 

There were 14 criteria evaluated over 1 1 experimental programs. The 14 CARS were 
distributed over the 1 1 experimental programs and were not concentrated in one 
particular area or in one particular program. Thus, neither the criteria nor the programs 
were compromised to the extent that the audit team would conclude that implementation 
was not effective. 

Chapter 5 adso lacks discussion of the process used by audit teams for determining the 
eflectivencss of QA program; if adequary and implemtntation effectiveness otatemenk are 
included in rhe CC.4, then the process by which these statements are generated should be 
described 

We disagree with the need to include a discussion of basic auditing conclusions 
(adequacy, implementation and effectiveness). The CCA is not intended to be a primer 
on "how to audit". 

Almost no document in Chapter 5 is properly referenced QA documents are kted without 
version numbers; publbhed government documents are listed without document numbers @. 
5-6, "Background Document.. "; p. 5-14, "DOUAlbuquerque Operations ManuaI"), or 
without even a title Gp. 5-1 I ,  "This task WQT documented in a DOE Headquarters rep0 rt... 7. 
None of these documentr appear in the bibliography for the chapter, either. 

1. We disagree with the need to include document versions, revisions, or other designators 
in the CCA. As previously indicated, Chapter 5 describes the QA program that is 
directed to the control of important WIPP activities. This program will constantly be 
changing as requirements, expectations, or the need for improvements arise. 

3 &. We agree that the DOE Headquarters report should be identified. We had already 
researched the document title and date and have included it in the Chapter. 

Anything more than a rudimentary review by personnel familiar with the overall F7PPproject 
and QA would have uncovered a.t leat  some of these defxiencies. In a QA chapter, the DOE 
has failed to adequately perform one of the basicprinc@les of QA-review of documents. 
Such an omission creates an erroneous impression of the quality of QA activities that CAO 
has developed in rhe las! few years. 

1 We disagree with the comment concerning "A rudimentary review by personnel familiar 
with the overall WIPP project and QA would have uncovered at least some of these 
deficiencies." As previously indicated Chapter 5 received extensive Q.4 and editorial 
reviews. Likewise, we disagree with the use of the word "deficiencies". 
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Most of the EEG comments relate to areas that have been planned to be upgraded during 
the current review or comments relative to alternate ways to approach the Chapter. 

2. We disagree with the statement that “DOE has failed to adequately perfom one of the 
basic principles of QA -- review of documents. Such an omission creates an erroneous 
impression of the quality of QA activities that CAO has developed in the last few years.” 
Review is not one of basic principles of QA, rather it is an activity that supports Q A  
principles. The type of generalization indicated in this comment without any idea of the 
process that was used, is unprofessional and unnecessary. 

“Chapter 5 does not address CAG expectations.” 

While i! is not a compliance requirement for DOE to fulfil31 the expectations in the CAG, the 
guidance was developed to assist the EPA in determining if the CCA is complete (CAG, page 
I). The document goes on to state (also page 1): 

A completeness determination k a threshold determination that the appkation 
warrants further scrutiny, so the EPA, DOE, and the public do not invest major 
resources in a rulemaking proceeding for an incomplete document will likely (and 
justafiibly) consider the CCA incomplete until these expectations are met 

There is no evidence in Chapter 5 that the expectations in the CAG were considered during 
the development of the chapter. The DOE sent out Chapter 5 with a matrk which matches the 
requirements of 40 CFR 194 QA requirements with the chapter, but makes no reference to the 
CAG expectations. There are no statements, references, or sections within Chapter 5 that 
echo language or structure unique to the CAG. An attempt to verifL that the five expectations 
on page 18 of the CAG were met in Chapter 5 produced febrile resultr-only one of the f ive 
could be considered to be completely met Thesefive expectations, and the result of the EEG’s 
verification attempt, are os follows: 

We agree that Chapter 5 is not complete with respect to the CAG, however, we disagree 
with your conclusion that it must be. The P r a e  of the CAG, clearly indicates that the 
CAG is to be used as guidance. The EPA staffclearly supports the position that the CAG 
is for guidance only. 

The CAG is only guidance and, therefore, should not be used by EEG to make an 
argument that Chapter 5 is deficient nor that expectations have not been met. 

T h e  included appendix was poorly presented.” 

In its mailing of Chapter 5, the DOE included a separate bound document, “..tppendir RES”, 
dated May 10, 1996. The letter of transmittal indicates that 
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This appendix contains excerpts and summaries of specific references used to support 
CCA conclusions within the chaptet. It will allow reviewers to quicklyfind the specifu: 
portions of referenced documents when tracing the logic of the CCA ’s conclusions. 

EEG couldfind no spec@ references in Chapter 5 to Appendix RES ,  nor was the ratbnale 
for the contents of Appendix RE5 apparent. The appendix consistS of brief abstracts from the 
NQA standards and two NUREGposition papers (1297, Peer Review, and 1298, Qualtyiation 
of Existing Data). The bibliographic references for the documents duplicate the bibliography 
in Chapter 5. AI1 five documents ate readily available as published documents. The abstracts, 
when pertinent, are not so lengthy that they could not have been quoted directly in Chapter 5. 

Appendir R E S  appears to either be an unnecessary addition to the CCA, or perhaps another 
“placeholder ” into which fdler material was inadvertent& ploced I n  any caw, it is apparent 
that the Appendix as it exists is not a well-thoughsut addition to the CCA. 

We disagree. The Appendix RE5 is a compilation of reference material from Chapter 5 .  
Appendix RE5 is intended to be a source of references or portions of references in 
context to make it easier for the reader. A similar Appendix is included at the end of 
each CCA Chapter. 

“TWO referenced appendices were not included.” 

In contrast to Appendix RES, two other appendices are referenced in Chapter 5, but neither of 
these were sent with the document. “Appendix QAPD” is referenced throughout much of the 
chapter, and would seem to include the cuttent QAPDs for  CAO, SNL, and MD,  but no 
complete listing of the contents is included These documents are erpectations in the CAG, 
along with other top-tier documents (see discussion of CA G requirements above). 

“Appendix AUDIT” is said to contain results of internal audits and surveillances of the R?D 
QA program, and lists of both internal and external audk  and surveillances of the CAO, 
WID, and SNL (Section 5.4.4); whether generator sire assessments are included as a paH of 
“CA 0” is indeterminate. 

Without these appendices, the eflectiveness of Chapter 5 cannot be completely assessed 
Appendices QAPD and AUDIT should have been transmitted with the Chapter. 

The missing appendices are not critical to the review of the chapter, but are now included. 

Appendix QAPD is comprised of the CAO, SNL, and WID QAPDs. EEG has copies of 
all three documents. 

Appendix SCHEDULE is an example of a typical assessment schedule. EEG is on 
distribution for the quarterly issue of the CAO Assessment Schedule and the weekly draft 
updates. 
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Appendix AUDIT is a list of audit and surveillances that were conducted by CAO, SNL, 
and WID, which are only indirectly related to supporting the conclusions made in this 
Chapter. EEG is on distribution for the quarterly issue of the CAO Assessment Schedule 
and the weekly draft updates. 

Since none of the generator sites will be certified by 10/3 1/96, generator site assessments 
are not included as a part of Appendix AUDIT. 

"Chapter 5 fails to address EEG's comments OD the DCCA." 

The EEG's comments on the DCC4 QA chapter as published in EEGdI (March, 1996) are 
also only partially addressed in Chapter 5. EEG (EEG-61 p 5-2) suggested that the QA 
chapter should have addressed the requirements of 40 CFR 194.22, and Section 5.1 of 
Chapter 5 does address the requirements from 40 CFR 194.22(0), including the overriding 
requirement for conformance with the applicable NQA standards (NQA-1, NQA-2, PaH 2.7, 
and NQA-3). However, 40 CFR 194.220) requires that: 

"Any compliance application shall include information which demonstrates thot data 
and in formation collected prior to the implementation of the qual& assurance 
program required pursuant to paragraph (a)(l) [the requirement for the NQA 
standards] of this section have been qualifred in accordance with an alternate 
methodology, approved by the Administrator or the Administrator's authorized 
representative, that employs one or more of the foIlowing methods; peer review. ..; 
corroborating data; confirmatory testing; or a quality assurance program that ir 
equivalent in effect to ...[t he NQA standards]. 

We disagree that the purpose of Chapter 5 includes addressing EEG comments. EEG 
comments were addressed and included in the January document that addressed dl 
comments on the DCCA. You were provided a copy of this document by letter dated 
January 23,1996. 

Chapter 5 describes the processes used for data qualification by SNL (Section 54.2.1 and 
following Sections, beginning on p. 5-44), but does not include information which 
demonstrates that the Administrator has approved of these methods. 

We disagree with your interpretation of when the Administrator has to approve methods 
for qualifying data and information collected prior to the implementation of the quality 
assurance program. It is our opinion that the EPA Administrator's authority in this area 
begins with the submittal of the CCA. 

Table 5-4 contains a list of data packages qualified by the Independent Review Team in the 
Qualification of Existing Data process under SNL 's Qual@ Assurance Procedure 20-3, but 
does not explain where an dhow thesepackages are used, and their importance to compliance, 
nor are any references or guidance provided that would allow confirmation of the Table 
con ten& 
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We disagree with the need to explain where and how QED packages are used and their 
importance to compliance in Chapter 5 .  This technical information is not appropriate to 
this chapter and is discussed in other CCA Chapters. 

"Chapter 5 fails to adequately address EPA's comments on the DCCA." 

Chapter 5 fails to adequately address EPA 's comments on the DCCA. 
The DOE has failed to completely address the EPA general comments on the QA chapter as 
provided in the enclosure from EPA's Larry Weinstock to CAO's George Dials dated October 
31,1995 Ipp. 3 M ) .  The EPA stated that: 

'M number of assertive statements intended to describe the current stotus of the 
program are d e  wirlrout substantiation, including stoinnents regarding paining 
records, calibration recordr, and document and record control procedures. Objective 
evidence should be presented which demonstrates the successful implementation of 
these and other aspects of a quality assurance program for the WPP. Erpmples of the 
evidence of implementation may include approved governing documents, impkmenting 
procedures, implementing plans and timetables, audits, surveillance, and verjflcclztiOn 
reports, hbtory of corrective actions, and the enective dates of program 
implementation. 

Some of the governing documents, some of the procedures, and some of the efiective dates of 
program implementation can be found in Chapter 5. However, many more assertive 
statements are to be found in Chapter 5 than were in the DCCA QA chapter, and objective 
evidence for  them k notpresented 

We disagree with your statement that the May 3 1, 1996 revision of Chapter 5 fails to 
respond to EPA comments, Specific responses to the €PA DCCA comments were 
provided to EPA on January 23, 1996. In addition, the current revision of Chapter 5 has 
been specifically revised in format and content to address EPA DCCA comments. 

A couple of examples: Section 5.1.6.2 @. 5-1 I ) ,  "Original Repository Design ", states that "All 
changes are approved by technically quali@ud individuals", but no evidence is supplied for the 
statement. Section 5.3.8 @. 5-28), "control of Purchawd Items and Services ", states thai 
"Prospective suppliers are evaluated and selected on the bask of documented criteria ", and 
eight bullets list other procurement controls said to be in place However, only W D  
implementing documents are provided as evidences for the section, and these are for uReceipt 
Inspections" and "Source Inspections" (which may cover two of the eight bullets). This 
section does not reference the missing appendices, which might possibly include more 
objective evidence. 

We disagree. Because WID is responsible for design, only WID implementing 
documents are appropriately provided Sections 5.3.8. 

Page 10 of 12 
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We disagree that the comment concerning qualifications and training of workers is not 
addressed. Section 5.1.6.2 (p 5-1 1) does state that changes arc approved by “technically 
qualified individuals.” Chapter 5 describes the CAO QA program that is used to train and 
qualify personnel. These records are subject to the audit process. Individual qualification 
and training records are maintained as QA records. We do not believe that the thousands 
of records for all WIPP personnel performing quality affecting activities are appropriate 
to be included in the CCA. These records are subject to the audit process. 

The DOE olso seem to have made only a cursory attempt to address the more specirl 
comments the EPA provided on the QA Chapter of the DCCA (transmined mpp.  39-12 of the 
January 30, I996 letter from Weinstock to Diak). For ucrrmple, the first speci@ comnrPnts 
states in pad, “The DCCA should have speciyud the r o k  of EM-I, EM-20, and EM-30”. 
W4ile Chapter 5’s “Organizational Intetfaces chart (Figure 5-3, p. 5-21) shows EM-I and 
EM-30, EM-20 is still not listed The same EPA comment Olso implies that the organizations 
that conduct QA audits of contractors and waste generator sites should be listed; thqy aren’t. 
Another EPA comment indicates that evidence substantiating t h d  all workers were properly 
trained should be included; it wasn ’ti 

We disagree. Chapter 5’s “Organizational Interfaces” chart is correct in not identifying 
EM-20. The EM-20 responsibility for QA oversight of WIPP has been re-assigned to 
EM-30. EM-30 recently performed an independent assessment of the CAO QA Program. 

The inclusion of the “Organization Intetfacesnj7gure, whkh was not in the DCCA, implies 
that the EPA ’s comments were considered on some level. however, it also seems obvious that 
no line-by-line check to make sure that concerns raised by EPA comments were addressed was 
made. A search for a random sample of three other EPA commentdock of objective 
evidence for control and maintenance of QA records, mirsing data quality indicators for  the 
waste characterization program, and a need to address somare reporting, correction, and 
implementation of requirements-shows that only the last of these r j  included in Chapter 5. 

We disagree that the EPA comments have not been addressed as identified by the random 
sample of three EPA comments - lack of objective evidence for control and maintenance 
of QA records, missing data quality indicators, and a need to address software reporting, 
correction, and implementation of requirements. The comments are addressed within the 
discussion of the appropriate implementing procedures and overall controls established 
by the QA Program. We do not consider it necessary to supply more detail in Chapter 5 .  

“Chapter 5 apparently circumvents CAO’s own QA program.” 

The weaknesses described above, in a chapter concerning QA, are apparently due to 
circumvention of the DOE’S own QA program CAO Management Procedure (MP) 4.4, 
Revision 0, dated April 19, 1996, states (Section 3.1.1) that 

Page 11 of 12 
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Before a document b produced, the requestor should evaluate the need, end use, cost- 
effectiveness, intended audience, duplication of egort, regulatory and technical 
requirements, and any external organizations 's requirements or agreements related to 
the document 

MP 4.4 also establishes review processes, which are to be in performed in accordance with MP 
4.2. 

1.  We disagree with this topic in its entirety. The review process was conducted in 
accordance with MP 4.2. Results of the reviews, for this revision of CCA Chapter 5 ,  
including comment resolution documentation, were completed and are maintained as QA 
records. 

2. We disagree that the CAO QA Program was circumvented in any respect and believe this 
EEG determination was based on a lack of facts and a lack of understanding of the CAO 
Quality Assurance Program. 

Page 12 of 12 
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POST OFFICE BOX 3149 

CARLSBAO, NEW MEXICO -1.3140 
(505) 8 e 5 W S  

FAX (505) 88702# 

MEMORANDUM 

DATE : August 20, 1996 

TO : Robert H. Neill, Direct& 

FROM : Ben Walker, QA Specialist 

SUBJECT: CAO Audit of SNL PA June 17-21, 1996 

Tom Clemo and i observed the CAD audit of SNi's FA program d i l r i53  
the week of Jute 17-21, 1396. Seven a-Aizsrs were izvclved; 
otker observers were ??arc 1tal:ar.o and Sesrge SasabilvasD f r x  
CAD, ar.5 Pazritk Itelley, tames Zkaxr.e--, Zatp:5 3ackf ar.3 Nilliz-. 
Subletze for t h e  ETA.  

The audit team judged the PA Frogram implementation of QA to be 
"margir,al", and the software aevelopment and qualification was 
judged "margixa?ly effective". Five draft Corrective Action 
Reports (CAXs) were generated, and eight draft observations. 
Attachment 2 is a listing of these draft CARS and observations, 
and other material presented by :he lead auditor at the clcseour 
meeting. 

Twa irer?.s would seem to be of -,arzixlar cmcerz zo 3A for :he ?A 
effort: software codes were s z i l l  not qualified, and some 
parameter valces used by PA cc5es had 'seen entered i s z o  che 
parameter database without for-.al prccessing. The ssftware codes 
had incornplete baseline docume-zation but were nevertheless be:q 
utilized in Compliance Certificstim A?plicatior. (CCA) 
calculatioRs. 
parameter value changes were a different sort of problem, in that 
the well-esEablished parameters data er.:rj, fzr?,alism ac SXL ha5 
bee2 circuwented fcr the enzr; of soxe 25 Faramerez c h a x e s .  
These tws e-.vents da ~ a t  increase ccz::=exe iz SSu'L's zm.ml:ner.t 
to established quali:y for ?A =alczlar:xs. 

A r 3 r e  cxplete descripzion of zhese findings, 3-3 stker evezzs 
t h z z  :s=X e;sce axr:zs the au8:zf caz be fo~x2 12 Appeziix 1. 

;ncl:ide ease of retrieval of U,,u~e~fs from the Sandia K:?? 
Cen:ral Files ISWCF: , extensive errzr zhecking of ~ E ~ J E S ,  
sofrxare test scriptizg, and dsc2nen:a:iz: a x i  ar:k:;.2r.3 ~f 

f 

.. 

The SNL QA Manager had agreed to this usage. The 

- -  

. -  
87.' Lr,e 3x52: 5 1 s ~  fax;r,5 sp-jpra~ , a . ~ d a * - ~  ---) * ----*--e p - a + - - L - ~  3: SXL;  :?-~sE 

Providing an indrprndrnf fochnicri ~ n r l y s i s  ol rho Wsfr lrolrfron Prior Pknf  (wiw),  
J fodrfrrl tnnsurrnrc nuclvr  w w r  frposiroy. 
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Page 2 
August 20, 1996 

software production runs. As always, SNL . .  ~ , L - . -  
personnel were for the 

most'part easily accesslDle ana very n e i p f u l .  

The auditors were well prepared, and those I observed stayed c n  
task. Their knowledge and experience with SNL's PA efforcs were 
readily apparent; and as is usual with CAO's auditors, they were 
persistent and thorough. This was a conscientious audit. 

BAW 
2nc 

:TC:ss 
losures 
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ATTACHMENT 1 t o  SNL PA Audit 

Attachment 1 of t h e  memorandum on t h e  SNL QA a u d i t  (Walker t o  
N e i l l ,  May 24, 1996) s t a t e d  t h a t :  

There  s t i l l  seems t o  be a sense a t  SNL t h a t  QA is 
secondary  t o  s c i e n t i f l c  p u r s u i t  r a t h e r  than  an  
i n t e g r a l ,  and, f o r  t h i s  p r o j e c t ,  e s s e n t i a l  p a r t  of i t ,  
and  t h i s  a t t i t u d e  may have i t s  e f f e c c s  even on C;A 
pe r sonne l  and t h e i r  a c t i v : t i e s .  

T h i s  h y p o t h e s i s  r ece ives  a d d i t i o n a l  support '  from t h e  s e c t i o n s  
t h a t  fol low . 
Software Qualification 

Evidence of cons iderable  e f fo r t  t o  get t h e  PA codes i n t o  QA 
conformance has been demonstrated i n  o t h e r  sof tware  assessments 
i n  t h e  recent  p a s t ,  and the documentation viewed i n  t h i s  a u d i t  
w a s  of good q u a l i t y .  However, SNL has decided t o  run  
c a l c u l a t i o n s  f o r  t h e  CCA using codes t h a t  a r e  not  ye: i n  
accordance  wi th  t h e  d icza tes  of NQA-2 P a r t  2 .7 ,  t k i  
s t a r ,da rd  c i t e d  fo r  software QA. 

None of t h e  PA codes were found t o  be f u l l y  q u a l i f i e d  durlng t h e  
a u d i t .  Memoranda dated May 23, 1 9 9 6  from the  PA Xanager i n  
c h a r g e  of so f tware  t o  the SNL QA Manager l i s t  t h e  " c u r r e n t  QA 
s t a t u s "  of each  of the  codes, a l l  of whom c m t a i n e d  incomplete 
i t e m s ,  and then  r epes t  permission from, the  QA Mazager t o  proceed 
w i t h  c h e  CCA ca lcu la t iDns .  The QA Manager signed approval of t h e  
?eqlLesrs, w i thcz t  sc r ~ c k  as ~ z i z i a t i n g  a CM c r  reqiiring a 
stF,e5z-lle f o r  cmplezi:r.s. \ 

A c3pj-' cf t k e  ?.e?crax5.:? f z r  . n . S  1s a t t ached  (Atzachnent 3 ) ;  t h e  
c i s c r i b z t i o n  lis: s h w s  t ha t  no c c p i e s  were provi8ed to t h e  CAD. 
N e a r l y  a l l  a s p e c t s  of :he SA F r x e s s  are s a i d  t o  be " i n  
p r o g r e s s t 1  - - 1. e .  , ncne were completed. 
ReqJ2reaer.Z~ iiocumenc, 132) and t h e  V e r i f i c a t i o n  ar.d Va l ida t ion  
F l a n  (VC'P),  which make xp the  f irst  s t e p  ~n the  NCA-2 ? a r t  2.7 
l i f e  c y c l e  for  software i§ 3 . 1 ;  Requirements  Phase!, and d e f i n e  
t h e  requi rements  f o r  the design of t h e  t e s t i n g  phase and t e s t  
cases. The memorandum l a t e r  s t a t e s  t h a t  "Test c a s e s  #1 through 
#9 have Seen runt1 
sza z r . 3 ~  I ! . .  .='re test1r.g 5s far a1cr.g.. . . I t  

,:.e rre-.cranci~~lm fsr  T'-TTINS-S listed similar defic:ezz:es [fzr a,, 
5e-el:cTer-=al rar:s =f _.._ 13f:srare life cyzle: 
lar.s*;a?e. ,ne .=.:her -e-.crsr.-is. were FrcCably s ~ r . : l a r l y  crsqz:zed, 
c c..-e-"- i- CI.. -'L --. . .w-eL-".. - 1-p.' 

.,,.-.-L ==r: 2 . -  5 3 S Z S z f S :  

This inc ludes  the  

( t h z x s k  :?.e re-ic;irements a r e  s t ~ l l  ir: draft) . .  
. -  -. - '- 5. :r. s:-.:Lar -. 

- - c\" cf F a x 5  c f  cke 1:fe cyc l r  r a y  ?.-.a*#-=. sct*Lrred. 
,-e. - - -  

1 

t 
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Software development shall proceed in a traceable, 
planned, and orderly manner.. .Software development may 
be performed in an interactive or sequential manner. 

While It interactive" might be interpreted to indicate that te 
restrlts can be used to change code requirements in an iterat 
fashisn, it dses not imply that all parts of the life cycle 
be develcced in parallel. Operatlonal use of the software i 
pen:ltinaze (5th) step in the software life cycle (followed 
by the "retirement phase"), and NQA-2 Part 2.7 clearly state 
that for the ttOperations and Maintenance Phase" (S 3.6) : 

st 
ive 
can 
S t  
on1 
'S 

he 
Y 

Prior to this phase the software has been approved for  I 
operaticnal use. 

rcencranda also contain the statezent that "The remaining 
zes::ng and C;A documentation will be completed expeditiously", 
and (far NUTS)  that "If this testing uncovers any problems wit 
!RTS then the l~pact on the CCA calzulations would be assessed 
tkac cime~l. It seems likely tnat the purpose of the memoranda 
:o  rernove the pressure to complete CA work expeditiously; and 
cos: azd effort to completely trace errors through a submitted 
ZCA z x l d  be exzensive. 

scess ED be follawec! as deszr:bed i n  these xernoranda are 
clearly at odds with the 4 3  CFR 13.; requirements concerning 
sofzware. 

Parameter Entry Control 

SNL-WIPT Psrn 4 0 4 ,  WIPP ?ararr.eter fntry Form, 
entry of azy caraneter values or c?.aZges in these values to the 
CI -c  Lababase f a r  sse by PA. 
.ask Lea5er, w b  czters informatlor or. the parameter, the change 
:a =e cadel aza jJstification for :?.e change, attains signatures 
~f :?,e change requestor and an apprsval signature (others are 
S:FP::T~S reqLirec!) , then s ~ h t ~ i t s  :?.e Form 4 6 4  a?.d supporting 
-..:-_...a'-Aw.. iw _.._ 3atabase Adxr.:s:ratar as a Paraneters Records 
?ac'ia3e (tR?). Zata entry perscxel are traiced t3 use the F o n  
4 6 4 5  f o r  ir.put; the data ezcry persm's signature is added to the 
4 6 4 ,  as is the signature of the person who checks the entry. The 
?R?, incLuding the Form 4 6 4 ,  is then filed in the Sandia Wipp 
,-ezzraL Files (SWCF).  

rp;lr..pr.. 1 - -e.-. 
- - y  _ _ _ _  

~ 3 r 5 - 2 : f ~ ~  :?.e l e z i  BL;J::CT cozpls-.ezze2 SNL ST. :?.e r i q o r  wit:? 

is required for 

Form 4 € 4 s  are initiated by :he Parameter - 

.-c--- - : A r  - -  -Le  

- 
-:=, A Y Y ~ ,  . .  clssesu: zf a CAO szrveillance of 

. .  - -  '=-r-. + Z ' -  ,: _ _  _... T , = = o  "3s enfz rcc5  f t r  da:ataise e T . z q - .  

. - . -  --. . 'r; *me F C... CL( -r  r,.rt"'- -6 * * - :  
L-. =-u- - - . - -  - - w  - - -  . . - - - . * G - c ~  e..- \-. . c- -- t h r e e  sr  f c z ~  'zarame=ers 13 darabase f z r  . .  
.A-.-.~=.-. 7.z r z r - .  - e + A 4  - .  ,,,..,. -.. = + - - - - -  -..As prakLe:,, 
:>-E a2.;:srs xcre  e-:en~ua,~y shcwz 3 list sf 2 5  carameters 

x.r.2-5 ; p s ~ w i r . 3  r?.:s lis:, zt.e firs: c'nanqe e-zerci uas -- 
- . -  ,,,,e==, - ' I, ?---.Ay-- _. ;t3 - z;c" CFJ'ExE3  3Y 4 5 4 ' s " .  A, -c  =) -A; - -  LdA. .2  :=, zozes :::? 

-.. r ezr*;zy.: ' a .  

2 

h 
, at 

t ?.e 
1s 
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1 6 ,  1 9 9 6  (date of t h e  closeout  compliment mentioned a v e ) .  That 
t h e s e  entries had circumvented t h e  establ ished requirements was 
uncovered about a week l a t e r  by a PI (while researching a 
parameter request om EEG), The compiling of t he  list began a t  
t h a t  t ime . 
I t  ;s cne  so r t  of e r r o r  t o  f a i l  to follow pract ices  t h a t  have ye t  
t3 be firmly es tab l i shed;  i t ' s  another  t o  f a i l  i n  fo l low those  
t h a t  a re  establ ished.  During t h e  a u d i t  we suggested t h a t  t h e  
a u d i t  team should f ind  out  the  d e t a i l s  of how these e n t r i e s  were 
made. We were informed t h a t  SNL would have t o  perform t h a t  
a c t i v i t y  and report  i t  t o  CAO as  p a r t  of the CAR r e s o l u t i o n .  I t  
is  koped tha t  t h e  e n t r i e s  a r e  t h e  r e s u l t  of a preoccupied PI 
s u b r r t t i n g  changes d i r e c t l y  t o  an  improperly t ra ined  data  e n t r y  
F e r s x ,  j u t  the  problem is l i k e l y  more ser icus .  

IT. defense of SNL, t h i s  has a l l  t he  appearances of being a s i n g l e  
?apse i n  which a l l  25 parameters were changed i n  a matter of 
days,  and SNL personnel were at tempting t o  escabl ish proper  
docGr,en:ation. On the  o:her hand, no incernal C ~ S  were 
gezera ted  by SSL's discovery of t he  problem. 

Procedure Problems I: Data qualified by audit 

T 

3urir.z ::.e audi t ,  : had reascn t o  read the . fers isrs  of SXL QAPs 
9 - 1  azd  9 - 2  used by t h e  a u d i t o r s ,  and discovered l a p s e s  i n  each. 

CA2 4 - 1  versian 1 contained the  s t a t e z e n t  (Section 4 - 3 ,  Step 2 )  :. 

Xhez data sets are used t o  s u p p c r t  t h e  analys is ,  
ciacx:ment :he saurce cf the  da t a  and whether cne da:a 
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low and Transport Calculations", dated May 2 ,  1996, Section 3.1, 
contained a similar statement: 

Only data that has been qualified through collection 
under an approved SNL QA program, through application 
of QAP 20-3, or by SNL W I P P  a u d i t  will be used for this 
ar,alysis [emphasis added1 . 
pect this document was written with QAP 9-1 in hand; other 

This is an exarnI;;e analysis plans may have sinilar statements. 
of why the writing and reviewing of QA documentation is SO 
important. 

Procedures Problems 11: Parameter nCategory" Definition8 

GAP 9-2, IlQuality Assurance Requirements for the Seleczion aRd 
Docmeztazlon of Parameter Values Used in WIP? Perfomance 
Assessnent" presented a more serious problem. The definiticn of 
pararneter categories indicates that adequate control over 
parameters xay not be adequately performed. Sectror, 2 . 0  of :?.e 
procedxre cffers a list of five categcries, and states that 
Categcry 1, 2 ,  and 3 paramecers are sub;ecz to tke reqiireTeszs 
of the crocee?;re, but 4 and 5 are Fst. The CA? 9-2 Z i e - ~ ~ s ~ c n  1 

4 

2 

Descript ior. 

Parameters not used in currenz csmpliance 
calculations; 

?arameters that are model corAf:3*2raci2n 
paramecers or that are assigr.ed based or? ar. 
asssmed correlatian cf prsperzles betweer: 
simrlar materials; 

Paranezers representing Shysica1 Cxstants . . .  
Parameters representing the l?. tve~.fzr  y of the 
waste to be emplaced at W:?? . . .  
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parameters). The procedure should have been written to require 
documentation for all parameters used in PA considerations, and 
should also require a documented rationale for parameters that 
are dropped from use in PA. 

EEG's controlled copy version of SNL QAP 9-2 still shows Revlsion 
1 as the current process to follow (August 9, 1996). The draft 
Dbservation apparently had no effect on SN5, and parameters can 
still be included in PA calculations without necessarily being 
adequately documented. 

Many kinds of SNL documents have inconsistencies in the dates 
liszed in them. I have noticed several during previous audits 
and surveillances, but since the dates are aiways reasonably 
close I've not documer,ted them. 

Mcst pernicious are reviews or approvals of documents with dates 
that post-dated the issuance of the documents. Fcr  example, S L X  
: 3 r ~ .  464s were found which were scarce3 an April 23, 1996, azd 
er,tered into the database an April 22, 1395. Tke a?prz*=als fcrr 
:'re change were all dated April 23, ;336. 

Paalysis plans I viewed had similar ixonsis:exies. "A.-.alysis 
Plan for ORIGENZ Inventory Calculations for First Phase 
3etermination of the Initial Radionuclide Inventory for 
Perforvance Assessment Analysis Smporting the Cmpliarice 
Certification Applicationtt, dated A p r i l  4, 1996, had all its 
sisriatures on or af:er April 9, 1936. "Aralysis Flar, f z r  the 
531353 Fiow Calculaticns (Task 1) af the Perfcmar-ce Assessnezt 
Azalyses Supporting the Compliance Certification Ap;lica:lQn" was 

- 

= C C  ,,,ett:ve March 8, 1935, yec the sr;th.=r and re;liexer siqxatures 
. xere dated March 12, 1935. 

FLY Ir.:ernal SNL surveillance (96-38) of saftware was c3r.ductecl cz 
A s r i l  9-11, 1996. The surve:-,axe repcrt csztaizs :?.e fcllowiza 
s: a: e7,e n t : 

3ne item of cancer: was the izcxsistency cf dcczzent 
dates. As this has been identified by CAO C A I  96-016, 
the 1nconsistenc;es will be listed in this report for 
tcrreccion without an additional CA9. beir.c isszed. 

' * . I  

-; re?ort has r-irz -,ages cf iioc*~-.e~.zs::zr. cf *.-:zlsz 1sr.s x?.:zh 
- . L L - -  ur.der CAO CA9.s for hCur?.ezt istes and c2-F.eEz r==- - * . - - - -  - --- - - -  --.. . C S '  - 
,.-.E re?orc itself has an ir.tczs:s:tr.t 5 s z e :  =?..e c s t e  CT. :?.e 
-.err,craZdun: trarisnitting ir is Apz:- 2 ,  ,335, 6 &i;.s t r f z r e  -..e 
3-- .er,,ance took ;.lace. 

-. - i - -  
-.I -..-.. 
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Ra8olution of Proviour 

A part of the scope of this audit was to verify the effectiveness 
of corrective actions for previous CAO CARs. None of the 
corrective actions were found by the auditors to be effectively 
implemented during this audit. Some, but not all, of the 
"observations" (a category for fLndings that could potentially 
nerate CARs in the future .if not ccrrected) for which CAO 
quired responses were found to be acleq-Jace!y addressed. 

Project Technical Baseline Updating 

The FEPs plan suggested that the Project Technical Baseline IPTB) 
be updated. Discussions with SNL employees indicated that 
although significant changes in nearly a?! 2crtions of the 
baseline have been instituted, SPM-2 (estabiisked in 1994) was 
still the PTB of record. "The CCA itself will be the new 
baseline" one employee stated, and suggested t hac  the FEPs plan 
woxld be changed rather :haE estab1isLr.g 5 ?re-CCA cpdate cf t h e  
basei ine. 
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A t t r c b n r r  ( 1 ) t  S y 0 t u  PTiOrity L \ I t  
( 2 ) :  
( 3 ) :  Plan fo r  9 Mentha 
( 4 ) ;  P1.n fe r  12 Month. 
( 5 ) :  Plan for 15 Month8 

?lm for b r a  than 9 Monthr 
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Do~wtmont of Enorfit I 

sso 
i 

I N  

United St8tOS Government 

memorandum 
wn UII ID 

h V  lo 
Al lWO:  

UM. D r e r s W t  of the  b s t e  l s o l r t l o n  ? I l o t  project (ulpp) 

r ~ .  Rtehrrd Y. Sttmrtectl, En-#, 
This Office has eopleted two  vjor efforts n l r t d  t o  the oversight o f  YIPP. 
On Aprll 28* 1989, we caapleted I one-rnt, onslte nvlm of the YIW F l n r l  
S r f t t j  AnJlyslS Report ( F u n ) .  On k y  15. 1989, 
Redew Znspectton (RRI ) .  The EM s ta f f  t r i p  n p o r t  s w r i z l n g  the f$AP 
nvim, bated b y  1, 1989. and the 111 n p o r t  rn r t t r c h r d  t o  t h l s  -rand-. 
Your rpprovrl  of the RRZ report by signrtun on the cover p q e  1s rrguested. 

cmpleted r Rerdlrrss 

krlng the FUR nvh r t e r m  of 
YIPP Project O f f i c e  (DOE/YPOl. Ikstlnghoute, an6 k c h t r l  mpr rsen t r t l r cs  t o  
close out requests for l n f o r u t l o n  flowing f ro  our nvim of  thc fuR 
supporttnp docmnts.  This ef for t  r l s o  Included r rso lut lon o f  westions t h r t  
arose frm indrpcndrnt e r l cu l r t i ons  perfomed for  tn by I r oo thven  b t i o n r l  
Laboratory (W). 

S U f f  md CmSulttntS I n t e r r C t d  d t h  mE ’ 

Most of the l n f o r u t l o n  rrqulred t o  close En concerns n l r t d  t o  tlrr fUR .OS 
Qrtloped dutlnp the onslte f U R  rev leu .  The tart us Inh lb i tcd by r ’ l o s t  
t o u l  rellrnce on r s lng le  k c h t e l  npresentc t l re  t o  provlde I n f o r u t i o n  
r e l i t e d  t o  the derlgn o r  technlcrl  bdsls for selectlon of the structurrs, 
S f i t r S ,  rnd CmpOnentS that  emprlre the Y1n t r c l l l t y .  t h i s  absence of 
tnaledpe on the prrt of opcrrt lnp s t a f f  lndlcrtes 4 s lpn l f l c rn t  &ftclency i n  
the transfer of the tcchnicrl  b t s l s  for the f rc l l l t  frm the constwetor 
( k c h t e l  1 t o  the operrt ing contrretor (~~st tnghousej .  w o r t s  are w 
undtr r iy  t o  Correct these defictencles through 8uCh e f fo r t s  as & v e l o p l y  as- 
bullt d r r ~ l n g s  JM t h e  conduct of rlr fla t e s t s  t o  rrplon the r r t i m l e  f o r  
t h e  p l t c r r cn t  of m n l t o r s  for  rlrborne r r d l o r c t i v t  vterlrl. 

L s f b u r l  Osuer fra the FUR nrlm have cmt lud t o  k closed 
mvlm of  lrter vterlrl p r 0 v l d d  b k e h t e l  rrd by a s l t e  rrrlflcrtlm 6rlng 
the W. IbrCver, ue r c e l h n t  rrufris sectton of ue FUI cmtrins lswes 
tht r u l n  open tnd dl! be 80 noted I n  the tn Safety t v r l u r t l on  I p o t t .  the selmlc lswes c i ted l a  the k y  4. 1969, En npwt r n  closed hsd on tw 
consultant revlm of r cu l ys l s  r t  the 3rn Irrnclsco offtees of k h t e l .  

The r u l n l n g  &slb Issue. bocrrcnted rdeputcy of t h e  concretr r s t e  s h f t  
h y *  1s king @ b d ~ % \ d  thrbV9h * r f ~ 1 y s t s  by k c h t r l  t o  r r p l t c e  rn+updcte 
ear l i e r  r n r l y s l s  that  wre rpp i ren t l y  d t s t r t y d  rnd con f l ru to ry  rcuiyis by 
u(L fo r  W. I n  our vlm, those n t r o s w c t l v e  analyses rlll l l t e l y  k v e  t o  k 

b 
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s u p p o r t d  by wrsurrrnt of i n  rltu stnss i n  the Inner surftce of  tht 
cocrcrete tnd mnltorlrtg o f  tho kry insi4e d ln r t e r  for stverrl prrs u n t i l  i t s  
prforvncr i s  sufflclently w l l  understood for long-tern rcceptrrwe. The 
iktlihood of rcceptrblr resolution rpgrrrs good. 

A fundmentrl u n c g t u n t  Issue also r r r l n s  open c t  thls time; the rdeqrcy of 
the boE Qurllty Assurrnct (QA) pro rm for the YlW proj tc t .  As present1 structured, rt l ther the dcdicrted &A ruff, one person designrted as th & 
knrger,  nor the 1m npr t ln  level of the QA progrm wet thc ml/uw~, QA 
tequlrrrnts espoused by DOE 8 rdets. 1 believe thrt the rdewrcy of t)n DOE 
Q4 functlon r t  U V P ,  prr t lwl r r ly  b r t q  the Init ial  ftre-ycrr expwiuntrl 

r n  d l 1  k r plvotrl  element In the wccessful dronstrrt ion of  long-term 

Sandlr N8tlonrl Lrborrtory, crn k found i n  the evolrlng e r l l t y  rssurrnce 
progrms rssoclrted d t h  the hlgh level waste progrr k l n g  conducted b the Offlce of Clvilirn R8dlobct lve h s t e  k n r g a w n t ,  Th i s  issue deserws cfose 
and very hlgh level rttcntlon. 

p’DP i s o  rtlon. Useful models for both  #IC rnd the expetlwnU1 p m g r r  m m g e r ,  

The conduct of t h e  R R I  was based on 15 modules deslgntd t o  swple r broad 
range o f  nqulraents  based on carnrltvnts u d e  In the F U R ,  DOE Orders, t h e  
Design Villdrtlon Finrl Report (DVFR) ,  and TSA cr l te r l r .  the intpcctlon ms conducted by r trtlvwmber tern of tH S t a f f  rnd consultrnts over a perlo4 o f  
efght drys. The term wnrkrs r t v l m d  t h e  key technlcrl dacuwnts thr t  
trrntlrted nqulrcmcnts i n t o  d r p t o - d r y  oprrrtlons, lntervl-d YIPP 
personnel , 8nd Inspected the f r c l l l t y  bulldings rrrd s r t r s .  

As 8 result of t he  R R I ,  ut have concluded t h r t  the phyicrl  p l r n t  a t  YIPP Is 
very close t o  being rerdy for operrtlon. The car11 n-r o f  exceptions rpperr t o  be addressed through srtlsfrctory programs. 

UC h8ve also cohcluded, hwever, t h r t  signlflcrnt tddltionrl effort In ongoing 
r t r f f h g ,  trrlnlng, procedure deve lopnt ,  and d o c w n t r t i o n  Is necessrry 
before EH could support r recaavndrtlon for rtrrtup. The &reo most rffccted 
by these rddl  tlonrl t f for t s  &re support functlons such r s  rrdlologlcrl 
ptotect lon,  mlnten~nce, rnd e J r l l t y  assurance although tddltlonrl trrlnlng 
and qurllficrtion r m i n  In operrtlonrl areas I S  r r l l .  

Subttrntlrl effor ts  a r e  undcrrry In many of the  r rer s  needlng laprovaacnt. 
For exmplc, reoorglnltrtlon of the Rrdlrtlon ?rotretion Dlvltlon IS 
lmplmcnted durlng the met of our R R I ,  rnd we saw evidence of  act ive 
tecnrltwnt efforts t o  r u f f  thls new organlrrtlon. Although the r s - h i l t  
drrrlng leffort noted rbove h r r  not started, Yestinghouse proposals for conduct 
of the progrm hrvr been received rnd OOEIVPO hrs l n f o n d  En o f  i ts  intent t o  
u t e  the rvrllrbtl l ty of as-bullt electrlcrt drtwtngt t o  f rc l l l t r te  vltble 
l o c b u t  and trgout grocedures b f i r s t  prlorlty. 
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8.9 Summaries of Waterflows for the New Mexico 
Oil Conservation Division Districts 1 and 2 



SUMMARY OF WATERFLQWS IN NMOCD DISTRICT 1 (NOVEMBER, 1978 TO PRESENT) 
(SORlED BY LOCANON) 
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SUMMARY OF WATERFLOWS IN NMOCD DISTRICT 1 (NOVEMBER, 1978 TO PRESENl) 
(SORTED BY LOCATION) 
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SUMMARY OF WATERFLOWS IN NMOCD DISTRICT 1 (NOVEMBER, 1978 TO PRESENT) 
(SORTED BY LOCANON) 
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WATERF'LOW INFORMATION 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Pogo Producing Co. 9/30/92 ; Federal Red Tank 34 #1-34-22-32 Drilling 
3000' Flowed 800 bbls - High in H2S, - Don Riggs 713-297-5045 10/23/92 

Texaco Expl & Prod. 4-7-93; NMR NCT-3 #5- 
No other information available. 

Texaco Expl & Prod. 4-9-93; Ellen Sims #9-3-23-37 Drilling @? 3049' Flowing 
660 BPH @? 825# 
approx. 70 BPH since 5-10-93 PM - setting 8 5/8" intermediate @? 3750'. 

Texaco Expl & Prod. ; BF Harrison B #9 9-23-37 Drilling @? 1571' Flowed 1000 BPH 
Shut in Pressure 600#. 

Samedan; Sarah B #3-M 1-23-37 Drilling @? 1590' 600 BPH +-; Shut In Pressure 

Drilling @? 1864' 90 BPH 

4:OO AM -5-10-93 down to 440; 5/11/93 James Elliott down to 

1000 Est. V0192000 +-. 

Texaco Expl& Prod; R. R. Sims A #3 - 4-23-37; Drilling @? 2240' ; Flowed 80 BPH, 
Shut In Pressure 600 psi. 

Texaco Expl & Prod; 11/24/93 - 9:OO AM; G. W. Sims #3- B - 9-23-37; Drilling @ 
1444' Flowed 1200 BPH; Pressure 500 psi; Flowed down in 6 hours - 12-1-93 Drilling 
@? 5600', no hrther problems. 

Texaco Expl & Prod; 5/17/94; WDDU #13 1 -32-24-38; Drilling @? 1420' ; Flowed 7 BPH 
@ 2000' 20 BPH. 

Texaco Expl& Prod; 5/13/94; WDDU #146 - C 32-24-38; Drilling @? ?; Flowed 70 BPH. 

Texaco Expl & Prod; 5/25/94; B F Harrison B #25 - C - 9-23-37; Drilling @ 2065'; 
Flowed 600 BPH; Shut In Pressure 875 down to 400 BPH @? 2:35 puff H2S down to 1 
PPM @, 2:35 Drilling ahead. 

Texaco Expl & Prod; 5-1-95; R.R. Sims B #1 - 4-23-37; Drilling @? 1709'; Flowed 390 
BPH; Pressure not recorded 5/1/94 up to 800-1000 BPH - Flow heavy for approx 1 hour 
then slacks off - Drilling not delayed and drilling at 3282' approx. 7:45 AM 5/1/95. 

Phillips Petro. Co.; 7/1/96; Hale 25 25-17-34; Drilling @? approx. 4800' - Poss hit earlier 
no pressure - 10 BPH up to 20 BPH and back to 10 BPH - cont. Drilling set production 
casing 7/2/96. 

Nearburg Prod. Co.; 10/6/97; Madura Federal #5 - E- 28-19-33; Drilling @? 8549 10-6-97; 
No record of pressure or volumes 100 BPH per Jack - Hit @? 1300' swedge and squeezed 
hit again 1900#. 

Texaco Expl & Prod.; 10/25/97; State AN #12 ; Drilling @ 2985; No pressure recorded 



60 BPH - down to 45 BPH @ 1 1  am - 10/27/97 Depth 3380' will set intermediate @? 
3506. 

15. John H. Hendrix 12/2/97; Boyd #7 - 23-22-37 Drilling; No pressure recorded 700 BPH. 

I 
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9.0 LIST OF EEG REPORTS 



LIST OF EEG REPORTS 

EEG- 1 

EEG-2 

EEG-3 

EEG-4 

EEG-5 

EEG-6 

EEG-7 

EEG-8 

EEG-9 

EEG-10 

EEG- 1 1 

EEG-12 

EEG-13 

EEG- 14 

EEG- 15 

EEG-16 

EEG- 17 

EEG- 18 

EEG- 19 

Goad, Donna, A ComDilation of Site Selection Criteria Co nsiderations and Co ncerns ADDearine in the 
Literature o n the DeeD DisD - osal of Radioactive Wastes, June 1979. 

Review Comments on Geoloe ical Characterization ReDort. Waste Isolation Pilot Plant (WIPP) Site, 
Southeast em New Mexico SAND 78-1596. Volumes 1 and I1 , December 1978. 
Neill, Robert H., James K. Channell, Carla Wofsy and Moses A. Greenfield, Radiolovical Health 
Review of the Draft Environmental Impact Statement (DOE /EIS-0026-D) Waste Isolation Pilot Plant, 
U. S. Department of Energy, August 1979. 

Little, Marshall S., Review Comments on the ReDort of the Steering Committee on Waste AcceDtance 
Criteria for the Waste Isolation Pilot Plant, February 1980. 

Channell, James K., Calculated Radiation Doses From Deposition of Material Released in Hyothetical 
Transportation Accidents Involving WIPP-Related Radioactive Wastes, November 1980. 

Geotechnical Considerations for Radioloeical Hazard Assessment of WIPP. A Report of a Meeting 
Held on January 17-18. 1980, April 1980. 

Chanwedi, Lokesh, WIPP Site and Vicinity Geoloeical Field Trip. A Report of a Field Trip to the 

November 1980. 
ProDosed Waste Isolation Pilot Plant Project in Southeastern New Mexico. June 16 to 18. 198 0, 

Wofsy , Carla, The Sidficance of Certain Rustler Aauifer Parameters for Predicting Lon?-Term 
Radiation Doses from WIPP, September 1980. 

Spiegler, Peter, An ADD roach to Calculating UD - per Bounds on Maximum Individual Doses From the 
Use of Contaminated Well Water Followine a WIPP Repositorv Breach, September 1981. 

Radioloeical Health Re view of the Final Environmen tal Impact Statement (DOE/EIS-0026) Waste 
Isolation Pilot Plant. U. S. Department of Enerm, January 1981. 

Channell, James K., Calculated R adiation Do ses From Radionuclides Brought to the Surface if Future 
prilling InterceDts th e WIPP ReD - ository and Pressurized Brine, January 1982. 
Little, Marshall S., potential Release Scenario and Radioloeical Consequence Evaluation of Mineral 
Resources at WIPP, May 1982. 

Spiegler, Peter., Analvsis of the Potential Formation of a Breccia Chimnev Beneath the WIPP 
Repository, May, 1982. 

Not published. 

Bard, Stephen T., Estimated Radiation Doses Resulting if an Exploratorv Borehole Penetrates a 
Pressurized Brine Reservoir Assumed to Exi st Belo w the W IPP Repositorv Horizon, March 1982. 
Radionuclide Release. TranSDOrt and Conseauence Modeling for WIPP. A ReDort of a WorkshoD Held 
on SeDtember 16-17. 1981, February 1982. 

Spiegler, Peter, Hvdrologic Analvses of Two Brine Encounters in the Vicinitv of the Waste Isolation 
Pilot Plant (WIPP) Site, December 1982. 

Spiegler, Peter, Origin of the Br ines Near WIPP from th e Drill Holes ERDA-6 and WIPP-12 Based on 
Stable Isotope Concentration of Hvdrogen and O x v m ,  March 1983. 

Channell, James K., Review Comments on Environmental Analvsis Cost Reduction Proposals 
WIPP/DOE- 136) JU lv 1982 , November 1982. 

9- 1 



LIST OF EEG REPORTS (continued) 

EEG-20 Baca, Thomas E., .An Evaluation of the Non-radiological Environmental h o b  lems Relating to the 
WIPP, February 1983. 

EEG-21 Faith, Stuart, Peter Spiegler and Kenneth Rehfeldt, The Geoc hemistry of Two Pressu rized Brines From 
fie Castile Formation in the Vicinitv of th e Waste Is olation P ilot Plant TWIPP) S ite, April 1983. 

EEG-22 m G  Review Commen ts on the Geotechn ical ReDorts Pro vided bv DOE to EEG U nder the St ipulated 
Aereement Th roueh March 1. 1983 , April 1983. 

EEG-23 Neill, Robert H., James K. Channell, Lokesh Chaturvedi, Marshall S. Little, Kenneth Rehfeldt and 
Peter Spiegler, Evaluation of the Suitability of the W IPP Site, May 1983. 

EEG-24 Neill, Robert H. and James K. Channell, Potential Problems From Sh bment of Hieh-Curie Content 
contact-Handle d T r rn suranic (CH-TRU) Waste to WIPP, August 1983. 

EEG-25 Chaturvedi, Lokesh, Occur rence of Gases in the Salado Formation, March 1984. 

EEG-26 Spiegler, Peter, Environmental Evaluation Group's Environmental Monitoring Program for WIPP, 
October 1984. 

EEG-27 Rehfeldt, Kenneth, Sensitivitv Analvsis of Solute Transport in Fractu res and Determination of 
Anisotropv W ithin the Culebra Dolomite, September 1984. 

EEG-28 Knowles, H. B., Radiation Shielding in the Ho t Cell Facilitv at the Waste Isolation Pilot Plant: A 
Review, November 1984. 

EEG-29 Little, Marshall S., Evaluation of the Safety Ana lvsis Report for the Waste Isolation Pilot Plant Proiect, 
May 1985. 

EEG-30 Dougherty, Frank, Tenera Corporation, Evaluation of the Waste Isolation Pilot Plan t Classification of 
Svstems. Structures and Co mponenta, July 1985. 

EEG-31 Ramey, Dan, Chemistrv of the Rustler Fluids, July 1985. 

EEG-32 Chaturvedi, Lokesh and James K. Channell, The Rust ler Formatio n as a TransD on  Med ium for 
Contaminated Groundwater, December 1985. 

EEG-33 Channell, James K., John C. Rodgers and Robert H. Neill, Adeauacv o f TRUPACT-I Design for 
Trans po rtine Con tact-Handled Transuranic Wastes to WIPP, June 1986. 

EEG-34 Chaturvedi, Lokesh, (ed.), The Rus tler Formatio n at the WIPP Site, January 1987. 

EEG-35 Chapman, Jenny B., Stable Isotopes in Southeastern Ne w Mexico Grou ndwater: Implications for 
Patine Recharge in the WIPP Area, October 1986. 

EEG-36 Lowenstein, Tim K., Post Burial Alteration of the Permian Rustler Forma tion Evaporites. WIPP Site, 
New MexicQ, April 1987. 

EEG-37 Rodgers, John C., Exhaust Stack Monitorine Issues a t the Wast e Isolation Pilot Plant, November 1987. 

EEG-38 Rodgers, John C., Jim W. Kenney, A Critical Assessme nt of Continuous Air Monitorinp Svstems At he 
Waste Isolation Pilot Plant, March 1988. 

EEG-39 Chapman, Jenny B., Chemical and Radiochemical Characteristics of Groundwater in the Culebra 
Polomite. South eastern Ne w MexicQ, March 1988. 

EEG-40 Review of the Final Safety Analvsis Report (Draft). DOE Waste Isolation Pilot Plant, May 1989. 

- 
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LIST OF EEG REPORTS (continued) 

EEG-41 Review of the Draft SuDplement E nvironmental ImDact Statement. DOE Waste Isolation Pilot Plant, 
July 1989. 

EEG-42 Chaturvedi, Lokesh, E valuat ion of the DOE Plans for Radioactive ExDeriments and ODe rat'onal 1 
Demonstration at WIPP, September, 1989. 

EEG-43 Kenney, Jim W., John C. Rodgers, Jenny B. Chapman and Kevin J. Shenk, Preoperational Radiation 

EEG-44 Greenfield, Moses A., Probabilities of a Ca tastrophic Wast e Hoist Accident at the Waste Isolation Pilot m, January 1990. 

EEG-45 Silva, Matthew K., Preliminarv Investigation into the ExDlosion Potential of Volatile Organic 
ComDounds in WIPP CH-TRU Waste, June 1990. 

EEG-46 Gallegos, Anthony, and James K. Channell, Risk Analvsis of the Transport of Contact Handled 
Jhnsuraru 'c (CH-TRU) Wastes to WIPP Alone Selected Highwav Routes in New Mexico Using 
MDTRAN IV, August 1990. 

EEG-47 Kenney, Jim W. and Sally C. Ballard, Preoperational Radiation Surveillance of the WIPP Proiect bv 
EEG DurinP 1989 , December 1990. 

cEG-48 Silva, Matthew K., An Assess ment of the Flammab ilitv and ExDlosion Potential of Transuranic Waste, 
June 1991. 

Surveillance of the WIPP Project bv EEG. 1985-1988, Jan~ary 1990. 

EEG-49 Kenney, Jim W., Preope rational Radiation Surveillance of th e WIPP Project by EEG During 1990, 
November 1991. 

EEG-50 Silva, Matthew K. and James K. Channell, Jmplications of 0 il and G as Leases at the WIPP on 
Comp liance with EPA T RU Waste Disposal Standards, June 1992. 

EEG-51 Kenney, Jim W., Preope rational Radiation Surveillance of the WIPP Proiect by EEG During 1991, 
October 1992. 

EEG-52 Bartlett, William T., An Evaluation of Air Effluent and Workdace Radioactivitv Monitorin? at the 
Waste Isolation Pilot Plant, February 1993. 

EEG-53 Greenfield, Moses A., and Thomas J. Sargent, A Probabilistic Analvsis of a Catastrophic Transuranic 
Waste Hoist Accident at the WIPP, June 1993. 

EEG-54 Kenney, Jim W., Beop erational Radiation Surveillance of the WIPP Proiect bv EEG During 1992, 
February 1994. 

EEG-55 Silva, Matthew K., lmDlications of the Prese nce of Pet roleum Resources on the Integritv of the WIPP, 
June 1994. 

EEG-56 Silva, Matthew K. and Robert H. Neill, Ynreso lved Issues for the Disposal of Remote-Handled 
J'ransuranic Waste in the Waste Isolation Pilot Plan t, September 1994. 

EEG-57 Lee, William W.-L., Lokesh Chaturvedi, Matthew K. Silva, Ruth Weiner and Robert H. Neill, &I 
Amraisal of the 199 2 Preliminarv Pe rforman ce Assessment for the Waste Isolation Pilot Plant, 
September 1994. 

EEG-58 Kenney, Jim W., Paula S. Downes, Donald H. Gray and Sally C. Ballard, Radionuclide Baseline in 
Soil Near Pro! 'ect Gnome and the Waste Isolation Pilot Plant, July 1995. 

EEG-59 Greenfield, Moses A. and Thomas J. Sargent, An Analvsis of the Annual Probabilitv of Failure of the 
Waste Hoist Brake Svstem at the Waste Is0 lation Pilot Plant (WIPP), November 1995. 
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LIST OF EEG REPORTS (continued) 

EEG-60 Bartlea, William T. and Ben A. Walker, The Influence of Salt Ae rosol on Alpha Radiation Dete ction 
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