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FOREWORD 

The purpose of the Environmental Evaluation Group (EEG) is to 

conduct an independent technical evaluation of the Waste 

Isolation Pilot Plant (WIPF) Project to ensure protection of the 

public health and safety and the environment. The WIPP Project, 

located in southeastern New Mexico, is being constructed as a 

repository for permanent disposal of transuranic (TRU) 

radioactive wastes generated by the nation's defense programs. 

The EEG was established in 1978 with funds provided by the U. S. 

Department of Energy (DOE) to the State of New Mexico. Public 

Law 100-456, the National Defense Authorization Act, Fiscal Year 

1989, Section 1433, assigned EEG to the New Mexico Institute of 

Mining and Technology and provided for continued funding from 

DOE through Contract DE-AC04-79AL10752. 

EEG performs independent technical analyses of the suitability of 

the proposed site; the design of the repository, its planned 

operation, and its long-term integrity; suitability and safety of 

the transportation systems; suitability of the Waste Acceptance 

Criteria and the generator sites' compliance with them; and 

related subjects. These analyses include assessments of reports 

issued by the DOE and its contractors, other federal agencies and 

organizations, as they relate to the potential health, safety and 

environmental impacts from WIPP. EEG also performs environmental 

monitoring for background radioactivity in air, water, and soil, 

both on-site and in surrounding communities. 
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Director 
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SUMMARY 

For the last several years, the U.S. Department of 

Energy (DOE) has maintained the need for a five-year research 

and development period for the Waste Isolation Pilot Plant 

(WIPP). First attempts to define the experiments with 

transuranic waste (TRU) were made in 1988. Several draft 

plans have been prepared by DOE during the past 1 1; 2 years, 

all of which proposed to measure the rate of gas generation 

from contact-handled transuranic (CH-TRU) waste drums. The 

amount of waste identified for the experiments has varied 

from 0.5% to 15% of the total WIPP inventory. The most 

recent plans call for approximately 0.5% for gas measurement 

and 2.5% for Operational Demonstration. 

The Environmental Evaluation Group (EEG) does not see a 

need for shipping any waste to WIPP for operational 

demonstration before the facility can be demonstrated to meet 

compliance with the Environmental Protection Agency (EPA) 

Standards, contained in 40 CFR 191 and currently being 

revised by EPA following a 1987 court order. No experiments 

with remote-handled transuranic waste (RH-TRU) have been 

identified. 

Detailed DOE-approved plans for experiments with CH-TRU 

waste are not yet available. This evaluation is based on the 

preliminary drafts of bin-scale and room-scale experiments 

that are not yet approved by DOE. Plans for the laboratory

scale experiments are scheduled to be published in October, 

1989. DOE officials and the State's decision-makers have 

asked for this analysis, which is based on the material 

available to EEG through September 15, 1989. 
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DOE's stated justification for the experiments is to 

generate reliable data on gas generation from the waste, for 

use in predicting long-term behavior of the repository 

conditions. DOE's scientists, responsible for assessing the 

long-term integrity of the repository by assessing compliance 

with the EPA Standards (40 CFR 191), have stated that there 

are difficulties in meeting such compliance for the breach 

scenarios involving future drilling into the repository. Gas 

generation rates greater than 0.1 mole/drum/year appear to 

create problems for long-term integrity. The best estimates 

of gas production rates are 25 to 50 times this rate, viz. 

2.5 to 5 moles/drum/year. It does not appear likely that the 

experiments will yield a rate of gas generation low enough to 

be acceptable for prediction of satisfactory long-term 

performance of the repository. 

Part of.the problem in making a satisfactory assessment 

of the validity of the proposed experiments is non

availability of the procedures used to reach conclusions of 

potential non-compliance with the EPA Standards. Also, very 

high gas pressures predicted in the repository by DOE 

scientists do not seem to have considered whether several gas 

generation processes could continue under expected conditions 

for several hundreds of years. Nevertheless, gas generation 

appears to create problems within a few tens of years after 

closure of the repository, and some mitigation measures, 

engineered modifications of the waste and/or surroundings, 

may have to be found. This appears to be a more important 

activity at this time, rather than refinement of the gas 

generation rates. 

Precious time has been lost by not starting the bin

scale tests at one of the DOE waste generator sites, since 

the problem was identified in 1979 and again surfaced in 

1987. The current design of the bin-scale tests should yield 
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information on the contribution of various factors in gas 

generation. The tests could be expanded in scope to include 

study of various engineered modifications, such as different 

kinds of getter materials and different kinds of additional 

processing of the waste and the drums. EEG believes that 

this should be done and the bin-scale experiments should 

begin as soon as possible. The plan for the alcove tests 

needs more refinement to establish that there is a 

possibility of obtaining quantitative data in time for 

performance assessment and that experimental problems (e.g., 

room sealing) are manageable. 

In proceeding with these experiments, it should be kept 

in mind that the results will most likely not help in 

showing compliance with the EPA Standards. If properly 

conceived and redesigned, they may yield useful information 

for selecting effective engineered modifications to solve the 

problems that have already been predicted. 
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1. INTRODUCTION 

1.1 Background 

The site for the Waste Isolation Pilot Plant (WIPP), 25 

miles east of Carlsbad, was chosen in the mid-1970s for 

permanent disposal of radioactive waste. After twice moving 

the specific location for the repository and several changes 

in its mission, the present site was selected in 1982 to 

provide a suitable place where transuranic nuclear waste, 

generated from the nation's defense activities, could be 

safely isolated permanently. The WIPP surface and 

underground facilities have been designed and built to make 

it a permanent repository for all the defense transuranic 

(TRU) waste that is retrievably stored and expected to be 

generated through the year 2013. The projected maximum 

volume is 6.2 million cubic feet of contact-handled 

transuranic (CH-TRU) and 250,000 cubic feet of remote

handled (RH-TRU) waste. There is basically nothing "pilot" 

about WIPP, except that the U.S. Department of Energy (DOE) 

plans to emplace up to 8% of the total quantity of waste in 

an easily retrievable mode during the first five years of the 

project. 

The 1979 authorizing legislation for WIPP (P.L. 96-164) 

established its mission to be 11 ••• a research and development 

facility to demonstrate the safe disposal of radioactive 

wastes resulting from the defense activities and programs of 

the United States ... " A great deal of work, at a cost of 

about $800 million to date, has been conducted since 1974 to 

assess whether this is a good site for the permanent 

disposal of transuranic radioactive wastes, to test the waste 

containers in brine, and to develop backfill, plugs and 

seals, transportation containers, etc. The effort has 

required the drilling of 65 boreholes and miles of 
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geophysical exploration surveys, examination of thousands of 

feet of rock cores, extensive laboratory studies and analysis 

of data, several tens of man-years of field-work, laborious 

testing on the surface and underground, and excavation of 

four shafts and miles of tunnels. The results of most of 

this work are summarized in two publications, Lappin (1988) 

and Tyler, et al. (1988), which were prepared at EEG's 

request (State of New Mexico/DOE, 1984, p. 11). 

The U.S. Department of Energy planned to begin shipping 

waste to WIPP in October, 1988 to initiate experiments with 

radioactive wastes. Among the reasons that the date was not 

met was the absence of an acceptable plan for experiments 

requiring emplacement of waste underground. DOE has now 

proposed emplacement of waste at WIPP for "experiments and 

operational demonstration" (U.S. DOE, 1989a). The concept of 

experimenting with the TRU wastes has been discussed within 

the WIPP project over a number of years, but the WIPP Project 

Office (WPO) did not begin to develop these plans until 1988. 

1.2 Evolution of Experimental Plans 

The first comprehensive report on the WIPP in situ 

testing plan was published by the Sandia National Laboratory 

(SNL) in 1982 (Matalucci, et al., 1982). In spite of the 

title of this report, however, it did not contain any 

proposal for experiments with transuranic wastes but did 

contain a proposal for emplacing 1.4 million ft3 (22.7% of 

the WIPP capacity of 6.2 million ft3) of TRU waste as 

"initial pilot emplacement operations ... during the retrieval 

period" (Matalucci, et al., 1982, p. 98). Several other 

''Test Plan" reports (Molecke, 1984; Molecke and Wicks, 1986; 

Molecke, 1986; Molecke and Munson, 1987; and Matalucci, 

1987) by the Sandia group in charge of WIPP experiments, 

published between 1983 and 1987, also do not contain any 

proposals for emplacement of TRU wastes at WIPP for 
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experiments. They only propose or describe experiments to 

study the effect of brine and humidity on empty 55-gallon 

drums; selection of backfill; plugging and sealing of the 

boreholes, shafts, and tunnels; rate of closure of the rooms 

with or without heat; etc. on January 7, 1987, Sandia 

National Laboratories transmitted "Preliminary Details of the 

WIPP Radioactive Tests (WRT)" to DOE (Weart, 1987). This 

memo of record described only the high-level waste 

experiments and did not describe any experiments with TRU 

wastes. 

Since DOE had planned to start shipping waste to WIPP in 

October, 1988, EEG requested information on experiments 

several times verbally in 1987 and formally requested this 

information in a December 31, 1987 letter (Appendix A). In 

October 1987, there was as yet no written justification for 

shipping the waste to WIPP, but DOE announced plans to ship 

up to 126,000 drums (15% of the total WIPP capacity) for 

"Research and Development" (Wade, 1987). EEG analyzed the 

implications of this statement and concluded that DOE should 

not ship substantial quantities of waste to WIPP until "after 

the decisions about any needed reprocessing of the waste 

drums and the design of backfill had been finalized" 

(Chaturvedi, Channell, and Chapman, 1988, Appendix B). 

A draft of the first report that outlined the DOE plans 

for experiments with TRU wastes at WIPP, entitled "Panel One 

Monitoring Plan for the Waste Isolation Pilot Plant" (U.S. 

DOE, 1988a), was received by EEG in March, 1988. It 

identified three types of information which would be obtained 

from monitoring the behavior of the storage rooms: 1) 

structural response, 2) gas generation and/or consumption, 

and 3) brine accumulation. The report proposed filling four 

of the 56 WIPP "rooms" with CH-TRU waste to monitor gas 

generation. The specific quantity of waste was not 

3 



identified, but at approximately 6,000 drums per room, it 

would be about 24,000 drums (2.8% of the total volume). The 

monitoring plan was not designed to observe processes that 

might occur subsequent to rupturing of containers and this 

severely limited the validity and usefulness of the proposed 

experiments for predicting the conditions in the repository 

beyond a few tens of years. There were several other 

deficiencies and omissions in the plan. EEG sought 

clarifications on several points through a letter to DOE 

dated May 11, 1988 (Appendix C). We did not receive a reply 

to this letter and the report was never published. 

The second report (U.S. DOE, 1988b) that contained an 

outline of experiments requiring emplacement of waste at WIPF 

was given to EEG for review on June 16, 1988. This 260-page 

draft report was a collection of studies proposed by Sandia 

and Westinghouse scientists and engineers to aid in 

consequence analyses involving breach scenarios, backfill 

selections, rock mechanics, durability of 55-gallon drums, 

plugging and sealing of excavations, and hydrologic testing. 

Hidden in the report were three pages (Section 6.2) on "Gas 

Monitoring" that sought to provide the justification for 

shipping 25,000 drums of CH-TRU waste to WIPF "to allow a 

quantification of the uncertainty in predicting the amount of 

gas generated/consumed in any one of the rooms at WIPF" 

(U.S. DOE, 1988b, p. 6-3). 

In a July 13, 1988, letter (Appendix D), EEG concluded 

that the DOE's Five-Year Test Plan lacked coherence and 

internal consistency. The plan required data by the end of 

1990 to perform calculations for long-term safety 

assessment, but, even under the most favorable circumstances, 

that would have been unachievable. Also, while the plan 

placed much emphasis on the need to study the effect of 

"synergism," or interaction between gases, brine, rock, and 
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metal, the proposed efforts to retain the multilevel 

isolation of the waste would not have allowed such 

interactions to take place. The tests would be conducted 

without backfill (to maintain easy retrievability) , without 

allowing brine to accumulate around the drums (to prevent 

corrosion of the drums) , and without allowing gas pressures 

to build up in the rooms (to avoid hazards to workers). This 

would have so constrained the experiment that the data would 

not have represented the actual conditions expected in the 

repository over a period of time. Finally, we again 

expressed our concern about the plan to emplace a large 

quantity of waste without backfill and without a reprocessing 

decision. 

We did not receive a reply to our July 13, 1988, letter 

on the Five-Year Test Plan, but DOE officials told us 

verbally that a new plan was being prepared and would be 

released later in 1988. In September 1988, DOE announced 

that shipment of waste to WIPP would be delayed until 1989. 

As late as January 1989, EEG was requesting justification for 

preparations to ship waste to WIPP, but none was available 

(see Appendix E). 

A new plan (U.S. DOE, 1989a) was received by EEG on 

April 26, 1989. This time the title was, "Draft Plan for the 

Waste Isolation Pilot Plant Test Phase: Performance 

Assessment and Operations Demonstration." As before, this 

300 page document contained only six pages (p. 2-106 to p. 2-

112) of an outline of experiments with radioactive waste plus 

a 24-page Appendix entitled, "Tests with CH-TRU and Simulated 

Wastes," that contained some additional description of the 

tests. The document did not, however, contain the detailed 

plans that would provide a basis for a technical review of 

the merit of temporary emplacement of a large quantity of 

waste. These were to be provided sometime in "mid-FY89" 
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(U.S. DOE, 1989a, p. 2-109 and 2-112). 

The document (U.S. DOE, 1989a) proposed shipping 8% of 

the WIPP design capacity (approximately 500,000 ft3 or 68,000 

drums) for "testing and operational demonstrations" during 

the Five-Year Test Phase. The plan was, however, obsolete at 

the time of its issue. A "Notice to Reader" attached to the 

plan, changed the limit to 3% of waste for the first three 

year period, without providing any technical justification. 

DOE still reserved the right to self-determine whether to 

emplace up to 8% of the total inventory during the five year 

period. 

Because of inadequate details in the document (U.S. DOE, 

1989a) , EEG sought clarification on a number of points 

through a letter dated May 15, 1989 (Appendix F). Replies to 

questions raised in this letter were received by EEG on July 

11, 1989 (Appendix G). These responses state that out of the 

three proposed scales (lab-scale, bin-scale, and room-scale) 

of experiments, the test plan for the lab-scale experiments 

will not be available until October 1989 (response to 

question 14, Appendix F) and the test plans for the other two 

were provided to EEG as preliminary drafts,, unapproved by 

DOE, which are "presently undergoing internal review and may 

be modified by on-going reviews" (response to question 13, 

Appendix F) . EEG participated in a peer review of the draft 

plans on August 23 and 24, 1989. 

While a thorough review of DOE plans should ideally 

await receipt of detailed, DOE-approved plans, there is so 

much interest in these plans that an evaluation is being 

provided based on the information available~ to us through 

September 15, 1989. 
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2. OPERATIONAL DEMONSTRATION 

EEG's interim evaluation of U.S. DOE (1989a) was issued 

on July 9, 1989, in response to a request from Senator Pete 

Domenici. This evaluation (Appendix H) included EEG's 

position on the operational demonstration part of the plan 

and it is repeated below. 

DOE proposed to ship 18,300 drums for 

operational demonstration during a three-year 

period and would reserve the option to emplace as 

many as 63,500 drums for operational demonstration 

(68,000 total drum-equivalents minus 4,500 drum

equivalents for scientific experimentation) before 

meeting the Standards. We do not believe that 

waste should be brought to WIPP for this purpose 

prior to proving that the facility can meet the 

Standards for safe disposal for the following 

reasons: 

1. There is little technical knowledge or 

experience to be gained in conducting waste 

handling activities at WIPP before completing 

a number of required actions. Waste cer

tification is occurring at the generating 

sites, as is packaging and waste handling. 

DOE has transported more than 100,000 CH-TRU 

waste drums from the generating sites to INEL 

since 1970 and is still transporting drums 

today. 

2. The emplacement of 18,300 drums before making 

a decision on the need to process wastes 

(e.g., cementation, crushing, incineration, 

7 



etc.) could result in needless transportation 

and operations related occupatic1nal radiation 

exposure. If treatment is required, a 

facility would have to be built for this 

purpose at WIPP, or waste would have to be 

transported back to Rocky Flats or elsewhere 

for processing. 

3. Until DOE commits to the actual waste 

emplacement conditions including backfill, 

getters, or other engineering modifications, 

waste emplacement will not represent actual 

conditions. And those commitments will be 

heavily based on the results of the 

performance assessment. 

4. Operational demonstration is unrelated to the 

demonstration of compliance with the disposal 

requirements of the EPA Standards. 

5. If the scientific experiments with 4,500 drums 

are conducted, it will require 107 truck 

shipments. Unloading more than 300 TRUPACTs 

and moving the material through the system 

will provide considerable operational 

experience. 

6. It is important to demonstrate an ability to 

emplace increasing amounts of waste safely, 

but we see no purpose to doing it twice, now 

and when the disposal phase begins. 

7. DOE has not identified any need to conduct 

operational demonstrations at thE~ HLW facility 

in Nevada and has no plans to do so prior to 
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demonstrating compliance with the EPA and NRC 

Standards for disposal. Experiments and 

operational demonstration with HLW at the 

Climax Mine in Nevada involved a dozen 

shipments, which is insignificant compared to 

the 1,500 planned shipments to WIPP for 

operational demonstration. 
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3. IMPACT OF GAS PRODUCTION ON PERFORMANCE ASSESSMENT 

3.1 Performance Assessment 

"Performance Assessment" in this report refers to the 

assessment of compliance of a radioactive waste repository 

with the Environmental Protection Agency (EPA) "Standards for 

the Management and Disposal of Spent Nuclear Fuel, High Lave:l 

and Transuranic Radioactive Wastes" contained in the Code of 

Federal Regulations 40 CFR Part 191 (U.S. EPA, 1985). WIPP 

is required to meet these Standards as will the High Level 

Waste (HLW) repository for commercial and defense HLW, 

currently being planned for the Yucca Mountain site in 

Nevada. Subpart A of the Standards specifies maximum 

allowable releases for management and storage of radioactive 

waste and applies to facilities designed for temporary 

retention of the waste. Subpart B of the Standards is 

designed to assure long-term integrity of a geologic 

repository for nuclear waste. These were vacated by the 

First Circuit Court of Boston in June 1987, and are expected 

to be reissued by EPA in draft in 1989. DOE and New Mexico 

formally agreed in 1987 to continue to evaluate WIPP against 

the 1985 Standards, until the new ones are promulgated. 

According to U. s. EPA ( 1985) , 40 CFR 191. 12 ( q) : 

"Performance assessment" means an analysis that:{l) 

Identifies the processes and events that might 

affect the disposal system; (2) examines the 

effects of these processes and events on the 

performance of the disposal system; and (3) 

estimates the cumulative releases of radionuclides, 

considering the associated uncertainties, caused by 

all significant processes and events. These 

estimates shall be incorporated into an overall 

probability distribution of cumulative release to 
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the extent practicable." 

Compliance with the EPA Standards will thus be 

demonstrated on the basis of probabilistic risk assessment 

and does not require emplacement of waste in a repository. 

In fact, DOE plans to complete such compliance at the Yucca 

Mountain, Nevada, high-level waste (HLW) repository, based on 

the geologic/hydrologic information obtained during site 

characterization. The Nuclear Regulatory Commission (NRC) 

requires DOE to demonstrate compliance with the Standards 

(U.S. EPA, 1985) before granting a license to begin 

construction of the HLW repository. 

3.2 The Gas Problem 

DOE's Test Phase Plan document (U.S. DOE, 1989a) 

describes the gas generation tests to be "in support of 

compliance with the EPA Standard, 40 CFR 191, Subpart B" (p. 

ES-4). The WIPP Project Manager's Monthly Report for June 

1989 (U.S. DOE, 1989b, p. 9) states, "All of the tests are 

designed to determine if WIPP can comply with EPA Standards 

that establish limits on the amount of radioactive materials 

allowed into the environment for a period of 10,000 years." 

These statements and several others made publicly by DOE 

officials maintain that the gas generation measurements in 

the repository are vital for assessing compliance with the 

EPA Standards. Since the only purpose of the proposed in 

situ experiments with waste is to measure the rate of 

production of gas from TRU waste, an evaluation of this 

position requires an examination of the potential impact of 

additional gas-generation measurements on predictions of 

long-term isolation of the waste from the environment. 

3.3 Gas Generation Rates and Quantities 

Molecke (1979) performed a comprehensive review of all 

applicable gas generation data and experimentally 

investigated the mechanisms for gas generation, such as 
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radiolysis, bacterial action, and chemical corrosion, as well 

as thermal decomposition and dewatering. WIPP TRU waste 

materials expected to produce gases include cellulosics 

(paper, cotton, cloth, wood, etc.), plastics (polyethylene, 

polyvinyl chloride), rubbers, concrete-TRU ash, process 

sludges, asphalt and corrosion of mild-steel drums. The 

major gases expected to be produced from TRU waste 

degradation are hydrogen (from radiolysis and from corrosion 

in an anaerobic, wet environment), carbon dioxide and carbon 

monoxide (from radiolysis, bacterial degradation, and thermal 

degradation of cellulosics) , methane (from bacterial 

degradation in an anaerobic environment), nitrogen (from 

degradation of nitrites, sludges, etc.), and water vapor 

(release of sorbed water from sludges, moist cellulosics, 

etc.). The air that will be trapped in the repository will 

provide oxygen and nitrogen. Oxygen will most likely be used 

up in the production of carbon dioxide by microbial activity 

and in the oxidation of metals. Nitrogen will remain and 

some additional !?mall quantities of N2 will be contributed by 

gases geologically trapped in the Salado F~::irmation. 

Molecke (1979, Table 14, p. 52) presented the gas 

generation rates in moles/year/drum for each of the 

mechanisms. This table is reproduced here as Table 1. The 

data for each mechanism and each matrix ari~ presented as 

"lower limit-(most probable range)-upper limit." There is 

one significant change, however, in the understanding of 

long-term repository conditons since 1979. Molecke (1979, p. 

45) estimated that under humid, anoxic conditions, corrosion 

of a CH-TRU drum would produce a maximum of 2 moles/year of 

hydrogen with a total of 672 moles for complete corrosion of 

a drum. But he assumed dry conditions for the WIPP 

repository under which the mild steel would be simply 

oxidized thereby consuming oxygen, but would not produce 

hydrogen. He concluded, "Under expected rE~pository 
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Mechanism 

BACTERIAL 

THERMAL 

RADIOLYSIS 

CORROSION 

ALPHA DECAY 

OVERALL AVERAGE 
(Volume Basis) 

TABLE 1 

COMPARATIVE GAS GENERATION RATES*** 

(***Table 14 of Molecke, 1979b, p. 52) 

Matrix 

Composite, Aerobic 
Composite, Anaerobic 
Plywood Box,* Aerobic 
(Plywood Box, Aerobic, 3.2 m3) 
(Plywood Box, Anaerobic, 3.2 m3) 
Asphalt, Aerobic 
Asphalt, Anaerobic 

Composite (40°C) 
Paper (70°C) 

Cellulosics 
Polyethylene 
PVC 
Composite 
Asphalt (7.7 Ci) 
Concrete-TRU Ash (poured, 15 Ci) 
Concrete-TRU Ash (heated, 15 Ci) 

Mild Steel 

He Generation 

Existing INEL TRU Wastes 

or 

Gas Limits 
(moles/year/drum)* 

0-(0.9-5.5)-12** 
0-(1.2-4.2)-32 
0-(0.44-2.2)-3.0 
0-(2.8-14)-19 
0-(6.8-23)-26 
0-(0.1-2.6)-8.4 
0-(0-1.9)-4.8 

0-(0.02-0.2)-0.4 
0.5-(1.3)-2 

0.002-(0.005-0.011)-0.012 
0.003-(0.007)-0.008 
0.01-(0.03-0.042)-0.08 
0.002-(0.005)-0.006 
0.1-(0.15-0.76)-01.0 
0.03-(0.045-0.93)-1.0 
0.0002-(0.0005-0.035)-0.05 

0-(0)-2.0 

0.00002 

0.0005-(0.3-1.4)-2.8 
per drum 

0.003-(1.5-6.8)-13.5 
per m3 

or 0.0001-(0.042-0.19)-0.38 
per ft3 

drum volume= 0.21 m3 
lower limit-(most probable range)-upper limits; with estimated 
uncertainties. 
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environmental conditions, the corrosion of steel is not 

expected to yield significant quantities of gas." (p. 51). 

The "overall average" of o. 3 to 1. 4 moles/drum/year, 

computed by Molecke (1979) was therefore significantly lower 

than what it would be with the present understanding of the 

waste and the gas-producing mechanisms, because it 

incorporates very low rates for radiolysis and zero for 

corrosion. The arithmetic mean of 0.3 and 1.4 is 0.85 

moles/drum/year, described as the "best estimate" of the 

microbial gas production rate by Lappin, gt al. (1989, p.4-

6) • 

Lappin, et al. (1989, p. 4-8) have called Molecke's 

calculation of 2 moles/drum/year of H2 production for 336 

years due to corrosion of the drums as the "highest rate" and 

have a "lowest estimate" of 0.262 moles/drum/year, based on a 

corrosion period of 2,000 years and the production of 524 

moles of H2 for complete corrosion of a drum (Brush and 

Anderson, 1988). The 2,000-year period is taken from 

extrapolation of a laboratory study of the corrosion of 

a different kind of mild steel (A216 Grade WCA, and not the 

SAE 1018 steel used for WIPP CH-TRU Waste) by Haberman and 

Frydrych (1988). This extrapolation of the test data to a 

lower temperature and lower Mg2+ concentration of Salado 

brines indicated a range of 500 to 2,000 years that will be 

required for complete anoxic corrosion of the drums. Lappin 

et al. (1989, p. 4-8) have chosen the higher value of this 

very wide range of calculated time period and therefore 0.262 

moles/drum/year is an unrealistically low value. 

Nevertheless, they have assumed the ari thmE:!tic mean of 2 

moles/drum/year (Molecke, 1979 - highest rate) and 0.262 

moles/drum/year (lowest estimate), that is., 1.13 

moles/drum/year, as the "best estimate" of the H2-production 

rate due to corrosion. For the best estimate of total 

production rate, they assumed 598 moles/drum (the mean of 672 
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moles estimated by Molecke, 1979, and 524 moles estimated by 

Brush and Anderson, 1988) . These mean values lead to an 

estimate of anoxic drum corrosion of 1.13 moles of 

H2/drum/year for 529 (598 + 1.13) years. Lappin et al. 

(1989, p. 4-10) have proposed to increase this estimate by 

50% to 1.7 moles/drum/year to account for additional 

corrosion of metal boxes and metallic constituents of the 

waste. According to them, this makes the "best estimate" of 

total gas-production rate to be 2.55 moles/drum/year (0.85 

from microbial activity and 1.70 from corrosion). 

A more straightforward approach to estimate the 

quantity of gas produced by microbial processes would be to 

simply take the arithmetic mean of the numbers for bacterial 

decomposition of composite wastes. From Table 1, this range 

is 0.9 to 5.5 moles/drum/year for aerobic processes and 1.2 

to 4.2 moles/drum/year for anaerobic. The arithmetic mean of 

the highest and lowest values, 0.9 and 5.5, is 3.2 

moles/drum/year and that should be considered a reasonable 

estimate of gas production due to bacterial processes. The 

Lappin et al. (1989) estimate of 1.7 moles/drum/year for 

corrosion-produced gas, while not conservative, may be 

accepted in the absence of more reliable data. This gives a 

number of 4.9 (3.2 + 1.7) moles/drum/year as the best 

estimate of the quantity of gases to be produced. If gas 

production by radiolysis is added, the number would be even 

higher. EEG does not believe that gas generation by 

radiolysis is negligible (EEG, 1989, p. 55). For a G factor 

of 0.6 to 8.4.used in TRUPACT-SARP (Nuclear Packaging, Inc., 

1989) radiolysis would produce 0.38 to 5.38 moles/drum/year 

of gas (J.K. Channell, personal communication). 

Following another approach, Sandia National Laboratories 

(1979) estimated 5 moles/drum/year as the rate of gas to be 

produced. A 210-liter (55 gallon) drum containing 60 kg of 
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organics would produce 5,600 moles of gas, if complete 

conversion took place. Since laboratory data indicated that 

the conversion would not be complete, an a.rbitrary estimate 

of 2,000 moles of gas/drum was made. Using the assumption 

that the gas generation period is 400 years, a rate of 5 

moles/drum/year was projected. This estimate did not 

include gas generation by corrosion of drums. 

It is clear from the discussion above and the very wide 

ranges of gas generation for each mechanism (see Table 1) , 

that there is much uncertainty in the estimates for the rates 

and quantities of gas production from TRU waste. Because of 

the large numbers of contributing factors involved, it may 

never be possible to significantly narrow this range. 

However, the data suggest the best estimate of the rate of 

gas production, without counting the contribution by 

radiolysis, to be 5 moles/drum/year and not 2.55 moles/drum 

per year as estimated by Lappin et al. (1989). Similaraly, 

reported numbers of total gas production per drum, 2 1.000 

moles (Molecke, 1979), or 1,500 moles (Lappin et al., 1989), 

have no sound basis either. One can only say that it would 

be less than 5,600 moles. 

The only other effort to experimentally measure the rate 

of gas production from TRU wastes is reported by Clements and 

Kudera (1985). They measured head-space gases from drums of 

TRU waste from Rocky Flats Plant (RFP) stored at Idaho 

National Engineering Laboratory (INEL). While the results of 

these measurements are very useful for estimating short-term 

quantities, such as during transportation of these wastes and 

during operations at WIPP, they are not of much use for 

predictions of repository conditions after plugs and seals 

are in place. The measurements were made during near-surface 

storage at INEL, under low relative-humidity, that prevented 

significant microbial degradation as well as corrosion. 
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Since these two processes are expected to generate most of 

the gas, the experiment did not simulate the conditions in 

the repository beyond the first few years. 

3.4 Gas Production and Breach Scenarios 

The potential for damage to the integrity of the 

repository caused by the gases produced by degeneration of 

organic materials and corrosion of drums and metals in TRU 

wastes was recognized very clearly by WIPP scientists as 

early as 1979. The following quotes from Molecke (1979a) 

describe the problem most succinctly. 

"Long term concerns are the driving force behind 

the majority of the WIPF-specific gas generation 

studies ... In the Long term, generated gases are 

no longer removed by ventilation and concentration 

and potential pressurization could result -

particularly if rates of gas dissipation (via 

formation permeability) are very low ... If the 

pressure buildup is sufficient, the overburden 

rocksalt-evaporite sequence may be fractured or a 

shaft seal may fail. This could lead to a release 

of potentially contaminated gases (aerosol or vapor 

entrained) to the surrounding geosphere, or provide 

a pathway for water intrusion into the repository." 

(Molecke, 1979a, pp. 3 and 4) 

For long-term integrity of the repository, the concern 

is that the pressures in the repository should not be allowed 

to exceed the rock pressures (lithostatic pressures) at that 

depth. The lithostatic pressure at 2,150 feet is about 2,150 

psi (~ 150 atmos or ~ 15 MPa) . If the gas pressures in the 

repository exceed the lithostatic pressure, it may start 

opening existing fractures until sufficient void space is 

found to dissipate the excess pressure. The repository will 
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?e tightly sealed and there will only be a limited space in 

the Marker Bed 139 underlying the repository level and in the 

disturbed rock zone surrounding the excavation. Pressures 

substantially higher than lithostatic may therefore extend 

the existing fractures or create new ones to the shafts and 

up to the Rustler water-bearing zones or even to the surface. 

The borehole ERDA-9, situated 800 feet from Panel 1 and only 

100 feet from E-300 drift, could provide a conduit to the 

underlying Castile Formation which may contain a pressurized 

brine reservoir. Breach scenarios involving human intrusion 

into the repository become more serious if the repository is 

pressurized, for two reasons: 1) the pressurization prevents 

the room from closing and allows greater communication 

between waste containers, drilling mud, and brine cirulation, 

and 2) the pressure provides a driving force to move brine to 

the surface. 

Lappin et al. (1989) have calculated the accumulation of 

gas pressures in the repository based on an estimate of 2.5 

mole/drum/year of gas production (reproduced here as Table 

2). As much as 170 MPa pressure from hydrogen generation 

from corrosion and 70 MPa 

of organic matter will be 

area in about 600 years. 

pressure from microbial degradation 

generated in the repository storage 

Because of limitations of the 

computational model, the total pressure cannot be accurately 

predicted but will be more than the sum of the two (170 + 70) 

or 240 MPa. From the observed rate of room-closure and the 

expected loading of the repository with waste and backfill, 

it is projected that the void volume of thE~ repository will 

be reduced from the initial 280,000 m3 to a final 13,000 m3 

in 60 years starting from the time the storage area is sealed 

off. Whether this compaction is completed in 60 years or 

takes a few tens of years more to reach final compaction, 

further reduction in void space is not expected. The gas 

pressures are expected to reach the 15 MPa lithostatic 
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TABLE 2 

(Lappin et al., 1989, Table 4-8, p. 4-81) 

Gas Storage Volumes and Calculated Pressures in Storage Area from Maximum Gas 
Potentials, (Assuming that Salt Does Not Creep Open After Initially closing 
and Has Zero Permeability). 

Final 
Void SQace Void Pressure 

Volume Total Microbial Hz 
x 104_l!l3 MP a MP a MP a 

1. Excavated Storage (G) (final) 1. 3 ** 70.0 170.0 
2. Total repository excavation 

(excluding Shaft) (H) 1. 8 ** 52.0 98.0 
3. MB 139 and clay seam above 

excavations (G) 1. 2 ** 270.0 200.0 
4. MB 139 under, clay seam above 

plus excavated storage (G) 2.5 190.0 24.0 58.0 
5. MB 139 under, and clay seam 

above total excavated 
repository area (H) 1. 7 ** 59.0 105.0 

6. MB 139 under, clay seam above 
plus total repository 
excavation (H) (excluding shaft) 3.4 84.0 16.0 38.0 

7. DRZ in excavated storage area 8.0 25.0 8.1 15.0 
8. DRZ in storage area plus final 

excavated storage (G) 9.3 21.0 7.2 12.0 
9. DRZ, MB 139, clay seam, plus 

excavated storage (G) 10.5 18.0 6.5 11.0 
10. Excavated storage (G) 

(initial, empty) 43.0 4.4 1. 8 2.5 
11. Excavated storage (G) 

(initial, filled) 28.0 6.7 2.7 4.0 

ohc Beyond applicable range of Redlich-Kwong equation of state, as a a result of 
excessive pressures. 
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pressure in 60 yea~s and will increase to twice the 

lithostatic pressure (30 MPa) in 120 years, unless additional 

void space is created by fracturing or re-expansion of the 

repository (Lappin et al., 1989, Figure 4-13, p. 4-83). 

Preliminary calculations by Sandia National Laboratories 

scientists indicate that a gas production rate of 0.1 

mole/drum/year generates pressures equal to lithostatic in 

the repository (Lappin, personal communication, and 

presentation to the NAS WIPP Panel, June 7, 1989). In 

short, expected rates and amounts of gas generation in the 

WIPP repository create difficulties in maintaining long-term 

isolation of the waste and the rate has to be a factor of 25 

to 50 less than the current best estimate, for the potential 

problem to disappear for the undisturbed sc:enarios. The 

problem will still exist for the human-intrusion scenarios. 

3.5 Effect of Formation Permeability on Gas Pressurization 

Formation permeability has an effect on the gas 

production rates. Sandia National Laboratories (1979) 

concluded that a gas generation rate of 5 moles/drum/year and 

a salt permeability of 5 x 10-8 darcy will exceed the 

lithostatic pressure in 200 years. However, they 

optimistically assumed that it would simply delay creep 

closure until the gas producing material is exhausted in 400 

years, after which the pressure would decre~ase to below the 

lithostatic in 800 years. Gas permeabilities lower than 5 x 

10-8 darcy were measured on ERDA-9 salt rock core samples in 

1978 (Powers, et al., 1978, p. 9-7). The Sandia National 

Laboratories (1979) calculations indicated that at a 

formation permeability of less than 1 x lo-·7 darcy, gas 

pressurization in the repository above the lithostatic 

pressure would result. If the permeability was assumed to 

be higher than 1 x lo-7 darcy, maximum pressures would remain 

below the lithostatic. The National Academy of Sciences WIPP 

Panel evaluated the question of gas pressurization in 1984 
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and concluded that "a gas generation rate of 5 mole/year per 

drum is acceptable." This conclusion was based on the 

assumption that the formation permeability would be higher 

than 1 x 10-7 darcy. The Panel accepted 1 x 10-5 darcy to be 

the more likely permeability, as measured in some .Salado 

boreholes, and stated, "The higher permeability figures from 

the field are in fact likely to be more realistic because the 

bedding-plane seams of clay and anhydride are likely to be 

major contributors to in-situ permeability" (NRC/NAS, 1984, 

p. 35). 

Permeability measurements on rock-cores were reported by 

Cooley, Butters and Jones (1978), Sutherland and Cave (1979), 

Cooley and Butters (1979) and Sullivan (1983). Based on the 

experiments performed by these investigators, Tyler et al 

(1988, p. 144) concluded, "the laboratory measurements 

suggest that the permeability of the undisturbed WIPP salt is 

less than 0.05 microdarcies", i.e. less than 5 x 10-8 darcy. 

In situ permeability of the Salado Formation was 

measured in the borehole AEC-7 in 1979 and the results were 

published by Peterson et al (1981). These measurements 

yielded a range of values in the microdarcy range or lower, 

but were not considered reliable because of short test 

durations and the assumption of Salado salt being 

unsaturated. 

After excavation of the WIPP underground, in situ 

permeability measurements on the repository horizon were made 

between 1984 and 1986. These results were published by 

Peterson et al. (1985) and Peterson et al. (1987). These 

measurements used nitrogen gas as the medium and were 

conducted in horizontal, vertical and angled boreholes 

drilled from the WIPP drifts. The results from shallow 

depths (within 1 meter of the excavation into the rock) 
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showed a range of several orders of magnitude from.3 x 10-7 

darcy and higher. Beyond one meter range, more consistent k 

values, in the 10-8 to 10-9 darcy range, were interpreted. 

This was to be expected because of the eft:ect of disturbed 

rock zone around the excavations. 

Brine flow tests in two boreholes in the WIPP repository 

horizon were conducted in 1986 and are described by Peterson, 

Lagus and Lie (1987). Based on the assumption that the 

formation is saturated with brine and for the measured 

formation pore pressures, halite permeability of 10-9 darcy 

and a marker-bed-139 permeability of 10-8 darcy were 

interpreted. 

3.6 Brine. Gas, and Performance Assessment 

Before underground excavations at WIPP, salt beds were 

thought to be essentially dry with very small amounts of 

moisture contained within the halite crystals. Observations 

in WIPP excavations since 1983 revealed anomalous quantities 

6f moisture appearing on the walls as encrustations, some 

stalactites hanging from the back (ceiling), and holes in the 

floor filling up with brine. It was not until 1986, however, 

when the idea that salt beds may be saturated with brine was 

first proposed. Bredehoeft (1986, 1988) proposed that a 

repository in salt will fill with brine once the ventilation 

of the facility ceases to remove moisture. For a 

permeability of 10-8 darcy, he calculated the rate of inflow 

to be of the order of 0.01 liter/day/meter of tunnel. This 

would provide sufficient brine to saturate the closing rooms 

of the repository in a few hundred years. 

Anderson (1987) calculated the effect of this hypothesis 

on long-term integrity of the WIPP repository and concluded 

that between 5 and 15 m3 (30 to 90 barrels) of "slurry" of 

brine and waste released to the surface will violate the EPA 
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standards. Subsequent work by Nowak, McTigue and Beraun 

(1988) found the "expected" brine accumulation in a WIPP 

disposal room in 30 years to be in the range of 4 m3 to 43 m3 

whereas an estimated 900 m3 is required for saturation of 

waste and backfill during this period. These calculations 

are, however, based on a number of assumptions of definite 

values of several key parameters which have a wide range and 

associated uncertainties. Nowak, McTigue and Beraun (1988) 

assumed formation permeability of 10-9 to 10-8 darcy (10-21 

to 10-20 m2), a porosity of 0.001, a Darcy-flow assumption 

for movement of brine through salt, storage due to linearly 

elastic compression of the salt and brine, a rate of host

rock creep resulting in complete reconsolidation in about 100 

years, and the initial pore pressure to be between 

hydrostatic and lithostatic. Changes in the values of these 

parameters will change the calculated brine inflow values 

significantly. 

The value of the permeability of the repository 

formation is a key parameter that affects the calculated 

values of brine inflow. Nowak, McTigue and Beraun (1988) 

calculated that increasing the permeability from 10-9 darcy 

to 10-8 darcy increases the brine inflow by a factor of 4 or 

5. The highest assumed valve of 10-8 darcy is primarily 

based on a statistical argument and in situ measurements 

reported by Peterson, Lagus and Lie (1987), who stated 

(p.42), "While the data can be interpreted to yield free 

field pore fluid pressure and formation permeability values, 

the results are not conclusive." Other arguments to support 

the contention that the maximum brine-inflow calculated by 

Nowak, McTigue and Beraun (1988) is not necessarily the 

maximum amount, are presented in Chaturvedi, Channell and 

Chapman (1988, pp. 359-361; included as Appendix B of this 

report). 
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One of the important assumptions used by Nowak, MC:::Tigue 

and Beraun (1988) was that the WIPP disposal rooms would be 

virtually completely reconsolidated due to host rock creep in 

about 100 years, preventing further accumulation of brine. 

In making this assumption, they did not consider the 

potential role of gas generated by waste in slowing the rate 

of creep of salt. If the salt permeability is indeed as low 

as assumed by Nowak, McTigue and Beraun (1.988), lesser 

amount of brine will flow into the repository, but the 

dissipation of gas in the rock is also drastically reduced. 

It is now clear that an accurate prediction of physical

chemical-biological conditions in the repc1sitory would 

require predictive modeling of multi-phase: conditions in the 

repository, with best available estimates of mechanical, 

hydrological, geochemical and biological parameters. Such 

modeling would provide a range of conditions, which then 

should be used to perform a probabilistic risk assessment to 

assess compliance with the EPA Standards (U.S. EPA, 1985). 

The conclusions of Anderson (1987) were based on the 

brine-slurry problem without consideration of gas generation 

in the repository. Since then, WIPP scientists (e.g., Lappin 

et al., personal communication, and presentation to the NAS 

WIPP Panel, June 7, 1989) have examined the effect of gas 

pressurization on the repository and concluded that a gas 

generation rate of 0.1 mole/drum/year will exceed lithostatic 

stress and might be unacceptable. Present "best estimates" 

of gas generation rates are 2.55 moles/drum/year (Lappin et 

al., 1989, p. 4-10) and 5 moles/drum/year (this report, 

Section 3.3). These estimates are based on the best 

available information on microbial and corrosion produced gas 

generation rates and do not include radiolytic gas 

generation which may not be a trivial amount. It does not 

seem likely that experimental observation under long-term 

simulated conditions would yield a number for the rate of gas 
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generation, that is substantially lower than the present 

estimates. 

Unpublished work by WIPP scientists continues to show 

problems in meeting compliance with the EPA Standards. For 

example, Anderson (1989) included the following two 

statements: 

"Preliminary PA calculations suggest that human 

intrusion into a repository of current design may 

give rise to releases that could violate 40 CFR 

191." (Result of a 4/21/87 Initial Sensitivity 

Analysis) 

"We cannot presently ensure that WIPP will comply 

with the standard for human intrusion scenario." 

Presumably, these conclusions are influenced by the 

gas/brine problem, but the calculations leading to these 

statements have not been published. 

In summary, the potential problem of gas pressurization 

has been recognized by the WIPP project scientists since 

1979. Early (in 1986, 1987) calculations to assess 

compliance with the EPA Standards raised the possibility of 

not being able to meet compliance with the Standards. 

Efforts to define the parameters that contributed to the 

"brine slurry" problem showed that because of very low 

permeability of the repository host rock, if brine inflow is 

not a problem, gas pressurization most likely is. Intensive 

modeling effort by Sandia scientists between January and 

March 1989 (Lappin et al., 1989), in support of the 

Supplemental Environmental Impact Statement preparation, has 

more clearly outlined the nature of the problem. Because of 

the unavailability of multi-phase flow modeling codes, 
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precise prediction of the consequences of gas pressurization 

cannot yet be made (Lappin, personal communication) . 

However, sufficient information is now available to conclude 

that gas pressurization and/or brine inflow will most likely 

be deleterious to the integrity of ·the WIPP repository, tens 

of years after decommissioning. It seems prudent to find a 

solution to the problem in addition to further defining the 

problem itself. 

3.7 Engineered Modifications 

Chaturvedi, Channell and Chapman (1988) analyzed the 

potential problems due to the flow of brine into the 

repository and reached the following conclusions (p. 363): 

" ... There does appear to be a potential problem of long

term isolation of waste at WIPP under the existing design. 

Engineering solutions to prevent the problem include 

reprocessing of each drum to reduce the void space and 

inclusion of· cement or chemical grouts in the backfill ... " 

It has become more clear since the publication of the 

above that some engineered modifications will be needed to 

reduce the potential problems of brine inf low and gas 

generation in the repository. Some thought has been given by 

the project scientists (Lappin et al., 1989, pp. 4-89 to 

4-100) to employ engineered modifications to the waste, 

container, backfill or design, to reduce the amount of brine 

and gas in the repository. Much more theoretical, 

laboratory and large-scale experimental work is needed to 

ensure long-term integrity of the repository. The following 

discussion summarizes some of the proposed modifications and 

what may or may not be expected from them. 

The simplest modification appears to be to design the 

backfill to absorb or consume brine and ga:s in some manner. 
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Thus, backfill additives such as calcium carbonate (Caco3 ), 

calcium oxide (CaO), potassium hydroxide (KOH), and sodium 

hydroxide (NaOH) could remove most of the carbon dioxide 

(C02 ) expected to be produced by microbial processes (Brush 

and Anderson, 1989). However, it is not a simple solution, 

because very large amounts of these chemicals would be 

required and the process will be complicated if brine is 

present (or not present in some cases). Addition of 

Manganese dioxide (Mno2 ) and copper sulfate (Cuso4 ) has been 

proposed to prevent production of hydrogen (H2), but both 

create other problems. No backfill additive has yet been 

identified that can definitely solve the problem and do so 

without requiring huge amounts. 

A more expensive set of solutions include reprocessing 

or repackaging the waste. These include compaction, 

shredding, addition of cement or chemical grouts in the 

waste, or incineration. Compaction will reduce the void 

space available for brine to occupy and thus reduce the 

potential problem due to brine inflow, but will not solve the 

gas problem. In fact, less void space would mean higher gas 

pressures for a given volume of gas. Also, significant 

reduction of bulk density of TRU waste will not be an easy 

task. Stiff metal waste and cemented sludges control the 

bulk density of these wastes and very high pressures will be 

required to further compact them. Shredding of metallic 

waste might be required prior to compaction. 

Incineration of combustible waste would eliminate gas 

production from microbial and radiolytic reactions with the 

organics, but will not reduce the expected gas production 

due to corrosion of metallic drums and the metallic waste. 

In summary, no ideal solution to the brine and gas production 

through engineered modification has yet been identified. 

Much more effort needs to be made in this area. 

27 



4. EVALUATION OF THE PROPOSED EXPERIMENTS WITH WASTE 

4.1 Documents Available 

This evaluation is based on the following documents that 

have been provided by DOE. 

* Draft Plan for the Waste Isolation Pilot Plant Test 

Phasie: Performance Assessment and Operations 

Demonstration (DOE/WIPP 89-011), April, 1989 

(Received by EEG, April 26, 1989). 

* Addendum - Summary of Revision of the Draft Plan 

for the Waste Isolation Pilot Plant Test Phase: 

Performance Assessment and Operation Demonstration, 

3 p., 2 Figures, 2 Tables (Received by EEG, June 6, 

1989) . 

* Test Plan: WIPP In Situ Room-Scale CH-TRU Waste 

Tests, by Martin A. Molecke, June 5, 1989, Dr~ft, 

with a "Note: This Test Plan has not yet been 

reviewed by a formal, external peer review group, 

nor signed-off by the DOE/WPO" (Received by EEG, 

June 7, 1989). 

* Draft Test Plan: WIPP Bin-ScalE~ CH-TRU Waste Tests 

(Draft for Review), May 8, 1989 ,. Draft by Martin A. 

Molecke (Received by EEG, June 7, 1989). 

* Responses to Questions Dated May 15, 1989, from the 

Environmental Evaluation Group, attachment to Jack 

B. Tillman letter to Robert H. Neill, dated July 

11, 1989, 8 p. + 1 Figure (Received by EEG, July 

13' 1989). 
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The only purpose of the proposed experiments is to 

measure the rate of gas generation by the waste. Three kinds 

of experiments are proposed: lab-scale, bin-scale, and room

scale. Description of the lab-scale experiments will be in a 

report by L. H. Brush that is under preparation, and, 

according to DOE, expected to be available in October, 1989. 

Evaluations of the bin-scale and room-scale proposed 

experiments follow. 

4.2 Bin-Scale Tests 

A test bin is tentatively defined (Molecke, 1989a) to 

have an external, rectangular shape of 44 inches long x 49 

inches wide x 34 inches high with a calculated inner volume 

of about 42.4 ft3. The dimension is selected to fit snugly 

in a standard waste box (SWB) for transportation. They will 

be fabricated of A36 mild steel plate, approximately 1;4 inch 

thick, and painted on both sides. Each bin is designed to 

contain about 6 drum volume-equivalents of CH-TRU waste. The 

bin-scale test proposes to study the effects of several 

factors on gas-production rates. These factors include: 

aerobic and anaerobic atmosphere conditions; conditions 

before and after corrosion of the drums; impact of brine 

inflow; and impacts of waste interactions with salt, metals, 

backfill, and gas getter materials. The effects of these 

factors will be studied by adding brine, metal, backfill, and 

getters in different proportions in different bins. All test 

bins are proposed to have a closely controlled and sealed 

environment (internal atmosphere), with gas sampling ports, 

pressure gage and control systems, and internal temperature 

monitors. The waste will consist of newly generated and old 

waste; processed, inorganic sludges; and standard as well as 

compacted waste and come from the Rocky Flats Plant. 

A total of 100 waste-filled test bins are proposed to be 
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used for the test with an additional eight waste-filled bins 

for contingencies. Since several of these drums will contain 

super-compacted waste, the total drum-volume-equivalent of 

actual 55-gallon, non-compacted waste will be approximately 

896 [(64 non-compacted x 6) + (30 processed sludges x 4) + 

(14 super-compacted x 28)]. These tests are expected to 

start providing significant data within weeks to months after 

initiation of the test. The test is proposed to continue for 

about two to five years, or until the data acquired are 

sufficient to provide confidence in the reliability of the 

information being obtained. According to U.S. DOE (1989c, 

Vol.I, p. S-7), these tests can be performed at any one of 

several DOE locations and do not have to be performed at 

WIPP. If performed at WIPP, it is proposed to emplace all 

the bins in Room 1 of Panel 1. The emplac,ement will be in 

two phases; 32 bins will be emplaced in Phase I and will 

simulate conditions during the 25-year operational-phase of 

the repository. These will contain either no backfill or 

only salt/bentonite backfill without getters or special 

additives. Phase II will use up to 68 bins and these will 

simulate the long-term conditions by incorporating various 

proportions of brine, backfill, getters, and metal. Fourteen 

of these bins in Phase II will contain sup1er-compacted waste. 

Initiation of Phase II bin-tests will depend on 

supporting laboratory data and the availability of super

compacted wastes from the Rocky Flats Plant. The laboratory 

tests will be performed according to the plans yet to be 

described, and their results will help deb:~rmine what 

quantities and compositions of gas getters or other backfill 

materials to use for these tests. 

The proposal for bin-scale tests has apparently resulted 

from the criticism of DOE' s 1988 plan for •:!Xperiments (see 

Appendix D) • These tests will study the interaction between 
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various factors and can be expected to yield meaningful data. 

To be of use for the performance assessment calculations, 

however, the data should be available as soon as possible. 

Given the expressed urgency for such data, it is surprising 

that DOE has not begun these tests at any of the generator 

sites by now. If these tests had been initiated in late 

1987, when the significance of the gas issue had been 

realized, at least some data would have been available by 

now. These experiments cannot begin at WIPP until the DOE 

has received authorization from EPA to ship mixed waste to 

WIPP, which may not be available until April 1990 or later. 

4.3 Room-Scale Tests 

The room-scale tests propose to utilize six "alcoves" or 

rooms, each about one-fourth (in volume) of the regular (300' 

x 33' x 13') room size. Each alcove will be 100' x 25' x 13' 

and will have the capacity to store about 1,100 drums of CH

TRU waste. Five alcoves will contain wastes and one will 

remain empty to serve as a gas baseline alcove. It is 

proposed to conduct the room-scale tests in two phases. 

Phase I will include emplacing CH-TRU waste in one alcove. 

Alcove 1 will be an empty, baseline alcove. Alcove 2 will 

contain a representative mixture of 1050 "as received" CH-TRU 

waste drums. Alcove 3 and 5 will contain "specially 

prepared" non-compacted waste. Alcove numbers 4 and 6 will 

contain "specially prepared" supercompacted waste. Only the 

Alcoves 5 and 6 will be backfilled, others will not be 

backfilled. The "specially prepared" waste will have the 

plastic bags breached by slicing or slashing, and the waste 

will be sandwiched between added layers of backfill (70% 

salt, 30% bentonite) and corrodant materials (mild steel wire 

mesh). After emplacement at WIPP, small amounts of the 

Salado brine will be injected into each waste container. All 

waste containers used in these tests will be vented, although 

the plastic bags in the Phase I alcove will not be breached. 
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Four test alcoves to be used for these tests are being 

mined north of the N1600 drift of Panel 1. A 50 foot long 

and 14 foot wide entryway will lead to eac:h alcove (these 

dimensions are proposed by Molecke, 1989b; however, according 

to a DOE drawing, #51-W-099-W, the entryways are being mined 

to be 170 feet long). 

A pneumatic plug-seal, the specific design of which has 

not yet been developed, will be fitted in each entryway to 

each alcove. A closed-loop gas circulation system will be 

installed through the plug-seal to assure proper mixing of 

the gases generated, to maintain anoxic conditions in alcoves 

3, 4, 5, and 6, to allow injection of tracer gases, and to 

monitor for potential radioactive particulate contamination. 

Monitoring of the gases will be performed from the ductwork 

outside the plug-seal. The gas samples will be analyzed 

using an on-site gas chromatograph. 

Firm schedules for these tests have not yet been 

developed. According to Molecke (1989b), development of 

schedules "requires further DOE/WPO and Sandia discussions 

with Rocky Flats Plant, Idaho National Engineering 

Laboratories and other CH-TRU waste generators/shippers" (p. 

95). However, Figure 2-11 of U.S. DOE (1989a) shows that 

alcoves 5 and 6 of Phase II will be filled during FY '93. 

This will leave no time for the results of these tests to be 

available for use in performance assessment calculations, 

unless they are filled much earlier. 

In summary, a total of five alcoves with approximately 

1,100, 55-gallon CH-TRU waste drums, or equivalent, in each 

alcove are proposed for in situ measurements of the types 

and quantities of gases to be generated from these wastes. 

One alcove will contain waste without breaching the plastic 
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liners and without the waste coming in contact with salt, 

brine, backfill, or getter material. The other four alcoves 

will contain wastes with breached liners and backfill, brine, 

and corrosive metal will be added to the drums. Special 

kinds of backfill materials are not planned to be used for 

these alcoves, as in bin-scale tests. 

4.4 Evaluation of the Experimental Plans 

The details of the experimental plans are not yet 

completed and DOE has not yet approved the specific plans. 

The main concerns with the plans are outlined below. 

1. The experiments will most likely not provide a gas 

generation number that is substantially below the 

present estimates (2.5 or 5 moles/drum/year). Since the 

amount of gas generation that causes problems in 

predicting satisfactory performance is much lower (0.1 

mole/drum/year), the experiments will most likely not 

help in showing compliance with the EPA Standards (40 

CFR 191). However, the results may help in determining 

the extent of engineered modifications to meet 

compliance with the Standards. Since the experiments 

cannot be duplicated without another extensive effort 

lasting several years more, DOE may find itself with 

data that simply reinforce the prediction of problems 

in long-term safety. 

2. Even if it is possible to start shipping the waste to 

WIPP in April, 1990, at best only partial data will be 

available from the proposed experiments by mid-1992. 

The experiments, as planned, may not provide reliable 

data in time for use in performance assessment 

calculations. Also, it is not clear that sufficient 

quantity of gas is likely to be produced to provide 

quantitative data when measurement sensitivities, 
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uncertainties, and the background concentrations are 

considered. 

3. The three scales of proposed tests, viz. laboratory, 

bin-scale and room-scale, do not appear to be 

coordinated to provide complimentary information. The 

laboratory experiments should be performed first to 

provide information for better design of the other two, 

but they are not yet developed (the laboratory 

experiment plan will not be available until October, 

1989, according to DOE). The bin-scale experiments are 

designed to study the effect of various factors on gas 

generation. The plan (U.S.DOE, 1989a) claims that 

these combination of tests will show scaling effects but 

does not explain how this will be done. 

4. The experiments are designed to study the gas generation 

rates only. A good opportunity is being missed to also 

study the effect of engineered modifications on limiting 

the production of gas (and brine) or controlling it. 

The scope of bin-scale experiments can and should be 

enlarged to study the engineered modifications. 

5. If it is necessary to obtain gas generation data, 

precious time has been wasted by not preparing to start 

the bin-scale experiments at the Rock:y Flats Plant site. 

6. The seal design for the room-scale experiment has not 

yet been developed and may provide a major source of 

uncertainty in interpretation of data.. If the leakage 

is noted through the use of tracer gases, it would not 

be clear whether the escape route is provided by 

diffusion, fractures in the alcoves, rock bolts, or 

seals in the entry ways. Also, the f'ormation might 

contribute gas in the alcoves and this will complicate 
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the interpretation of results. In fact, the specified 

tolerance leak rate (0.04 ft3/min) for each alcove 

exceeds the expected gas generation rates. 
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5. CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

The following salient points emerge from this analysis of 

DOE's plans for the Five Year Test Phase for WIPP. 

1. Even though DOE has always maintained the need for a 

five year research and development period for WIPP, the 

experiments that require transuranic waste were not 

identified until 1988. The previous R & D plans only 

proposed experiments with high-level waste. 

2. Since experiments with TRU waste were first proposed in 

1988, the amount identified has varied from 0.5% to 15% 

of the total WIPP inventory. current plans call for 

approximately 0.5% for gas measurement and 2.5% for 

Operational Demonstration. 

3. EEG does not see a need for shipping any waste to WIPP 

for operational demonstration before the facility can be 

demonstrated to meet EPA Standards for safe disposal of 

TRU wastes (U.S. EPA, 1985, or a revised version). 

4. No experiments with remote-handled transuranic waste 

(RH-TRU) have been identified. 

5. Detailed DOE-approved plans for the CH-TRU experiments 

are not yet available. Plans for the lab-scale 

experiments are not available even in draft form. Plans 

for the bin-scale and room-scale experiments are 

available as preliminary drafts, not approved by DOE. 

This analysis is based on the material available to EEG 

through September 15, 1989. 

36 



6. DOE's scientists responsible for assessing WIPP's 

compliance with the EPA Standards (U.S. EPA, 1985) have 

stated at technical meetings that it may be difficult to 

meet compliance with the standards for human-intrusion 

scenarios. No calculations for reaching such 

conclusions have yet been published. In fact, DOE has 

not even published a report listing the scenarios to be 

considered for such assessments. 

7. The problem in meeting compliance with the EPA Standards 

results from the brine inflow from the rock and gas 

generation from the waste. If the formation is assumed 

to have an extremely low permeability, gas 

pressurization becomes a critical issue. At somewhat 

higher permeabilities, brine inflow becomes more 

important. It is necessary to perform and publish 

probabilistic calculations of breach scenarios and a 

sensitivity analysis of factors involved, to judge the 

relative importance of various factors. 

8. A not-so-conservative estimate of gas production from 

TRU waste is 2.5 to 5 moles/drum/year. On the other 

hand, a rate of 0.1 moles/drum per year creates problems 

in performance assessment by raising the pressures in 

the repository to lithostatic (rock) pressure level at 

that depth. Therefore, the proposed gas experiments 

have to demonstrate that gas production is 25 to 50 

times less than the current best estimate, for the issue 

to be not critical. This does not appear likely. 

9. Since the problem has been identified and is not likely 

to be resolved by further experimentation to refine the 

value of one parameter, it seems more important to 

explore ways to solve the problem. Mitigation measures 

to reduce the effect of brine inflow and reduce the 
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amount of gas generation should be investigated. This 

includes theoretical, laboratory, and large-scale 

studies to evaluate various engineered modifications to 

the waste containers, backfill, repository design, etc. 

10. If it is desired to obtain more data on gas generation, 

bin-scale experiments appear far better conceived and 

likely to yield better quality data than the room-scale 

tests. Sufficient good quality data is not likely to be 

available, however, for use in assessing compliance with 

the EPA standards. 

5.2 Recommendations 

1. DOE must publish the analyses that form the conclusions 

stated by DOE scientists at several presentations that 

WIPF has problems in showing compliance with the EPA 

Standards. In addition, a range of scenarios for breach 

should be analyzed and published, to isolate the factors 

that need to be better understood or for which 

mitigation measures must be developed. 

2. A realistic assessment of the effect of gas generation 

should be made. While the assumed "best estimate" of 

2.55 moles/drum/year made by Lappin et al., (1989) is 

one-half of the "best estimate" using the same data 

(this report, p. 15), the predicted pressures (Lappin et 

al., 1989) in the repository (Table 2) are still too 

high. A more realistic assessment would consider the 

amount of brine that would be available; total time for 

bacterial action, radiolysis and corrosion; and the 

inter-relationship between different mechanisms of gas 

production. A better prediction of what may happen when 

the pressure in the repository begins to exceed the 

lithostatic pressure is also needed. 
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3. Based on the information to-date, it seems very likely 

that some engineered modifications will be needed to 

assure long-term integrity of the WIPP repository. 

Theoretical and experimental studies for possible 

modifications should begin immediately. 

4. Based on the assumption that additional data may help in 

making better predictions, planning should continue for 

designing the gas experiments. The bin-scale 

experiments should be expanded to include the study of 

engineered modifications, including various kinds of 

getters and modified waste forms (cemented, incinerated, 

etc.) and should begin without further delay. The plan 

for alcove tests needs more refinement to establish that 

there is a possibility of obtaining quantitative data in 

time for performance assessment and that experimental 

problems (e.g., room sealing) are manageable. In 

proceeding with these experiments, however, it should be 

kept in mind that the results will most likely not help 

in showing compliance with the EPA Standards. 
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7.1 Appendix A - Letter from EEG to DOE, dated 12/31/1987, 
requesting experimental plans for WIPP 
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December 31, 1987 

Mr. Jack B. Tillman 
YIPP Project Manager 
YIPP Project Office 
P. 0. Box 3090 
Carlsbad, NM 88220 

Dear Mr. Tillman: 

ENVIRONMENT AL EVALUA TIClN GROUP 
PO BOX 968 

SANT A FE. NEW MEXICO 87504 

!5051 827-0556 

Confirming our telephone conversation today, the purpose of this letter is to 
request information now on the scientific research and development (R&D) 
experiments scheduled to be performed at YIPP on the CH-TRU waste during the 
first five years of operations. The Department has maintained that waste 
emplacement for the first five years is not disposal, but is R&D to 
demonstrate the safe disposal. As you know I have repeatedly requested this 
information for over a year. At the October 12, 1987, Senate Hearings in 
Carlsbad, Mr. Troy Wade, Assistant Secretary of Defense Programs, stated that 
waste emplacement during this period was R&D. At the joint meeting between 
DOE and EEG two days later no one on your staff could provide any information 
on the experiments. At the NAS Meeting in Idaho in June, you agreed to 
provide that group with information on the experiments at the December 
meeting. At the December meeting in Albuquerque, no information was 
presented. 

The reason I am requesting this technical information now is to fulfill EEG's 
responsibilities to inform the State policymakers at the January 13, 1988 Task 
Force Meeting in determining the applicability of the timing of the EPA 
standard 40CFR.191 Subpart B during the five-year period of waste emplacement. 

At the October 12, 1987 hearing, Dr. Yendell Yeart stated that four rooms 
would be needed for experiments measuring gas generation. Ye have heard 
nothing further on this subject. 

If only four rooms are required for experimental purposes of R&D, that amounts 
to 25,000 drums or 3\ of the total waste to be emplaced at YIPP. Since an 
emplacement of 15\ of the waste during the first five years amounts to 125,000 
drums, what are your plans for R&D for the remaining 100,000 drums during this 
period? If there is no technical documentation or justification for R&D or 
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Hr. Jack 8. Tillman 
December 31, 1987 
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experiments for these 100,000 drums, then the implication is that the 
emplacement is disposal. I need to clarify this now in order to inform the 
policymakers in fulfilling their responsibilities. 

cerely~ 

Robert H. Neill 
Director 

cc: T. Bahr 
L. Gordon 
H. Burkhart 



7.2 Appendix B - Chaturvedi, Channell, Chapman, "Potential 
problems resulting from the plans for the first five 
years of the WIPP project," presented at Waste 
Management '88 symposium in Tucson, Arizona on March 2, 
1988 and published in the Proceedings, Vol. 2, of the 
symposium, pp. 355-364. 



POTENTIAL PROBLEMS RESULTING FROM THE PLANS FOR THE 
FIRST FIVE YEARS OF THE WIPP PROJECT 

Lokesh Chaturvedi, James K. Channell, Jenny B. Chapman 
Environmental Evaluation Group 

State of New Mexico 
P.O. Box968 

Santa Fe, New Mexico 87504 

ABSTRACT 

The Waste Isolation Pilot Plant (WIPP) in southeastern New Mexico is scheduled to start receiving 
defense transuranic (TRU) wastes in October 1988. The U.S. Department of Energy (DOE) has 
planned to store up to 126,000 drums of contact-handled (CH-TRU) waste without backfill during the 
first five-year period. This waste will have to be removed and restacked with backfill during the next ten 
years while new waste will be arriving for disposal. To make matters more complicated, it appears that 
the existing drums of CH-TRU waste have too much void space and since the drums are expected to be
come corroded in a few tens of years, the brine issuing from the salt walls may form a slurry of waste in 
a few hundred years after closure. Preliminary calculations indicate that such conditions may violate 
the EPA Standards ( 40 CFR 191.13) on the basis of analyses of human intrusion scenarios. DOE does 
not plan to complete the performance assessment work to assess WIPP's compliance with the EPA 
Standards until 1993. If the waste drums and boxes have to be reprocessed to reduce void space in them 
and the backfill is redesigned to include cement or chemical grout mixtures instead of the presently 
planned salt/bentonite mixture, each drum may have to be brought up to the surface for reprocessing 
and taken down again for final disposal. It would be simpler and less hazardous to emplace substantial 
quantities of waste underground only after the decisions about any needed reprocessing of the waste 
drums and the design of backfill have been finalized. 

INTRODUCTION 

The Waste Isolation Pilot Plant (WIPP) is a repository 
for the disposal of transuranic (TR U) wastes resulting from 
defense activities of the U.S. Government. The Public Law 
(P.L. 96-164, 1979) authorizing WIPP exempted it from 
licensing by the Nuclear Regulatory Commission (NRC). 
The repository has been designed to dispose 156,000 cubic 
meters (5.5 million cu. ft.) of contact-handled transuranic 
(CH-TRU) waste and 4,250 cubic meters (150,000 cu. ft.) 
of remote-handled transuranic (RH-TRU) waste. In addi
tion, the U.S. Department of Energy (DOE) plans to 
emplace 28 cubic meters (1,000 cu. ft.) of defense high-level 
waste (HL W) for experiments. The HL W will be retrieved 
before decommissioning the repository. DOE plans to start 
shipping the TRU waste to WIPP in October, 1988 and has 
designated the first five-year period of operations as the 
Research and Development (R&D) phase. While an NRC 
license is not required for WIPP, the facility must comply 
with the "Environmental Radiation Protection Standards 
for Management and Disposal of Spent Nuclear Fue~ High
Level and Transuranic Radioactive Wastes" promulgated 
by the Environmental Protection Agency (EPA) and con
tained in 40 CFR 191. 

In the absence ofNRC regulatory authority over WIPP, 
the State of New Mexico's Environmental Evaluation 
Group (EEG) provides the only full-time technical review 
and oversight of the WIPP project. The EEG consists of a 
group of eight scientists representing the disciplines of geol
ogy, hydrology, health physics, environmental engineering, 

and environmental monitoring, and has been in existence 
since 1978 with funds provided by DOE to the State of New 
Mexico. The evaluation by this group has resulted in several 
recommendations for changes in the plans or for addition
al studies to resolve questions of the long- and short-term 
safety of the project. These recommendations have general
ly been accepted by DOE. 

While DOE has designated the WIPP Project as a 
R&D facility for the first five years (1988-93) of operations, 
the R&D plans that would require waste to be emplaced un
derground have not yet been published. Nevertheless, DOE 
plans to emplace up to 126,000 drums of CH-TRU waste 
underground in an easy retrieval mode for the first five-year 
period. It now appears that this temporarily stored waste 
will not just have to be removed for proper emplacement 
with backfill, but it may have to be reprocessed before re
emplacement for disposal in order to be in compliance with 
the EPA Standards. 

The WIPP repository is located in southeastern New 
Mexico, 40 km east of Carlsbad, New Mexico (F"tg. 1) at a 
depth of 855 meters in the lower part of a (JOO-meter thick 
salt formation known as the Salado Formation (Fig. 2). The 
presently planned size of the repository is about 50 hectares, 
located within an 800 hectare area that has been reserved 
for future expansion. The repository will consist of eight 
"panels" with seven "rooms" (300 ft x 33 ft x 13 ft) in each 
panel (Fig. 3). CH-TRU waste will be emplaced in 55-gal
lon drums stacked three high in the rooms and in the drifts 
connecting the rooms and in boxes. RH-TRU waste will be 
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Fig. 3. Underground Layout of the WIPP Repository and the Experimental Area. 

disposed in 36-inch diameter horizontal holes in the walls 
of most of the rooms. Three vertical shafts, the experimen
tal areas north of the shafts, access drifts to the repository 
including one drift (E140) to the southern edge of the 
repository, and two rooms in Panel 1 (northeast panel) have 
been excavated. Before decommissioning in the year 2006, 
each panel entry through the two east-west drifts will be 
plugged and sealed. Entry to each room is not planned to 
be sealed since the approach drifts will also be used for dis
posing the CH-TRU waste. 

RETRIEV ABILI'IY AND BACKFILL 

The concept of maintaining easy retrievability for the 
WIPP waste for five years after first emplacement has been 
a part of the WIPP design since 1980 (1). Since the retrieval 
of waste em placed for the first five years would require five 
to ten years after the decision to retrieve is made, predic
tion of "room" conditions for up to 15 years after excavation 
is needed. Before underground excavation at WIPP, the 
predicted rate of room closure was such that a 13-ft. high 
and 33-ft. wide room would not undergo sufficient plastic 
deformation to threaten crushing and breaching of the 
drums for at least 15 years. Salt deformation rates measured 
in the WIPP excavations were, however, found to be three 
to five times larger than the computed values (2). In spite of 
detailed investigations of the halite parameters, the reason 
for this discrepancy remains unresolved (3). Figure 4 shows 
the large difference between the predicted and the 
measured roof-to-floor closure of test rooms 1, 2, 3, and 4 

(see Fig. 3 for location of these rooms northwest of the 
shafts). The test rooms were excavated to be the same 
dimensions as the actual repository rooms. The observed 
higher rates of salt creep would not allow easy retrievability 
of five years of waste and a careful analysis of the situation 
in 1986 resulted in five design modification options ( 4) as 
follows: 

1. Reduce the volume of waste to be stored. retain back
fill and retrieve within seven years of excavation. 

2. Use no backfill, retain the original volume of waste, 
but retrieve within seven years of excavation. 

3. Excavate the rooms to 14 x 34 feet and trim again to 
that dimension after one years. Complete retrieval 
within six years of initial excavation. Allow crushing and 
breaching of the CH waste containers before retrieval if 
backfill is emplaced. 

4. Reduce creep rate by reducing the room width from 
33 ft to 28 ft. This would require reducing the pillar width 
between the rooms from 100 ft to 84 ft. to accommodate 
the same volume of rooms within the repository area. 
Emplacement of backfill would be allowed under this 
option. This alternative would require additional en
gineering evaluations. 

5. Make no changes in the planned room dimensions, 
waste volume, and backfill requirement, but allow 
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Fig. 4. Roof-to-Floor Closure Rate of the Experimental Rooms at WIPP. 

crushing and breaching of the waste drums prior to their 
retrieval. 

The analyses presented in the Design Validation Final 
Report ( 4) made it clear that unless the facility is to be com
pletely redesigned in view of the observed higher rate of salt 
creep, it would not be possible to retrieve the waste 
emplaced during the first five years without the drums get
ting crushed and breached before retrieval. Since th~ back
fill would transfer the load from the ceiling and walls to the 
waste drums, stacking the drums in the rooms without back
fill would resolve the immediate problem of how to main
tain five year retrievability. DOE therefore made a decision 
to defer emplacement of backfill until after five years of 
WIPP waste emplacement operations. Up to 126,000 drums 
of CH-TR U waste are thus planned to be stacked without 
backfill in three panels of WIPP during the fust five-year 
period. 

For permanent isolation of nuclear waste, emplace
ment of properly designed backfill around and over the 
drums is essential. Backfill is the only engineered barrier in 
the WIPP design and is required by the EPA Standards, the 
Design Criteria for WIPP, and the Consultation and 
Cooperation Agreement between DOE and the State of 
New Mexico. Within the rooms and drifts filled with waste, 
the backfill would completely occupy the empty space be
tween the drums, the drums and the walls, and the top of 
the drums and the ceiling. To be most effective, and in order 
to not leave empty spaces, the backfill should be emplaced 
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after stacking each row of seven-pack drums along the width 
of a room or drift. 

After five years, a waste room 300 ft. long, 33 ft. wide, 
and 13 ft. high would be filled with 6,000 drums of CH-TR U 
waste stacked three drums high. The distance between the 
ceiling and the top of the drums would be barely two feet. 
To attempt to emplace backfill from the end of a 300 ft. long 
room by "pneumatic stowing" may not accomplish the 
desired goal. Therefore, up to 125,000 drums of CH-TRC 
waste will have to be removed from the rooms for re
emplacement with backfill. Since the process of removing 
the nuclear waste drums is elaborate and slow, it is expected 
to take up to twice as long as emplacement. So for ten years 
after the first five-year period, i.e., between the years 1993 
and 2003, the WIPP Project will have the task of removing 
and re-emplacing the CH-TRU drums because the waste 
will not have been properly em placed with backfill from the 
start. Continuous arrival of new waste during this period will 
make the operations very complicated. 

The analyses to judge WIPP's compliance with the EPA 
Standards 40 CFR 191 are being conducted by a perfor
mance assessmeillt team of scientists at the Sandia National 
Laboratories (SNL). While these analyses will not be com
pleted until 1993, preliminary results show that some 
reprocessing of waste and redesign of backfill may be re
quired to meet the EPA Standards. To accomplish that, the 
stored 126,000 drums of CH-TRU waste will not only have 
to be removed and restacked underground, they may have 

. to be brought to the surface for reprocessing before 
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restack.ing underground with a designed backfill. The pos
sibility of the repository becoming saturated with brine in a 
few hundred years after closure has indicated the need for 
reprocessing the waste and redesigning the backfill. This 
issue is discussed in more detail in the following sections. 

POST-CLOSURE REPOSITORY CONDITIONS: 
BRINE INFLOW AND GAS GENERATION 

Unlike the conceptual designs for a HLW repository, 
the WIPP design does not include a multi-barrier system 
concept. The 55-gallon drums will be certified to last for 
only 20 years and the waste is not fixed in an insoluble 
matrix. Until 1987, DOE was not willing to commit to in
clude a backfill in the WIPP repository design. The WIPP 
repository rooms were postulated to close around the waste 
due to salt creep and entomb the waste drums in 100 to 200 
years. Observations in the WIPP excavations since 1983, 
however, indicate that the salt at the WIPP horizon is 
saturated with brine and the rooms and drifts will begin to 
fill with brine once the ventilation of the facility ceases to 
remove moisture (5). In addition, recent electro-magnetic 
surveys performed directly above the WIPP repository show 
that brine appears to be present 250 meters below portions 
of the WIPP repository in the upper part of the Castile For
mation (6). Pressurized brine reservoirs in the Castile For
mation have been encountered in at least 13 out of more 
than 60 boreholes drilled to that depth in the area around 
the WIPP site (7). The one encountered by the borehole 
WIPP-12 about 2.5 km north of the repository was estimated 
to contain 17 million barrels of pressurized brine. 

The impact of the Salado Formation brine and the Cas
tile Formation pressurized brine reservoirs, on the long
term integrity of the WIPP repository can be determined by 
analyzing the consequences of breach of the repository. 
Figure 5 shows some of the postulated breach scenarios 
based on someone drilling into or through the repository 
several hundred years after the knowledge of the repository 
is lost. The EPA Standards (40 CFR 191) do not permit 
credit to be taken for more than 100 years for maintaining 
the knowledge about the existence of a nuclear waste 
repository. Channell (8) and Bard (9) analyzed the conse
quences of human intrusion involving the Castile Formation 
brine reservoirs and concluded that the consequences 
would be acceptable. Must new information is now avail
able, however, and these analyses will have to be updated. 

This paper only discusses the consequences of breach 
of the repository by someone drilling directly into the 
repository and a slurry of waste and brine coming out to the 
surface. Consequences of drilling through the repository 
into the underlying brine reservoir and other scenarios will 
be analyzed in future publications. 

Though anomalous quantities of brine in the WIPP ex
cavations have been noted for several years, the long-term 
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significance of brine inflow has only been appreciated 
recently. Bredehoeft (5) has shown that the excavations 
could provide sufficient brine to saturate the closing rooms 
of the repository in a few hundred years. The danger lies in 
the possible formation of a radioactive slurry that could be 
brought to the surface by inadvertent human intrusion. If 
the waste is in slurry form rather than consolidated into a 
solid mass by salt creep, enough radioactive material could 
be brought to the surface through drilling-fluid circulation 
to exceed the limits set by the EPA Standards, 40 CFR 191. 
In fact, calculations by SNL (10) show that between 5 and 
15 m3 (30 to 90 barrels) of "slurry" of brine and waste 
released to the surface will violate the EPA Standards. 

More recent SNL calculations (11) discount the brine 
inflow problem by concluding that inflow will be low enough 
to be absorbed by backfill without the danger of slurry for
mation. However, these new calculations are based on non
conservative assumptions of parameters that are not well 
known. Three important factors in the calculation are for
mation permeability, formation porosity, and the length of 
time allowed for brine inflow. 

Nowak (11) uses salt ~rmeabilities of 10-9 to 10-8 dar
cies to calculate the quantity of brine inflow for 100 years 
after closure of the repository. These values were chosen 
because of their consistency with permeabilities calculated 
from brine inflow observations by Deal and Case (12) in 
boreholes drilled at the repository level. However, Deal and 
Case (12) concede that "Evaporation has played a sig
nificant role in reducing the measured amounts of brine in
flow"; a situation that would lead to erroneously low 
calculated permeabilities. Other SNL investigators have 
concluded that "for salt, maximum permeability is less than 
one microdarcy" (13) and that values of 10-8 to 10-6 darcy 
"are, in fact, representative of the permeabilities estimated 
for WIPP salt to date" (14). Permeabilities measured in the 
marker beds and clay seams located within 1.5 to 3 meters 
of the rooms (Fig. 6) are much higher, greater than one 
darcyin some cases (17). Given the range in observed values 
and uncertainties in assumptions used to calculate per
meability, brine inflow calculations should consider a range 
in Salado Formation permeability of at least 10·9 to 10-6 dar
cies. 

Assuming similar permeabilities, the Nowak (11) cal
culations result in inflow quantities an order of magnitude 
less than those in Bredehoeft (5) because of the porosity 
values used. Nowak (11) uses a salt porosity of 0.001, while 
Bredehoeft (5) uses 0.01. The calculation of permeability 
from various tests performed in the repository requires the 
assumption of a porosity value, but the calculations are not 
always particularly sensitive to the porosity value chosen 
(15, 16). Calculated Salado porosities range from O.Ql to 
0.001 (13, 17). As with the permeabilities, at least this full 
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range of repository porosity values should be used in cal
culating brine inflow. 

Another critical unknown in determining the conse
quence of brine inflow is the period of time which the cal
culations consider. Nowak's (11) analysis assumed that "salt 
creep is expected to close these rooms within 100 years, 
preventing further accumulations of brine." However, room 
closure is not the controlling factor; brine flow is caused by 
the pressure gradient between the in.situ brine and the open 
rooms and will continue as long as that gradient exists. 
Though the rooms may be effectively "closed" (floor and 
ceiling touching) within 100 years, the repository will be far 
from the conditions of undisturbed salt. Brine will continue 
to flow into the area around the waste until no pressure 
gradient exists between brine in the formation and brine in 
the excavated area. A question remains as to how much 
open pore space is needed to allow the waste to become 
entrained in a slurry. The brine inflow calculations should, 
therefore, be carried out past 100 years and in conjunction 
with repository closure models in order to adequately 
predict the state of the waste repository rooms. 

Gas generation is another factor that may affect 
repository closure and brine inflow into a waste room. Gas 
can be generated during waste degradation by four means: 
1) Radiolysis, 2) thermal decomposition and dewatering, 3) 
chemical corrosion, and 4) bacterial action. Gas generation 
was a matter of concern when developing the Waste Accep
tance Criteria (18) because of the possibility of fires and ex
plosions during operations and pressurization and mine 
inflation after closure. 

Assuming a gas-generation rate of 5 moles/drum/year, 
a salt permeability of 5 x 10" 7 darcy delays creep closure until 
the gas producing material is exhausted in 400 years (18). In 
this case, the drifts do not completely close until the gas has 
diffused into the salt, 800 years after the repository is 
decommissioned. Calculations using a formation per- · 
meability of 5 x 10·7 darcy resulted in the mine pressure ex
ceeding lithostatic pressure, "allowing the drift to remain 
open and even expand slightly" (18). The gas generation rate 
that will actually occur is very uncertain; 5 moles/drum/year 
may or may not abe conservative. 

The retardation of closure by gas generation could 
allow hundreds of more years of open void space in the 
repository. Brine inflow will slow and eventually cease if the 
pressure exceeds the hydraulic pressure of the brine in the 
adjoining formation. However, the time period of flow to 
consider could be much longer than the 100 years assumed 
by Nowak (11) and thus the brine inflow volumes could be 
greater. With the 10·9 to 10-8 darcy permeabilities ~umed 
by Nowak (11) and a 5 mole/drum/year gas generation rate, 
the repository will remain open indefinitely due to gas pres
surization. Though brine inflow may cease (and indeed 
could be reversed) as 'pressures build above lithostatic, a 
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slurry situation could occur anyway if a drill hole penetrates 
the repository and drilling fluid entrains the uncompacted· 
waste. 

The research in support of the Waste Acceptance 
Criteria (18) used a value for in...si1ll permeability of 10·5 

darcy, based on measured in.situ permeabilities. In an effort 
to be conservative, gas generation limits were based on cal
culations involving mine permeabilities of 10·7 darcy. Given 
the 10·9 to 10-8 permeabilities assumed by Nowak (11), the 
WAC gas generation limit of 5 moles/drum/year could lead 
to mine inflation. The problem of gas buildup is com
pounded by the presence of brine. The WAC calculations 
assumed that gas flows into unsaturatead pore spaces in the 
salt. Stormont et al (13) observe that "dissipation of the gas 
may be retarded or even precluded if the pore space sur
rounding the storage rooms becomes completely brine
filled." 

The discussion so far has not addressed the influence 
of heat on brine migration. While the heat loading of CH
TR U waste will be very low, that of RH-TR U will be more. 
Nevertheless, there will be some effect of heat on brine 
migration in the rooms. An integrated analysis coupling the 
effects of room closure, brine inflow, gas generation, and 
temperature is clearly needed to adequately predict post
closure repository conditions. Additional experimental 
data may also be required for confidence in the calculations. 
Reasonable ranges in parameter values should be used to 
evaluate all possible repository conditions. Any problems 
revealed by such an analysis could likely be resolved with 
design modifications, engineered barriers, or by waste 
processing. Clearly, it would be simpler and result in less 
radiation exposure at WIPP if the waste were not stored 
until the necessary analyses and experiments have been con
ducted and the final waste disposal designs have been deter
mined. 

CONSEQUENCE ANALYSIS FORA WET 
REPOSITORY 

The EPA Standards ( 40 CFR 191) limit the quantity of 
radionuclides that are projected to reach the accessible en
vironment in 10,000 years by expected or accidental 
releases. Only accidental releases with an estimated prob
ability of occurrence greater than 0.001 in 10,000 years need 
to be considered. Any radionuclides reaching the ground 
surface due to human intrusion (e.g., an exploratory 
borehole seeking natural resources) would be considered 
as reaching the accessible environment even if they were 
contained in a drilling mud pond. 

The EPA Standards suggest that an exploratory drill
ing frequency as high as 30 boreholes per square kilometer 
in 10,000 years is appropriate in sedimentary rock forma
tions and do not permit taking credit for institutional con
trols for more than 100 years. This rate leads to the estimate 
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that about 4.2 boreholes will penetrate a waste storage room 
at WIPP in 10,000 years. Therefore, drilling into the 
repository is an expected event. In order to introduce prob
ability into this calculation, it is necessary to assume that the 
room that is drilled into is in worse condition than the 
average room and/or that the concentration of 
radionuclides in the room is somewhat greater than average. 
The total probability (Pt) can be expressed as: 

Pt = (Pw)(Pr) H 2: 0.1 or 2: 0.001 

where Pw and Pr are the probability distributions for 
the waste (w) and room (r) and H is the number of bits in a 
repository room in 10,000 years ( 4.2). Thus, the product of 
probabilities is: 

(Pw)(Pr) 2: 2.4x10·2 or 2: 2.4x104 . 

The quantity of waste brought to the surface from drill
ing through the repository is dependent upon the condition 
of the waste storage room at the time of drilling. If a room 
is compacted, the quantity of waste brought to the surface 
would be about equal to that intercepted by the drill bit. If 
the room is unconsolidated, it is reasonable to believe that 
all of the contents of a container would be brought to the 
surface if the drill bit intercepted any part of the container. 
A waste storage room "filled with a brine slurry might have 
as much as 45 m3 brought to the surface before an unusual 
occurrence was recognized. Considerably greater quan
tities could also reach the surface if drillers were careless. 
In fact, EPA guidance states that 200 m3 can be presumed 
to be pumped to the surface and greater quantities can be 
assumed if it would flow naturally. 

At the present time, it is not certain which room condi
tions will prevail and for what period of time. The key 
parameters are initial void space, rate of closure of the 
rooms, and the rate of brine inflow to the rooms prior to 
complete closure. The expectation that the waste will 
generate substantial quantities of gas further complicates 
the prediction of room closure times. 

The calculations below assume that 100% of the rooms 
will remain in a brine slurry condition, i.e., that Pr = 1.0. 
However, it needs to be kept in mind that a somewhat lower 
volume of Pr could exist and be used in the calculation since 
it is the product of (Pw)(Pr) that must be equal to or greater 
than 2.4 x 10·2 or 2.4 x 104

. Therefore, the determination 
that the average room will not develop a brine slurry condi
tion does not justify the exclusion of the scenario. 

The value of Pw could be either 2: 2.4 x 10·2 or 2: 2.4 x 
104 and still have an overall probability large enough to be 
considered in the EPA Performance Assessment. There is 
a considerable variation in the average radionuclide con
centration of wastes from the several waste generating sites. 
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The calculation below uses combinational analysis to 
estimate the number of TRUPACT's of loads of the more 
heavily concentrated Savannah River Plant (SRP) and Los 
Alamos National Laboratory (LANL) waste that could be 
placed in the affected area of the repository with a Pw value 
2: 2.4 x 10·2• The remainder of the wastes brought to the sur
face is assumed to be an average concentration from the 
other generating sites. Average radionuclide concentra
tions and distributions are taken from the 1987 Integrated 
Date Base (DOE/RW-0006 Rev. 3). 

The affected area in the repository room is assumed to 
be a right circular cylinder with the height of the room (3.96 
m) and diameters of 4.25 m and 8.82 m (for room material 
volumes of 45 m3 and 200 m3). The smaller cylinder would 
intersect three rows of stacked 7-packs, 21-27 7-packs, and 
portions of seven TRUPACT loads. The larger cylinder 
would intersect five rows, the entire width of the room, 12 
full TRUPACT loads and one partial load. The results are 
shown in Table I. 

The EPA Standards permit 100 curies of alpha emitting 
TR U waste to reach the accessible environment per million 
curies of TR U waste em placed if the probability of occur
rence is 2: 0.1. Since 4.8 million curies are estimated to be 
emplaced at WIPP, the limit to reach the accessible environ
ment is 480 Ci. The above numbers greatly exceed this value 
before allowing for decay. However, decay is substantial be
cause, with the mix of waste assumed about 87% is 238Pu 
which bas an 87 year half-life. The time taken to decay to 
480 Ci is 210 years for 45 m3 volume and 1,240 years for 200 
m3 volume. 

The calculation is very approximate and uses waste in
ventory data that bas considerable uncertainty. Also, the 
calculation was done to estimate the maximum number of 
curies that would reach the surface from a scenario in the 
first few hundred years, not the maximum number that may 
be present in 5,000 or 10,000 years. Other assumptions could 
significantly increase the amount of ~ and 240i>u that 
reached the surface. For example, ifthe affected area in the 
200 m3 scenario included 4-LANL, 4-Hanford, and 4.5 
Rocky Flats Plant TR UP ACT loads, there would still be 482 
Ci present at 10,000 years. 

It is concluded that the quantities of radionuclides that 
could reach the swrface from drilling into a brine slurry 
room are substantial! and close enough to the EPA Standard 
that the probabilities of having brine-slurry conditions need 
to be determined an1d more precise calculations need to be 
performed with the most up-to-date inventory data. 

CONCLUSIONS 

The Department of Energy has planned to store, 
without backfill, up to 126,000 drums of contact-bandied 
transuranic waste m1 the WIPP repository for the first five 
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TABLEI 

Quantity of Waste Reaching the Surface (Curies of Alpha Radiation-Undecayed). 

% Total 
Waste Average 

Waste Sources Volume a Ci/TRUPACT 

SRP 12.6 1308 

LA.NL 9.9 515 

Other 77. 5 42 

TOTAL 100.0 

years of WIPP operations, scheduled to begin in October 
1988. Since a properly designed backfill is required by the 
EPA Standards, the agreement with the State of New 
Mexico and WIPP project's own design criteria, the 126,000 
drums will have to be removed and re-stacked with backfill. 

Recent observations of brine inflow from the salt rock 
into the repository excavations indicate that the repository 
may become saturated with brine in a few hundred years 
after closure. Since the CH-TRU waste containers are or
dinary 55-gallon drums that will become corroded and 
breached within a few tens of years, the brine could form a 
slurry of waste in the repository rooms. Preliminary calcula
tions indicate that this condition may result in violation of 
the EPA Standards ( 40 CFR 191.13). Recently published 
maximum estimates of brine inflow for the first 100 years of 
the repository do not appear to use conservative hydrologic 
parameters. There does appear to be a potential problem 
of long-term isolation of waste at WIPP under the existing 
design. Engineering solutions to prevent the problem in
clude reprocessing of each drum to reduce the void space 
and inclusion of cement or chemical grouts in the backfill. 
Less expensive engineering solutions have not yet been 
identified, although it would perhaps be possible to include 
a mechanism for removal of brine from the repository level 
and provision of some absorbent material at a lower level. 

If the 126,000 drums have to be reprocessed, they may 
have to be brought back to the surface and taken down again 
for final emplacement with properly designed backfill. It 
would be simpler and reduce radiation exposure at WIPP 
to emplace substantial quantities of waste underground only 
after the decisions about any needed reprocessing of the 
waste drums and the design of backfill have been finalized. 

Number of 
TRUPACT's 

45 m
3 200 m

3 

3.19 4.25 

1. 21 1.47 

3.60 6.78 

8.0 12.3 

a Curies 
Reaching Surf ace 

45 m3 200 m3 

1416 5559 

212 756 

52 288 

1680 6603 
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May 11, 1988 

Mr. Jack 8. Tillman 
Project Manager 
WIPP Project Office 
U. S. Department of Energy 
P. 0. Box 3090 
Carlsbad, New Mexico 88221 

Dear Mr. Tillman: 

We have reviewed the draft report, "Panel One Monitoring Plan for the Waste 
Isolation Pilot Plant." Although we agreed at the April 28th Quarterly Meeting 
to discuss our questions at a May 10, 1988 meeting, subsequent postponement by 
DOE to about May 18 prompts these questions now. While we have some questions 
regarding details on the "Structural Response" and "Brine Seepage" Monitoring 
Plans, this letter is confined to the clarifying questions concerning the 
experiments for which radio-active waste is required to be stored in the 
repository. I will appreciate receiving replies to the following questions from 
you at our meeting or at your earliest convenience. 

1. The report does not identify any experiments requiring RH-TRU waste and only 
states, "The need for an RH-TRU Monitoring Plan is being evaluated." When 
will DOE be able to provide us with an RH-TRU monitoring plan and an estimate 
of the quantities of waste required? 

2. The report does not explain the need for about 6,000 drums of each of the 
four waste types. Also, why can't the four waste types be studied in one 
room divided into four compartments? 

3. The environment in which the gas monitoring is proposed to be done will" not 
represent the actual repository environment. There will be no backfill, 
brine will not be allowed to accumulate around the drums, the containers will 
not be breached and the rooms will not be pressurized by gas. Why not 
conduct the experiments in an environment that more closely represents the 
actual repository conditions? Under the conditions identified in the report, 
how will "the complexity of chemical, microbial, and radioloytic 
interactions" (p. 1-2) be studied? The report does not discuss the length of 
the gas monitoring experiments. How long will the monitoring continue? What 
are the plans for retrieval or re-emplacement of the waste? 

Providing an independent analvs1s for the New Mexico Health and Environment Department 
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4. The plan does not specify any level of leakage that would constitute a 
failure of the bulkhead seal, although leakage is expected and will be 
measured using neon (Ne). Shouldn't a predetermined minimum effectiveness 
be established for the bulkhead seal system? Furthermore, why not attempt to 
install leak tight bulkheads? 

We have other specific comments on the details of the monitoring system that we 
will forward later. At this time, we are seeking clarifications on the broad 
issues of the need for experiments requiring waste, amount of waste required, and 
the plans for retrieval of this waste at the completion of these experiments. 

Sincerely, 

RHN:LC:ss 
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1988, commenting on u. s. DOE (1988b). 
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------------------------ANEOUALOA'ORT\.NTY I AA'AAATMACTON EMPLOYER -

July 13, 1988 

505 NORTH MAIN STREET 
POST OFFICE BOX 3149 

CARLSBAD, NEW MEXICO 88221-3149 
(505) 885-9675 

Mr. Jack B. Tillman 
Project Manager 
WIPP Project Office 
U.S. Department of Energy 
P.O. Box 3090 
Carlsbad, NM 88221-3090 

Dear Mr. Tillman: 

The following are the Environmental Evaluation Group comments on the "Waste 
Isolation Pilot Plant Five-Year Test Plan" (DOEj\JIPP 88-015) that you 
requested in your letter of June 16, 1988. 

We expected this document to provide specific plans for experiments with waste 
and the justification for doing so. There are, hc,wever, only four pages that 
deal with the experiments requiring waste. The document lacks coherence and 
internal consistency. In order to provide meaningful comments, this letter is 
based on information that we have received from you during the past few 
months, in addition to the Five-Year Plan. This information includes the 
Panel 1 Monitoring Report and that provided at the DOE/EEG Quarterly Meeting 
(April 28), the meeting on Experimental Programs (May 25), the meeting on 
Brine Inflow (June 9), and the National Academy 4>f Sciences WIPP Panel meeting 
in Irvine, California (June 28-29). Our comment:s are numbered to facilitate 
your response. 

1. The "Panel One Monitoring Plan for WIPP" report that you provided to 
us in Karch, 1988, stated, "The need for an RH-TR.U Monitoring Plan is being 
evaluated." From the discussion on page IIl-6-7 of the Five-Year Test Plan, 
we inf er that you have completed your evaluation and have determined that 
there is no need to bring RH-TRU waste to WIPP during the R & D phase of the 
project since the only R & D experiment is for gas generation and the Five
Year Plan states that the contribution to gas from the RH-TRU waste will be 
accounted for by the CH-TRU waste. The Safety Analysis Report (SAR) is silent 
on any need for RH-TRU waste during the first 5 years, which comprises 36% of 
the radioactive waste inventory. 

2. The only proposed experiment involving emplacement of waste at WIPP 
consists of 25,000 drums of CH-TRU waste for gas monitoring in five rooms of 
the first panel. As we have stated during our meetings and at the NAS meeting 
on June 29, we continue to remain puzzled by the scheduling inconsistency 
between the experimental plan and the need for the results. At our technical 
meetings, your staff emphasized the need for data to be obtained from gas 
monitoring for performance evaluation. The schedule on page III-6-6 indicates 

Providing an independent technical analysis of the Waste ls<>latlon Pilot Plant (WIPPJ, 
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that gas monitoring in the first room will not begin until October, 1989 and 
the final report on gas monitoring will not be issued until December, 1993. 
It appears most unlikely that gas monitoring, even in the first room, can 
begin in October, 1989 since you intend to obtain representative mixtures of 
weapons grade and Pu-238 heat source waste and the NRG plans to phase 
shipments of waste using the more dilute concentrations initially. How do you 
propose to get statistically meaningful results from five rooms for 
Performance Assessment that, according to the schedule shown in Figure II-4, 
requires "Final" data by the end of 1990? 

3. Your plan places much emphasis on the interaction of gases produced 
from different drums and the effect of room temperature and humidity on gas 
generation from the drum. But the radioactivity and the bacteria which are 
the engines of the gas generation processes (along with some potential rusting 
and thermal sources of unknown significance) are situated in the system on 
substrates which are not merely in the drums, but are isolated in bags within 
bags, within liners, within the drums. Every effort will be made to ensure 
that this multilayer isolation remains intact. This would mean that the hoped 
for multilevel interaction between gases generated in a variety of drums and 
the gas generation sites either collapses entirely, or is constrained to be 
diffusion limited through several barriers. Consider the microbial gas 
generation, for example: how could the humidity of. the repository influence 
bacterial growth if water vapor only very slowly permeates the filter, drum 
void, and then successive layers of plastic bags and containers? The amount 
of time required to achieve equilibrium for the various gases should be 
addressed which could markedly affect the availability of data for performance 
assessment. 

4. The environment in which the gas monitoring is proposed to be done 
will not represent the actual repository environment. There will be no 
backfill, brine will not be allowed to accumulate around the drums, and the 
rooms will not be pressurized by gas. This means that while the gas 
measurements are relevant to the long range performance assessment, such 
measurements as proposed will be constrained to be only of the diluted 
diffusion limited and/or pressure driven portions of gases formed in the 
relatively isolated substrate environments in the drum. The most relevant 
measurements would be of gases which have ready access to both the waste 
substrates themselves, the brines, backfill, and repository masses, all under 
conditions which as closely as possible match the pressure and temperature 
conditions of the sealed repository. 

5. As we have previously indicated to you, we are concerned about the 
plan to emplace a large quantity of unprocessed waste underground without 
backfill, unless the benefits from such emplacement clearly outweigh the 
potential risk to workers from having to later move the waste to emplace 
backfill and for potential reprocessing for permanent disposal. In the 
attachment to the Five-Year Test Plan, there is a statement about Engineered 
Fixes to safeguard against potential brine-related problems. It appears to us 
that a large quantity of waste should be emplaced only after a decision on the 



Mr. Jack B. Tillman 
July 13, 1988 
Page 3 

engineering solutions to the brine problem has bei!n made and a backfill has 
been selected. We are aware of your argument tha1: experiments with waste are 
needed to make a decision on these matters, but yc>u do not present any 
evidence to make that argument convincing in view of the questions posed 
above. 

We are acutely aware of the fact that we have posi!d questions on your plans 
without providing suggestions or alternative plans. Frankly, after our 
meetings in May and June, we expected to receive a more defensible plan for 
experiments with waste because we have raised these matters several times 
during meetings for the past two years and through my recent letter of May 11. 
We do want to be helpful in resolving the question of meaningful experiments 
consistent with the Al.ARA concept, and will be happy to meet with you for yet 
another "brainstorming" session. 

With regard to the experiments not involving wastE~. we have held several 
discussions with your staff and scientists from Sandia National Laboratory, 
Westinghouse Electric Corporation, and the IT Corporation. We will continue 
to provide our input on those tests through letters, reports, and meetings on 
various components of the experiments. 

H. Neill~~ 
Director 

RHN:ss 
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----------------------ANEGlUAl.Of'POATUNITY I AFAFMATMACTIONEMPLOYER -
7007 WYOMING BOULEVARD, N.E. 

SUITE F-2 
ALBUQUERQUE, NEW MEXICO 87109 

(505) 828-1003 

January 17, 1989 

Mr. Troy Wade 
Acting Assistant Secretary for 

Defense Programs 
u. s. Department of Energy 
1000 Independence Avenue s.w. 
Washington, D.C. 20585 

Dear Mr. Wade: 

At the WIPP tour for the five Members of the U. s. House of 
Representatives in Carlsbad on January 11th, you commented that 
you did not understand my statement that EEG had not yet received 
proper justification from DOE to emplace any waste in WIPP for 
either research and development or for operational purposes. You 
pointed out that the Department's latest schedule calls for the 
provision of that information to us in March 1989, with a final 
report to be published in June 1989. 

It has been 15 months since you testified in Carlsbad before the 
New Mexico Congressional delegation that the purpose of the 
proposed waste emplacement in WIPP was R&D, and most recently in 
September 8, 1988, Congressional testimony, that the experiments 
would provide data for performance assessment. 

Copies of my December 31, 1987, and July 13, 1988, letters to the 
WIPP Project Manager documenting our repeated requests for 
specifics are enclosed. Actually, we have been requesting 
information for over two years on the information to be obtained 
from the experiments, the amounts require:d and the timing of the 
availability of data for performance assessment. 

There was no purpose to be served in the limited time available 
to pursue the matter with you on January 11th, but it is 
important that you be aware of the absence of proper 
justification for temporary waste emplacement to date and of our 
efforts to urge DOE to develop such documEmtation. 

i's~~ 1:1~ 
Robert H. Neill 4 
Director 
RHN:sld 
Enclosure 
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May 15, 1989 

7007 WYOMING BOULEVARD, N.E. 
SUITE F-2 

ALBUQUERQUE, NEW MEXICO 87109 
(505) 828-1003 

Mr. Jack B. Tillman 
Project Manager 
WIPP Project Office 
U.S. Department of Energy 
P.O. Box 3090 
Carlsbad, NM 88221 

Dear Mr. Tillman: 

We have been reviewing the "Draft Plan fc>r the WIPP Test 
Phase: Performance Assessment and Operation Demonstration, 
DOE/WIPP 89-011, April 1989" that we received from you on 
April 26, 1989. We find that this document is incomplete and 
is internally inconsistent. Also, there are contradictory 
statements when compared to related DOE publications and 
public comments by DOE officials. Your prompt reply to the 
following questions will help us to commemt constructively on 
this report. 

1. Are the room-scale and bin-scale gas generation 
experiments designed to provide data necessary for performing 
the calculations to show compliance with the EPA Standards 40 
CFR 191, or will the data be used only tc1 confirm the 
predictions? 

2. What is the basis for keeping the results of the 
preliminary consequence analysis for internal evaluation only 
(page 2-23)? The entire Performance Assessment portion of 
the plan is based on the claim that experiments with waste 
need to be performed to show compliance with 40 CFR 191, 
Subpart B, yet we are asked to comment on the plan without 
benefit of the preliminary work that has been done. 

3. The Sensitivity and Uncertainty Analysis described 
on pages 2-23 to 2-25 must have been done in order to plan 
the experiments for performance assessment. Please let us 
have a copy of the "preliminary sensitivity study (that) 
identified the human - intrusion scenario's as critical" (page 
2-24). This study is also reported (page 2-24) to have 
identified "gas generation" as one of the four "energy 
sources .•. that could move waste from the repository horizon 
to the accessible environment." The importance and 
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relevance of the proposed in situ gas generation experiments 
cannot be evaluated without first critically examining the 
sensitivity study. 

4. The rate of closure of the excavations has been 
mentioned in several places in the report as a parameter for 
which more data needs to be obtained in order to proceed with 
the performance assessment calculations. We know that the 
rate of closure of the rooms and drifts, with and without 
heat, has been studied extensively at WIPP for the past six 
years, and there are a number of technical papers in the open 
literature on this subject. Even the discrepancy between the 
predicted and observed rates of closure has been explained by 
using different models for the mechanical behavior of salt. 
Why can't the performance assessment proceed without 
additional study of the room closure rates? 

s. The schedule of the proposed experiments, data 
availability, time needed for completing the performance 
analysis calculations, and the availability of the results of 
performance assessment, has not been presented in a 
consistent manner in the document. Furthermore, the schedule 
for the events presented in this document is not consistent 
with other recently published DOE documents. We need your 
best and most current projection of the sequential schedule 
of these events in order to comment on the proposed program. 

6. What is the projected schedule for the selection of 
backfill? What "experimental and performance assessment 
activities" (page 3-40) are required for this selection to be 
made and how? What is a "backfill emplacement demonstration" 
(page 3-40), and when and how will it be carried out? The 
text suggests that the backfill will not be selected until 
the backfill emplacement demonstration or the performance 
assessment is completed. 

7. How and when will the "demonstration of seal 
performance" (page 3-40) be carried out? Will this 
demonstration include the room, panel, shaft, and borehole 
seals? Have the designs of the plugs and seals to be used 
for WIPP been completed? If not, when and how are these 
decisions to be made? 

8. How will the retrievability of the experimental 
waste be ensured? Are you planning to perform another "mock 
retrieval demonstration" (page 3-42)? Experimental rooms #1 
and #2, that were excavated in March and April 1983, have 
shown serious and continuous cracks in the ceiling and the 
walls and have been closed. cracks in the floors of the 
experimental rooms were observed in October, 1985, only two 
and one-half years after their excavation. Since these rooms 
were excavated to the same dimensions as the waste 
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emplacement rooms and in the same stratigraphic horizon, 
their failure in six years does not provide much confidence 
in maintaining easy retrievability from the waste rooms for 
ten years (five years to emplace and five years to 
retrieve). What would be the disposition of the retrieved 
waste? 

9. How will the decision be made on engineered 
modifications and waste treatment, if necessary to meet 
compliance with the EPA Standards? Would it not be 
advisable to begin experiments for these purposes now, rather 
than waiting until after the decision is made to incorporate 
engineered modifications or waste reprocessing in the design? 

10. It is stated (page ES-1) that compliance with only 
Sections 13 and 15 of the EPA Standards, 40 CFR 191, will be 
demonstrated during the test phase. Why not Sections 14 and 
16? In our opinion, compliance with Section 14 (Assurance 
Requirements) should have been demonstrated by now by 
developing the design for markers, etc., and by publishing .a 
report to show that the favorable geologic conditions 
compensate for the presence of natural resources underground 
at WIPP. The determination that the site did not meet this 
requirement after the emplacement of 60,500 drums would not 
make sense. 

11. Two conflicting layouts of the emplacement of waste. 
during the test phase were presented to us during the DOE 
presentation of the Plan on April 21, 1989. The layout shown 
on page 3-41 does not match the layout presented by Martin 
Molecke, but the references to the test alcove numbers in the 
text appear to refer to the layout presented by Dr. Molecke 
at the meeting. What is the officially proposed layout? 

12. The· Waste Emplacement Schedule figure on the 
"Notice to Reader" page of the document shows a solid 
horizontal line from September, 1992, to .September, 1994. 
Does this mean that no additional waste is proposed to be 
emplaced during that period of two years? 

13. A draft test plan for WIPP Room-Scale CH-TRU Tests 
is scheduled to be available on April 1, 1989 (mid-FY 89), as 
stated on page 2-109. Similarly, a draft test plan for WIPP 
Bin-Scale CH-TRU Waste Tests is scheduled to be available 
sometime between October 1, 1988, and October 1, 1989 (FY 
89), page 2-112. The three-page description (pages 2-106 to 
2-109) of the Room-Scale Gas Generation Tests and a similarly 
brief description of the Bin-Scale Tests (page 2-110 to 2-
112) does not provide "Details on the waste mix compositions, 
types and quantities of waste drums and backfills, getters, 
degradation product contaminants, extent 1~f brine moistening, 
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atmosphere control (aerobic/anaerobic, pressures), 
instrumentation and control hardware, and emplacement 
schedules ... " (pages 2-109 and 2-112). It would not be 
possible for us to comment on the suitability and the 
adequacy of your plans for experiments with waste without 
considerably more details and consistency. 

14. The following reference, cited in Appendix A, is 
needed to understand the plans for laboratory and modeling 
studies of repository and radionuclide chemistry. Please 
make this report available as soon as possible. 

Brush, L.H., 1989, (in preparation). "Test Plan for 
Laboratory and Modeling Studies of Repository and 
Radionuclide Chemistry," Sandia National Laboratories, 
Albuquerque, NM. 

15. There are numerous discrepancies in the numbers of 
shipments and schedules in the report. For example, Table 3-
6, page 3-45, shows Alcove 1 with 25 shipments (1,050 drums) 
and Alcove 2 with 17 shipments (714 drums), while Table 3-5 
on page 3-42 shows both Alcoves with 1,100 drums. 

16. No justification has been provided for the amounts 
of waste emplacement proposed for different experiments and 
for operational demonstration. For example, what is the 
basis of reducing the experimental waste amounts from 3% in 
1988 to 0.75% in 1989 and increasing the Operational 
Demonstration amounts from 0% in the 1988 proposal to 8% in 
the 1989 proposal? Similarly, the effect of arbitrarily 
reducing the first three-year waste emplacement from 4.4% to 
3% has not been explained. Do these numbers have any 
scientific basis? 

17. How was the size (100' x 25' x 13') of the alcoves 
determined? In last year's plan, the waste was proposed to 
be emplaced in the regular (300'x 33'x 13 1 ) rooms. What is 
the basis for sizing the alcoves to be one-fourth of the room 
size? Why not one-fifth, one-third, or one-half of the room 
dimension? 

18. Why is Operations Demonstration needed now? Why 
can't it be done after the decision has been made to dispose 
of the waste at WIPP? 

19. The DOE is not proposing any emplacement of waste 
at the High-Level Waste Repository in Nevada for a test phase 
or operations demonstration before compliance with the 
EPA/NRC Standards. Why is this plan proposed for WIPP ? 
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20. The plan does not explain why experiments are 
needed for CH-TRU waste but not for RH-TRU waste. 

21. What are the plans for the Alcoves when the 
experiments are completed? 

these questions with us, we 

Neill 

RHN:LC:gt 

WPCV 21-0 

cc: J. E. Bickel, ALO, DOE 
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7.7 Appendix G - Letter from DOE to EEG, dated July 11, 
1989, with responses to questions on the Test Phase Plan 
(U.S. DOE, 1989a). 



Department of Energy 
Albuquerque Operations Office 

Waste Isolation Pilot Plant Project Office 
P. 0. Box 3090 

Carlsbad. New Mexico 88221 

JUL 11 1989 

Mr. Robert H. Neill, Director 
Environmental Evaluation Group 
State of New Mexico 

rrn rn @@: OIYJ@: CT 

~ JUL t:J1909 u 
ENVIRONMENTAL EVALUATION GROUP 

7007 Wyoming, N. E., Suite F-2 
Albuquerque, NM 87109 

Dear Mr. Neill: 

The purpose of this letter is to respond to your recent 
questions and concerns on the "Draft Plan for the WIPP Test 
Phase: Performance Assessment and Operation Demonstration" 
(DOE/WIPP 89-011). These concerns were expressed in your letter 
dated May 15, 1989. 

The enclosure to this letter restates your concerns and provides 
a response to each of these concerns. In all, there are 
twenty-one concerns and an equal number of responses. If you 
have further questions on this plan, please contact Tom Lukow of 
my staff. 

Enclosure 

cc w/enclosure: 
C&C File 
J. Kenney, EEG 

cc w/o enclosure: 
R. Kehrman, WID 

WIPP:HJD:E89-0137 

Sincerely, 

)1/--v- ... -:i c-~ 
r 

Jack B. Tillman 
Project Manager 



RES~SES 'IO c;;.uES'I'IONS Oi\TED MAY 15, 1989 Fil:M 'IHE 
ENVIRCNMENI'AL EVAI.ilATICN GR:XJP 

~estion 1: Are the roan-scale an:i bin-scale gas generation experiments 
designed to provide data necessary for perfonni.rq the 
calculations to show canpliance with the E?A Staroards 40 CFR 
191, or will the data be used only to cont.:.rm the 
predictions? 

Response: r:ata fran the bin-scale tests arrl the alco.-es will be used in 
performance assessment calculations. '!here is a great deal 
of uncertainty associated with the assunptions bein;J used to 
canplete the perfonnance assessments. 'lll.i.s uncertainty 
includes gas generation rates, volmnes, mechanisms arrl types 
arrl other waste, salt, brine, backfill interaction factors. 
'Ibis uncertainty can be boun:ied by conservative assumptions. 
Sane of this conse:rvatism, however, may be unnecessary arrl 
may lead to the inclusion of erg:i.neered dlarl;1es to the wastes 
or the facility, that, with sufficient in situ data may be 
avoided. Consequently, the data fran the tests will be used 
to address this uncertainty in a scientific manner. 

~estion 2: What is the basis for keepin; the results of the preliminary 
consequence analysis for internal evaluaticn only (page 
2-23)? 'Ihe entire Performance Assessment p:irtion of the plan 
is based on the claim that experiments wib waste need to be 
perfo:nnerl to show compliance with 40 CFR 191, SUbpart B, yet 
we are asked to comment on the plan withar- benefit of the 
preliminary "WOrk that has been done. 

Response: As stated in the plan, the preliminary <X!F's are incanplete 
arrl are used for scopin;J p.lI'p05eS arrl inte.."Tlal evaluation 
only. 'Ihese will lead to subsequent calCU:.ations an:i 
consequence analysis which will becane available for external 
reviews. 

'llle basis for considerin;J gas generation e;gperiments with 
real waste are documented in the a~ces (A2 arrl AJ) of 
SAND 89-0462 which were the systems analyses for the SEIS. 

~estion 3: 'll1e Sensitivity an:i Uncertainty Analysis described on pages 
2-23 to 2-25 must have been done in order to plan the 
experiments for performance assessment. Please let us have a 
copy of the "preliminary sensitivity sb.rly (that) identified 
the human - intrusion scenarios as critical" (page 2-24). 
'Ibis study is also reported (page 2-24) to have identified 
"gas generation" as one of the fair "energJ sources ••• that 
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cc:uld nove waste fran the repository oorizai to the 
accessible environment. " 'lhe i.nportance ard releval"X:e of the 
proposed in situ gas generation experiments cannot be 
evaluated witha.It first critically exam.inirq the sensitivity 
stu:ly. 

Response: 'Ihe sensitivity stlXiy referred to is an internal Y.Orking 
stu:ly which was the tcpic of a meetin3" with the Em in the 
fall of 1987. ('Ille attadled draft cqJ'f is provided for your 
use arrl sha.ll.d not be distril:uted a.rtside of Em). nus 
stu:ly took into accnmt variables sudl as, brine seepage ard 
waste inventory to see whether these factors warranted 
further stu:ly. 

CUestion 4: 'lhe rate of closure of the excavations has been mentioned in 
several places in the report as a parameter for which 100re 
data needs to be obtained in order to proceed with the 
perfonnance assessment calculations. We Ja:ow that the rate 
of closure of the roan.s an:! drifts, with ard withcut heat, 
has been studied extensively at WIPP for the past six years, 
an:! there are a number of tedmical papers in the q>en 
literature on this subject. Even the discrepancy between the 
predicted am cbserved rates of closure has been e>q>laihed by 
usin3' different IrOdels for the mechanical l:ehavior of salt. 
Why can't the perfonnance assessment proceed withcut 
additional stWy of the roan closure rates? 

Response: 'lhe time deperrlent performance of salt req.rires evaluation of 
closure data over relatively loo; periods of ti.rre. Rock 
ne::hanics stu:iies at WIPP presently f Co.JS Cl'1 uroerst.an:li.n;J 
the developnent of the disturbed zone surrc:urxting the 
excavation arrl the creep characteristics of the salt. Recent 
dlarx}es in the constitutive law for salt have inproved oor 
predictive capability an:! additional data are necessary to 
validate the rew zocrlel. F\Jrthe.nrcre, it is ai:prq>riate to 
rc:utinely mnitor roan closure in o:rdE!r to assess perfonnance 
an:! en.sure safety. 

~estion 5: 'Ihe schedule of the proposed e>q>eriments, data availability, 
time needed for c:arpletin3' the pe.rfornance analysis 
calculations, arrl the availability of the results of 
performance assessment, has not been presented in a 
consistent manner in the document. Furthen:rore, the schedule 
for the events presented in this document is not consistent 
with other recently p.lblished OOE dcx::unents. We need yoor 
best arrl most current projection of t.he seq...iential schedule 
of these events in order to ccmrent an the proposed program. 

Response: All schedules will be re.assessed arrl clearly defined in the 
revision to the draft plan. HaNeVer, the rajor milestones 
contained in the Performance Assessrrent schedule of the Test 
Plan are expected to remain ~ed. 

2 



\;:\lestion 6: What is the projected schedule for the selection of 
backfill? What "e>q:erimental an:l perfornan:e assessment 
activities" (page 3-40) are required for this selection to be 
made arrl hovi? What is a ''backfill eq>laca:Pnt dem::>nstration" 
(page 3-40), arrl ~ arrl how will it be carried rut? 'lbe 
text suggest that the backfill will not be selected until the 
backfill erplacement dem:>nstration or the perfo:rmance 
assessment is cacpleted. 

Response: A backfill recxmrerdation for large-scale evaluation will be 
made by mid-1991, in time to eq:>loy that badcfill design in 
the last tNo alcove test rcx:ms. 'Ihe efficacy of varia.is 
backfill additives to reduce the concerns for gas generated 
fran the waste an:l for brine inflows will be assessed. 

'Ih.e activity referred to here is the actual errplacement of 
backfill over the e>q:eri.mental wastes in alcoves 5 an:l 6. 
'!his is not a separate "derronstration" as the text implies. 
'!his '!NOUld not occur tmtil after mxk retrieval 
dem::>nstrations usin;J backfilled waste have been carpleted. 

\;:\lestion 7: How arrl when will the "denonstration of seal performance"· 
(page 3-40) be carried rut? Will this deI!x:nstration ioclude 
the roan, panel, shaft, arrl borehole seals? Have the designs 
of the plugs an:l seals to be used for WIPP been carpleted? 
If not, ~ an:l hovi are these decisions to be made? 

Response: 'Ihe "derronstration of seal perfonrance" re.ference::l on page 
3-40, relates to sealin;J the alcove. 'Ibis section of the 
test is not diSOJSSin;J panels, shafts an:l rorehole seals for 
the operations deJ'OC>11Stration rut rather far errplacin;J waste 
for the test PI"CX3I'i3Il\· 'Ihe effectiveness of the seal will be 
tested in a newly constructed test-alcove off W30 between 
NllO arrl N780 in the August-September time frame. 

As described in Section 2.0 of the Plan, the design of the 
plugs arrl seals for the rcx:ms, shafts, etc., have not been 
ccrrpleted. Section 2.6.2.2 describes the tests to be 
corrlucted an:l Figure 1-7 (page 1-20) sha<.15 ha.Y seal 
evaluations can be used to .inpact the final design. 

Q..lestion 8: How will the retrievability of the experi:rerrtal waste be 
ensured? Are yru pl~ to perfonn an::rt:.her ''m:x::k retrieval 
denonstration" (page 3-42)? Experi.nental roans #1 arrl #2, 
that -were excavated in March arrl April 1983, have sh.a.rm 
seria.is arrl continua.JS cracks in the ceilirq arrl. the walls 
arrl have been closed. Cracks in the floors of the 
experimental roarns W'ere observed in Octcber 1985, only tNo 
ard one-half years after their excavatioo. Since these roams 
-were excavated to the same d.llrensions as the waste 
emplacement roarns arrl in the same stratigrapric horizon, 
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Response: 

their failure in six years does rct. p~ride 111.lCh cx:infiderx:e 
in maintai.nin;J east retrievability fran the waste roans for 
ten years (five years to enplace airl five years to 
retrieve) . What \WC:Uld be the d j srosi ti<Xl of the retrieved 
waste? 

'lhe retrieval of the experimental waste fran Panel 1 is bein:1 
en.sured by the inclusion of sufficient clearances between the 
waste arx:l the salt to allow for creep closure arx:l of a 
Sl.JR)Ort system for the roof to maintain safe workin;; 
coniltions. 

SUf f icient cleararx::e for creep is be~ adrieved by: 

0 minin3' roc:m; to maxinllm height 

o not usin;J backfill 

o retrilmnin;J roans just prior to wastci enplacement 

o working with a reduced ventilation space over the waste. 

'lbe ~ Sl.JR)Ort system for storage Ib:ms 1 thrcugh 6 in 
Panel 1 is shovm in Attac.hment I. It is based on 10 ft. 
bolts anchored above the anhydrite ''b" layer, which is the 
geolcqic media in the SIDI Test Rcx:ms E?Xperiencin:J bed 
separation. 'lbe boltin;J may not prevent bed separation an:i 
roof fractur~ fran cxx:urrin; tut it will provide SUfPOit 
for the roof durin;J retrieval q:ieraticns. A iocx:lified boltin; 
system has been used in areas in Panel 1 that will be 
accessible for routine maintenance. 'Dhe iix:reased closure 
rates measured in the SIDI Test Rcx:ms in:licate that retrieval 
shoold be acccrtplished within awraximately 8 1/2 years 
followi.n; waste errplacement. 'Ihis provides a m.ininum pericd 
of 3 1/2 years for waste retrieval. Retrieval within this 
t:ilneframe is readily achievable for tile awroximately 23, 000 
drums of waste presently prq:x:sed for enplacement durin; the 
WIPP Test Fbase. 

Another lOClCk retrieval denonstration will be required to 
denon.strate that waste can be retrieved fran an alcove that 
has been backfilled. Interim storage cpticns, shculd 
retrieval bee.are necessary are be.in3' EMtluated. Retrieved 
waste would be shi~ to an interim stora:;e facility perrlirq 
final disposition. 

Q.lestion 9: HC1w' will the decision be made on en;Jineere:i IOOdifications an:i 
waste treatment, if necessary to meet ccnpliance with the EPA 
Starrlru:Us? Wculd it not be advisable to begin experilnents 
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for these p.n:p::ses r'Dll, rather than wai t.i..rJ1 until after the 
decisioo is made to incorporate ergineered n:rlif ications or 
waste reprocessirq in the design? 

Response: 'llle results of perfonnance assessment an:i, to a lesser degree 
the sensitivity analyses, will provide infccmation e11 whether 
the stan:1ard will be satisfied accord.in;J to the present 
design arx:i will also in:licate which parameter lil.lSt be better 
defined or nr:dif ied by ergineered enhan:ements in order to 
provide the increase in confiden:e that the stan:1ard will be 
met. Sane eJq?erllrents are cn:JO:in;J at the present time in the 
laboratory to investigate nr:dified backfills. 

(Uestion 10: It is stated (page ES-1) that canplianc:::e with only Sections 
13 an:i 15 of the EPA Stan::iards, 40 CFR 191, will be 
denonstrated duri.rq the test {:tlase. Why rXJt Sections 14 an:i 
16? In oor opinion, canplianc:::e with Sectial 14 (Assurance 
Requirements) shalld have been denon.strata:i by r'Dll by 
developin;J the design for markers, etc., a.rd by µJbli.sh.in:] a 
report to show that the favorable geolcqic ccniitions 
c:arpensate for the presence of natural reso.m::es urrlergroun:i 
at WIPP. 'llle detennination that the site did not neet this 
requi.reroont after the enplacement of 60,500 drums wo.Ud not 
make sense. 

Response: 'llle :inplementation of 40 CFR 191.14 is a requirement after 
the facility is decontaminated arx:i dea:mnissioned. 'Ihis will 
occur sane thirty years in the future. A decision even to 
cperate the facility in a disposal IOCde is oot sdleduled for 
aba.It five years. 'llle inple.rrentation shoold enploy 
state-of-the-art tedmiques available in the 2020 A.O. time 
frame. A great deal of work has already been CCl!l'leted for 
the Office of Nuclear Waste Isolation (OM) ~marker 
design arx:i placement. 'Ihis informatioo is available for 
WIPP. In fact, ONWI-354 uses WIPP as a type location for 
markers arx:i prq:oses a plan for marker design arx:i placement. 

~ natural resa.rrces, the report re!erenoed in EEG' s 
canm:mt is~ to be :p.lblished durirq July or August of 
1989. Section 40 CFR 191.16 awlies only ilhen a special 
source of gra.urlwater (as defined in 40 CFR 191.12 (n) ] is 
present. 'Il1e WIPP site does not fit into this category, so 
Section 16 does not ai:ply. 

(Uestion 11: Two conflictirg layruts of the enplacement of waste durirg 
the test ~ -were presented to us durirq the OOE 
presentation of the Plan on April 21, 1989. 'Il1e layout shown 
on page 3-41 does not matdl the laycut presented by Martin 
M::>lecke, rut the references to the test aloove nuni:ers in the 
text awear to refer to the layout presented by Dr. M::>lecke 
at the meetirg. What is the officially prcp::ised layout? 
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Response: 'Ihe current laywt has alcoves 1-4 located iwm:rliately 
q::posite ard oorth of Roans 4-7 in Panel 1. The e.ntryways to 
eadl alcove (100' x 25' x 13') will be 170' lcn;J, 14' wide x 
13' high. Erl}ineerirq analyses of these la}Olts are be.in] 
corrluctsd. ard will be reported in the latter part of July. 
Alcoves 5 ard 6 are tentatively planned to be excavated in 
Panel 2. 

Question 12: 'Ihe Waste Enplacement Schedule figure on the "Notice to 
Reader" page of the document shows a solid tx>rizontal line 
fran Septeni:)er 1992 to 5epteIIi::ler' 1994 • toes this mean that 
no acXlitianal waste is proposed to be enplaced durirq that 
period of bvo years? 

Response: 'Ihe intent of the figure cited is to inilcate that the 
E!Ill'lacement sdledule for the final two years of the test 
period will be determined durirq or f ol1~ assessment of 
the first three year period. 

Question 13: A draft test plan for WIPP Roan-Scale Oi-'IRJ Tests is 
scheduled to be available on April 1, 1989 (mid-FY 89), as 
stated on p:!qe 2-109. Similarly, a draft test plan for WIPP 
Bin-scale CE-'.IRJ Waste Tests is scheduled to be available 
sanetilre between Octcber 1, 1988, arrl Oct.cber 1, 1989 (FY 
89), page 2-112. 'Ihe three-page descriptiai (pages 2-106 to 
2-109) of the Roan-Scale Gas Generation Tests arrl a similarly 
brief description of the Bin-Scale Tests (page 2-110 to 
2-112) does not provide "Details on the waste mix 
mnp::sitions, types arrl quantities of waste drums an:i 
backfills, getters, degradaticn prcduct. o:::ntaminants, extent 
of brine ro~, a~ caitrol (aerd:>ic/anaerd:>ic, 
pressures) , instrumentation an:i control hari::t.are, an:i 
E!Ill'lacement schedules ... " (pages 2-109 an:i 2-112) • it wc:W.d 
not be possible for us to cxmnent on the suitability arrl the 
adequacy of yoor plans for experiments with waste withcut 
considerably rore details an:i consistency. 

Resp:>nse: 'Ihe draft test plans referred to were provided to the EEX; at 
the NAS meetin;J June 7, 1989 even ~ they are draft 
documents presently urrlergoirq internal review an:i may be 
m:xtified by on-goin3' reviews. 

Question 14: 'Ihe follow~ reference, cited in At:Perrlix A, is needed to 
un:ierstan:i the plans for laboratory an:i nx:rlel.in] sb..rlies of 
reposi to:ry arrl radionuclide d1emist:ry. Please wake this 
report available as soon as possible. 

Brush, L.H., 1989, (in preparation) . "Test Plan for 
I..aborati:>ry aro. J<t::delirq studies of Rep:isito:ry an:i 
Radionuclide 01emistry," San:iia National Laboratories, 
Albuquerque, NM. 
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Response: 'Ihe test plan will be provided to EEG as s::on as it is 
carplete.d by the author am reviewed by ma.--.agement. It is 
anticipated that the plan will te:ore avai:..able in Octcber 
1989. 

Q.iestion 15: '!here are numeroos discrepancies in the n.mbers of sh.ipnents 
am schedules in the report. For exazrple, !'able 3-6, page 
3-45, shOW'S Alcove 1 with 25 shipnents (1, cso drurrs) am 
Alcove 2 with 17 sh.ipnents (714 drums), wti..:.:.e page 3-5 on 
page 3-42 shows Alcoves with 1,100 dnnns. 

Response: '!his draft plan does contain discrepancies in the figures 
noted. COrirg planned revisions, upjated :."tformation will be 
assured. 

Q.iestion 16: No justification has been provided for the 3IIO.ll1ts of waste 
enplacenent proposed for different ~.inErts am for 
cperational deronstration. For exanple, wtat is the basis of 
reducing the experimental waste ano.mts fr.In 3% in 1988 to 
O. 75% in 1989 ard increasing the ~tional Cemonstration 
annmts fran 0% in the 1988 prop:::sal to 8% in the 1989 
prop:::sal? Similarly, the effect of arbitrarily reducing the 
first three-year waste emplacement fran 4.4-% to 3% has not 
been explaine:i. Co these nurrbers have any scientific basis? 

Response: ~tions r:aronstration waste receipt ~ has been 
constructed to d1eck the variaJS cperationa1 parameters of 
the waste receipt prcx::ess. As designed, t:e system will 
provide the opporb.m.ity for evaluati.n; the generator sites, 
transportation system, 'IRJPACT II efficacy. am the WIPP 
facility. 

~estion 17: HcM was the size (lOO'x 2S'xl3') of the a.l=oves detennined? 
In last year's plan, the waste was prqx:ise'.i to be emplaced in 
the regular (300'X33'Xl3') roans. What is the basis for 
sizing the alcoves to be one-foorth of the roan size? Why 
not one-fifth, one-third, or one-half of te roan dimension? 

Response: 'Ihe dimensions of the test alcoves (100'X25'Xl3') are based 
on the rn.mt:er of drurrs needed for the test arrl the desire to 
keep a min:im..nn width to provide a JIOre sta::le back. 'Ihe 
alcove was sized to keep the volurre snall :.o facilitate the 
measurements of gas during the test. In a:Xlition to having a 
smaller width, the back in the test roans •.will be rock oolted 
to ensure safe retrieval of the test drums at the errl of the 
test. 

~estion 18: Why is ~tions Cemonstration 11E'!eded I'XJIA-:? Why can't it be 
done after the decision has been made to c.:..spose of the waste 
at WIPP? 
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Response: A full WIPP ~tion.s DenDnst.ration at the earliest pcssilile 
time will provide a unique q:porbmity to identify arrl 
inl'lement design an:i p~tic dlan;JE!S that increase the 
reliability an:i efficieoc:'j of the waste receipt process. In 
acktition, the decision on full scale I"ep:)Sitory operatictlS 
will benefit fran the results of the c:peraticns derronstration 
as well as catpletioo of the Perfo:rmaJ"O! Assessment. 

Q..iestion 19 : 'llle OOE is not p:rc:p:sil'q arr:/ erplacement of waste at the 
High-Level waste Repository in Nevada for a test ~ or 
operations deoonstration before ccrrplianoe with the EPA/NRC 
Stardards. Why is this plan proposed for WIPP? 

Resp:>nse: OOE is fully ccnplyil'q with the EPA starDards in its a.wroadl 
in c:pening the WIPP facility. '!here is oo regulatory 
requirem:mt to derocnstrate carpliance prior to bri.n;~ 
wastes to WIPP. 'Ihis has been stated on repeated occasions 
by the EPA. 

'llle waste destined for the High-Level waste repcsitory in 
Nevada will be in a very different waste form than the 
'IRJ-wastes destined for WIPP. Since the 'l'RJ'""'\o1a5tes consist 
of a wide variety of hetera;eneous wastes, a test Ii'lase with 
actual waste is warranted. 

Q..iestion 20: 'llle plan does not explain why experiments are needed for 
ai-'IRJ waste rut not for RH-'IRJ waste. 

Resp:>nse: 'Ihe RH-'IRJ is a very small ( 3%) fraction of the total V<lste 
inventory an:i, shculd not significantly ccntrirute to the gas 
generation concern. In ad:lition, erplaceIIe"lt of RH-'IRJ 
wastes in an easily retrievable made l«W.d oot permit 
experinents wh.idl address radioactivity an:i the la.v doses to 
the~ salt wrul.d not require such evaluations. 

Question 21: What are the plans for the Alcoves when the experiments are 
a::rrrpleted? 

Response: When experiments are carpleted in the alcc:M:!S, the V<lste will 
be rem::ived an:i the alcoves backfilled. 
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ROOMS SHOWING ROCKBOLT LOCATIONS 
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7.8 Appendix H - Letter from EEG to Senator Domenici, dated 
July 9, 1989, providing interim assessment of U.S. DOE 
(1989a). 
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ENVIRONMENTAL EVALUATION GROUP 

---------------------·AN EQUAL OPPORTUNITY I AFRRMATl\/E ACTION EMP\.OYER -

July 9, 1989 

7007 WYOMING BOULEVARD, N.E. 
SUITE F-2 

ALBUQUERQUE. NEW MEXICO 87109 
(505) 828· 1003 

The Honorable Pete Domenici 
United States Senate 
434 Dirksen Building 
Washington, DC 20510 

Dear Senator Domenici: 

Your letters of May 9, 1989 and June 23, 1989 requested 
EEG's evaluation of the technical merits of the DOE proposed 
experiments and operational demonstration (Ref. 1) using 
transuranic waste at WIPP prior to the demonstration of 
compliance with Subpart B of the EPA Standards for safe 
disposal of high level and transuranic waste (Ref. 2). The 
following is intended to keep you posted on the status of our 
analyses to date. 

Availability of Information 
Unfortunately, DOE has not yet provided the information 
requested in my letters of May 15 and June 19, 1989 (Ref. 3 
and 4) to enable us to fully evaluate the merits of the 
proposed experiments. 

The Draft Plan, received on April 26, 1989, is incomplete, 
lacking in details, and inconsistent with the add~tional 
information provided by DOE in an Addendum to the Draft Plan 
on June 6, 1989 and in Preliminary Test Plans on June 7, 
1989 for the bin and alcove experiments (Ref. 5 and 6). 

Experiments for Perf opnance Assessment 
DOE is proposing experiments with 4,500 drums of TRU waste in 
WIPP to be emplaced over a 3.5 year period, primarily to 
study the rate of gas production. Projections of conditions 
in the repository for the first 10,000 years after emplace
ment indicate potential problems in demonstrating compliance 
with human intrusion scenarios in Subpart B of the EPA 
Standards for TRU Waste Disposal (Ref. 2). We concur with 
DOE that it would be a good idea to have better estimates of 
gases to be produced by the waste, so that the assessment of 
compliance with the EPA Standards can be based on more 
reliable data on gas generation than is currently available. 
However, experiments and analyses to address and solve 
problems caused by gas generation are probably of equal or 
even greater importance and are not being proposed. This 

Providing an independent technical analysis of the Waste Isolation Pilot Plant (WIPPJ, 
a federal transuranic nuclear waste repository. 



would include work on the prevention of gas generation by 
waste treatment as well as elimination of gases after 
production. 

It should be noted that the results of the experiments will 
not assure compliance with the Standards, nor do the 
Standards require, in an obligatory sense, any experimenta
tion with waste. 

While DOE has not identified any additional scientific 
experimentation that could provide a better understanding of 
the future behavior of the repository, scientific experimen
tation should not be confined to only those studies in direct 
support of performance assessment. Nonetheless, the total 
amount of CH-TRU waste that has been identified by DOE for 
experiments in support of performance assessment is 4,500 
drums, and that should be regarded as an upper limit. It 
amounts to approximately 0.6% of the 5,600,000 cubic feet of 
CH-TRU waste expected to be generated and shipped to WIPP. 

Bin-Scale Experiments 
Of the 4,500 experimental drums of CH-TRU waste, 650 drums 
are for the "Bin-Scale" experiments. Although we have not 
been able to evaluate the individual bin experiments being 
proposed, there is much useful information that can be 
obtained and we believe the bin experiments should be started 
as quickly as possible. EPA estimates that the earliest date 
for approval of DOE's request for a variance to their no
migration petition for mixed wastes will be March 1990. This 
means that underground emplacement of bins that require mixed 
waste in order to obtain a representative mixture of the 
various CH-TRU waste forms for gas generation experiments 
cannot begin until that time unless DOE requests and receives 
an exemption from EPA to emplace RCRA waste in WIPP for 
scientific experimentation prior to receiving a variance from 
that agency. Hence, consideration should be given to 
conducting those tests requiring mixed waste elsewhere, 
because it may be almost a year before representative 
shipments of the different waste forms to WIPP can begin. 

Alcove-Scale Experiments 
Different transuranic waste forms totaling 3,850 drums with 
additives simulating repository conditions would be emplaced 
in five alcoves underground at WIPP. Conflicting schedules 
of the amount of time to emplace waste and then seal each 
alcove range from four to nine months in the various 
documents, making it fruitless to determine the expected 
availability of gas data to be used in the demonstration of 
compliance with the EPA Standards (Performance Assessment) 
scheduled for draft publication in September 1992. We will 
need to perform a more detailed evaluation. of the proposed 
experiments in order to determine their value. 
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Operational Demonstration 
DOE proposes to ship 18,300 drums for operational demonstra
tion during a three-year period and would reserve the option 
to emplace as many as 63,500 drums for operational demonstra
tion (68,000 total drum-equivalents minus 4,500 drum
equivalents for scientific experimentation) before meeting 
the Standards. We do not believe that waste should be 
brought to WIPP for this purpose prior to proving that the' 
facility can meet the Standards for safe disposal for the 
following reasons: 

1. There is little technical knowledge or experience 
to be gained in conducting waste handling activi
ties at WIPP before completing a number of required 
actions. Waste certification is occurring at the 
generating sites, as is packaging and waste 
handling. DOE has transported more than 100,000 
CH-TRU waste drums from the generating sites to 
INEL since 1970 and is still transporting drums 
today. 

2. The emplacement of 18,300 drums before making a 
decision on the need to process wastes (e.g., 
cementation, crushing, incineration, etc.) could 
result in needless transportation and operations 
related occupational radiation exposure. If 
treatment is required, a facility· would have to be 
built for this purpose at WIPP, or waste would have 
to be transported back to Rocky Flats or elsewhere 
for processing. 

3. Until OOE commits to the actual waste emplacement 
conditions including backfill, getters, or other 
engineering modifications, waste emplacement will 
not represent actual conditions. And those 
commitments will be heavily bas.ed on the results of 
the performance assessment. 

4. Operational demonstration is unrelated to the 
demonstration of compliance wit.h the disposal 
requirements of the EPA Standards. 

s. If the scientific experiments with 4,500 drums are 
conducted, it will require 107 truck shipments. 
Unloading more than 300 TRUPAC'I's and moving the 
material through the system will provide con
siderable operational experienc:e. 

6. It is important to demonstrate an ability to 
emplace increasing amounts of waste safely, but we 
see no purpose to doing it twice, now and when the 
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disposal phase begins. 

7. DOE has not identified any need to conduct 
operational demonstrations at the HLW facility in 
Nevada and has no plans to do so prior to demonstr
ating compliance with the EPA and NRC Standards for 
disposal. Experiments and operational demonstra
tion with HLW at the Climax Mine in Nevada involved 
a dozen shipments, which is insignificant compared 
to the 1,500 planned shipments to WIPP for 
operational demonstration. 

Remote Handled Transuranic CBH-TRU) Wastes 
Since no experiments with Remote Handled Transuranic (RH-TRU) 
wastes have been identified, there is no need to ship these 
wastes before the decision to proceed with WIPP as a disposal 
facility is made. 

Compliance with the EPA Standards 
Efforts to assess WIPP's compliance with the EPA Standards 
should be accelerated so that a decision on the use of WIPP 
as a disposal facility may be made without undue delay. 
Little progress has been reported in probabilistic risk 
performance assessment towards the draft publication target 
date of September 1992 since the Standards were promulgated 
in September 1985. 

Our evaluation of the alcove experiments will be provided as 
soon as DOE respond to our requests. 

RHN:gt 
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