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ISSUES IN PERFORMANCE ASSESSMENTS FOR DISPOSAL OF 
U.S. DEPARTMENT OF ENERGY LOW-LEVEL WASTE 

ABSTRACT 

The U.S. Department of Energy (DOE) and its contractors have long been 

pioneers in the field of radiological performance assessment (PA). Much 

effort has been expended in developing technology and acquiring data to 

facilitate the assessment process. This is reflected in DOE Order 5820.2A, 

"Radioactive Waste Management." Chapter III of the Order lists policy and 

requirements to manage the DOEs low-level waste; performance objectives for 

low-level waste management are stated to ensure the protection of public 

health and the environment. A radiological PA is also required to demonstrate 

compliance with the performance objectives. DOE Order 5820.2A further 

requires that an Oversight and Peer Review Panel be established to ensure 

consistency and technical quality around the DOE complex in the development 

and application of PA models that include site-specific geohydrology and waste 

composition. The DOE has also established a Performance Assessment Task Team 

(PATT) to integrate the activities of sites that are preparing PAs. The 

PATT's purpose is to recommend policy and guidance to DOE on issues that 

impact PAs so that the approaches taken are as consistent as possible across 

the DOE complex. 
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ISSUES IN PERFORMANCE ASSESSMENTS FOR DISPOSAL OF 
U.S. DEPARTMENT OF ENERGY LOW-LEVEL WASTE 

1.0 PEER REVIEW PANEL 

The Peer Review Panel (PRP) members were selected by the U.S. Department 
of Energy (DOE) Office of Waste Management (EM-30), from nominees presented by 
each of the DOE Field Offices. One member was appointed by the Office of 
Environment, Safety and Health (EH). In addition, the DOE Office of 
Environmental Restoration (ER), the U.S. Nuclear Regulatory Commission (NRC), 
and the U.S. Environmental Protection Agency (EPA) were invited to appoint 
technical advisors to the Panel. 

The process of review, as determined by the PRP, consists of two parts. 
First, as a performance assessment (PA) is being developed, the PRP conducts 
an informal review which consists of tours and discussions at the disposal 
facility relative to the planned PA methodology. The review is followed by 
recommendations from the PRP to enhance the development of the assessment. 
Second, when the PA is finalized, the report is submitted to the DOE Office of 
Waste Management (EM-30) for review by the PRP and by DOE-Headquarters. The 
PRP's final review consisted of review and comment by PRP members 
individually, followed by meetings of the PRP to develop a consensus on the 
technical adequacy of the PA. The PRP then communicates its findings to 
EM-30. 

2.0 PERFORMANCE ASSESSMENT TASK TEAM 
The DOE-Headquarters, Office of Waste Management (EM-30), has also 

established a Performance Assessment Task Team (PATT) to integrate the 
activities of the sites that are preparing PAs for disposal of low-level 
radioactive waste. The intent of the PATT is to achieve a degree of 
consistency among these PAs as the analyses proceed at the disposal sites. 
The PATT's purpose is to recommend policy and guidance to DOE on issues that 
impact the PAs, including release scenarios and parameters, so that the 
approaches are not only reasonably consistent across the DOE complex, but also 
consider site-specific and facility-specific differences. 

The PATT consists of a chairperson, members from each of the six DOE 
sites that are currently disposing of waste, members from DOEs Office of 
Program Integration (EM-33) and Office of Environmental Guidance (EM-23), 
liaison representatives from the PRP, and the NRC. 

Many issues needing attention have been identified by the PATT. Issue 
papers have been prepared on each of these issues. Through discussion and, in 
some cases, formation of sub-teams, the PATT has prepared guidance and 
recommendations on several issues (Reference 1). Two major issues are 
discussed below. 
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3.0 MAJOR PA ISSUES 

3.1 TIME PERIOD 
The performance objectives in DOE Order 5820.2A are stated in terms of 

dose to individuals, but the time over which these objectives are to be met is 
not specified. For some release modes, maximum doses can occur thousands to 
hundreds of thousands of years after facility closure. Such times are longer 
than those for which engineered structures may remain intact, and even longer 
than times for which climatic, geological, and anthropological events can be 
predicted. The issue is the selection of a length of time for compliance that 
will be long enough to demonstrate an appropriate level of protection of 
public health and the environment, without requiring an analysis that might be 
impossible to support with any degree of credibility. 

The PATT recommendation is that, with regard to the dose objectives for 
protection of the general public and groundwater, the PA shall identify the 
processes and events that are likely to affect the disposal system, examine 
the effects of these processes and events on the performance of the disposal 
system (undisturbed by human intrusion and unlikely natural events), and 
estimate potential exposures for 10,000 years, with consideration for the 
associated uncertainties. 

3.2 REGULATION OF URANIUM, THORIUM, AND DAUGHTERS 
DOE Order 5820.2A limits dose to inadvertent intruders to 100 mrem/year. 

This performance objective could result in very low concentration limits for 
disposal of uranium and thorium contaminated waste due to the long-term 
buildup of radium and its decay products, Rn-222 (from uranium) and Rn-220 
(from thorium). Uranium occurs naturally in surface soil at a concentration 
of about 1 pCi/g. This concentration results in an average effective dose 
equivalent of about 200 mrem/year, most of which is due to Rn-222. For 
thorium, the average natural content of surface soil is also about 1 pCi/g. 
For thorium; however, the natural concentration results in a dose of about 
40 mrem/year, of which about two-thirds is due to Rn-220. 

For chemically separated uranium, radium and its decay products will not 
be in secular equilibrium for a very long time (about 10.5 years for a mixture 
of U-238 and U-234, and 10.6 years for U-238 only). For chemically separated 
thorium; however, decay products will reach equilibrium in about 50 years. 

Based on the dose from naturally-occurring uranium and thorium, the 
present DOE performance objective of 100 mrem/year to inadvertent intruders 
would limit the concentrations of these elements in waste to less than natural 
background. Thus, the PATT has recommended that, if an intruder performance 
objective is retained in the DOE Order, it should exclude the dose from radon 
and its short-lived decay products. A limit on the release rate of radon from 
low-level waste of 20 pCi/m2s could be set to be consistent with requirements 
of the U.S. Environmental Protection Agency for airborne emissions in 
40 CFR 61 (Reference 2) and with design objectives for disposal of uranium and 
thorium mill tailings in 40CFR192 (Reference 3). 
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3.3 BENCHMARKING OF COMPUTER CODES AND APPROACHES 
FOR MODELING EXPOSURE SCENARIOS 
A goal of the PATT is to improve the consistency of approaches (where 

applicable) and interpretation of results across the DOE system. An early 
task undertaken by the PATT was to examine all aspects of a PA to find areas 
in which consistency could be improved without impacting the credibility of 
the analyses (Reference 4). Groundwater modeling is strongly driven by site-
specific considerations; therefore, efforts to standardize groundwater 
modeling would likely compromise the credibility of the calculations. Based 
on this evaluation, human intrusion scenarios and dose assessments (from 
contaminated soil or water to receptor) were determined to be the areas most 
likely to be amenable to some level of standardization. 

Two computer codes, PATHRAE-EPA and GENII were compared for the 
ingestion, inhalation, and external exposure pathways for unit concentrations 
in soil and water. Hand calculations were also conducted using a spreadsheet 
to compare with the computer code predictions. External exposure calculations 
were also compared with results from the Microshield and ISOSHLD codes and 
results from Federal Guidance Report 12 (FGR 12). 

Generally, the computer codes compared very well for most of the 
pathways. Treatment of uptake of C-14 and H-3 was different in the two codes 
and warrants close attention when conducting calculations with PATHRAE-EPA and 
GENII. Treatment of stored feed consumed by cattle is also different in the 
two codes. This results in differences, generally less than 10%, for a few 
radionuclides. Some large differences in predicted doses were observed when 
the results using GENII average default inputs were compared with results 
using the benchmark parameters assumed for this analysis. This illustrates 
the potential for bias in default parameters. 

GENII showed the best agreement for external dose with FGR 12. The 
largest consistent differences were observed between PATHRAE-EPA and the other 
codes. PATHRAE-EPA uses a fundamentally different approach to calculate 
external doses that yielded results significantly different from the other 
codes and FGR 12. 

4.0 LESSONS LEARNED FROM REVIEWS 

To date, the PRP has conducted eight preliminary reviews. These include 
the Hanford Grout facility and 200 West Area burial grounds, the Nevada Test 
Site Area 5 burial ground, the Idaho National Engineering Laboratory (INEL) 
Radioactive Waste Management Complex (RWMC) burial ground, the Los Alamos 
National Laboratory Area G burial ground, the Oak Ridge National Laboratory 
(ORNL) Solid Waste Storage Area 6 (SWSA-6), and the Savannah River Site 
Saltstone facility and E-Area Vaults facility. 

The PRP has also concluded final reviews of the Hanford Grout facility, 
the Savannah River Site Saltstone facility, and the Savannah River Site E-Area 
Vaults facility. Final reviews are in process for the ORNL SWSA-6, INEL RWMC, 
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and Hanford 200 West PAs. The recommendations generated from these reviews 
have been compiled and condensed into the following guidance: 

• In the description of the facility and environs, sufficient detail 
must be presented to demonstrate adequate understanding of the 
facility and environmental processes potentially affecting 
contaminant migration. Most DOE sites have a considerable history 
of environmental investigations/studies that should be factored into 
the PA. 

• Justification of each aspect of the PA is critical. The review 
process is primarily that of validating the judgment of the assessor 
as pathways and scenarios are defined, computer codes are selected, 
etc. Thus, clearly stated and justified assumptions, selections of 
parameter values, choice of radionuclides for analysis, etc. are 
necessary. 

• Disposal of low-level waste is evolving toward the reliance on 
engineered barriers to achieve performance objectives. Thus, the 
consideration of mechanisms that could degrade the performance of 
the barriers and estimation of the lifetime of the barriers under 
disposal conditions is necessary for a credible performance 
assessment. Care must be taken to justify critical materials 
properties such as concrete hydraulic conductivity and the impact of 
degradation mechanisms on such properties. 

• It may be helpful to present two overall analyses of performance, 
one health-conservative and the other a best engineering estimate. 
Such a presentation may point out Critical uncertainties in the 
analysis and qualitatively indicate the degree of conservatism in 
the health-conservative analysis. 

• Formulation of intruder scenarios should consider site-specific 
conditions (i.e., climate, environment, historical patterns of human 
activity) as well as "standard" scenarios (Reference 6). Passive 
controls (i.e., markers, land use records) may be considered in the 
analysis of intrusion; however, the duration and effectiveness of 
the controls must be justified. 

• The integration and interpretation of the results of the analyses 
required for a PA is critical to the success of the assessment. 
This step involves interpreting the results of several analyses in 
light of the associated uncertainty and sensitivity, the extent of 
assumptions necessary to conduct the analyses, etc. Frequently, 
this step is neglected or not given sufficient emphasis, resulting 
in diminished credibility of the assessment. 

• Sufficient detail must be documented to enable the peer review panel 
to undertake confirmatory calculations in order to judge the 
acceptability of the assessment. 

This, and other guidance developed by the PRP, is discussed more fully in 
references 5, 6, and 7. 
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5.0 UNIQUE ASPECTS OF DOE DISPOSAL SITES 

Several DOE low-level radioactive waste disposal sites have unique 
features which contribute to the complexity of a PA. Some of these are 
discussed below. 

At the Savannah River Site, concrete vault technology is being used to 
contain cemented low-level radioactive liquid wastes. The massive concrete 
vaults are as large as 183 meters long, 30.5 meters wide, and 7.6 meters deep. 
Because the disposal vaults will be covered with earth and a low-permeability 
cap, migration of contaminants is controlled by diffusion from the concrete 
waste form through the vault structure. Assessment of migration through 
microcracks that will form in the concrete vault walls is required. Also, an 
assessment of the longevity of the concrete structure and the rate of change 
of such parameters as diffusivity and permeability is required. 

At the INEL, there is the potential for flooding of the disposal facility 
due to surface water flow. Unusual accumulations of snow and subsequent rapid 
melting can result in surface flooding in the vicinity of the low-level waste 
disposal facility. Engineered features (berms) have been emplaced to mitigate 
this potential in the near term. The PA must attempt to predict the long-term 
performance of the berms and the consequences of berm failure. Also, at the 
INEL, there is the potential for a nearby volcano to become active. 

At the Nevada Test Site, normal precipitation is so low (approximately 
0.1 meter per year) and evaporation so high (approximately 3 meters per year) 
that there may be no recharge of the groundwater in the vicinity of the 
disposal facility. The water table (zone of saturation) lies at a depth of 
about 275 meters below the disposal facility. Thus, migration of contaminants 
to groundwater may not be a significant pathway. Diffusion of contaminants to 
the ground surface and vapor phase migration of specific contaminants, such as 
tritium, may be more significant. 

At the Los Alamos National Laboratory, the low-level waste disposal 
Facility is situated on a mesa. Waste disposal units are within a few tens of 
meters of the steeply sloping sides of the mesa. Thus, a potential mechanism 
for exposure of contaminants is the lateral migration through the unsaturated 
zone in combination with erosion of the mesa sides (called "cliff retreat"). 
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