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National Low-Level Waste Management Program Technical Bulletins provide information to States, 
compact regions, and other interested parties on issues related to the development of low-level radio- 
active waste disposal facilities. The Bulletins distribute information that is of immediate concern to the 
States and regions or that is not suited to more formal reports. Technical Bulletins are published on an 
as-needed basis. 

The intent of this Technical Bulletin is to provide a basic understanding of the performance assessment 
process for the evaluation of near-surface low-level radioactive waste disposal facilities. Regulatory 
guidance for performance assessment will be discussed as well as the various approaches and principles 
involved in determining compliance with the defined performance objectives. 
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Introduction 

The Low-Level Radioactive Waste Policy 
Act (PL 96-573) of December 1980 delegated 
responsibility for the disposal of commercially 
generated low-level radioactive wastes (LLW) to 
the States. A State could either develop its own 
disposal facility for the LLW generated within its 
borders or it could enter into a compact with other 
States and establish a regional disposal facility 
for the LLW generated within that region. 

The Low-Level Radioactive Waste Policy 
Amendments Act of 1985 (PL 99-240) estab- 
lished a series of milestones to ensure that the 
national compact system for LLW disposal 
progressed as scheduled. One milestone is the 
submission of a complete license application for 
LLW disposal by January 1, 1992 (Brown, 1986; 
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PL 99-240). License applications are required to 
provide a reasonable assessment of potential 
radioactive releases via the most significant 
transport mechanisms for each institutional phase 
of the facility (NRC, 1988a). Performance assess- 
ment calculations are intended to show that the 
proposed near-surface disposal facility is capable 
of operating within the performance objectives 
defined in Title 10 of the Code of Federal Regula- 
tions Part 61 (10 CFR 61). This regulation em- 
phasizes the need to maintain releases of 
radioactivity as low as reasonably achievable. 
Low-level radioactive waste disposal facilities 
must be designed, operated, and eventually 
closed in a manner that ensures long-term stabil- 
ity and protects public health and safety. These 
requirements are to provide the public with rea- 
sonable assurances of limited human exposure. 



Performance Objectives 

Performance objectives have been defined in 
10 CFR 61 for the protection of the public health, 
safety, and environmental resources. These per- 
formance objectives require: 

Protection of the general population from 
releases of radioactive material by 
requiring that annual dose equivalents 
not exceed 25 mrem/yr to the whole 
body, 75 mrem/yr to the thyroid, or 
25 mrem/yr to any other organ of any 
member of the public [lo CFR 61.411 

0 Protection of individuals from inadver- 
tent intrusion [lo CFR 61.421 

Protection of individuals during 
operation [ 10 CFR 6 1.431 

0 Stability of the site after closure 
[lo CFR 61.441. 

The disposal facility must be sited, designed, 
operated, and closed to achieve long-term sta- 
bility, eliminate active maintenance following 
closure, and ensure protection of inadvertent 
intruders. 

Definition of Performance 
Assessment 

Performance assessment of a LLW disposal 
facility is a systematic analysis of the disposal 
facility and its surrounding environment, with the 
intent of demonstrating compliance with the 
radiological performance objectives established 
by 10 CFR 61 to protect the public and inadver- 
tent intruders (Case and Otis, 1988). Defensible 
performance assessment calculations are a vital 
part of a complete license application for a LLW 
disposal facility (NRC, 1988a). Present condi- 
tions and future scenarios must be considered and 
should be evaluated for at least a 500-year time 
frame. Performance assessments should be per- 
formed so that reasonable extrapolations for time 
periods greater than 500 years can be made to 
demonstrate that maximum dose rates will not ex- 

ceed regulatory limits. Performance assessments 
may also be used to establish site-specific inven- 
tory limits for certain nuclides of concern. 

The goal of a performance assessment for a 
near-surface LLW disposal facility is to calculate 
potential radiological impacts for each of the 
human exposure pathways (NRC, 1988a). This 
involves determining potential pathways and spe- 
cific receptor locations for human exposure to 
radionuclides; developing appropriate scenarios 
for each of the institutional phases of a disposal 
facility; and maintaining quality assurance and 
control of all data, computer codes, and 
documentation. 

The Performance Assessment 
Process 

A proposed facility’s performance objectives 
must be defined prior to conducting a perform- 
ance assessment. For non-Agreement States, 
these objectives are defined in 10 CFR 6 1. 
Agreement States have assumed regulatory re- 
sponsibility from the U.S. Nuclear Regulatory 
Commission (NRC), in accordance with the 
Atomic Energy Act, for disposing of LLW within 
their borders. The aforementioned performance 
objectives are the minimum requirements. 
Additional requirements compatible with NRC 
regulations may be added by State regulations. 

Site-specific data obtained through site char- 
acterization studies are the most limiting and 
costly aspect of the performance assessment pro- 
cess. Performance assessment data requirements 
include: waste characteristics such as activity, 
volumes, composition, and physical and chemi- 
cal form; facility characteristics such as size and 
type of disposal facility; disposal procedures 
including package integrity and stabilization 
techniques; biotic considerations such as the 
composition and abundance of plant and animal 
communities; and environmental factors includ- 
ing meteorological, geochemical, hydrological, 
and geologic characteristics (Case and Otis, 
1988; National Low-Level Waste Management 
Program, 1990). 

Development of potential exposure scenarios 
is an important part of modeling the disposal 
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system and should be initiated during the site 
characterization phase. Although typical sce- 
narios are presented in the U.S. Nuclear Regula- 
tory Commission’s Standard Format and Content 
of a License Application for a Low-Level Radio- 
active Waste Disposal Facility (NUREG 1199, 
Rev. l), site-specific scenarios must also be con- 
sidered. The most relevant exposure scenarios 
must then be expanded for each of the facility’s 
institutional phases to form a simple descriptive 
representation (conceptual model) of the disposal 
facility (Starmer, 1988; Starmer et al., 1988). 

Conceptual models should adequately address 
all aspects of the system without undue complex- 
ity (Kozak et al., 1990). Conceptual models of a 
near-surface LLW disposal system should 
include: (a) a facility or near-field model to 
describe the release of radionuclides within the 
facility, (b) a flow/transport model to describe the 
movement of radionuclides, (c) a demographic 
model to show the spatial distribution of the 
human population around the disposal facility, 
and (d) an exposure model to describe which, and 
how, receptors become exposed (Case et al., 
1989). Particular attention should be paid to the 
most significant sitespecific pathway. Concep- 
tual models must eventually be translated into 
mathematical equations and mathematical mod- 
els to simulate each process. 

Mathematical modeling usually involves 
screening calculations and may require additional 
data collection to determine the potential for 
compliance with the defined performance objec- 
tives. Mathematical equations and models are 
generally written as computer code for detailed 
pathway analyses. The use of existing and estab- 
lished code, if applicable to a specific site, is 
generally recommended over the development of 
site-specific code for each disposal facility, 
thereby permitting a comparison of the assess- 
ment results during the review and verification 
process. Final code selection should ultimately be 
governed by the identified pathways, site- 
specific processes, and code capabilities. 

Once an appropriate code has been selected, 
performance assessment calculations should 
begin. An iterative approach should be employed 

to improve the analysis. Uncertainties are intro- 
duced throughout the entire performance assess- 
ment process (Bonano and Cranwell, 1988; 
Maheras and Kotecki, 1990). Performance 
assessment calculations, therefore, should not be 
viewed as absolute. Uncertainty associated with 
input data leads to uncertainty in the output 
(parameter uncertainty). Uncertainty is inherent 
when predicting future events and processes 
(scenario uncertainty). Translating the subjective 
conceptual models into mathematical codes 
introduces additional uncertainty (modeling 
uncertainty) because mathematical descriptions 
will necessarily include various assumptions. An 
uncertainty analysis should be performed to 
quantify the inherent confidence of the calculated 
results. 

A sensitivity analysis is a quantitative measure 
of the effect input parameters have upon the cal- 
culated results (Maheras and Kotecki, 1990; Seitz 
et al., 1990). Various analytical techniques exist 
as discussed in Maheras and Kotecki. Those indi- 
vidual parameters exhibiting the greatest influ- 
ence on the model are considered the most 
sensitive (Case et al., 1988). Sensitivity and 
uncertainty analyses are important for identifying 
data variability and deficiencies. Resources 
should then be directed to parameters identified 
as being the most sensitive and uncertain. 

Although performance assessment results are 
likely to be conservative values, their intent is to 
demonstrate the projected performance level for 
the LLW disposal facility. An active public infor- 
mation program should be employed to educate 
the public in both LLW disposal and the entire 
performance assessment process. Various con- 
cerns of the public, the technical community, and 
the site regulators must be adequately addressed 
by a performance assessment. 

Throughout the performance assessment pro- 
cess, varying degrees of data and expertise will be 
required. Initial calculations should identify pos- 
sible data deficiencies or conceptual problems. 
Because of the tremendous interactions among 
the many phases of performance assessment, 
some flexibility must be maintained throughout 
the overall process. An iterative approach should 
be employed to improve and refine performance 
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assessment methods and results. A thorough 
quality assurance (QA) program should also be 
established and maintained throughout the per- 
formance assessment process (NRC, 1988a). This 
QA program should provide guidance for collect- 
ing, managing, and analyzing data as well as for 
documenting procedures and analyses (NRC, 
1988a). Seitz et al. provides guidance for testing, 
verifying, and validating performance assess- 
ment software. 

Performance Assessment Computer 
Codes 

Performance assessment codes that are capable 
of simulating the most critical exposure pathways 
for the proposed LLW disposal facility should be 
chosen. Generally, a single code will not be cap- 
able of adequately modeling all scenarios or path- 
ways. To address a variety of exposure scenarios, 
several codes should be used. 

Performance assessment codes are often differ- 
entiated according to their specific capabilities 
(Case et al., 1989). For example, performance 
assessment codes are often categorized as either 
process-level or system-level codes. Process- 
level codes are specialized codes dealing with a 
particular component of the disposal system, 
while the more generalized system-level codes 
integrate several processes involved in the 
system. Process-level codes generally predict a 
given behavior on a mechanistic basis. Process- 
level codes often use multidimensional models 
and may therefore be somewhat complex. Site- 
specific environmental data are required to pro- 
duce the more realistic and less conservative 
results. Such processes as infiltration, container 
degradation, flow and transport in saturated and 
unsaturated zones, which are extremely difficult 
to represent, are routinely modeled with process- 
level codes. Examples of codes in this category 
include HELP (Schroeder et al., 1984), BLT 
(Suen and Sullivan, 1990), PORFLO (Runchal 
et al., 1985), and UNSAT-H (Fayer and Jones, 
1990). 

System-level codes incorporate multiple 
subtasks such as source term determinations, 
exposure pathways, and transport mechanisms. 

Results from system-level codes are generally 
more conservative than their process-level coun- 
terparts. Examples of system-level codes include 
PATHRAE (Rogers and Hung, 1987a) and 
PRESTO-CPG (Rogers and Hung, 1987b). 

The NRC will review non-Agreement States’ 
license applications and will assess their 
compliance with the performance objectives of 
10 CFR 61. To that end, the NRC has developed a 
performance assessment methodology for its 
confirmatory review of license applications 
(Kozak et al., 1990). Within this methodology, 
the NRC has reviewed and recommended a num- 
ber of codes useful in the performance assess- 
ment process (Kozak et al., 1989a, b, c; Shipers, 
1889a, b). 

Modeling Approach 

Different levels of performance assessment 
modeling are required for the evaluation of a 
LLW disposal facility (Starmer et al., 1988). 
Initially, a system-level approach can provide a 
conservative approximation of the performance 
of a proposed LLW disposal facility. This initial 
modeling effort would be useful during the site 
selection and site characterization phases of the 
siting process, when less site-specific data will be 
available. This initial level will be useful in eval- 
uating the disposal concepts and methodology 
and will thereby provide guidance for the remain- 
ing data collection effort. 

A more data-intensive modeling effort may 
eventually be necessary to fully understand the 
various disposal system components (Starmer 
et al., 1988). Specific process-level codes are 
useful during this phase because of the complex- 
ity of the various pathways. For example, three- 
dimensional groundwater codes may be 
necessary to accurately characterize the hydro- 
logic portion of the system. 

Performance assessment calculations included 
in a license application should be conservative 
yet defensible (Starmer, 1988; Starmer et al., 
1988). The simplest model that adequately repre- 
sents the system should be used when applying 
for a LLW disposal license. 
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Review of Performance Assessments 

Demonstration of regulatory compliance is the 
license applicant’s responsibility (NRC, 1988b). 
The NRC or the appropriate Agreement State 
agency will review performance assessments to 
determine the adequacy of regulatory compliance 
for the proposed facility. The NRC provides guid- 
ance on their performance assessment review 
process in Standard Review Plan for Review of a 
License Application for a Low-Level Radioactive 
Waste Disposal Facility (NUREG 1200, Rev. 1). 
An NRC review will determine if the physical 
system and scenarios were defined properly and 
represented correctly with appropriate models. 
Performance assessment calculations will also be 
evaluated and may be verified by the NRC. 
Agreement States may make use of these NRC 
documents as guidance in addition to material re- 
lated to State-specific requirements. 

Summary 

The goal of a performance assessment for a 
LLW disposal facility is to determine the pro- 
posed facility’s projected compliance with regu- 
latory limits in terms of doses to the general 
public and to protect inadvertent intruders. A set 
of exposure scenarios must be evaluated for each 
of the various institutional phases of the facility; 
a quantitative evaluation must be performed for 
the most probable scenarios. 

Evaluation of the final conceptual model of the 
facility and site should involve the use of appro- 
priate computer code and site-specific data. Code 
selection for a performance assessment should be 
based on code capabilities as well as on site- 

specific needs and characteristics. Generally, a 
single code will not be capable of simulating all 
relevant scenarios. Various levels of modeling are 
necessary to fully evaluate the performance of 
each LLW disposal facility. During site charac- 
terization, a lack of sufficient data forces the 
establishment of various assumptions. At this 
preliminary stage, system-level codes are useful 
for bounding estimates of system performance. 
As data collection progresses, more specific 
process-level codes should be used to provide 
greater understanding of specific pathways and 
components. Using several codes and coupling 
various models together provide a more com- 
prehensible evaluation of the various complex 
processes associated with LLW disposal facili- 
ties. The final calculations used in support of a 
license application must be defensible. Therefore, 
the simplest code that accurately and adequately 
simulates the system should be used. 

A review of performance assessments for 
confirmation of regulatory compliance will be 
conducted by the NRC or the appropriate Agree- 
ment State regulatory agency. The license 
applicant is responsible for demonstrating 
compliance and must provide sufficient infor- 
mation to permit an independent review of the 
assessment. 

Performance assessment codes are tools for 
evaluating a proposed LLW disposal facility’s 
regulatory compliance. This evaluation should 
objectively assess the physical properties of the 
facility and its environment. Calculations in sup- 
port of this evaluation must be conservative yet 
realistic and they must also be technically defen- 
sible and supported by adequate data. 

DISCLAIMER 

This document was prepared as an account of 
work sponsored by an agency of the United States 
Government. Reference herein to any specific 
commercial product, process, or service by trade 
name, trademark, manufacturer, or otherwise, 
does not necessarily constitute or imply its 

endorsement, recommendation, or favoring by 
the United States Government or any agency 
thereof. The views and opinions of authors 
expressed herein do not necessarily state or 
reflect those of the United States Government or 
any agency thereof. 
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