UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20865-0001
June 10, 1997

ALL AGREEMENT AND NON-AGREEMENT STATES
LOW-LEVEL RADIOACTIVE WASTE COMPACT DISTRIBUTION

TRANSMITTAL OF STATE PROGRAM INFORMATION (SP-97-041 )

Your attention is invited to the enclosed correspondence which contains:

INCIDENT AND EVENT INFORMATION..........
PROGRAM MANAGEMENT INFORMATIUN....
TRAINING COURSE INFORMATION..............

TECHNICAL INFORMATION........ooovvvivnnninns XX Branch Technical Position on a
Performance Assessment
Methodology for Low-Level
Radioactive Waste (LLW) Disposal

Facilities, NUREG-1573
OTHER iNFORMATION. ....oovvieiviniiiinssennennns

Supplementary information: Enclosed for your information and comment is the draft
"Branch Technical Position on a Performance Assessm¢ 1t Methodology for Low-Level
Radivactive Waste Disposal Facilities," NUREG-*573, May 1997. Alsn enclosed is the
Federal Register notice on the availability of NUREG-1573 for public comment

(62 FR 29164, May 29, 1997).

A low-level radioactive waste (LLW) performance assessment is a technical analysis that
can be used to demonstrate compliance with NR:.'s performance cbjective tor radiological
protection of the general public — 10 CFR 61.41. NRC'’s Performance Assessment
Working Group has prepared a draft Branch Technical Proposal (BTP), designated NUREG-
1573, as a step toward providing drailed LLW performance assessment guidance to
potential applicants for an NRC lice The BTP may contain information that may be
useful to Agreement States and disp. | site developers on LLW performance assessment.
In this regard, the draft BTP includes the staft’'s technical positions on: {a) an acceptable
approach for systematically integrating site characterization, facility design, and
performance modeling into a single peiformance assessment process; (b) five principal
regulatory issues regarding interpreting and implementing Part 61 performance objectives
and technical requirements governing LLW site post-closure performance; and

(c) implemeantation of NRC's LLW perfarmance assessment methodology.
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The staff is interested in your views or. both the suitability of approaches presented in the
draft BTP for measuring the performance of LLW disposal facilities, as well as the staff's
proposed positions on certain LLW regulatory issues: (a) consideration of fu.ure site
conditions, processes, and events; (b) performance of engineered barriers; (c) time frame
for a LLW performance assessment; (d) treatment of sensitivity and uncertainty; and

(e) the role of performance assessment during the operational and closure periods.

Also, the staff is interested in your views concerning whether it would be appropriate to
discount potential doses, from a hypothetical LLW disposal site, to future generations. In
the context of LLW disposal, application of discounting, eitl.er qualitative or quantitative,
might more appropriately weigh present-day economic cost of design and performance
features associated with LLW disposal against expectations about future health risks. This
approach would not allow the standard to be exceeded, but would address the level of
assurance necessary to demonstrate that the LLW performance objectives will be met.
Aithough the draft BTP does not addiess this issue, the staff has been asked by the
Commission to request comment on this concept as part of the public comment process.

Send comments within 90 days of May 29, 1997, to Chief, Rules Review and Directives
Branch, Division of Freedom of In‘ormation and Publications Services, U.S. Nuclear
Regulatory Commission, 11545 Rockville Pike, Mail Stop T-6-D59, Rockville, Maryland
20852-2738. For further technical information, contact Anne E. Garcia, Division of Waste
Management, Office of Nuclear Material Safety and Safeguards. Her telephone is

(301) 415-6631 and INTERNET: AEG@NRC.GOV.

If you have any questions or comments regarding this letter, please contact me or the
individual named below.

POINT OF CONTACT: Stephen N. Salomon

TELEPHONE: (301) 415-2368

FAX: (301) 415-3502

INTERNET: SNS@NRC.GOV
mmg
PAULH. U

Paul H. Lohaus, Deputy Director
Office of State Programs
Enclosures:
As stated
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The staff is interested in y‘pur views on both the suitability of approaches preseried in the
draft BTP for measuring th& performance of LLW disgosal facilities, as well as the staff’'s
proposed positions on certain LLW regulatory issues: (a) consideration of futurs site
conditions, processes, and évents; (b) performance of engineered barriers; (c) tineframe
for an LLW performance assassment; (d) treatment of sensitivity and uncertaint\'; and
(e) the role of performance assessment during the operational and closure periors.

Also, the staff is interested in %our views concerning whether it would be appropriate to
discount potential doses, from Ahypothetical LLW disposal site, to future generations. In
the context of LLW disposal, application of discounting, either qualitative or quantitative,
might more appropriately weigh present-day economic cost of design and performance
features associated with LLW dus&sal against expectations about future health risks. This
approach would not allow the standard to be exceeded, but would address the level of
assurance necessary tc demonstrate that the LLW performance objectives will pe mat.
Although the draft BTP does not address this issue, the staff has been asked by the
Commission to request comment on th‘\s concept as part of the public comment process.

Send comments within 90 days of May 29, 1997, to Chief, Rules Review and Directives
Branch, Division of Freedom of Information and Publications Services, U.S. Nuclear
Regulatory Commission, 115456 Rockville Pike, Mail Stop T-6-D59, Rockville, Maryland
20852-2738. ror further technical information, contact Anne E. Garcia, Division of Waste
Management, Office of Nuclear Material Safety and Safeguards. Her telephone is

(301) 415-6631 and INTERNET: AEG@NRC.GOV.

If you have any questions or comments regardmg this letter, please contact me or the
individual named below.
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FAX: (301) 415-3502
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The staff is interested in your views on both the suitability of approaches presented in the
draft BTP for measuring the performance of LLW disposal facilities, as well as the staff’s
proposed positions on certain LLW regulatory issues: (a) consideration of future site
conditions, processes, and events; (b) performance of engineered barriers; (c) time frame
for a LLW performance assessment; (d) treatment of sensitivity and uncertainty; and

(e) the role of performance assesament during the operational and closure periods.

Also, the staff is interested in your views concerning whether it would be appropriate to
discount potential doses, from & hypothetical LLW disposal site, to future generations. In
the context of LLW disposal, application of discounting, either qualitative or quantitative,
might more appropriately weigh present-day economic cost of design and performance
features associated with LLW disposal ageinst expectations about future health risks. This
approach would not allow the standard to be exceeded, but would address the level of
assurance necessary to demonstrate that the LLW performance objectives will be met.
Althcugh the draft BTP does not address this issue, the staff has been asked by the
Commission te request comment on this concept as part of the public comment process.

Send comments within 90 days of May 29, 1997, to Chief, Rules Review and Directives
Branch, Division of Freedom of Information and Publications Services, U.S. Nuciear
Regulatory Commission, 11545 Reckville Pike, Mail Stop T-6-D59, Rockville, Maryland
20852-2738. For further technical information, contact Anne E. Garcia, Division of Waste
Management, Office of Nuclear Material Safety and Safeguards. Her telephone 1s

(301) 415-6631 and INTERNET: AEG@NRC.GOV.

If you have any questior 3 or comments regarding this letter, please contact me or the
individual named below.

POINT OF CONTACT: Stephen N. Salomon
TELEPHONE: (301) 415-2368
FAX: (301) 415-3502
INTERNET: SNS@NRC.GOV

/ ) 0\ /é
Ok ¢ \L YW 4

Paul H. Lohaus, Deputy Director
Office of State Programs

—
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Vol. 62, No. 103 / Thursday, May 29, 1997 / Notices

NUCLEAR REGULATORY
COMMISSION

AGENCY: Nuclear Regulatory
Commission.

ACTION: Availability of Draft Branch
Technical Position.

SUMMARY: The U.S. Nuclear Regulatory
Commission is announcing the
availability of the “'Draft Branch
Technical Position on & Performance
Assessment Methodology for Low-Level
Radioactive Waste Disposal Facilities "
DATES: The comment period expires
August 27, 1897,
ADORESSES: Send comments to Chief,
Rulus Review and Directives Branch,
Division of Freedom of Information and
Publications Services, U.S. Nuclear
latory Commission, 11545
Rockville Pike, Mail Stop T-6-D59,
Rockville, Maryland 20852-2738.
Comment. may be delivered to the same
address between 7:45 e.m. and 4:15
p-m., on Federal workdays.

A copy of the draft Branch Technical
Position (BTP) is available for public
inspection and/or copying at the NRC
Public Document Room, 2120 L Street
(Lower Level), NW, Wuhlm. DC
20555-0001. Copies of the BTP
may also be obtained by contacting
Karen S. Vandervort, Division of Waste

ent, Office of Nuclear Material
Safety and Safeguards. Telephone: (301)
415-7252.
FOR FURTHER INFORMATION CONTACT:
Aane E. Garcia, Division of Waste
Management, Office of Nuclear Material
Safety and Safeguards. Telephone: (301)
415-6631.
SUPPLEMENTARY INFORMATION: The U.S.
Nuclear Regulatory Commission's
(NRC's) regulation regarding the
licensing requirements for the land
disposal of low-level radioactive waste
(LLW) can be found at 10 CFR part 61.
Part 61 requires that technical analyses
be performed to demonstrate protection
of the general populetion from releases
of radioactivity to the general
environment in certain environmental
pathways such as

und water, surface

water, air, soil, and biota (plants). A

LLW performance assessment is a
technical analysis that can be used to
demonstrate compliance with NRC's
performance objective for rediological
protection of the general public—10
CFR 61.41. NRC's Performance
2.ssessment Working Group has
prepared a dsaft BTP, designated
NUREG-1573, as a step toward
providing detailed LLW performance
assessment guidance to potential
applicants for 8 NRC license. When
finalized, the BTP may contain
information that mey be useful to
Agreement States and disposal site
developers on LLW performance
assessment. In this regard, the draft BTP
inciudes the staff's technical positions
on: (a) An acceptable approach for
systematically integrating site
cterization, facility design, and
performance modeling into a single
performance assessment process; (b) five
principal regulstory issues regarding
interpreting and implementing Part 61
performance objectives and technical
requirements governing LLW site post-
closure performance; and (c)
implementation of NRC's LLW
performance assessment methodology.
In arriving at the proposed positions
taken on these issues in the draft BTP,
the staff has considered a number of
alternatives. Nevertheless, the staff is
interested in the public’'s views on both
the suitability of approaches presented
in the draft BTP for measuring the
performance of LLW disposal facilities,
as well as the staff's proposed positions
on certain LLW regulatory issues: (a)
Consideration of future site conditions,
processes, and events; (b) performance
of engineered barriers; (c) timeframe for
an LLW performance assessment; (d)
treatment of sensitivity and uncertainty,;
and (e) the role of ormance
assessment during the operational and
closure periods. $
To obtain early feedback on the
guidance for LW performance
assessment under development by the
staff, a preliminary draft of the BTP was
distributed for comment to LLW-sited
and host Agreement State regulatory
entities; the Advisory Committee on
Nuclear Waste (ACNW); the U S,
Department of Energy (DOE); the U.S.
Environmental Protection Agency; and
the U.S. Geological Survey in January
1994, The briefed the ACNW and
the Commission on the scope and
content of the BTP in and April
1994, respectively. The staff
subsequently held two workshops on
the BTP and LLW performance
assessment. The first was a 2-day
workshop held at NRC Headquarters on
November 16-17, 1094. The second was

a half-day workshop, limited to certain
technical issues in LLW performance
assessment, held at the 16th Annual
DOE/LLW Management Conference on
December 13-15, 1894. Finally, the staff
briefed the ACNW on key regulatory
issues and its evaluation of the

workshop cermments on March 16, 1995,
This BTP reflects the staff's
consideration of feedback received
during those interactions. However, the
staff did not formally resprnd to these
comments in preparing this version.

In & related matter, the staff would be
interested in the views of the public
concerning whether it would be
appropriate to discount potential doses,
from a hypothetical LLW disposal site,
to future generations. In the context of
LLW disposal, it does not appear that
the use of the “time-value of money”
approach to discounting is
implementable considering the long
time frames of performance considered.
In the context of LLW disposal,
application of discounting, either
qualitative or quantitative, might more
appropriately weigh present-day
economic cost of design and
performance features associated with
LLW disposal against expectations
about future health risks. This approach
would not allow the standard to be
exceeded, but would address the level
of assurance necessary to demonstrate
that the LLW performance objectives
will be met. Although the draft BTP
does not address this issue, the staff has
been asked by the Commission to
request comment on this concept as part
of the public comment process.

Finally, the staff is aware that several
entities have commented on aspects of
the BTP, as presented in the January
1994, preliminary draft, through the
Commission's November 1895 Strategic
Assessment and Rebaselining Initiative.
The staff was directed by the
Commission to inform it on how it plans
to resolve those comments prior to &
decision to finalize the BTP. As part of
the public comment process, the staff
will provide the Commission with a
summary of all public comments,
including those made during the
Strategic Assessment and Rebaselining
Initiative, and proposed resolutions to
those comments prior to finalizing the
BTP.

Dated st Rockvilie, Maryland, this 22nd
day of May 1997

For the U.S. Nuclear Regulatory

Commission

Michael |. Bell,

| Acting Chief, Performance Assessment and

| High-Level Waste Integration Branch,
Division of Waste Management, Office of
Nuclear Material Safety and Safeguards
|FR Doc. 97-14010 Filed 5-28~97; 8:45 am)
BILLING CODE 788001 #
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ABSTRACT

The relationship between the overall 10 CFR Part 61 data and design requirements, and
detailed low-level radioactive waste (LLW) performance assessment needs are not directly
apparent from the existing U.S. Nuclear Regulatory Commission guidance documents. To
address this concern, NRC's Performance Assessment Working Group has prepared this draft
Branch Technical Position as 2 means of providing more detailed guidance on performance
assessment as it relates to the objective concerned with the radiological protection of the
general public — 10 CFR 61.41. Specifically, this guidance includes the staff’s technical
positions on: (a) an acceptable approach for systematically integrating site characterization,
facility design, and performance modeling into a single performance assessment process, (b)
5 principal regulatory issues regarding interpreting and implementing Part 61 performance
objectives and technical requirements integral to an LLW performance assessment; and (v)
implementation of NRC's performance assessment methodology. Moreover, the staff does
not expect separate intruder scenario dose analyses would be included in an LLW
performance assessment because 10 CFR 61.13(b) requires that analyses of *he protection of
individuals from inadvertent intrusion must include a demonstration that theie is reasonable
assurance the waste classification and segregation requirements will be met and that adequate
barriers to inadvertent intrusion will be provided.

Finally, this guidance attempts to share with the Agreement States and LLW disposal facility
developers some of the staff’s collective experience, and insights as they relate to the use of
LLW performance assessments. In this regard, these groups may also find this NUREG
useful as they proceed with the implementation of their respective programs.
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EXECUTIVE SUMMARY
1. INTRODUCTION

Performance assessment for low-level waste (LLW) disposal facilities is a type of technical
analysis used in connection with demonstrating compliance with the 10 CFR Pant 61 post-
closure performance objective governing radiological protection of the general public (10
CFR 61.41). This Branch Technical Position (BTP) provides extensive guidance, to potential
Part 61 applicants, on conducting performance assessments for LLW disposal facilities. It
describes a comprehensive process within which site characterization. facility design, and
performance assessment are conducted concurrently so that assessment results can be used to
identify adaitional information needs and direct the course of subsequent information-
gathering activities. The BTP also addresses certain LLW regulatory issues concerning how
to interpret and implement the Part 61 technical requirements pertaining to performance
assessment. These regulatory issues are: (a) treatment of future site conditions, processes,
and events; (b) performance of engineered barriers; (c) timeframe for an LLW performance
assessment: (d) treatment of sensitivity and uncertainty; and (e) the role of a performance
assessment during operational and post-closure periods. Finally, this BTP describes
acceptable modeling approaches for implementing the U.S. Nuclear Regulatory Commission
performance assessment methodology (PAM).

This guidance also attempts 1o share with the Agreement States and LLW disposal facility
developers some of the staff’s collective experience, and insights as they relate to the use of
LLW performance assessments. In this regard, these groups may also find this NUREG
useful as they proceed with the implementation of their respective programs.

2. LLW PERFORMANCE ASSESSMENT PROCESS

The goal of the performance assessment process is to defensibly and transparently address
uncertainty when analyzing future LLW disposal site performance. In developing an
effective performance assessment process, several attributes and objectives are considered
essential. The central artribute of the process is that it is to be conducted iteratively —
starting with a combination of generic and limited site-specific information in support of
relatively simple conservative models and analyses, and progressing 1o more site-specific and
detailed analyses, os necessary, to reduce uncertainty in assessing performance of a LLW
disposal faciliry. Initial screening analyses identify the most important issues and data needs,
and as more site and design information is collected, modeling assumptions. conceptual
models. and data needs are reevaluated. Site characterization and design bases are then
revised 1o obtain data or modify the design as needed to reduce uncertainty and defc.d
assessment results. The process is‘intended 1o be open and transparent in that all data,
assumptions. and models should be well-documented and explained. Moreover, the reasons
for any subsequent modification of assumptions and models should also be documented and
supported by an appropriate combination of site investigation and assessment data, valid
technical reasoning, and professional judgment. The process incorporates a formal treatment
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of uncertainty to provide a basis for performance assessment decision-making. provides a
technical basis for identifying the completion of site characterization, and helps build
confidence that the disposal site meets the performance objective.

3. STAFF APPROACHES TO REGULATORY ISSUES

The staff has idenufied five Part 61 performance assessment issues that need to be addressed
in the BTP. These regulatory issues are: (a) consideration of future site conditions,
processes, and events; (b) performance of engineered barriers: (c) timeframe for an LLW
performance assessment; (d) treatment of sensitivity and uncertainty in LLW performance
assessments; and (e) role of performance assessment during operational and closure periods.
The staff’s technical positions on these five issues recommend general approaches to
addressing them in the context of an LLW performance assessment.

3.1  Consideration of Future Site Conditions, Processes, and Events

The Part 61 siting requirements emphasize site stability, waste isolation, long-term
performance, and defensible modeling of future site behavior. To help achieve these goals,
the requirements stipulate avoiding sites where the frequency and extent of geologic
processes and events will adversely a.fect performance of an LLW disposal facility or
preclude defensible modeling of long-term performance. Therefore, it should be possible to
define a set of natural conditions, processes, and events that comprise the "reference geologic
setting” to be used in an LLW performance assessment. It is important to emphasize that the
goal of the analysis is not 1o accurately predict the future but to test the robustness of the
facility against a reasonable range of possibilities. The staff recommends the use of
conservative assumptions and ranges of parameters that could effectively bound the reference
geologic setting for the site. To capture the variability in natural processes and events and
bound dynamic site behavior, the range of siting assumptions and data should be sufficient to
understand the long-term trends in natural phenomena acting on the site. The staff
emphasizes that there should be a limit on the range of possible site conditions, processes,
and events 1o be considered in @ LLW performance assessment and that unnecessary
speculation in the assessment should be eliminated.

Additionally, consideration of societal changes would result in unnecessary speculation and
therefore should not be included in a performance assessment.

3.2  Performance of Engineered Barriers

Engineered barriers are typically used to enhance overall facility performance by limiting the
flux of water that comes into contact with the waste and the subsequent release of
radionuclides from disposal units. However, significant uncertainty exists concerning
predicting the service (i.e., design) Jife and long-term degradation rates of most engineered
barriers. and concerning demonstration of their long-term performance. To limit
unnecessary speculation as to their performance, the staff believes that materials typically
used in engineered barriers should be assumed to have physically degraded after 500 years
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following site closure.’ Thus, at 500 years and beyond, the engineered barriers should be
assumed to function at levels of performance that zre considerably less than their optimum
level. but credit for structural stability and chemical buffering effects may be taken for
longer periods of time.} For time-frames longer than 500 years, 1t 1s unreasonable 10
assume that any engineered bar ‘er can be designed to function long enough to influence the
eventual release of long-lived radionuclides such as carbon-14 (half-life: $700 years),
technetium-99 (half-life: 214,000 years) and iodine-129 (half-life: 15,800,000 years). if they
are present.

3.3 Timeframe for an LLW Performance Assessment

Part 61 does not specify a time of compliance for meeting the post-closure performance
objective of 10 CFR 61 41. Specification of a period for analysis needs to consider a
timeframe appropriate for evaluating the performance of both the engineered barriers and
geologic barriers with consideration given to the types (i.e., activity, half-life, and mobility)
of radionuclides being disposed of as LLW. The key concern is that release and transport
are sensitive to a number of uncertain site-specific parameters such as the degradation rates
of engineered barriers, and estimates for geochemical retardation in soils. This sensitivity
can result in order-of-magnitude uncertainties in the predicted ume of peak dose at an off-site
receptor point. To reduce unnecessary speculation regarding the performance assessment, a
period of 10,000 years (i.e.. the period of regulatory concern) is sufficiently long to capture
the peak dose from the more mobile long-lived radionuclides and to demonstrate the
relationship of site suitability t0 the performance objective. Shorter periods, such as the
1000 years being used in dose assessments for site decommissioning, are considered
generally inappropriate for assesstents of LLW facilities. The staff is concerned that
reliance on shorter compliance periods may result in an over-reliance on engineered barriers.
to an extent that the performance of the natural seting would noi be sufficiently evaluated,
and would not consider peak dose, should it occur beyond the 1000-year period.
Assessments beyond 10,000 years can be carried out, to ensure that the disposal of ceriain
types of waste does not result in markedly high doses 10 future generations, Or O evaluate
waste disposal at arid sites with extremely long ground-water travel times. However,
assessments of doses occurring after 10,000 years are not recommended for use as a basis for

compliance with the performance objective.

3.4  Treatment of Sensitivity and Uncertainty in an LLW Performance Assessment
Uncertainty is inherent in all performance assessment calculations, whether they are
deterministic or probabilistic, and regulatory decision-makers need to consider how the
uncertainty associated with the models and parameters translates into uncertainty 1n

performance measures. The staff recommends that formal sensitivity and uncertainty

' Any period of time claimed for pérformnnce of engineered barriers, 1n¢ luding periods exceeding 500 years,
should be supported by suitable information and jusuficauon evaluated on a case-by-case basis.

For “typical” commercial LLW, the inventory of short-lived radionuchdes decays 1o insignificant quantiies
at about 500 years
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analyses be conducted in support of performance assessment calculations. The staff
considered two different approaches for representing system performance in the context of
the post-closure performance objective. One approach provides a single bounding estimate of
system performance supported by data and assumptions that clearly demonstrate the
conservative nature of the analysis. The other approach provides a quantitative evaluation of
uncertainty with regard to system performance represented by a distribution of potential
outcomes.’

When compliance, as measured against the 10 CFR 61 .41 performance objective, is based on
a single (deterministic) estimate of performance, the applicant is relying on the demonstration
of the conservative nature of the analysis, rather than a quantitative analysis of uncertainty.
Therefore. if it is to be used as a performance measure, a single estimate of performance
should be at or below the 10 CFR 61.41 performance objective. In cases where a formal
uncertainty analysis is performed and a distribution of potential outcomes for system
performance is provided, the staff recommends that the mean of the distribution be less than
the performance objective and the 95th percentile of the distribution be less than 1 mSv (100
mrem), to consider a facility in compliance.

3.5 Role of Performance Assessment during the Operational and Closure Periods

Part 61 requires that final LLW site closure plans demonstrate the long-term safety of the
facilitv, and include anv additional geologic. hydrologic, or other disposal site data obtained
during the operational period pertinent to the long-term containment of waste, and the results
of tests, experiments, or analyses pertaining to long-term containment of waste. This could
include testing of assumptions about the performance of engineered aspects of the facility that
are amenable to confirmation during operations. The site clesure requirements suggest a
need to keep performance assessments up to date as new information brings into question the
bases of earlier assessments of LLW site safety.

B RECOMMENDED ANALYTICAL APPROACHES TO MODELING ISSUES

NRC formulated a performance assessment strategy in 1987 that promoics a modular
approach to modeling LLW disposal facility systems. The PAM, which was subsequently
developed around this strategy, embodies a generalized conceptual model of an L1.W disposal
site, necessary for undertaking performance assessment analyses. The purpose of the PAM
is to provide a basic set of system component models for conducting LLW performance
assessments. The PAM considers disposal system component models for: (a) infiltration;
(b) source term; (c) engineered barriers; (d) transport via (i) ground water,

(i) surface water, and (iii) air; and (e) dose. The PAM’s modular structure allows a mix of

Probabilistic approaches encompass 3 wide range of analysis technique and methods. For the purposes of
this BTP. probabilistic approach refers o the use of a formal. systematic uncertainty analysis to quanufy the
uncertainty in performance estimates caused by uncertainty in models and parameters. Assipming
probabilities to scenarios, which 1s characteristic of some probabilistic approaches, 1s not recommended by
the staff for LLW performance assessments
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both complex and simple models to be used in the overall LLW performance assessment.
Given the technical uncertainty of modeling LLW site performance and the diversity of sites
and facility designs being considered by various States and compacts, flexibility to select
appropriate subsystem models and codes is an important PAM attribute.

This BTP identifies technical issues and describes analytical approaches for modeling disposal
system components set out in the PAM. Although it is possible to implement the PAM
manually, creating input to one subsystem model based on the results of another, this
guidance discusses the potential benefits of automating subsystem model or code inputs and
outputs with an overall "system" code. The benefits of an automated system code over
manually linked subsysiem models may include: (a) increased ability to step through
successive iterations of the performance-assessment process and perform uncertainty and
sensitivity analyses; (b) a higher degree of quality assurance: (c) explicit recognition of
assumptions that might be vague or addressed inconsistently; and (d) use of consistent
parameters and values among subsystem models. However, no matter how model integration
is performed. it is important that analysts scrutinize and understand the intermediate model
results.  Although specific models and codes may be discussed or referenced in the guidance,

NRC does not endorse the use of any particular models or codes for an LLW performance
assessment.
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TABLE SHOWING ENGLISH/METRIC SYSTEM
CONVERSION FACTORS

The preferred system of measurement today is the "Systém Internationale” or the metric system
However, for some physical quantities, many scientists and engineers prefer the familiar and continue
to use the English system (foot-pound units). With few exceptions, all units of measure cited in this
report are usually in the metric system

The following table provides the appropriate conversion factors to allow the user to switch between

these two systems of measure. Not all units nor methods of conversion are shown. Unit
abbreviations are shown in parentheses. All conversion factors are approximate.

QUANTITY YO INCH-POUND UNITS

§
SPACE AND TIME :
|

i

FROM METRIC UNITS ' CONVERSION FACTOR ' |

|

length mile (mi) {statute] kilometer (km) 0.6214 km s
foot (ft) meter (m) 3.2808 m ’
inch (n) centimeter (cm) 0.3937 cm !

area square mile (mi®) square kilometer (km?) 0.3861 km’ :
acre square kilometer 0.2471 km’ '
square foot (ft*) square meter (m’) 10,7639 m’ i
square inch (i) square centimeter (cm?) 0.1550 em’ f

volume cubic vard (yd') cubic meter (m’) 1.3080 m’ !
cubic foot (ft') cubic meter 353147 m’ |

lter (L) 0.0383 L |

cubic inch (in") centimeter (¢m’) 0.0610 cm’ ‘

HEA

temperature degrees Fahrenhen (°F) degrees Celsius (°C) F=18C+ 32
degrees Kelvin (°K) ‘F = | 8K - 459.67

TONIZING RADIATION

acuvity cunie (Co) megabecquerel (MBg) 2.7027 x 10" MEq

(of a radionuchide)

absorbed dose rad gray (Gy) 100 Gy

dose equivalent rem sievert (Sv) 100 Sv

W

Not all metric units are shown. Most metric units can be arrived at by multiplying the value by 1(F

For additional unit conversions, refer to C.J. Pennyeuick, Conversion Factors: SI Units and Many Others,
Chicago, The University of Chicago Press, 1988
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FOREWORD

This Branch Technical Position (BTP) has been developed by the Performance Assessment
Working Group, which is composed of U.S. Nuclear Regulatory Commission staff from the
Division of Waste Management, Office of Nuclear Material Safety and Safeguards, and the
Waste Management Branch, Office of Nuclear Regulatory Research.

In January 1994, a preliminary draft of the BTP was first prepared and distributed for
comment to all low-level radioactive waste (LLW)-sited and host Agreement States, the
Advisory Commitiee on Nuclear Waste (ACNW); the U.S. Department of Energy (DOE);
the U.S. Environmental Protection Agency; and the U.S. Geological Survey. The staff
briefed the ACNW and the Commission, respectively, in March and April 1994, 1t also
evaluated State and Federal agency comments on the preliminary draft of the BTP, revised
certain sections of the BTP, and organized two workshops on the BTP and LLW
performance assessment. The first was a 2-day workshop on the BTP and test case held at
NRC Hevdquarters on November 16-17, 1994, The second was a half-day workshop that
focused on ~ertain technical issues in LLW performance assessment and was held at the 16th
Annual DOE T.LW Management Conference on December 13-15, 1994, The staff also
briefed the AC!'W on key regulatory issues and its evaluation of the workshop comments on
March 16, 1995. This BTP reflects the staff's consideration of comments received during
those interactions
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1 INTRODUCTION

The U.S. Nuclear Regulatory Commission’s licensing and related regulatory authority are
provided by the Atomic Energy Act of 1954 (Public Law 83-703), as amended, and the
Energy Reorganization Act of 1974 (Public Law 93-438). Before 1983, NRC regulated the
disposal of low-level radioactive waste (LLW) using a collection of generic regulations
specified in 10 CFR Parts 30, 40, and 70. In response to the needs and requests of the
public, the States, industry and others, the Commission promulgated specific requirements
for licensing the near-surface land disposal of LLW. NRC's requirements are in the form of
10 CFR Pant 61 (NRC, 1982; 47 FR 57446)." Part 61 establishes licensing procedures,

performance objectives, and technical criteria for licensing facilities for the land disposal of
LLW.

Since 1983, the staff has developed several documents intended to aid in the implementation
of Part 61. Foremost among these are: the "Environmental Standard Review Plan for the
Review of a License Application for a Low-Level Radioactive Waste Disposal Facility” -~
NUREG-1300 (NRC, 1987); the "Standard Format and Content of a License Application for
a Low-Level Radioactive Waste Disposal Facility” — NUREG-1199 (NRC, 1991a); and the
"Standard Review Plan for the Review of a License Application for a Low-Level Radioactive
Waste Disposal Facility” — NUREG-1200 (NRC, 1991b). However, in terms of measuring
performance against the Part 61 performance objectives, the guidance provided by these
documents is general and many specific implementation issues and acceptable approaches for
resolving them are not addressed. Moreover, the relationship between the overall Part 61
data and design requirements, and specific LLW performance assessmeni needs are not
explicitly addressed by the existing guidance documents. Previously, site characterization,
facility design, and performance modeling were activities that heretofore were considered
separate. To clarify these issues, the staff has prepared this Branch Technical Position (BTP)
as a means of providing detailed guidance, to potential applicants,’ in this area, as it relates

to the performance objective concerned with the radiological protection of the general public
— 10 CFR 61 41.

1.1 Background

A primary consideration of a decision to authorize a license to operate an LLW disposal
facility will be whether the site and design meet the performance objectives and iechnical

Under Section 274 of the Atomic Energy Act, NRC can relinquish portions of s LLW regulatory authority
1o the Swates. " Agreement States” are those States whose Governors have entered into limited agreements
with the Commission to assume this authority and are permitted 10 license new disposal faciliues under
comparable regulatons

In addition 1o potential Part 6] apphcants, existing LLW licensees, operaung under comparable Agreement
State regulauons, may also find the guidance in this NUREG usefu! as they proceed with the implementation
of their respective programs. (See Section 1.8)

Public Comment Draft S | NUREG-1573




requirements contained in Subparts C and D, respectively, of Part 61. A potential licensee
must characterize the site and provide a demonstration that the disposal site and design will
comply with explicit standards. There will be unavoidable uncertainties in predicting the
long-term performance of an LW disposal facility. Conclusions as to the performance of
the disposal facility and of particular barriers over long periods of time, by necessity, will be
based largely on inference, as it will not be possible to carry out test programs of sufficient
duration or that simulate the full range of notential conditions expected over the period of
regulatory concern. Given these uncertainties, it will be necessary for a potenual licensee to
adopt a variety of design features, develop models, perform tests, acquire data, and
undertake other measures to be able to demonstrate, with reasonable assurance, that the
performance objectives will be met.

For its part, in reaching a potential LLW licensing decision, the Commission can be expected
to apply the standard of "reasonable assurance,” based on the record before it, that the Part
61 performance objectives and technical criteria will be met. Performance assessments are
one mechanism for providing reascnable assurance, and, therefore, are expected to play an
important role in any potential LLW licensing proceeding.

1.2 Overview of LLW Disposal Concepts, Performance, and Technical Issues

A land disposal faciliry is the land, buildings, and ~quipment necessary to carry out the
disposal of LLW. A disposal site 1s that portion of a land disposal facility that is used for
the disposal of waste. It consists of a number of covered disposal units surrounded by a
buffer zone. A disposal unit 1s a discrete portion of the disposal site into which waste is
placed for disposal. Near-surface disposal units may . ..2e from earthen trenches to concrete
vaults. They may be covered with simple earthen caps or complex multi-layer systems of
drainage layers, capillary breaks, and moisture wicks (see Cartwright er al., 1987, Schulz er
al., 1988 and 1992; Smyth er al., 1990; Bennett, 1991; Bennett and Horz, 1991, and Bennett
and Kimbrell, 1991). The buffer zone is that portion of the disposal site that is controlled by
the licensee and which lies under and between the disposal units and any disposal site
boundary. The buffer zone provides controlled space to establish monitoring locations that
are intended to provide an early warning of radionuclide movement.

The natural site in which an LLW disposal facility is located consists of: (i) the geosphere
and hydrosphere (i.¢., geologic and hydrogeologic systems, including surface water); (ii) the
surrounding atmosphere; and (iii) the biosphere. The natural characteristics of an LLW
disposal site should promote disposal site stability ano «"tenuate the transport of radionuclides
away from the disposal site into the general environment. Although engineered barriers can
be used to improve or enhance disposal site performance, the nawral (geologic) setting must
be relied on, in the long term, for safery. Minimum characteristics that a disposal site must
have to be acceptable for near-surface disposal of LLW are specified in the technical
requirements of 10 CFR 61.50. Sites generally must possess the following characteristics:
(1) relatively simple geology: (ii) well-drained soils free from frequent ponding or flooding;
(i11) lack of susceptibility to surface geological processes such as mass wasting, erosion,
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slumping, landslides, and weathering occurring with such frequency or to such an extent as
to significantly affect disposal site performance. (iv) a water table of sufficient depth so that
ground water will not periodically intrude into the waste or discharge on site. (v) lack of
susceptibility to tectonic processes such as folding, seismic activity, and volcanism with such
frequency or to such an extent as to significantly affect disposal site performance; (vi) no
known potentially exploitable natural resources; (vii) limited future population growth or
development; and (viii) capability of not being adversely impacied by nearby facilities or
activities.

Engineered barriers are man-made structures or devices designed to improve or enhance the
site’s natural ability to isolate and contain waste, and to minimize releases of radionuclides to
the environment. An engineered barrier system operates in conjunction with the
characteristics of the natural site to form an integrated waste disposal system. Figure 1
depicts an example of an engineered barrier system consisting of various engineered system
components, including: (i) a layered earthen cover: (ii) a disposal vault; (iii) a drainage
system; (iv) waste forms and containers; (v) back-fill material; and (vi) an interior
moisture barrier and low-permeability membrane. Covers are required to be designed to
prevent significant quantities of water from contacting the waste (10 CFR 61.51(a)(4)) and
they also must provide shielding from direct gamma exposure (10 CFR 61.52(a)(6)). Cover
performance depends on site stability and many of the technical requirements governing
facility design, operation, and siting are directed at promoting waste package and cover
stability. Most of the disposal facilities proposed by States and compacts will use concrete
vault systems 1o help isolate waste from the accessible environment. Corcrete vault systems
include below-ground vaults (BGVs), earth-mounded concrete bunkers ((EMCBs) — i.e.,
above-grade, but covered with earthen material) and above-ground vaults (AGVs) with no
earthen covers (see Bennett er al., 1984; Warriner and Bennett, 1985; Bennett and Warriner,
1985; Miller and Bennett, 1985; Bennett, 1985; and Denson er al., 1987 and 1988).

The transient nature of surficial (i.e., geomorphic) processes, which are influenced by
patterns of weather and long-term climatic variability, and soil heterogeneity, contribute to
uncertainty in modeling the movement of water into and through disposal unit covers.
Furthermore, given the sparsity of data on the long-term durability of engineered materials —
how effectively engineered barriers perform over time, to limit the flux of water into the
disposal units — is a major uncertainty that must be addressed by relying primarily on
engineering judgment.

Source term refers to the radionuclide flux i=aving the disposal units. Releases of
radionuclides from an LLW disposal unit are caused by a number of physical and chemical
processes that occur primarily in the presenc: of water. Water enters the disposal unit
covers because a portion o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>