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ABSTRACT

As part of its redesign of the materials license program, the U.S. Nuclear Regulatory
Commission (NRC), Office of Nuclear Material Safety and Safeguards (NMSS) has consolidated
and updated numerous decommissioning guidance documents into a three-volume NUREG.
Specifically, the three volumes address the following topics:

(1) “Decommissioning Process for Materials Licensees”;
(2) “Characterization, Survey, and Determination of Radiological Criteria”; and

(3) “Financial Assurance, Recordkeeping, and Timeliness.”

This three-volume NUREG series replaces NUREG-1727 (NMSS Decommissioning Standard
Review Plan) and NUREG/BR-0241 (NMSS Handbook for Decommissioning Fuel Cycle and
Materials Licensees). This NUREG series is intended for use by NRC staff, licensees, and
others.

Volume 2 of the NUREG series, entitled, “Consolidated Decommissioning Guidance:
Characterization, Survey, and Determination of Radiological Criteria,” provides guidance on
compliance with the radiological criteria for license termination (License Termination Rule
(LTR)) in 10 CFR Part 20, Subpart E. This guidance takes a risk-informed, performance-based
approach to the demonstration of compliance. The approaches to license termination described
in this guidance will help to identify the information (subject matter and level of detail) needed
to terminate a license by considering the specific circumstances of the wide range of NRC
licensees. Licensees should use this guidance in preparing decommissioning plans, license
termination plans, final status surveys, and other technical decommissioning reports for NRC
submittal. NRC staff will use the guidance in reviewing these documents and related license
amendment requests.

Volume 2 is applicable to all licensees subject to the LTR.
PAPERWORK REDUCTION ACT STATEMENT

The information collections contained in this NUREG are covered by the requirements of

10 CFR Parts 19, 20, 30, 33, 34, 35, 36, 39, 40, 51, 60, 61, 63, 70, 72, and 150 which were
approved by the Office of Management and Budget, approval numbers 3150-0044, 0014, 0017,
0015, 0007, 0010, 0158, 0130, 0020, 0021, 0127, 0135, 0199, 0009, 0132, and 0032.

PUBLIC PROTECTION NOTIFICATION

The NRC may not conduct or sponsor, and a person is not required to respond to, a request for
information or an information collection requirement unless the requesting document displays a
currently valid OMB control number.
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NRC staff suggests that licensees contact NRC or the appropriate Agreement State
authority to assure understanding of what actions should be taken to initiate and
complete decommissioning at facilities.

In September 2003, U.S. Nuclear Regulatory Commission (NRC) staff in the Office of Nuclear
Material Safety and Safeguards (NMSS)' consolidated and updated the policies and guidance of
its decommissioning program in a three-volume NUREG series, NUREG-1757, “Consolidated
NMSS Decommissioning Guidance.” This NUREG series provides guidance on: planning and
implementing license termination under the NRC’s License Termination Rule (LTR), in the
Code of Federal Regulations (CFR), Title 10, Part 20, Subpart E; complying with the
radiological criteria for license termination; and complying with the requirements for financial
assurance and recordkeeping for decommissioning and timeliness in decommissioning of
materials facilities. The staff periodically updates NUREG-1757, so that it reflects current NRC
decommissioning policy.

In September 2005, the staff issued, for public comment, draft Supplement 1 to NUREG-1757,
which contained proposed updates to the three volumes of NUREG-1757. Draft Supplement 1
included new and revised decommissioning guidance that addresses some of the LTR
implementation issues, which were analyzed by the staff in two Commission papers
(SECY-03-0069, Results of the LTR Analysis; and SECY-04-0035, Results of the LTR Analysis
of the Use of Intentional Mixing of Contaminated Soil). These issues include restricted use and
institutional controls, onsite disposal of radioactive materials under 10 CFR 20.2002, selection
and justification of exposure scenarios based on reasonably foreseeable future land use (realistic
scenarios), intentional mixing of contaminated soil, and removal of material after license
termination. The staff also developed new and revised guidance on other issues, including
engineered barriers.

The staff received stakeholder comments on Draft Supplement 1 and prepared responses to these
comments. The stakeholder comments are located on NRC’s decommissioning Web site, at
http://www.nrc.gov/what-we-do/regulatory/decommissioning/reg-guides-comm.html, and the
NRC staff responses are located on the same Web site and also in the Agencywide Documents
Access and Management System at ML062370521. Supplement 1 has not been finalized as a
separate document; instead, updated sections from Supplement 1 have been placed into the
appropriate locations in revisions of Volumes 1 and 2 of NUREG-1757. The staff plans to revise
Volume 3 of this NUREG series at a later date, and that revision will incorporate the

Supplement 1 guidance that is related to Volume 3.

' As of September 2006, NRC is planning to reorganize NMSS and the Office of State and Tribal Programs (STP)
to create two new offices: the Office of Federal and State Materials and Environmental Management Programs,
which will focus on materials programs; and the new NMSS, which will focus on fuel cycle programs. This
reorganization is scheduled to take effect on October 1, 2006. This document contains references to NMSS and
STP. These references will be updated in future revisions of this document.
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NRC is currently moving toward increasing the use of risk information in its regulation of
nuclear materials and nuclear waste management, including the decommissioning of nuclear
facilities. NRC's risk-informed regulatory approach to the decommissioning of nuclear facilities
represents a philosophy whereby risk insights are considered together with other factors to better
focus the attention and resources of both the licensee and NRC on the more risk-significant
aspects of the decommissioning process and on the elements of the facility and the site that will
most affect risk to members of the public following decommissioning. This results in a more
effective and efficient regulatory process.

The term "risk-informed," as used here, refers to the results and findings that come from risk
assessments. A risk assessment is a systematic method for addressing risk. The end results of
such assessments (e.g., the calculation of predicted doses from decommissioned sites) may relate
directly or indirectly to public health effects. NRC staff has developed this guidance to
implement the risk-informed approach and intends that the guidance be implemented in a
risk-informed manner.

The primary decommissioning guidance documents used by licensees and NRC staff are
NUREG-1757 and NUREG-1700, "Standard Review Plan for Evaluating Nuclear Power Reactor
License Termination Plans." Table 1 below describes the general applicability of these
documents. NUREG-1537, "Guidelines for Preparing and Reviewing Applications for the
Licensing of Non-Power Reactors," contains guidance for non-power reactor licensees and NRC
staff, which includes a section on decommissioning and license termination for non-power
reactors.
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Table 1. Contents and Applicability of Key Decommissioning Guidance
Documents
Volume and Licensees to Which the
Status ' Title Guidance Applies

NUREG-1757, Consolidated Decommissioning Fuel cycle, fuel storage, and

Vol. 1, Rev. 2; Guidance: Decommissioning Process | materials licensees.” Limited

September 2006 for Materials Licensees applicability to reactor

licensees (see text below).

NUREG-1757, Consolidated Decommissioning All licensees that are subject to

Vol. 2, Rev. 1; Guidance: Characterization, Survey, the LTR (fuel cycle, fuel

September 2006 and Determination of Radiological storage, materials, and reactor

Criteria licensees).

NUREG-1757, Consolidated NMSS Fuel cycle, fuel storage, and

Vol. 3; Decommissioning Guidance: materials licensees.’

September 2003 Financial Assurance, Recordkeeping,

and Timeliness

NUREG-1700, Standard Review Plan for Evaluating | Power reactor licensees.

Rev. 1; Nuclear Power Reactor License

April 2003 Termination Plans

1 Versions listed are current as of September 2006. Please refer to the NRC’s Public
Electronic Reading Room at http://www.nrc.gov/reading-rm/doc-collections/nuregs to
obtain the most up-to-date version.

2 Licensees regulated under 10 CFR Parts 30, 40, 60, 61, 63, 70, and 72 (for 10 CFR Parts
60, 61, and 63, only the ancillary surface facilities that support radioactive waste disposal
activities). Because uranium recovery facilities are not subject to 10 CFR Part 20,
Subpart E, refer to NUREG-1620, Rev. 1, Section 5, for decommissioning guidance for
uranium recovery facilities that are subject to 10 CFR 40, Appendix A.

The current document, NUREG-1757, Volume 2, Revision 1, is applicable to all licensees that
are subject to the LTR. As mentioned above, this document incorporates changes based on
finalizing the guidance of draft Supplement 1. Table 2 describes the most significant changes to
the guidance in this volume.

XV
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Table 2. Summary of Major Changes to Volume 2, Revision 1

Subject

Affected Sections

Engineered Barriers

Section 3.5

Appendix P

Scenario Justification Based on Reasonably Foreseeable Land Use

Chapter 5
Section 1.3
Appendix M

Removal of Material after License Termination

Section G.1.1
Section G.3

Other Issues and Changes

Section 2.1

NEW Section 2.8
Section 4.0
Appendix D
Appendix E

Section 1.2

NUREG-1757 is intended for use by applicants, licensees, NRC license reviewers, and other
NRC personnel. It is also available to Agreement States and the public.

This NUREG is not a substitute for NRC regulations, and compliance with it is not required.
The NUREG describes approaches that are acceptable to NRC staff. However, methods and
solutions different than those in this NUREG will be acceptable, if they provide a basis for
concluding that the decommissioning actions are in compliance with NRC regulations.

Larry W. Camper, Director
Division of Waste Management and Environmental Protection
Office of Nuclear Material Safety and Safeguards
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ABBREVIATIONS

The following terms are defined for the purposes of this three-volume NUREG report.

ACAP
ADAMS
AEA
AEC

ALARA
ALCD
ANSI
APF
ASME
ASTM
Bq

BRT
BTP
CAM
CATX
CEDE
CERCLA

CEQ
CFR

Ci

cpm
DCD
DCGLs
DFP
DOE
DOT

Alternative Cover Assessment Program
Agencywide Documents Access and Management System
Atomic Energy Act (of 1954, as amended)

U.S. Atomic Energy Commission (became Energy Resource Development
Agency and Nuclear Regulatory Commission)

As low as is reasonably achievable
Alternative Landfill Cover Demonstration
American National Standards Institute
Assigned Protection Factors

American Society of Mechanical Engineers
American Society for Testing and Materials
becquerel

Bankruptcy Review Team

Branch Technical Position

Continuous Air Monitor

Categorical Exclusion

Committed Effective Dose Equivalent

Comprehensive Environmental Response, Compensation, and Liability
Act

Council on Environmental Quality

Code of Federal Regulations

curie

counts per minute

Decommissioning Directorate (Nuclear Regulatory Commission)
Derived Concentration Guideline Levels

Decommissioning Funding Plan

U.S. Department of Energy

U.S. Department of Transportation
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DP

dpm
DQA
DQO
DWMEP

EA
Eh
EIS
EMC
EML

EPA
EPAD

EPA/NRC MOU

ER
FEP
FFIEC
FHLM
FNMA
FONSI
FR
FSS
FSSP
FSSR
FUSRAP
GEIS
GNMA
GPO

Decommissioning Plan
disintegrations per minute
Data Quality Assessment
Data Quality Objective

Division of Waste Management and Environmental Protection (Nuclear
Regulatory Commission)

Environmental Assessment

Redox potential

Environmental Impact Statement
Elevated Measurement Comparison

DOE Environmental Measurements Laboratory (formerly the Health and
Safety Laboratory)

U.S. Environmental Protection Agency

Environmental and Performance Assessment Directorate (Nuclear
Regulatory Commission)

Memorandum of Understanding between the Environmental Protection
Agency and the Nuclear Regulatory Commission dated October 9, 2002

Environmental Report

Feature, Event, and/or Process

Federal Financial Institutions Examination Council
Federal Home Loan Mortgage Corporation
Federal National Mortgage Association

Finding of No Significant Impact

Federal Register

Final Status Survey

Final Status Survey Plan

Final Status Survey Report

Formerly Utilized Sites Remedial Action Program
Generic Environmental Impact Statement
Government National Mortgage Association

Government Printing Office
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HEPA
HSA
IC
ICRP
IMC
IMNS

IP

IROFS
ISA
ISCORS
ISFSI

ISO
LA/RC
LA
LBGR
LLD
LPDR
LTC

LTP

LTR
MARLAP
MARRSIM

mCi
MCL
MDA
MDC
MIP
MOU

ABBREVIATIONS

High-efficiency particulate air

Historical Site Assessment

Institutional Control

International Commission on Radiological Protection
Inspection Manual Chapter

Division of Industrial and Medical Nuclear Safety (Nuclear Regulatory
Commission)

Inspection Procedure

Items Relied on for Safety

Integrated Safety Analysis

Interagency Steering Committee on Radiation Standards
Independent Spent Fuel Storage Installation
International Organization for Standardization

Legal agreement and restrictive covenant

License Amendment

Lower Bound [of the] Gray Region

Lower limit of detection

Local Public Document Room

Long-term control

License Termination Plan

License Termination Rule

Multi-Agency Radiological Laboratory Analytical Protocols Manual

Multi-Agency Radiological Survey and Site Investigation Manual
(NUREG-1575)

millicurie

Maximum Contaminant Level
Minimum Detectable Activity
Minimum Detectable Concentration
Master Inspection Plan

Memorandum of Understanding
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mrem millirem

mSv millisievert

NAIC National Association of Insurance Commissioners

NAS National Academy of Sciences

NCRP National Council on Radiation Protection and Measurements

NCS Nuclear Criticality Safety

NCSA Nuclear Criticality Safety Analysis

NEPA National Environmental Policy Act

NIST National Institute of Standards and Technology

NMMSS Nuclear Materials Management and Safeguards System

NMSS Office of Nuclear Material Safety and Safeguards (Nuclear Regulatory
Commission)

NOAA National Oceanic and Atmospheric Administration

NORM Naturally Occurring Radioactive Material

NRC U.S. Nuclear Regulatory Commission

oC Office of Controller

oCcC Office of the Comptroller of the Currency

OE Office of Enforcement (Nuclear Regulatory Commission)

0GC Office of General Counsel (Nuclear Regulatory Commission)

OSHA U.S. Occupational Safety and Health Administration

PCBs Polychlorinated Biphenyls

pCi picocurie

PDF Probability Density Function

PDR Public Document Room

P&GD Policy and Guidance Directive

pH Hydrogen power

2 As of September 2006, NRC is planning to reorganize NMSS and STP to create two new offices: the Office of
Federal and State Materials and Environmental Management Programs, which will focus on materials programs;
and the new NMSS, which will focus on fuel cycle programs. This reorganization is scheduled to take effect on
October 1, 2006. This document contains references to NMSS and STP. These references will be updated in
future revisions of this document.
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PM Project Manager

PMF Probable maximum flood

PMP Probable maximum precipitation

PPE Personal protective equipment

PSR Partial Site Release

QA Quality Assurance

QAPP Quality Assurance Project Plan

QA/QC Quality Assurance and Quality Control

RAI Request for Additional Information

RCRA Resource Conservation and Recovery Act

REMP Radiological Environmental Monitoring Program
RF Resuspension Factor

RG Regulatory Guide (also known as Reg Guide)
RIS Regulatory Issue Summary

ROD Record of Decision

RSO Radiation Safety Officer

RSSI Radiation Site Survey and Investigation [Process]
RWP Radiation Work Permit

SCP Site Characterization Plan

SCR Site Characterization Report

SDMP Site Decommissioning Management Plan

SDWA Safe Drinking Water Act

SER Safety Evaluation Report

SOPs Standard Operating Procedures

SRP [NMSS Decommissioning] Standard Review Plan (NUREG-1727)
SSAB Site-specific advisory board
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STP [Office of] State and Tribal Programs (Nuclear Regulatory Commission)?
Sv sievert

TAR Technical Assistance Request

TDS Total Dissolved Solids

TEDE Total Effective Dose Equivalent

TENORM Technologically Enhanced Naturally Occurring Radioactive Material
TI Transport Index

TLD Thermoluminescent Dosimeter

TOC Total Organic Carbon

TODE Total Organ Dose Equivalent

TRU Transuranic(s) [radionuclides]

UECA Uniform Environmental Covenants Act

UMTRA Uranium Mill Tailings Remedial Action

UMTRCA Uranium Mill Tailings Radiation Control Act

USDA U.S. Department of Agriculture

USACE U.S. Army Corps of Engineers

U.S.C. U.S. Code

USGS U.S. Geological Survey

WAC Waste acceptance criteria

WRS Wilcoxon Rank Sum [test]

> As of September 2006, NRC is planning to reorganize NMSS and STP to create two new offices: the Office of
Federal and State Materials and Environmental Management Programs, which will focus on materials programs;
and the new NMSS, which will focus on fuel cycle programs. This reorganization is scheduled to take effect on
October 1, 2006. This document contains references to NMSS and STP. These references will be updated in
future revisions of this document.
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The following terms are defined for the purposes of this three-volume NUREG report.

Affected parties. Representatives of a broad cross-section of individuals and institutions in the
community or vicinity of a site that may be affected by the decommissioning of the site.

Acceptance Review. The evaluation the NRC staff performs upon receipt of a license
amendment request to determine if the information provided in the document is sufficient to
begin the technical review.

Activity. The rate of disintegration (transformation) or decay of radioactive material. The units
of activity are the curie (Ci) and the becquerel (Bq) (see 10 CFR 20.1003).

ALARA. Acronym for “as low as is reasonably achievable,” which means making every
reasonable effort to maintain exposures to radiation as far below the dose limits as is practical,
consistent with the purpose for which the licensed activity is undertaken, and taking into account
the state of technology, the economics of improvements in relation to the state of technology, the
economics of improvements in relation to the benefits to the public health and safety, and other
societal and socioeconomic considerations, and in relation to utilization of nuclear energy and
licensed materials in the public interest (see 10 CFR 20.1003).

Alternate Criteria. Dose criteria for residual radioactivity that are greater than the dose criteria
described in 10 CFR 20.1402 and 20.1403, as allowed in 10 CFR 20.1404. Alternate criteria
must be approved by the Commission.

Agquifer. A geologic formation, group of formations, or part of a formation capable of yielding a
significant amount of ground water to wells or springs.

Background Radiation. Radiation from cosmic sources, naturally occurring radioactive material,
including radon (except as a decay product of source or special nuclear material) and global
fallout as it exists in the environment from the testing of nuclear explosive devices or from past
nuclear accidents such as Chernobyl that contribute to background radiation and are not under
the control of the licensee. Background radiation does not include radiation from source,
byproduct, or special nuclear materials regulated by NRC (see 10 CFR 20.1003).

Broad Scope Licenses. A type of specific license authorizing receipt, acquisition, ownership,
possession, use, and transfer of any chemical or physical form of the byproduct material
specified in the license, but not exceeding quantities specified in the license. The requirements
for specific domestic licenses of broad scope for byproduct material are found in

10 CFR Part 33. Examples of broad scope licensees are facilities such as large universities and
large research and development facilities.
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Byproduct Material. (1) Any radioactive material (except special nuclear material) yielded in, or
made radioactive by, exposure to the radiation incident to the process of producing or utilizing
special nuclear material; and (2) the tailings or wastes produced by the extraction or
concentration of uranium or thorium from ore processed primarily for its source material content,
including discrete surface wastes resulting from uranium solution extraction processes (see

10 CFR 20.1003).

Categorical Exclusion (CATX). A category of regulatory actions which do not individually or
cumulatively have a significant effect on the human environment and which the Commission has
found to have no such effect in accordance with procedures set out in 10 CFR 51.22 and for
which, therefore, neither an environmental assessment nor an environmental impact statement is
required (see 10 CFR 51.14(a)).

Certification Amount of Financial Assurance. See prescribed amount of financial assurance.

Certification of Financial Assurance. The document submitted to certify that financial assurance
has been provided as required by regulation.

Characterization survey. A type of survey that includes facility or site sampling, monitoring,
and analysis activities to determine the extent and nature of residual radioactivity.
Characterization surveys provide the basis for acquiring necessary technical information to
develop, analyze, and select appropriate cleanup techniques.

Cleanup. See decontamination.

Closeout Inspection. An inspection performed by NRC, or its contractor, to determine if a
licensee has adequately decommissioned its facility. Typically, a closeout inspection is
performed after the licensee has demonstrated that its facility is suitable for release in accordance
with NRC requirements.

Confirmatory Survey. A survey conducted by NRC, or its contractor, to verify the results of the
licensee’s final status survey. Typically, confirmatory surveys consist of measurements at a
fraction of the locations previously surveyed by the licensee, to determine whether the licensee’s
results are valid and reproducible.

Critical Group. The group of individuals reasonably expected to receive the greatest exposure to
residual radioactivity for any applicable set of circumstances (see 10 CFR 20.1003).

DandD code. The Decontamination and Decommissioning (DandD) software package,
developed by NRC, that addresses compliance with the dose criteria of 10 CFR Part 20,
Subpart E. Specifically, DandD embodies NRC’s guidance on screening dose assessments to
allow licensees to perform simple estimates of the annual dose from residual radioactivity in
soils and on building surfaces.
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Decommission. To remove a facility or site safely from service and reduce residual radioactivity
to a level that permits (1) release of the property for unrestricted use and termination of the

license or (2) release of the property under restricted conditions and termination of the license
(see 10 CFR 20.1003).

Decommission Funding Plan (DFP). A document that contains a site-specific cost estimate for
decommissioning, describes the method for assuring funds for decommissioning, describes the
means for adjusting both the cost estimate and funding level over the life of the facility, and
contains the certification of financial assurance and the signed originals of the financial
instruments provided as financial assurance.

Decommissioning Groups. For the purposes of this guidance document, the categories of
decommissioning activities that depend on the type of operation and the residual radioactivity.

Decommissioning Plan (DP). A detailed description of the activities that the licensee intends to
use to assess the radiological status of its facility, to remove radioactivity attributable to licensed
operations at its facility to levels that permit release of the site in accordance with NRC’s
regulations and termination of the license, and to demonstrate that the facility meets NRC’s
requirements for release. A DP typically consists of several interrelated components, including
(1) site characterization information; (2) a remediation plan that has several components,
including a description of remediation tasks, a health and safety plan, and a quality assurance
plan; (3) site-specific cost estimates for the decommissioning; and (4) a final status survey plan
(see 10 CFR 30.36(g)(4).

Decontamination. The removal of undesired residual radioactivity from facilities, soils, or
equipment prior to the release of a site or facility and termination of a license. Also known as
remediation, remedial action, and cleanup.

Derived Concentration Guideline Levels (DCGLs). Radionuclide-specific concentration limits
used by the licensee during decommissioning to achieve the regulatory dose standard that
permits the release of the property and termination of the license. The DCGL applicable to the
average concentration over a survey unit is called the DCGL,,. The DCGL applicable to limited
areas of elevated concentrations within a survey unit is called the DCGLyc.

Dose (or radiation dose). A generic term that means absorbed dose, dose equivalent, effective
dose equivalent, committed dose equivalent, committed effective dose equivalent, or total
effective dose equivalent, as defined in other paragraphs of 10 CFR 20.1003 (see

10 CFR 20.1003). In this NUREG report, dose generally refers to total effective dose equivalent
(TEDE).

Durable institutional controls. A legally enforceable mechanism for restricting land uses to
meet the radiological criteria for license termination (10 CFR 20, Subpart E). Durable
institutional controls are reliable and sustainable for the time period needed.
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Effluent. Material discharged into the environment from licensed operations.

Environmental Assessment. A concise public document for which the Commission is
responsible that serves to (1) briefly provide sufficient evidence and analysis for determining
whether to prepare an environmental impact statement or a finding of no significant impact, (2)
aid the Commission’s compliance with NEPA when no environmental impact statement is
necessary, and (3) facilitate preparation of an environmental impact statement when one is
necessary (see 10 CFR 51.14(a)).

Environmental Impact Statement. A detailed written document that ensures the policies and
goals defined in the NEPA are considered in the actions of the Federal government. It discusses
significant impacts and reasonable alternatives to the proposed action.

Environmental Monitoring. The process of sampling and analyzing environmental media in and
around a facility (1) to confirm compliance with performance objectives and (2) to detect
radioactive material entering the environment to facilitate timely remedial action.

Environmental Report (ER). A document submitted to the NRC by an applicant for a license
amendment request (see 10 CFR 51.14(a)). The ER is used by NRC staff to prepare
environmental assessments and environmental impact statements. The requirements for ERs are
specified in 10 CFR 51.45-51.69.

Exposure Pathway. The route by which radioactivity travels through the environment to
eventually cause radiation exposure to a person or group.

Exposure Scenario. A description of the future land uses, human activities, and behavior of the
natural system as related to a future human receptor’s interaction with (and therefore exposure
to) residual radioactivity. In particular, the exposure scenario describes where humans may be
exposed to residual radioactivity in the environment, what exposure group habits determine
exposure, and how residual radioactivity moves through the environment.

External Dose. That portion of the dose equivalent received from radiation sources outside the
body (see 10 CFR 20.1003).

Final Status Survey (F'SS). Measurements and sampling to describe the radiological conditions
of a site or facility, following completion of decontamination activities (if any) and in
preparation for release of the site or facility.

Final Status Survey Plan (FSSP). The description of the final status survey design.

Final Status Survey Report (FSSR). The results of the final status survey conducted by a

licensee to demonstrate the radiological status of its facility. The FSSR is submitted to NRC for
review and approval.
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Financial Assurance. A guarantee or other financial arrangement provided by a licensee that
funds for decommissioning will be available when needed. This is in addition to the licensee's
regulatory obligation to decommission its facilities.

Financial Assurance Mechanism. Financial instruments used to provide financial assurance for
decommissioning.

Floodplain. The lowland and relatively flat areas adjoining inland and coastal waters including
flood-prone areas of offshore islands. Areas subject to a one percent or greater chance of
flooding in any given year are included (see 10 CFR 72.3).

Footprint. The portion of a site undergoing decommissioning, which is comprised of all of the
areas of soil containing residual radioactivity, where intentional mixing is proposed to meet the
release criteria.

General Licenses. Licenses that are effective without the filing of applications with NRC or the
issuance of licensing documents to particular persons. The requirements for general licenses are
found in 10 CFR Parts 30 and 31. Examples of items for which general licenses are issued are
gauges and smoke detectors.

Ground Water. Water contained in pores or fractures in either the unsaturated or saturated zones
below ground level.

Historical Site Assessment (HSA). The identification of potential, likely, or known sources of
radioactive material and radioactive contamination based on existing or derived information for
the purpose of classifying a facility or site, or parts thereof, as impacted or non-impacted (see
10 CFR 50.2).

Hydraulic Conductivity. The volume of water that will move through a medium in a unit of time
under a unit hydraulic gradient through a unit area measured perpendicular to the direction of
flow.

Hydrology. Study of the properties, distribution, and circulation of water on the surface of the
land, in the soil and underlying rocks, and in the atmosphere.

Impact. The positive or negative effect of an action (past, present, or future) on the natural
environment (land use, air quality, water resources, geological resources, ecological resources,
aesthetic and scenic resources) and the human environment (infrastructure, economics, social,
and cultural).

Impacted Areas. The areas with some reasonable potential for residual radioactivity in excess of
natural background or fallout levels (see 10 CFR 50.2).
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Inactive Outdoor Area. The outdoor portion of a site not used for licensed activities or materials
for 24 months or more.

Infiltration. The process of water entering the soil at the ground surface. Infiltration becomes
percolation when water has moved below the depth at which it can be removed (to return to the
atmosphere) by evaporation or transpiration.

Institutional Controls. Measures to control access to a site and minimize disturbances to
engineered measures established by the licensee to control the residual radioactivity.
Institutional controls include administrative mechanisms (e.g., land use restrictions) and may
include, but are not limited to, physical controls (e.g., signs, markers, landscaping, and fences).

Karst. A type of topography that is formed over limestone, dolomite, or gypsum by dissolution,
characterized by sinkholes, caves, and underground drainage.

Leak Test. A test for leakage of radioactivity from sealed radioactive sources. These tests are
made when the sealed source is received and on a regular schedule thereafter. The frequency is
usually specified in the sealed source and device registration certificate and/or license.

Legacy site. An existing decommissioning site that is complex and difficult to decommission for
a variety of financial, technical, or programmatic reasons.

License Termination Plan (LTP). A detailed description of the activities a reactor licensee
intends to use to assess the radiological status of its facility, to remove radioactivity attributable
to licensed operations at its facility to levels that permit release of the site in accordance with
NRC’s regulations and termination of the license, and to demonstrate that the facility meets
NRC'’s requirements for release. An LTP consists of several interrelated components including:
(1) a site characterization; (2) identification of remaining dismantlement activities; (3) plans for
site remediation; (4) detailed plans for the final radiation survey; (5) a description of the end use
of the facility, if restricted; (6) an updated site-specific estimate of remaining decommissioning
costs; and (7) a supplement to the environmental report, pursuant to 10 CFR 51.33, describing
any new information or significant environmental change associated with the licensee’s
proposed termination activities (see 10 CFR 50.82).

License Termination Rule (LTR). The License Termination Rule refers to the final rule on

“Radiological Criteria for License Termination,” published by NRC as Subpart E to
10 CFR Part 20 on July 21, 1997 (62 FR 39058).

Licensee. A person who possesses a license, or a person who possesses licensable material, who
NRC could require to obtain a license.

MARSSIM. The Multi-Agency Radiation Site Survey and Investigation Manual (NUREG-1575)
is a multi-agency consensus manual that provides information on planning, conducting,
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evaluating, and documenting building surface and surface soil final status radiological surveys
for demonstrating compliance with dose- or risk-based regulations or standards.

Model. A simplified representation of an object or natural phenomenon. The model can be in
many possible forms, such as a set of equations or a physical, miniature version of an object or
system constructed to allow estimates of the behavior of the actual object or phenomenon when
the values of certain variables are changed. Important environmental models include those
estimating the transport, dispersion, and fate of chemicals in the environment.

Monitoring. Monitoring (radiation monitoring, radiation protection monitoring) is the
measurement of radiation levels, concentrations, surface area concentrations, or quantities of
radioactive material and the use of the results of these measurements to evaluate potential
exposures and doses (see 10 CFR 20.1003).

mrem/y (millirem per year). One one-thousandth (0.001) of a rem per year. (See also sievert.)

National Environmental Policy Act (NEPA). The National Environmental Policy Act of 1969,
which requires Federal agencies, as part of their decision-making process, to consider the
environmental impacts of actions under their jurisdiction. Both the Council on Environmental
Quality (CEQ) and NRC have promulgated regulations to implement NEPA requirements. CEQ
regulations are contained in 40 CFR Parts 1500 to 1508, and NRC requirements are provided in
10 CFR Part 51.

Naturally Occurring Radioactive Material (NORM). The natural radioactivity in rocks, soils, air
and water. NORM generally refers to materials in which the radionuclide concentrations have
not been enhanced by or as a result of human practices. NORM does not include uranium or
thorium in source material.

Non-impacted Areas. The areas with no reasonable potential for residual radioactivity in excess
of natural background or fallout levels (see 10 CFR 50.2).

Pathway. See exposure pathway.

Performance-Based Approach. Regulatory DECISION-MAKING that relies upon measurable
or calculable outcomes (i.e., performance results) to be met, but provides more flexibility to the
licensee as to the means of meeting those outcomes.

Permeability. The ability of a material to transmit fluid through its pores when subjected to a
difference in head (pressure gradient). Permeability depends on the substance transmitted (oil,
air, water, and so forth) and on the size and shape of the pores, joints, and fractures in the
medium and the manner in which they are interconnected.

Porosity. The ratio of openings, or voids, to the total volume of a soil or rock expressed as a
decimal fraction or as a percentage.

XXX1 NUREG-1757, Vol. 2, Rev. 1



GLOSSARY

Potentiometric Surface. The two-dimensional surface that describes the elevation of the water
table. In an unconfined aquifer, the potentiometric surface is at the top of the water level. In a
confined aquifer, the potentiometric surface is above the top of the water level because the water
is under confining pressure.

Prescribed Amount of Financial Assurance. An amount of financial assurance based on the
authorized possession limits of the NRC license, as specified in 10 CFR 30.35(d), 40.36(b), or
70.25(d).

Principal Activities. Activities authorized by the license which are essential to achieving the
purpose(s) for which the license was issued or amended. Storage during which no licensed
material is accessed for use or disposal and activities incidental to decontamination or
decommissioning are not principal activities (see 10 CFR 30.4).

Probabilistic. Refers to computer codes or analyses that use a random sampling method to select
parameter values from a distribution. Results of the calculations are also in the form of a
distribution of values. The results of the calculation do not typically include the probability of
the scenario occurring.

Reasonable Alternatives. Those alternatives that are practical or feasible from a technical and
economic standpoint.

Reasonably foreseeable land use. Land use scenarios that are likely within 100 years,
considering advice from land use planners and stakeholders on land use plans and trends.

rem. The special unit of any of the quantities expressed as dose equivalent. The dose equivalent
in rems is equal to the absorbed dose in rads multiplied by the quality factor
(1 rem = 0.01 sievert) (see 10 CFR 20.1004).

Remedial Action. See decontamination.
Remediation. See decontamination.

Residual Radioactivity. Radioactivity in structures, materials, soils, ground water, and other
media at a site resulting from activities under the licensee’s control. This includes radioactivity
from all licensed and unlicensed sources used by the licensee, but excludes background
radiation. It also includes radioactive materials remaining at the site as a result of routine or
accidental releases of radioactive material at the site and previous burials at the site, even if those
burials were made in accordance with the provisions of 10 CFR Part 20 (see 10 CFR 20.1003).

RESRAD Code. A computer code developed by the U.S. Department of Energy and designed to
estimate radiation doses and risks from RESidual RADioactive materials in soils.
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RESRAD-BUILD Code. A computer code developed by the U.S. Department of Energy and
designed to estimate radiation doses and risks from RESidual RADioactive materials in
BUILDings.

Restricted Area. Any area to which access is limited by a licensee for the purpose of protecting
individuals against undue risks from exposure to radiation and radioactive materials (see
10 CFR 20.1003).

Risk. Defined by the “risk triplet” of a scenario (a combination of events and/or conditions that
could occur) or set of scenarios, the probability that the scenario could occur, and the
consequence (e.g., dose to an individual) if the scenario were to occur.

Risk-Based Approach. Regulatory DECISION-MAKING that is based solely on the numerical
results of a risk assessment. (Note that the Commission does not endorse a risk-based regulatory
approach.)

Risk-Informed Approach. Regulatory DECISION-MAKING that represents a philosophy
whereby risk insights are considered together with other factors to establish requirements that
better focus licensee and regulatory attention on design and operational issues commensurate
with their importance to public health and safety.

Risk Insights. Results and findings that come from risk assessments.

Robust engineered barrier. A man-made structure that is designed to mitigate the effect of
natural processes or human uses that may initiate or accelerate release of residual radioactivity
through environmental pathways. The structure is designed so that the radiological criteria for
license termination (10 CFR 20, Subpart E) can be met. Robust engineered barriers are designed
to be more substantial, reliable, and sustainable for the time period needed without reliance on
active ongoing maintenance.

Safety Evaluation Report. NRC staff’s evaluation of the radiological consequences of a
licensee’s proposed action to determine if that action can be accomplished safely.

Saturated Zone. That part of the earth’s crust beneath the regional water table in which all voids,
large and small, are ideally filled with water under pressure greater than atmospheric.

Scoping Survey. A type of survey that is conducted to identify (1) radionuclide contaminants,
(2) relative radionuclide ratios, and (3) general levels and extent of residual radioactivity.

Screening Approach/Methodology/Process. The use of (1) predetermined building surface
concentration and surface soil concentration values, or (2) a predetermined methodology

(e.g., use of the DandD code) that meets the radiological decommissioning criteria without
further analysis, to simplify decommissioning in cases where low levels of residual radioactivity
are achievable.
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Sealed Source. Any special nuclear material or byproduct material encased in a capsule
designed to prevent leakage or escape of the material.

sievert (Sv). The SI unit of any of the quantities expressed as dose equivalent. The dose
equivalent in sieverts is equal to the absorbed dose in grays multiplied by the quality factor
(1 sievert = 100 rem) (see 10 CFR 20.1004).

Site. The area of land, along with structures and other facilities, as described in the original NRC
license application, plus any property outside the originally licensed boundary added for the
purpose of receiving, possessing, or using radioactive material at any time during the term of the
license, as well as any property where radioactive material was used or possessed that has been
released prior to license termination

Site Characterization. Studies that enable the licensee to sufficiently describe the conditions of
the site, separate building, or outdoor area to evaluate the acceptability of the decommissioning
plan.

Site Characterization Survey. See characterization survey.

Site Decommissioning Management Plan (SDMP). The program established by NRC in
March 1990 to help ensure the timely cleanup of sites with limited progress in completing the
remediation of the site and the termination of the facility license. SDMP sites typically have
buildings, former waste disposal areas, large volumes of tailings, ground-water contamination,
and soil contaminated with low levels of uranium or thorium or other radionuclides.

Site-Specific Dose Analysis. Any dose analysis that is done other than by using the default
screening tools.

Smear. A radiation survey technique which is used to determine levels of removable surface
contamination. A medium (typically filter paper) is rubbed over a surface (typically of area
100 cm?), followed by a quantification of the activity on the medium. Also known as a swipe.

Source Material. Uranium or thorium, or any combination of uranium and thorium, in any
physical or chemical form, or ores that contain by weight one-twentieth of one percent (0.05 %)
or more of uranium, thorium, or any combination of uranium and thorium. Source material does
not include special nuclear material (see 10 CFR 20.1003).

Source Term. A conceptual representation of the residual radioactivity at a site or facility.

Special Nuclear Material. (1) Plutonium, uranium-233 (U-233), uranium enriched in the
isotope 233 or in the isotope 235, and any other material that the Commission, pursuant to the
provisions of Section 51 of the Atomic Energy Act, determines to be special nuclear material,
but does not include source material; or (2) any material artificially enriched by any of the
foregoing but does not include source material (see 10 CFR 20.1003).
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Specific Licenses. Licenses issued to a named person who has filed an application for the license
under the provisions of 10 CFR Parts 30, 32 through 36, 39, 40, 61, 70 and 72. Examples of
specific licenses are industrial radiography, medical use, irradiators, and well logging.

Survey. An evaluation of the radiological conditions and potential hazards incident to the
production, use, transfer, release, disposal, or presence of radioactive material or other sources of
radiation. When appropriate, such an evaluation includes a physical survey of the location of
radioactive material and measurements or calculations of levels of radiation, or concentrations or
quantities of radioactive material present (see 10 CFR 20.1003).

Survey Unit. A geographical area consisting of structures or land areas of specified size and
shape at a site for which a separate decision will be made as to whether or not the unit attains the
site-specific reference-based cleanup standard for the designated pollution parameter. Survey
units are generally formed by grouping contiguous site areas with similar use histories and
having the same contamination potential (classification). Survey units are established to
facilitate the survey process and the statistical analysis of survey data.

Technologically Enhanced Naturally Occurring Radioactive Material (TENORM). Naturally
occurring radioactive material with radionuclide concentrations increased by or as a result of
past or present human practices. TENORM does not include background radioactive material or
the natural radioactivity of rocks and soils. TENORM does not include uranium or thorium in
source material.

Timeliness. Specific time periods stated in NRC regulations for decommissioning unused
portions of operating nuclear materials facilities and for decommissioning the entire site upon
termination of operations.

Total Effective Dose Equivalent (TEDE). The sum of the deep-dose equivalent (for external
exposures) and the committed effective dose equivalent (CEDE) (for internal exposures) (see
10 CFR 20.1003).

Transmissivity. The rate of flow of water through a vertical strip of aquifer which is one unit
wide and which extends the full saturated depth of the aquifer.

Unrestricted Area. An area, access to which is neither limited nor controlled by the licensee (see
10 CFR 20.1003).

Unsaturated Zone. The subsurface zone in which the geological material contains both water
and air in pore spaces. The top of the unsaturated zone typically is at the land surface, otherwise

known as the vadose zone.

Vadose Zone. See unsaturated zone.
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1 PURPOSE, APPLICABILITY, AND ROADMAP

1.1 PURPOSE AND APPLICABILITY OF THIS VOLUME

The purpose of this volume is to

e Provide guidance to NRC licensees for demonstrating compliance with the radiological
criteria for license termination. Specifically, provide guidance relevant to demonstrating
compliance with 10 CFR Part 20, Subpart E, for materials and reactor licensees.

e Provide guidance to NRC staff on methods and techniques acceptable to NRC staff for
compliance with the license termination criteria.

e Maintain a risk-informed, performance-based, and flexible decommissioning approach.

This NUREG provides guidance regarding decommissioning leading to termination of a license.
Licensees decommissioning their facilities are required to demonstrate to NRC that their
proposed methods will ensure that the decommissioning can be conducted safely and that the
facility, at the completion of decommissioning activities, will comply with NRC’s requirements
for license termination. Licensees who are subject to Subpart E should use the policies and
procedures discussed in this volume to develop and implement a decommissioning plan (DP) or
license termination plan (LTP) (note that throughout this volume, when the term “DP” is used, it
may generally be understood to refer to DPs or LTPs). Uranium recovery facilities may find this
information useful, but they are not subject to Subpart E. Licensees of Agreement States should
contact the appropriate regulatory authority. In many instances, depending on the State,
licensees may use this guidance, with the substitution of “Agreement State Authority” for NRC.
This volume is also intended to be used in conjunction with NRC Inspection Manual Chapter
2605, “Decommissioning Inspection Program for Fuel Cycle and Materials Licensees.”

This volume of NUREG-1757 is being issued to describe, and make available to licensees and
the public, (a) guidance on technical aspects of compliance with specific parts of the
Commission’s regulations; (b) methods acceptable to NRC staff in implementing these
regulations; and (c) some of the techniques and criteria used by NRC staff in evaluating DPs and
LTPs. Licensees should use this guidance to prepare DPs, LTPs, final status surveys (FSSes),
and other technical decommissioning reports for NRC submittal. NRC staff will use the
guidance in reviewing these documents and related license amendment requests. The guidance
in this volume is not a substitute for regulations, and compliance with the guidance is not
required. Methods and solutions different from those described in this volume will be
acceptable, if they provide a sufficient basis for NRC staff to conclude that the licensees’
decommissioning actions are in compliance with the Commission’s regulations. However, the
use of nonstandard methods may require more detailed justification for NRC staff to determine
acceptability. In addition, the increased complexity and detail of nonstandard demonstrations
may result in increased NRC staff review time and, therefore, cost to the licensee.
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Volume 2 Does Not Address

 Financial assurance for decommissioning
 Public notification and participation

e Recordkeeping and timeliness in decommissioning
e Decommissioning of uranium recovery facilities

 Disposition of solid materials from licensee control

1.2 ROADMAP TO THIS VOLUME

NRC regulations require a licensee to submit a DP to support the decommissioning of its facility
either (a) when it is required by license condition or (b) when NRC has not approved the
procedures and activities necessary to carry out the decommissioning and these procedures could
increase the potential health and safety impact to the workers or the public. Chapters 4-6
provide acceptance criteria and evaluation criteria for use in reviewing DPs and other
information submitted by licensees to demonstrate that the facility is suitable for release in
accordance with NRC requirements.

The approach used in this volume is similar to that in Volume 1 of this NUREG report.

Volume 1 of this NUREG described the categorization of facilities into Decommissioning
Groups 1-7, based on the amount of residual radioactivity, the location of that material, and the
complexity of the activities needed to decommission the site. Table 1.1 provides a summary
description and examples of each decommissioning group (see Part I of Volume 1 of this
NUREG series for more details). Table 1.2 shows the potential applicability of the guidance in
this volume to each of these groups. Therefore, where possible, the guidance in this volume has
been categorized by the decommissioning groups. For most topics in this volume, the guidance
applies to more than one decommissioning group, as shown in Table 1.2. Licensees are
encouraged to consult with the appropriate NRC staff to better determine the applicability of the
guidance to their facility.
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Table 1.1 Description and Examples of Each Decommissioning Group

Group General Description Typical Examples

1 Licensed material was not released into the Licensees who used only sealed sources
environment, did not cause the activation of such as radiographers and irradiators
adjacent materials, and did not contaminate work
areas.

2 Licensed material was used in a way that Licensees who used only quantities of
resulted in residual radioactivity on building loose radioactive material that they
surfaces and/or soils. The licensee is able to routinely cleaned up (e.g., R&D facilities)
demonstrate that the site meets the screening
criteria for unrestricted use.

3 Licensed material was used in a way that could |Licensees who may have occasionally
meet the screening criteria, but the license needs |released radioactivity within NRC limits
to be amended to modify or add procedures to (e.g., broad scope)
remediate buildings or sites.

4 Licensed material was used in a way that Licensees whose sites released loose or
resulted in residual radiological contamination of [dissolved radioactive material within NRC
building surfaces or soils, or a combination of limits and may have had some operational
both (but not ground water). The licensee occurrences that resulted in releases above
demonstrates that the site meets unrestricted use |[NRC limits (e.g., waste processors)
levels derived from site-specific dose modeling.

5 Licensed material was used in a way that Licensees whose sites released, stored, or
resulted in residual radiological contamination of | disposed of large amounts of loose or
building surfaces, soils, or ground water, or a dissolved radioactive material onsite (e.g.,
combination of all three. The licensee fuel cycle facilities)
demonstrates that the site meets unrestricted use
levels derived from site-specific dose modeling.

6 Licensed material was used in a way that Licensees whose sites would cause more
resulted in residual radiological contamination of | health and safety or environmental impact
building surfaces, and/or soils, and possibly than could be justified when cleaning up to
ground water. The licensee demonstrates that the |the unrestricted release limit (e.g., facilities
site meets restricted use levels derived from where large inadvertent release(s)
site-specific dose modeling. occurred)

7 Licensed material was used in a way that Licensees whose sites would cause more
resulted in residual radiological contamination of | health and safety or environmental impact
building surfaces, and/or soils, and possibly than could be justified when cleaning up to
ground water. The licensee demonstrates that the restricted release limit (e.g., facilities
the site meets alternate restricted use levels where large inadvertent release(s)
derived from site-specific dose modeling. occurred)

1-3
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Because of the variability in the amounts, forms, and types of radioactive material used by each
decommissioning group, licensees may need to submit a broad range of information types and
details to NRC for approval of decommissioning activities. The types of information required
could vary because of the radionuclides involved, whether or not remediation is required, or the
complexity of the site. The amount of detail discussed in this volume is based on the needs of
complicated sites. The NRC staff does not suggest that all licensees should provide the same
level of detail. Rather, the amount of detail provided on a specific issue should be
commensurate with the complexity of the issue for the facility. Thus, licensees and NRC
reviewers should generally determine the level of detail and appropriate methods based on the
complexity of the facility as related to a compliance demonstration. Licensees are encouraged to
discuss with their NRC license reviewer the appropriate level of detail to be included in the DP,
using the checklists of Appendix D of Volume 1 of this NUREG report.

The technical aspects of sites, as related to decommissioning, are often called either “simple” or
“complex.” The question becomes what defines the technical aspects as “simple” or “complex.”
One needs to decide what aspect of the decommissioning one is trying to judge. For example,
site characterization may be complex at a site, but the FSS, after remediation, may be simple and
straightforward.

Unfortunately, there is no precise definition or list of characteristics that can define the technical
aspects as either simple or complex without caveats. That is because simple and complex are not
distinct boxes but part of a continuum. For example, sites using screening criteria are relatively
“simple,” technically, and sites proposing both partial release and restricted release with an
engineered barrier design along with institutional controls that rely on active maintenance are
relatively “complex,” technically. While there can be exceptions to the site complexity
characterization illustrated in Figure 1.1, Decommissioning Groups 1-3 generally have mostly
simple technical aspects, and Decommissioning Groups 5—7 generally have mostly “complex”
technical aspects. Group 4 sites, which are sites without initial ground-water contamination, can
be of either complexity.

Simple Complex
Groups 1-3 4 5 6 7

decom-022.ppt
031102

Figure 1.1 Continuum of Site Complexity.
Simple sites are generally easy to assess, because site characterization information, survey
methods, and models with NRC-reviewed default parameter sets are readily available. These

sites have residual radioactivity generally limited to building surfaces or surface soil at a site
with simple geological and hydrological characteristics.
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Technically complex sites are generally sites with one or more of the following conditions:

 existing ground water or surface water contamination;

» former burials of radioactive material or highly heterogeneous subsurface soil residual
radioactivity;

» diversified and extensive surface/subsurface residual radioactivity, that may require data and
modeling of these multiple sources at the site, because of the interactions between sources;

 radionuclides that (a) are hard to detect, (b) lack suitable surrogate radionuclides, or (c) have
very low effective derived concentration guideline levels (DCGLs);

 current offsite releases such that alternate offsite scenario(s) may be required or use of onsite
resident farmer scenario may be inadequate (e.g., sites with multiple receptors);

» planned license termination under restricted conditions (10 CFR 20.1403);
 physical barriers or vaults; or

» unusual physical or lithologic properties, such as a highly fractured formation, karst features,
or sinkholes that may significantly impact assumptions of transport models or the overall
conceptual model.

These conditions are not rigid definitions as other factors are also important. One such important
factor would be the locations where radionuclides are present. For example, a site could be
called simple because the predominant radionuclide is a short-lived energetic gamma that is in
the surface soil; even if the hydrology at the site is complex, the site would still be called simple
because the primary exposure pathway is external exposure, which is an uncomplicated pathway.

Technically complex sites may require more advanced remediation, survey planning, or
performance assessment modeling and analysis approaches. Specifically, more advanced
approaches may be required to select appropriate models or codes, collect characterization data,
justify source-term assumptions, ensure internal consistencies in the associated complex
transport models, and design site- or source-specific survey plans. Because of the complex
nature of these sites, the scope of NRC staff review will depend on site-specific conditions and
on the degree of site complexity. Therefore, a generic NRC staff review of complex sites cannot
be articulated in this volume.

Licensees and NRC staff should interact early for information and direction regarding
development of a complete DP. Once the decision has been made to decommission, the next
step is to determine what information the licensee needs to provide to demonstrate site
conditions successfully. If the licensee does not need to submit a DP, the licensee should follow
the guidance in Volume 1 of this NUREG report for the appropriate decommissioning group.

If the licensee is required to submit a DP, NRC staff should schedule a meeting with the licensee
to discuss both the planned decommissioning and the approach that will be used to evaluate the
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information submitted to support the decommissioning. NRC staff and the licensee should
review the licensed operations, types and quantities of radioactive materials used at the facility,
and any other activities (spills, leaks, etc.) that could affect decommissioning operations. NRC
staff should also discuss the decommissioning goal envisioned by the licensee (i.e., license
termination under unrestricted versus restricted conditions) and the information required to be
submitted for the appropriate decommissioning group (described in Chapters 10, 11, 12, 13, or
14 of Volume 1 of this NUREG report). NRC staff should then discuss the acceptance criteria
for information to be included in the DP. Finally, NRC staff should prepare a site-specific
checklist for evaluating the DP. Appendix D of Volume 1 of this NUREG report provides a
generic checklist, that may be used to develop this site-specific checklist. Thus, before the
licensee begins to develop its DP, both the NRC staff and the licensee should have a good
understanding of the types of information that should be included in the DP, as well as the
criteria that NRC staff will use to evaluate the information submitted to support the
decommissioning. This should help minimize the need for requests for additional information.

1.3 ROADMAP FOR GUIDANCE ON RESTRICTED USE,
ALTERNATE CRITERIA, AND USE OF ENGINEERED
BARRIERS

The focus of this volume is on guidance for demonstrating compliance with the dose criteria
from 10 CFR Part 20, Subpart E. However, there are additional criteria in Subpart E related to
license termination under restricted conditions and the use of alternate criteria for license
termination. In addition, some licensees may wish to use engineered barriers as part of the
compliance strategy. This section describes where guidance on these subjects may be found in
this NUREG (Volumes 1 and 2).

Table 1.3 provides cross-references to sections of Volume 1 and this volume for guidance on
aspects of restricted use, use of alternate criteria, and use of engineered barriers.
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Table 1.3 Cross-References for Restricted Use, Alternate Criteria, and Use of
Engineered Barriers

Applicable Sections of this Report

Issue
Volume 1 Volume 2

Initial eligibility demonstration for restricted use 17.7.2 n/a
Institutional controls 17.7.3 n/a
Site maintenance and long-term monitoring 17.7.4 n/a
Obtaining public advice Algp7erf d?;:(iv[ n/a
Dose modeling for restricted use 17.7.6 53
ALARA analysis for restricted use 17.7.3.5 6
Use of alternate criteria 17.8 n/a
Dose modeling for alternate criteria 17.8 5.4
Use of engineered barriers 17.7.3 A;pser?zlli p
Note: Volume 3 has no applicable sections on engineered barriers.

1.4 ITERATIVE NATURE OF THE COMPLIANCE
DEMONSTRATION PROCESS: A DECISIONMAKING
FRAMEWORK

NRC staff developed an overall framework for dose assessment and decisionmaking at sites
where the licensee has decided to begin the decommissioning and license termination process.
The framework can be used by licensees throughout the decommissioning and license
termination process for sites ranging from simple sites to the more complex or contaminated
sites. Information is summarized here for using the framework to step through the
decommissioning and license termination process; a detailed description is provided in
NUREG-1549. This framework was developed for demonstrating compliance using the
characterization and dose assessment approach (see Section 2.5), but the concepts may be
extended for use in the DCGL development and the FSS approach.
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This framework is designed to assist the licensee, NRC staff, and other stakeholders in making
decommissioning decisions. By doing so, the process allows the licensee to:

» coordinate its planning efforts with NRC staff input and conduct dose assessments and site
characterization activities that are directly related to regulatory decisions;

e optimize cost decisions related to site characterization, remediation, and land-use restrictions;

 integrate analyses for ALARA requirements; and

* elicit other stakeholders’ input at crucial points.

The framework is designed to allow the licensee flexibility in the decisionmaking process for

demonstrating compliance. As such, the framework provides one method that may be useful for
licensees in developing the compliance strategy.

The steps and decision points of the decision framework support assessment of the entire range
of dose modeling options from which a licensee may choose, whether it involves using generic
screening parameters, changing parameters, or modifying pathways or models. The decision
framework, including its steps and decision points, is illustrated in Figure 1.2 (modified from
NUREG-1549).
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Figure1.2 Decommissioning and License Termination Decision Framework (modified from

NUREG-1549).
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1.41 CONTENTS AND GENERAL CONCEPTS OF THE ITERATIVE
APPROACH IN USING THE DECISION FRAMEWORK

To facilitate the preparation and evaluation of the dose assessments, this framework describes an
iterative approach to decisionmaking for license termination. An iterative approach is helpful
because of the very wide range of levels of residual radioactivity, complexity of analysis, and
potential remediation necessary at NRC—licensed sites. The iterative approach consists of using
existing information for generic screening and using site-specific information as appropriate.
This approach provides assurance that obtaining additional site-specific information is
worthwhile because it ensures that a more realistic dose assessment will generally result in an
estimated dose no greater than that estimated using screening. These two phases of the
compliance assessment are summarized in broad terms below (more details are provided in
NUREG-1549):

1. Generic screening: In this iteration, licensees would demonstrate compliance with the dose
criteria of the LTR by using predefined models and generic screening parameters.

2. Use of site-specific information as appropriate: If compliance cannot be demonstrated using
generic screening, then licensees should proceed to the next iteration of analysis in which
defensible site-specific values are obtained and applied.

The following general concepts apply to using the iterative approach with the decision
framework shown in Figure 1.2:

» The approach provides a process for screening sites and for directing additional data
collection efforts where necessary or where most helpful toward demonstrating compliance.

e The framework is designed such that the level of complexity and rigor of analysis conducted
for a given site should be commensurate with the level of risk that the site poses.

e The licensee would not need to start the process with generic screening but may move directly
to use of site-specific information, as appropriate.

» For the process to work efficiently, the licensee is encouraged to involve NRC staff from the
very first step through the end of the decisionmaking process.

The framework provides the licensee with a variety of options for performing dose assessments
from simple screening to more detailed site-specific analyses. Use of the framework would
normally encompass Steps 1-7; however, the amount of work that goes into each of these steps
should be based on the expected levels of residual radioactivity and the health risks they pose.
Note that in this framework, while all sites may start at the same level of very simple analyses
(not a requirement for successful implementation), it is expected that only certain sites would
progress to very complex dose assessment and options analyses. Some sites may not need to
conduct any options analyses as described in Step 8, and some sites may need to evaluate a
limited set of relatively simple and inexpensive options. For example, a site with a contained
source of residual radioactivity that is obviously simple to remove would not spend time
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analyzing large suites of alternative data collection and remediation options. On the other hand,
a site with high levels of widely distributed residual radioactivity may use this process to analyze
a variety of simple and complex options to define the best decontamination and
decommissioning strategy.

Therefore, this approach ensures that the licensee’s efforts and expenses will be commensurate
with the level of risk posed by the site.

1.4.2 STEPS OF THE DECISION FRAMEWORK

NUREG-1549 provides three separate discussions to illustrate the iterative nature of assessments
as site complexity increases. The following is both a summary of the steps of the decision
framework and a set of examples to help users understand most of the features of dose modeling
in the context of the decision framework. This discussion has been modified slightly from that in
NUREG-1549 to make it applicable to a broader range of compliance demonstrations. A
number of the examples refer to the use of the DandD and RESRAD dose assessment codes. See
Appendices H and I of this volume for details about dose modeling codes with specifics
regarding these two dose assessment codes. Licensees desiring further details should refer to
NUREG-1549. Refer to Figure 1.2 (modified from NUREG-1549) while reviewing the
following steps of the dose modeling framework:

1. The first step in a compliance assessment involves gathering and evaluating existing data
and information about the site, historical site assessment (HSA), including the nature and
extent of residual radioactivity at the site. Often, minimal information is all that is
needed for an initial screening analysis (e.g., a simple representation of the source of
residual radioactivity). Specifically, information is needed to support the decision that
the site is “simple” and is qualified for screening analysis. However, licensees should
use all information about the site that is readily available. This step also includes the
definition of the performance objectives for compliance with decommissioning criteria.

2. This step involves defining the scenarios and pathways that are important and relevant
for the site dose assessment. This step also includes the preliminary determination of
whether the licensee plans to adopt an unrestricted use or restricted use option provided
for in the LTR. For all assessments using screening concentration tables or DandD, NRC
has already defined the generic scenarios and pathways for screening. For site-specific
analysis, DandD and RESRAD/RESRAD-BUILD codes may be used, in addition to
other codes. The codes used should allow the licensee to select and deselect exposure
pathways as appropriate for the site-specific conditions.

3. Once scenarios are defined and exposure pathways identified, a basic conceptual
understanding of the system is developed, often based on simplifying assumptions
regarding the nature and behavior of the natural systems. System conceptualization
includes conceptual and mathematical model development and assessment of parameter
uncertainty. Using DandD for generic screening (and as the basis for screening
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concentration tables), NRC has predefined conceptual models for the scenarios along
with default parameter distributions (based on NUREG/CR-5512, Volumes 1 and 3).
For site-specific analysis, the DandD and/or RESRAD/RESRAD BUILD conceptual
model can be used after verification that the site conceptual model is compatible with the
conceptual model of the code used.

This step involves the dose assessment or consequence analysis, based on the defined
scenario(s), exposure pathways, models, and parameter distributions. This step may also
involve the evaluation of FSS results. For generic screening, reviewers can accept
lookup tables and use the generic models and default parameter probability density
functions (PDFs) by running DandD with the appropriate site-specific source term and
leaving all other information in the software unchanged. Site-specific assessments allow
the licensee to use other codes and change pathways and parameter distributions based on
site-specific data and information. Based on Monte Carlo sampling of the input
distributions, DandD and RESRAD/RESRAD-BUILD provide various plots and reports
of the dose distribution.

This is the first major decision point in the license termination decision process. It
involves answering the question of whether the dose assessment results and/or FSS
results demonstrate compliance with the dose criterion in 10 CFR Part 20, Subpart E. If
the results demonstrate compliance, the licensee proceeds with Steps 6 and 7 to
demonstrate that the ALARA requirements in Subpart E have been met. If the results are
ambiguous or clearly exceed the performance objective, then the licensee proceeds to
Steps 8 and 9 for the next iteration of the decisionmaking process.

In this step, the licensee can proceed to satisfy ALARA criterion of 10 CFR Part 20,
Subpart E, if it is not already addressed. If the ALARA requirements are satisfied, then
the licensee initiates the license termination. Note that the DandD or RESRAD codes do
not involve or automate these steps.

This step includes the administrative and other actions necessary to terminate the license
and release the site. See Volume 1 of this NUREG for more details on the specific
actions to terminate the license and release the site.

Full application of the decision framework involves defining all possible options the
licensee might address to defend a final set of actions needed to demonstrate compliance
with license termination criteria. Options may include (a) acquiring more data and
information about the site and source(s) of residual radioactivity to reduce uncertainty
about the pathways, models, and parameters, and thus reduce the calculated dose;

(b) reducing actual contamination through remediation actions; (c¢) reducing exposure to
radionuclides through implementation of land-use restrictions; (d) performing an FSS; or
(e) some combination of these options.

All the options identified in Step 8 are analyzed and compared in order to optimize
selection of a preferred set of options. This options analysis may consider the cost of
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implementation, the likelihood of success (and the expected costs associated with success
or failure to achieve the desired results when the option is implemented), the timing
considerations and constraints, and other quantitative and/or qualitative selection criteria.

The activities in Steps 8 and 9 provide information for licensees to choose the preferred
decommissioning option based on considerations of cost, the likelihood of success,
timeliness, and other considerations. Based on the results of the DandD and
RESRAD/RESRAD-BUILD sensitivity analysis, for example, a licensee may identify
one or more parameters that may be modified, based on the acquisition of site-specific
information and data. If new data can reduce the uncertainty associated with sensitive
parameters, then the licensee may be able to defend a new calculated dose that meets the
license termination criteria. This step may include submission to NRC of a DP, if such
submittal is necessary to proceed with the preferred option. If the licensee believes that
no viable options exist at this time, the licensee should confer with NRC staff (see also
Step 13).

Under this step, the preferred option is implemented. The licensee obtains the
information necessary to support revisions to the parameters identified in Steps 8 and 9 or
performs an FSS.

Once data are successfully obtained, the affected parameters for the predefined models
are revised as appropriate. Also, data may support elimination of one or more of the
exposure pathways in the predefined scenarios. DandD and RESRAD/RESRAD-BUILD
codes provide very simple and straightforward modification of the pathways and
parameters of interest.

Once the pathways and parameters are revised, the licensee would revisit Steps 4 and 5 to
determine the impact of the revisions on demonstrating compliance with the performance
objectives. If met, the licensee proceeds to Steps 6 and 7. If the performance objective is
still exceeded, the licensee returns to Steps 8 and 9 to analyze remaining options to
proceed.

In certain limited circumstances, terminating the license may not be feasible. The
licensee should consult with NRC staff for case-specific guidance and for the regulatory
approvals that may be necessary to maintain, rather than terminate the license.

BIBLIOGRAPHY AND SUPERSEDED DOCUMENTS

This section provides the reference list for this volume, categorized in the following subsections
by type of reference document. Chapter 4 of Volume 1 of this NUREG report provided a more
general list of decommissioning references which included statutes, decommissioning
regulations, decommissioning inspection manual chapters, and decommissioning inspection
procedures.
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Use of References Cited in this Volume

This volume refers to a number of other documents for guidance. In some cases, this volume
will state that the referenced guidance is approved by NRC staff. However, in some cases, the
documents are only referenced for information. In these cases, the specific applicability to a
facility should be determined by the licensee, in consultation with NRC staff, as appropriate.

1.5.1 NRC DECOMMISSIONING DOCUMENTS REFERENCED IN
THIS VOLUME

* Nuclear Regulatory Commission (U.S.) (NRC), Washington, DC. “Decommissioning Criteria
for the West Valley Demonstration Project (M—32) at the West Valley Site: Final Policy
Statement.” Federal Register: Vol. 67, No. 22. pp. 5003-5012. February 2, 2002.

- — . “Draft Branch Technical Position on Site Characterization for
Decommissioning.” NRC: Washington, DC. November 1994.

e —— . “Draft Staff Guidance for Dose Modeling of Proposed Partial Site Releases.”
Memorandum from John T. Greeves to John A. Zwolinski. NRC: Washington, DC.
September 28, 2001.

°- - . Inspection Manual Chapter 2605, “Decommissioning Procedures for Fuel
Cycle and Materials Licensees.” NRC: Washington, DC. November 1996.

- — . NRC 2003. SECY-03-0069, “Results of the License Termination Rule
Analysis,” May 2, 2003.

°- - — . NRC 2003. SRM-SECY-03-0069, “Staff Requirements - SECY-03-0069 -
Results of the License Termination Rule Analysis,” November 17, 2003.

- — . NRC 2004. SECY-04-0035, “Results of the License Termination Rule
Anlysis of the Use of Intentional Mixing of Contaminated Soil,” March 1, 2004.

°- - — . NRC 2004. SRM-SECY-04-0035, “Staff Requirements - SECY-04-0035 -

Results of the License Termination Rule Anlysis of the Use of Intentional Mixing of
Contaminated Soil,” May 11, 2004.

°- —— . NRC 2004. Regulatory Issue Summary 2004-08, “Results of the License
Termination Rule Analysis,” May 28, 2004.
*- — . NRC 2006. SECY-06-0143, “Stakeholder comments and Path Forward on

Decommissioning Guidance to Address License Termination Rule Analysis Issues,” July 5,
2006.

°- - — . NRC 2006. SRM-SECY-06-0143, “Staff Requirements - SECY-06-0143 -
Stakeholder Comments and Path Forward on Decommissioning Guidance to Address License
Termination Rule Analysis Issues,” September 19, 2006.
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°- —— . NUREG-1496, “Generic Environmental Impact Statement in Support of
Rulemaking on Radiological Criteria for License Termination of NRC—Licensed Nuclear
Facilities.” NRC: Washington, DC. July 1997.

°- —— . NUREG-1500, “Working Draft Regulatory Guide on Release Criteria for
Decommissioning: NRC Staff’s Draft for Comment.” NRC: Washington, DC. August 1994.

°- - . NUREG-1501, “Background as a Residual Radioactivity Criterion for
Decommissioning—Draft Report.” NRC: Washington, DC. August 1994.

°e —— . NUREG-1505, Rev. 1, “A Proposed Nonparametric Statistical Methodology
for the Design and Analysis of Final Status Decommissioning Surveys: Interim Draft Report
for Comment and Use.” NRC: Washington, DC. June 1998.

°- - —— . NUREG-1507, “Minimum Detectable Concentrations with Typical
Radiation Survey Instruments for Various Contaminants and Field Conditions.” NRC:
Washington, DC. June 1998.

°- - . NUREG-1549, “Decision Methods for Dose Assessment to Comply with
Radiological Criteria for License Termination, Draft Report for Comment.” NRC:
Washington, DC. July 1998.

°- —— . NUREG-1575, Rev. 1, “Multi-Agency Radiation Survey and Site
Investigation Manual (MARSSIM).” EPA 402-R-97-016, Rev. 1, DOE/EH-0624, Rev. 1.
U.S. Department of Defense, U.S. Department of Energy, U.S. Environmental Protection
Agency, and NRC: Washington, DC. August 2000. Corrected pages for MARSSIM,
Revision 1 (August 2000) with the June 2001 updates, are available at the EPA Web site:
http://www.epa.gov/radiation/marssim.

°- - —— . NUREG-1727, “NMSS Decommissioning Standard Review Plan.” NRC:
Washington, DC. September 2000.

°- —— . NUREG/BR-0241, “NMSS Handbook for Decommissioning Fuel Cycle and
Materials Licensees.” NRC: Washington, DC. March 1997.

°- — . NUREG/CR-5512, Vol. 1, “Residual Radioactive Contamination From
Decommissioning: Technical Basis for Translating Contamination Levels to Annual Total
Effective Dose Equivalent.” NRC: Washington, DC. October 1992.

- — . NUREG/CR-5512, Vol. 2, “Residual Radioactive Contamination from
Decommissioning, User’s Manual, Draft Report.” NRC: Washington, DC. May 1999.
*¢ — . NUREG/CR-5512, Vol. 3, “Residual Radioactive Contamination from

Decommissioning, Parameter Analysis, Draft Report for Comment.” NRC: Washington, DC.
October 1999.

°- - . NUREG/CR-5849, “Manual for Conducting Radiological Surveys in
Support of License Termination, Draft Report for Comment.” NRC: Washington, DC.
June 1992.
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e Code of Federal Regulations. 10 CFR Part 20, “Standards for Protection Against Radiation.”
Sections 10 CFR 20.1001-2402.

°- - —— . 10 CFR Part 30, “Rules of General Applicability To Domestic Licensing of
Byproduct Material.” Sections 10 CFR 30.1-72.
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Disposal Facilities: Recommendations of NRC’s Performance Assessment Working Group.”
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DOCUMENTS SUPERSEDED BY THIS VOLUME

This volume supersedes the guidance documents listed in Table 1.4, and the superseded
documents should no longer be used.

Table 1.4 Documents Superseded by this Report
Document Title Date
NRC Draft Staff Guidance for Dose Modeling of 09/28/2001
memorandum Proposed Partial Site Releases
Branch Technical | Draft Branch Technical Position on Site 11/1994
Position Characterization for Decommissioning
NUREG-1500 Working Draft Regulatory Guide on Release 08/1994
Criteria for Decommissioning: NRC Staff’s
Draft for Comment
NUREG/CR-5849 | Manual for Conducting Radiological Surveys in | 06/1992
Support of License Termination
Branch Technical | Draft Branch Technical Position: Screening 10/1996
Position Methodology for Assessing Prior Land Burials of
Radioactive Waste Authorized Under Former
10 CFR 20.304 and 20.302
Branch Technical | Disposal or Onsite Storage of Thorium or 10/1981
Position Uranium Wastes from Past Operations

This Volume 2 of this NUREG report also incorporates and updates numerous portions of the
SRP, specifically Chapters 5, 7, and 14; and Appendices C, D, and E. The chapters and
appendices that have been incorporated into this NUREG are superseded. This three-volume
NUREG series supersedes both NUREG/BR—0241 and NUREG-1727 in their entirety.

1.5.5

REQUEST COPIES OF DOCUMENTS

To request single copies of NRC documents from NRC’s Offices, see Table 1.5 for addresses
and telephone numbers.
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Table 1.5 NRC Offices
Location Address Phone Number(s)
Headquarters Washington, DC. 20555-0001 301-415-7000,
1-800-368—-5642
Region I 475 Allendale Road 610-337-5000,
King of Prussia, PA 194061415 1-800—432-1156
Region 11 61 Forsyth Street, SW, Suite 23T85 404-562-4400,
Atlanta, GA 30303 1-800-577-8510
Region 111 2443 Warrenville Road 630-829-9500,
Lisle, IL 605324352 1-800-522-3025
Region IV 611 Ryan Plaza Drive, Suite 400 817-860-8100,
Arlington, TX 76011-4005 1-800-952-9677

Note that NRC publishes amendments to its regulations in the Federal Register. Documents
may be obtained by contacting NRC’s Public Document Room (PDR), through the following

methods:

Telephone: 1-800-397-4209 or 3014154737
TDD (for the hearing impaired): 1-800-635-4512
Facsimile: 301-415-3548

U.S. Mail: U. S. NRC, PDR, O1F13, Washington, DC 20555

Onsite visit to the PDR: One White Flint North, 11555 Rockville Pike (first floor),
Rockville, Maryland 20852 (opposite the White Flint Metro Station on the Red Line)

In an effort to make NRC documents and information readily available to licensees and the
general public, NRC is placing documents and information on its Internet Web site. Many of the
reference sections of this volume refer to a World Wide Web address on the Internet

(e.g., http://www.nrc.gov). Applicants and licensees who have Internet access may use the
referenced address to find more information on a topic, the referenced document, or information
on obtaining the referenced document.
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2 FLEXIBILITY IN DEMONSTRATING COMPLIANCE WITH
10 CFR PART 20, SUBPART E

NRC and its licensees share a common responsibility to protect public health and safety. Federal
regulations and the NRC regulatory program are important elements in the protection of the
public; however, NRC licensees are primarily responsible for safely using nuclear materials.
NRC'’s safety philosophy explains that “although NRC develops and enforces the standards
governing the use of nuclear installations and materials, it is the licensee who bears the primary
responsibility for conducting those activities safely.” This philosophy applies to the
decommissioning of licensed facilities. Thus, the licensee has the primary responsibility for
compliance with the license termination criteria. The responsibility of NRC staff is to oversee
the process and to make a conclusion that there is reasonable assurance that the criteria have
been or will be met and then to terminate or amend licensees, as appropriate.

The dose criteria of 10 CFR Part 20, Subpart E, are performance criteria. In this volume, NRC
staff has taken a risk-informed, performance-based approach to demonstrations of compliance
with the license termination criteria. Thus, there are different methods available to licensees to
demonstrate compliance with the criteria. Regardless of the specific method used by a licensee,
it is important that the licensee provide sufficient justification for its approach. This chapter
discusses some of the aspects of flexibility in methodologies for demonstrating compliance with
the license termination criteria. One objective of this chapter is to emphasize the flexibility
available in demonstrating compliance with the regulations.

Licensees should consider the flexibility available when demonstrating compliance with the
license termination criteria. A licensee may determine that the standard methods are not the
best for a given site. The benefit of the performance criteria is the flexibility of approaches

allowed to demonstrate compliance.

NRC staff should evaluate any methodology proposed by licensees. However, the use of
nonstandard methods may require more detailed justification for NRC staff to determine
acceptability. In addition, the increased complexity and detail of nonstandard demonstrations
may result in increased NRC staff review time and, therefore, cost to the licensee.

2.1 RISK-INFORMED APPROACH TO COMPLIANCE
DEMONSTRATIONS AND REVIEWS

This section provides a summary of the risk-informed approach to regulatory decision-making.
Additional details can be found in the NRC Staff Requirements Memorandum, SECY-98-144
(NRC 1999).

NRC has increased the use of risk information and insights in its regulation of nuclear materials
and nuclear waste management, including the decommissioning of nuclear facilities. Risk is
defined by the “risk triplet” of (1) either a scenario or set of scenarios with a combination of
events and/or conditions that could occur, (2) the probability that the scenario(s) could occur,
and (3) the consequence (e.g., the dose to an individual) if the scenario(s) were to occur. The
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term risk insights, as used here, refers to the results and findings that come from risk
assessments. The end results of such assessments may relate directly or indirectly to public
health effects (e.g., the calculation of predicted doses from decommissioned sites).

A risk-based approach to regulatory decision-making is based solely on the numerical results of
a risk assessment. The Commission does not endorse a risk-based regulatory approach but
supports a risk-informed approach to regulation. A risk-informed approach to regulatory
decision-making represents a philosophy whereby risk insights are considered together with
other factors in the regulatory process to better focus licensee and regulatory attention on design
and operational issues commensurate with their importance to public health and safety. Explicit
consideration of the numerical probability that a scenario would occur (i.e., number 2 of the risk
triplet) is not typically used by the NRC staff to determine compliance with the LTR. This is a
departure from a purely risk-based approach.

The typical deterministic approach to regulatory decision-making establishes requirements for
engineering margin and for quality assurance in design, manufacture, and construction. In
addition, it assumes that adverse conditions can exist and establishes a specific set of design
basis events (i.e., What can go wrong?). The deterministic approach involves implied, but
unquantified, elements of probability in the selection of the specific design basis events to be
analyzed. Then, it requires that the design include safety systems capable of preventing and/or
mitigating the consequences (i.e., What are the consequences?) of those design basis events in
order to protect public health and safety. Thus, a deterministic analysis explicitly addresses only
two questions of the risk triplet.

The risk-informed approach has enhanced the deterministic approach by (a) allowing explicit
consideration of a broader set of potential challenges to safety; (b) providing a logical means for
prioritizing these challenges based on risk significance, operating experience, and/or engineering
judgment; (c) facilitating consideration of a broader set of resources to defend against these
challenges; (d) explicitly identifying and quantifying sources of uncertainty in the analysis
(although such analyses do not necessarily reflect all important sources of uncertainty); and

(e) leading to better decision-making by providing a means to test the sensitivity of the results to
key assumptions.

Where appropriate, a risk-informed regulatory approach can also be used to reduce unnecessary
conservatism in purely deterministic approaches, or can be used to identify areas with
insufficient conservatism in deterministic analyses and provide the bases for additional
requirements or regulatory actions. Risk-informed approaches lie between the risk-based and
purely deterministic approaches (NRC 1999).

NRC’s risk-informed regulatory approach to the decommissioning of nuclear facilities is
intended to focus the attention and resources of both the licensee and NRC on the more
risk-significant aspects of the decommissioning process and on the elements of the facility and
the site that will most affect risk to members of the public following decommissioning. While a
licensee must comply with all Commission regulations, a licensee whose sites (or aspects of a
site) have higher risk significance may need to provide a more rigorous demonstration to support
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compliance. Furthermore, NRC staff generally will apply more scrutiny to reviews of such sites
or situations with higher risk significance. This should result in a more effective and efficient
regulatory process. The risk-informed regulatory approach to decommissioning is reflected in
this volume, as shown by the following examples:

* NRC has developed and is applying the concept of “decommissioning groups” based on
(a) the nature and the extent of the radioactive material present at a site and (b) the complexity
of the decommissioning process. The groups are generally related to the potential risks
associated with the site, in that the less complex sites with limited distribution of radioactive
material may pose lower risks (i.e., manageable risks) to individuals and populations during
and following decommissioning (see Section 1.3).

e NRC’s framework for decommissioning regulatory decision-making reflects the iterative
nature of the compliance demonstration process. The iterative approach to decision-making
for license termination provides a process for screening sites and for directing additional data
collection effort toward demonstrating compliance. The framework is designed such that the
level of complexity and rigor of analysis conducted for a given site should be commensurate
with the level of risk posed by the site (see Section 1.5).

e This volume provides two different approaches for demonstrating compliance with the
dose-based decommissioning criteria, using either a dose modeling approach or a DCGL
approach. The dose modeling approach uses measurements of the actual residual
radioactivity at a site after cleanup to more realistically assess the potential dose, and
therefore the risk, associated with a decommissioned site. The DCGL approach allows a
licensee to calculate, a priori, a concentration limit (DCGL) for each radionuclide based on
the dose criteria of the LTR, and to then demonstrate that the residual radionuclide
concentrations are below the DCGLs (see Section 2.5).

» This volume provides for demonstrating compliance through either a screening approach or a
site-specific approach. The screening approach allows sites that pose lower potential risks to
demonstrate compliance through simpler, yet conservative, screening analysis by adopting
screening DCGLs developed by NRC (see Sections 2.6 and 5.1 and Appendix H).

* NRC staff recommends using the Data Quality Objectives (DQO) process for establishing
criteria for data quality and developing survey designs. The process uses a graded approach
to data quality requirements, based on the type of survey being designed and the risk of
making a decision error based on the data collected. This process aligns the resources
expended to collect and analyze data with the risk-significance of the data (see Section 3.2).

* NRC provides for an approach to dose assessment that accounts for the site-specific risk
significance of radionuclides and exposure pathways. NRC staff allows a licensee to identify
radionuclides and exposure pathways that may be considered “insignificant” based on their
contribution to risk, and remove them from further consideration (see Section 3.3).

* NRC endorses the MARSSIM approach to FSS design and execution. The MARSSIM
approach results in a site-specific FSS design that is commensurate with potential risks
associated with a site, in terms of the likelihood of exceeding the DCGLs at the site (see
Section 4.4).
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* NRC staff supports a risk-informed approach to site-specific dose modeling for compliance
demonstration in several ways: (a) allowing for site-specific selection of risk-significant
exposure scenarios, exposure pathways, and critical groups; (b) expecting selection of
conceptual models, numerical models and computer codes that incorporate the more
risk-significant elements of a site; (¢) expecting site-specific data for the more risk-significant
input parameters, and allowing for more generic data for less risk-significant parameters; and
(d) encouraging the use of probabilistic techniques to evaluate and quantify the magnitude and
effect of uncertainties in the risk assessment, and the sensitivity of the calculated risks to
individual parameters and modeling assumptions (see Appendix I).

e NRC allows for early partial release of a portion of a site prior to completion of
decommissioning for the entire site, based on the risks associated with the early partial site
release (see Appendix K).

e NRC staff supports a risk-informed graded approach for engineered barriers, and this
guidance includes an example of how the risk-informed approach is applied to designing
erosion protection barriers (see Appendix P). In addition, the staff supports a risk-informed
graded approach for selecting institutional controls and for long-term monitoring and
maintenance at restricted use sites, which allows licensees to tailor the type of institutional
controls and the specific restrictions on future site use based on a risk framework and insights
from dose assessments (see Section 17.7 and Appendix M of Volume 1).

2.2 FLEXIBILITY IN SUBMISSIONS

NRC staff expects that certain information will be included in licensees’ DPs, including the FSS
design (if an FSS will be performed) and a description of the development of DCGLs or the dose
assessment, as applicable. Volume 1 of this NUREG provides additional details on the expected
content in these submittals. For guidance on lessons learned regarding flexibility related to
recently submitted decommissioning plans, refer to Section O.2 from Appendix O of this
volume.

Some information is required by regulations (e.g., 10 CFR 30.36(g)(4)) and must be provided in
the DP; the DP must include all of the following:

« the conditions of the site, building, or area, are sufficient to evaluate the acceptability of the
plan;
 the planned decommissioning activities;

 the methods used to ensure protection of workers and the environment against radiation
hazards during decommissioning;

o the planned final radiation survey; and

e an updated cost estimate for decommissioning, comparison with decommissioning funds, and
a plan for assuring availability of adequate funds to complete decommissioning.
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In addition, DCGLs are typically submitted in the DP. Therefore, the typical approach to
supplying information in the DP is for the licensee to obtain all the detailed information needed
and to submit the information in the DP. Using the DP checklist (Appendix D of Volume 1 of
this NUREG report) as a guide, licensees should coordinate with NRC staff to determine what
information should be included in the DP. For example, at a facility for which a MARSSIM
final status survey will be performed, the licensee may perform sufficient characterization
surveys to determine the appropriate number of samples to obtain for each survey unit for the
FSS. In this case, the survey design could be approved by NRC staff with approval of the DP,
and the final status survey report (FSSR) may focus primarily on the results of the FSS.

In some cases, all of the desired information will not be available during the DP preparation. For
an FSS, the MARSSIM approach requires that certain information needed to develop the final
radiological survey be developed as part of the remedial activities at the site; therefore, this
information may not be available for the DP. Similarly, some aspects of the DCGL development
or dose assessment may not be available before remediation and final surveys are complete.

When some important information is not available at the time of the DP submission, licensees
may either (a) make assumptions about the information or (b) commit to following a specific
methodology to obtain the information. In the first case, assumptions will be considered by NRC
staff to be commitments to ensure and subsequently demonstrate that the assumption is true. The
information then would be submitted by the licensee at the completion of remediation, at the
completion of FSS design, with the FSSR, or at some other appropriate time. For example, a
facility uses the ratio of concentrations of Th-232 to U-238 along with measured concentrations
of Th-232 in estimating the concentration of U-238. The licensee may have preliminary
information about the ratio of concentrations and, if it is reasonable, may assume that that ratio
would be valid for the conditions at the time of the FSS. NRC staff could accept the use of the
assumed value for the ratio. The licensee would demonstrate, at a later stage, that the assumed
value was valid, perhaps based on measurements made during the FSS.

In the second case, a licensee commits in the DP to following a specific methodology to obtain
the information. One such example is a facility for which a MARSSIM final status survey will
be performed, where sufficient information may not be available at the time of the DP
submission to determine the number of samples to be taken from each survey unit for the FSS.
In this case, the licensee may commit to the procedure recommended in MARSSIM for
determining the number of samples in a survey unit. This commitment to the MARSSIM
methodology would be documented in the DP. The licensee then may determine the number of
samples for each survey unit as information is obtained. The FSS design, including the number
of samples, could be described as part of an FSSR, which would be evaluated by NRC staff
along with the FSS results.
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Depending on the circumstances and the type of information that is not specifically included in
the DP, NRC staff may consider requiring license conditions to formalize the licensee’s
commitments. This can be accomplished by specific license condition or by reference to the
approved DP (i.e., in the “tie-down” condition). Licensees should consult with NRC staff
regarding the details of implementing these types of licensee commitments.

Similar approaches could be taken regarding information needed to complete a dose assessment.
One example is a facility for which the fraction of building-surface residual radioactivity that is
removable has been determined during scoping surveys, but the licensee does not know whether
the fraction will change after remediation activities. In this case, the licensee might assume for
its dose assessment that the measured fraction will remain unchanged. NRC staff expects the
licensee (a) to make measurements or calculations to demonstrate that the removable fraction
was representative of the conditions when remediation is complete and (b) to demonstrate that
the dose assessment is representative.

NRC staff normally would not undertake review of DPs or FSSes that use assumptions in lieu of
specific information that reasonably could be obtained prior to submission. In general, NRC
staff expects that assumptions used in development of DPs submitted for review would be
limited to those parameters that could change as a result of the remediation or FSS process itself
or to those parameters for which information cannot reasonably be obtained at the time of DP
submission. NRC staff should consider other assumptions on a case-by-case basis.

Cautions on Making Assumptions or Committing to a Methodology

Providing all details in the DP may result in more efficient and effective reviews by NRC staff.
If a licensee finds it reasonable to use the flexible approaches discussed here, the licensee is
cautioned that (a) there may be a more detailed demonstration of compliance necessary and

(b) there may be a greater chance that the facility release would not be approved by NRC staff,
because some of the overall compliance strategy would be reviewed by NRC staff only at the
end of the decommissioning process. In addition, the licensee may be required to resolve the
assumptions and commitments to meet license conditions. The licensee should consult with
NRC staff regarding details of implementing these flexible approaches.

2.3 USE OF CHARACTERIZATION DATA FOR FINAL STATUS
SURVEYS

Although the FSS is generally discussed as if it were an activity performed during a single stage
of the Radiation Survey and Site Investigation (RSSI) process (see Chapter 4 and Table 4.1 for
more about the RSSI Process), this does not have to be the case. There is no requirement that an
FSS be performed at the end of the decommissioning process. Data from other surveys
conducted during the RSSI process—such as scoping, characterization, and remedial action
support surveys—can provide valuable information for an FSS, provided the data are of
sufficient quality.
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In some cases, the data obtained from these other surveys may be sufficient to serve as an FSS.
Licensees may plan the different phases of the RSSI such that the data obtained will be of
sufficient quality to serve as or to supplement the FSS. The DQO process may be applied to all
phases of the RSSI, with DQOs developed that will be as robust as those typically developed for
the FSS. This approach may result in more costly characterization or remedial action support
surveys (to support the more stringent DQOs), which may be balanced against the elimination of
a separate FSS. For guidance on lessons learned regarding the use of characterization data for
FSSes related to recently submitted decommissioning plans, refer to Section O.2 from

Appendix O of this volume.

24 CHOICE OF NULL HYPOTHESIS FOR FINAL STATUS SURVEY
STATISTICAL ANALYSIS

The default assumption used in the MARSSIM approach to FSSes and followed by NRC staff is
that the survey unit is considered contaminated above the limit, unless survey data show
otherwise. Thus, the null hypothesis used for the MARSSIM FSS statistical tests is that the
concentrations of residual radioactivity exceed the DCGLs. This assumption and null hypothesis
1s considered Scenario A. In most all cases, NRC staff will consider Scenario A to be the
appropriate choice. In some limited cases, a different assumption and null hypothesis,

Scenario B, may be appropriate. Scenario B is when the assumption is made that the mean
concentrations of contaminants in the survey unit are indistinguishable from those in
background. This section provides some guidance on this issue, and more details are provided in
NUREG-1505. Table 2.1 provides a summary of the differences between the Scenarios A and
B.
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Table 2.1

Comparison of FSS Statistical Test Scenarios

Characteristic

Scenario A

Scenario B

Assumption for statistical
test

The survey unit is assumed to
fail unless the data show it can
be released.?

The survey unit is assumed to
pass unless the data show that
further remediation is
necessary.”

Null hypothesis

The concentrations of residual
radioactivity exceed the
DCGLs.

The mean concentrations of
residual radioactivity are
indistinguishable from those in
the background.

Scenario emphasis

Compliance with a dose limit.

Indistinguishable from the
background.

What is needed to reject

The measured average

The measured average

hypothesis means

the null hypothesis? concentration in the survey concentration in the survey
unit must be statistically less unit must be statistically
than the DCGL. greater than the background.

Rejecting the null The survey unit passes.” The survey unit fails.?

Increasing the number of
measurements in a survey
unit

Increases the probability that
an adequately remediated
survey unit will pass.

Increases the probability that
an inadequately remediated
survey unit will fail.

When should the scenario
be used?

Should be used in most cases
(i.e., default) when the DCGL
is fairly large compared to the
measurement variability.

Should be used in special
cases (i.e., exception) when
the DCGL is small compared
to measurement and/or
background variability.

Note:

a For both Scenarios A and B, “passing” the FSS means a conclusion that the survey unit may be
released, and “failing” means a conclusion that the survey unit may not be released.

Deciding which scenario to use and the process to make that decision are difficult questions. In
most cases, when the DCGLy; is fairly large compared to the measurement variability, Scenario
A should be chosen. This is because even residual radioactivity below the DCGL,, should be
measurable. In some cases, however, it may be more appropriate to demonstrate
indistinguishability from the background. When the DCGL,, is small compared to measurement
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and/or background variability, Scenario B may be appropriate. This is because residual
radioactivity below the DCGL,, may be difficult to measure. Background variability may be
considered high when differences in estimated mean concentrations measured in potential
reference areas are comparable to screening level DCGLs. NUREG-1505 provides an example
of the use of Scenario B to demonstrate indistinguishability from the background when the
residual radioactivity consists of radionuclides that appear in background, and the variability of
the background is relatively high.

As mentioned above, NRC staff’s default assumption is that the use of Scenario A is appropriate.
The use of Scenario B is expected only for a small number of facilities, and the considerations
for any given facility are expected to be site-specific. Therefore, NRC staff recommends that
licensees contact NRC early in the licensee’s FSS design process to discuss considerations for
their situation.

Cautions on the Use of Scenario B for FSS Statistical Tests

e (Case-by-case evaluation is required.

» Licensees considering the use of Scenario B for compliance with Subpart E are strongly
encouraged to consult with NRC staff early in the planning process.

 Information about the potential use of Scenario B can be found in NUREG-1505, but this
should be used cautiously.

2.5 DEMONSTRATING COMPLIANCE USING DOSE ASSESSMENT
METHODS VERSUS DERIVED CONCENTRATION GUIDELINE
LEVELS AND FINAL STATUS SURVEYS

There is flexibility in the general approach to demonstrating compliance with 10 CFR Part 20,
Subpart E, dose criteria. Two major approaches include (a) the dose modeling approach
(characterizing the site—after remediation, if necessary—and performing a dose assessment) and
(b) the DCGL and FSS approach (developing or using DCGLs and performing an FSS to
demonstrate that the DCGLs have been met). Since the second option is commonly the more
efficient or simpler method for licensees, most discussions in this NUREG report refer to the use
of DCGLs and FSSes as the compliance method. It should be noted that these two approaches
are not mutually exclusive; they are just different approaches to show that the dose is acceptable.
Table 2.2 shows some advantages and disadvantages of the two approaches.
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Table 2.2 Comparison of Dose Modeling to DCGL and FSS Approaches to

Compliance
Approach Advantages Disadvantages
Dose Modeling | « more realistic e may still need preliminary

cleanup goals or DCGLs to
design surveys or guide
remediation

 accounts for time of peak dose for
mixes of radionuclides

* can use additional data collected
during decommissioning for
site-specific analyses

» greater chance of additional
iterations of remediation and/or
site characterization

e can guide remediation activities
and data collection

DCGLs and  simpler to implement  using sum of fractions provides

FSSes ) level of conservatism for
* lower chance of not showing . . .
radionuclide mix

compliance with dose criterion
after remediation ¢ additional modeling data (i.e., to
modify DCGLs) collected during
decommissioning can not be used
without license amendment

e potential conflict with “peak of
the mean” approach

2.51 DOSE MODELING APPROACH

Calculating the final dose is the most direct approach to show compliance with the dose criteria
in Subpart E. Direct calculation of the total dose—from all radionuclides in a code that correctly
accounts for the time of the peak dose for each radionuclide—is a more realistic measure of the
potential dose from the site. Another advantage of the dose modeling approach is that a licensee
can use dose modeling information during the decommissioning process to guide additional site
characterization, remediation, or other decommissioning options. Additional site
characterization could be performed to reduce the level of conservatism in the dose model,
parameters, or scenario.

An advantage for sites that comply with the Subpart E criteria without any cleanup is that it may
be unnecessary to create any DCGLs; however, the quality of the licensee’s site characterization

data should be sufficient for use as an FSS.

A disadvantage of the dose modeling approach is that changes in the dose modeling, between the
approval of the DP and the request for license termination, would result in NRC staff needing to
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perform a review of the new information before granting approval of license termination. This
additional review step could result in further justification, modeling, remediation activities, or
site characterization before approval is granted. This additional review step is similar to what
can occur for a site that needs no remediation but uses site-specific dose modeling to show
compliance as part of the DP.

Another disadvantage of using the dose modeling approach is that cleanup goals or final
concentrations may need to be estimated (a) to provide assurance that the approach will result in
compliance and (b) to design quality surveys, guide remediation activities, and perform
additional site characterization.

2.5.2 DCGL AND FSS APPROACH

For many sites, especially those that need remediation, the DCGL and FSS approach is a simpler
system to show compliance with Subpart E. The DCGL and FSS approach is the most
commonly used approach for compliance with the license termination rule, and is the approach
recommended by the MARSSIM. In the DCGL and FSS approach, the licensee commits to a
single concentration value for each radionuclide (i.e., DCGLy,) that results in a dose equal to the
dose criteria. The DCGL,, derivation can use either generic screening criteria or site-specific
analysis. The licensee then uses FSSes to demonstrate that the DCGLs have been met. For sites
with multiple radionuclides or sources, a sum of fractions approach is typically used to ensure
that the dose from all radionuclides and all sources complies with the Subpart E criteria (see
Section 2.7). The DCGLs (and the sum of fractions approach) are usually included in the
license. The disadvantages of this approach include the following:

1. The sum of fractions approach (Section 2.7) has an underlying assumption that the peak
dose for every radionuclide occurs at the same time. This can result in an additional level
of conservatism, depending on the mix of radionuclides.

2. Any changes in the DCGLs (e.g., because of new site information) may require a license
amendment and NRC staff review.

3. DCGLs may be difficult to calculate for sites using realistic dose modeling because of
potential issues with using “peak of the mean” doses to derive DCGLs.

2.6 MERITS OF SCREENING VERSUS SITE-SPECIFIC DOSE
ASSESSMENT

The advantages of selecting a screening dose assessment approach, where it is applicable, are
that minimal justification, characterization, and NRC staff review are required. Its disadvantages
are that only two potential sources of radiation (i.e., buildings surfaces and soil) are covered and
that the results are more conservative than could be arrived at by site-specific modeling. On the
other hand, the advantages and disadvantages for site-specific analysis are based on the same
principle: flexibility. Site-specific analyses allow a licensee to tailor the analysis to their site
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conditions, as long as proper justification is available. Site-specific analyses would require the
licensee to provide justifications and site-specific information, as necessary, to support changes

in parameters or changes of codes/models and default assumptions. Table 2.3 provides a brief
summary of attributes and merits of each screening and site-specific analysis approach.

The models, scenarios, and parameters used in screening are intended to be conservative,

because the lack of information about a site warrants the use of conservative models and default

conditions to ensure that the derived dose is not underestimated. The screening analysis is
intended to overestimate the dose, to ensure that, for 90 % of the screening cases, the derived

dose is not underestimated. In performing screening analysis, NRC staff should recognize that in

the screening analysis, the 90™ percentile of the dose distribution is used for calculating
compliance, whereas in the site-specific analysis, the “peak of the mean” dose over time (e.g.,

1000 years) may be used. As soon as default parameters are changed, source term conditions are

modified, or different models or codes are used, a transition from screening to site-specific

analysis would be indicated.

Table 2.3 Attributes of Screening and Site-Specific Analysis
Attribute Screening Site-Specific
Models/Codes DandD Version 2 Any model/code compatible
(Others may be accepted.) with the site and approved by
NRC staff
Scope of Application Only for sites qualified for Any site
screening
Parameters DandD default parameters Site-specific and/or surrogates
with justification
Scenarios/Pathways DandD default Scenarios/pathways may be
scenarios/pathways modified, based on site
condition.
Basis of Dose Selection | The dose at the 90™ percentile “Peak of the mean” annual
& Uncertainty of the peak dose distribution doses within 1000 years
within 1000 years
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NUREG/CR-5512, Volume 1, and the deterministic parameter set from DandD Version 1
have been superseded by NUREG/CR-5512, Volume 3, and DandD Version 2, respectively.
Therefore, a licensee should not refer to NUREG/CR-5512, Volume 1, as a primary source for
a default deterministic parameter set. Similarly, DandD Version 1, which did not support
probabilistic analyses, provided a default deterministic input parameter set. DandD Version 2
has replaced Version 1, and the DandD Version 1 default deterministic parameter set should
not be used as a reference data set for any parameters. This is especially important for the
Version 1 defaults, as all the defaults in the code were selected by a method that made them
highly interdependent. Each single value in the default deterministic data set was selected
based on the values of the other parameters. Thus, if a single parameter is changed in DandD
Version 1, the appropriateness of every other parameter in the code may be questionable.

2.7 SUM OF FRACTIONS

The sum of fractions is a simple, yet flexible, approach to deal with multiple radionuclides or
sources. A source is any discrete material or medium that contains residual radioactivity. For
example, a site with residual radioactivity in surface soil, ground water, and in buried piping has
at least three sources. The DCGLy;, is equivalent to the concentration of a single radionuclide
from a single source that would provide 0.25 mSv/y (25 mrem/y) total effective dose equivalent
(TEDE). The dose from each radionuclide and source needs to be calculated and then added
together. If a licensee only complied with the DCGL,;, for each radionuclide in each source, the
resulting total dose could be as high as 0.25 mSv/y (25 mrem/y) multiplied by the number of
radionuclides multiplied by the number of sources. Unless there was only one source and one
radionuclide, the resulting dose would not meet the limits detailed in Subpart E. The dose from
all the radionuclides and sources must be equal to or less than the appropriate dose limit in
Subpart E.

One simple way to calculate the dose from one radionuclide from one source is to calculate the
relative ratio of the residual radioactivity concentration over the DCGL,,. Then, the ratio is
multiplied by 0.25 mSv/y (25 mrem/y). In fact, for multiple sources or radionuclides, the ratios
can be added together and the sum multiplied by the dose limit. Therefore, the sum of the ratios
for all the radionuclides and sources may not exceed “1” (i.e., unity). For example, if
radionuclides 4 and B are present at respective concentrations of Conc A and Conc B, and if the
respective applicable DCGLs are Limit A and Limit B, then the concentration needs to be limited
so that the following relationship exists to meet Subpart E:

Conc A Conc B
—+———<1 (2-1)
Limit A Limit B

Similarly, for multiple sources, the sum of the ratios resulting from the sum of the radionuclide
contributions may not exceed unity. For example, if the site had a second source, also with
radionuclides 4 and B, but in concentrations of Conc A, and Conc B,, and DCGLs of Limit A,
and Limit B, the following relationship would need to exist to meet Subpart E:
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Conc A N Conc B N Conc Ao 4 Conc B
Limit A Limit B Limit Ao Limit B,

<1 (2-2)

In the general form, the relationship of the ratios, commonly known as the “sum of the fractions”
or the “unity rule,” would be for M sources (s) and N radionuclides (7):

z Z Conc,, 2-3)

1 -1 Limit,
where Conc,, = the concentration of radionuclide 7 in source s, and
Limit,, = the DCGLy, value for radionuclide » in source s.

For sites with a number of radionuclides and sources, it may be easier to partition the acceptable
fraction between various sources or radionuclides. For example, a licensee could commit to
keep the ratio from the ground water to less than 25 % of the dose limit. For guidance on lessons
learned regarding use of the unity rule related to confirmatory and FSSes, refer to

Section 0.3.4.2 from Appendix O of this volume.

One major, implicit assumption in using the sum of fractions approach is that peak doses for
each radionuclide and source occur simultaneously. Because of the importance of differential
radionuclide transport through the environment and because of differing predominant
pathways, there are many radionuclides and contaminated media for which peak doses do not
occur simultaneously. For example, radionuclides that result in predominantly external dose,
such as Co-60, usually have a peak dose right after license termination. For radionuclides that
result in peak dose through irrigation or drinking ground water, the peak does not occur until
years after license termination. So in a situation like this, when peak doses are from different
radionuclides or when sources occur at different times, the sum of fractions approach results
in a conservative estimate of the dose at the site. To eliminate this conservatism, the licensee
could directly calculate the combined dose using final concentrations from the FSS (see
Section 2.5).

2.8 FLEXIBILITY FOR USE OF INSTITUTIONAL CONTROLS AND
ENGINEERED BARRIERS AT RESTRICTED USE SITES

The new guidance developed for restricted use sites includes risk-informed and performance-
based approaches to institutional controls, engineered barriers, monitoring, and maintenance.
These approaches not only enhance the attention to safety by being risk-informed, but also
provide flexibility to licensees planning restricted use for a site. The approaches described
allow licensees to select the most effective and efficient methods for: restricting site use;
designing engineered barriers to mitigate disruptive processes important to compliance; and
planning monitoring and maintenance activities that are tailored to the specific site and
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indicators of potential disruptive processes and engineered barrier performance. These
approaches are described in Section 3.5 of this volume and Section 17.7 and Appendix M of
Volume 1.
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3 CROSS-CUTTING ISSUES

This chapter provides guidance on several cross-cutting issues that relate to multiple aspects of
surveys, characterization, and dose modeling. The issues addressed in this chapter include the
following:

* transparency and traceability of compliance demonstrations;

e Data Quality Objectives (DQO) process;

e insignificant radionuclides and exposure pathways;

 considerations for other constraints on allowable levels of residual radioactivity; and

* the use of engineered barriers.

Use of the Guidance in this NUREG Report

* The suggestions in this NUREG report are only guidance, not requirements.
e Other methods for demonstrating compliance are acceptable.

e Asnoted in Section 5.3 of Volume 1 of this NUREG report, licensees are encouraged to
have early discussions with NRC staff in developing DPs. This is especially important
when NRC guidance is limited on a specific topic. Early discussions can save licensees
from following an approach that NRC staff may find unacceptable and can clarify this
guidance and identify areas where modification may be helpful for NRC staff’s review.

e This volume refers to a number of other documents for guidance. In some cases, this
volume states that the referenced guidance is approved by NRC staff. In other cases, the
documents are only referenced as potentially relevant information. In these latter cases,
specific applicability to a facility should be determined by the licensee in consultation with
NRC staff, as appropriate.

3.1 TRANSPARENCY AND TRACEABILITY OF COMPLIANCE
DEMONSTRATIONS

Licensees submit various information to justify their conclusions regarding compliance with

10 CFR Part 20, Subpart E. Because of insufficient justification, NRC staff have found a
number of licensee submittals to be inadequate to conclude compliance. This section describes
some considerations for improving the thoroughness of licensee submittals. Transparency refers
to arguments or calculations with descriptions sufficient to replicate the argument or calculation
by an independent reviewer. Traceability refers to the sources of information being relatable to
the original source. NRC staff encourages licensees to submit compliance demonstrations that
are transparent and traceable. This should result in more efficient and effective NRC staff
reviews.
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To help ensure transparency and traceability, licensees should have the following in their
justification:
» Sources of data should be described.

It may be appropriate only to provide summary data. To the extent that summary data is
provided, references to detailed data should be provided and the detailed data should be made
available to the NRC staff for review if requested (e.g., in an inspection).

e Data, including units used, should be clearly described in tables and other presentations of
data.

» Assumptions should be stated; the difference between assumptions and justified data or
parameters should be clear.

 Justifications for parameters or arguments should be provided, especially when nonstandard
arguments or nondefault parameters are employed.

» Uncertainties in data and parameters should be described.
3.2 DATA QUALITY OBJECTIVES PROCESS

Compliance demonstration is the process that leads to a decision as to whether or not a survey
unit meets the release criteria. For most sites, this decision is supported by statistical tests based
on the results of one or more surveys. The initial assumption used by NRC staff is that each
survey unit is contaminated above the release criteria until proven otherwise. The surveys are
designed to provide the information needed to reject this initial assumption. NRC staff
recommends using the Data Life Cycle as a framework for the planning, implementation,
assessment, and DECISION-MAKING phases of final surveys. The major activities associated
with each phase of the Data Life Cycle are discussed in Section 2.3 of MARSSIM.

One aspect of the planning phase of the Data Life Cycle is the DQO process. The DQO process
is a series of planning steps for establishing criteria for data quality and developing survey
designs. The DQO process consists of seven steps:

1. statement of the problem,;

identification of the decision;

identification of inputs to the decision;

definition of the study boundaries;

development of a decision rule;

specification of limits on decision errors; and

A A o

optimization of the design for obtaining data.
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The output from each step influences steps later in the process. Even though the DQO process is
depicted as a linear sequence of steps, it is iterative in practice; the outputs of one step may lead
to reconsideration of prior steps.

The DQO process uses a graded approach to data quality requirements. This graded approach
defines data quality requirements according to (a) the type of survey being designed and (b) the
risk of making a decision error based on the data collected. This approach provides a more
effective survey design combined with a basis for judging the usability of the data collected.
Thus, the DQO process is a flexible planning tool that can be used more or less intensively as the
situation requires.

DQOs are qualitative and quantitative statements that satisfy all of the following:

o clarify the study objective;
e define the most appropriate type of data to collect;
e determine the most appropriate conditions for collecting the data; and

 specify limits on decision errors that will be used as the basis for establishing the quantity and
quality of data needed to support the decision.

Although the DQO process is generally used for surveys and the steps of an RSSI, the general
concepts may also be applied to dose assessments. Licensees are encouraged to apply the
general concepts of the DQO process to all applicable parts of their compliance demonstration.
The use of the DQO process can help ensure that the type, quantity, and quality of data and
calculations used in DECISION-MAKING will be appropriate for the intended application.
Additional guidance on the use of DQO process is provided in Section 2.3 and Appendix D of
the MARSSIM, and in an EPA guidance report on the DQO process (EPA 2000).

Experience has shown that in developing the final survey design, it is helpful for the licensee to
identify all appropriate DQOs in planning and designing the final status survey plan (FSSP).
The process of identifying the applicable DQOs ensures that the survey plan requirements,
survey results, and data evaluation are of sufficient quality, quantity, and robustness to support
the decision on whether the cleanup criteria have been met.

In purpose and scope, the DQO process can include a flexible approach for planning and
conducting surveys and for assessing whether survey results support the conclusion that release
criteria have been met. The DQO process can be an iterative process that continually reviews
and integrates, as needed, new information in DECISION-MAKING and the design of the final
survey plan. Finally, the selection and optimization of DQOs should facilitate the later
evaluation of survey results and DECISION-MAKING processes during the data quality
assessment (DQA) phase. NRC staff has observed that licensees have had difficulties in
developing DQOs, especially during the optimization step, and have not taken full advantage of
the DQO process. Experience has shown that the process is often rigidly structured by relying
too much on characterization data and not readily open to the possibility of incorporating new
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information as it becomes available. This rigid approach makes implementing any changes
difficult and is an inefficient use of resources, since it imposes time delays (e.g., the additional
time required to determine how to implement any changes). Refer to Section O.2 from
Appendix O of this volume, for guidance on lessons learned regarding use of the DQO process
related to recently submitted decommissioning plans.

3.3 INSIGNIFICANT RADIONUCLIDES AND EXPOSURE
PATHWAYS

Licensees should note that they are required to comply with the applicable dose criteria;
nothing in this discussion should be interpreted to allow licensees to exceed the criteria.

This section provides guidance on conditions under which radionuclides or exposure pathways
may be considered insignificant and may be eliminated from further consideration. The dose
criteria in 10 CFR Part 20, Subpart E, apply to the total dose from residual radioactivity. Thus,
demonstrations of compliance should generally address the dose from all radionuclides and all
exposure pathways. However, NRC staff recognizes that there may be large uncertainties
associated with survey data and with dose assessment results. In a risk-informed,
performance-based paradigm, NRC staff has determined it is reasonable that radionuclides or
pathways that are insignificant contributors to dose may be eliminated from further detailed
consideration.

NRC staff considers radionuclides and exposure pathways that contribute no greater than 10 %
of the dose criteria to be insignificant contributors. Because the dose criteria are performance
criteria, this 10 % limit for insignificant contributors is an aggregate limitation only. That is, the
sum of the dose contributions from all radionuclides and pathways considered insignificant
should be no greater than 10 % of the dose criteria. No limitation on either single radionuclides
or pathways is necessary. In cases of restricted release, where two dose criteria apply (one for
the possibility of restrictions failing), the 10 % limitation should be met for each dose criterion.

Once a licensee has demonstrated that radionuclides or exposure pathways are insignificant, then
(a) the dose from the insignificant radionuclides and pathways must be accounted for in
demonstrating compliance, but (b) the insignificant radionuclides and pathways may be
eliminated from further detailed evaluations. For example, after sufficient site characterization,
suppose a licensee shows that the dose from Sr-90 at the facility is 0.02 mSv/y (2 mrem/y),
which is less than 10 % of the dose criterion for unrestricted use. In this case, Sr-90 can be
considered insignificant and eliminated from the FSS and from detailed consideration in the dose
modeling. However, the dose from Sr-90 has to be considered in demonstrating compliance with
the dose criterion.

It is important that the licensee documents the radionuclides and pathways that have been

considered insignificant and eliminated from further consideration and that the licensee justifies
the decision to consider them insignificant. However, licensees and NRC staff should be aware
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that remediation techniques (or other activities or processes) may increase concentrations above
those previously deemed insignificant. Thus, licensees should also demonstrate that the
concentrations deemed insignificant will not increase from other activities. Refer to Section O.1
from Appendix O and Questions 1 and 2, all of this volume, for guidance on which radionuclides
can be considered and deselected from further consideration, respectively.

Summary of Determining Insignificant Radionuclides and Exposure Pathways

» Licensees may eliminate insignificant radionuclides and exposure pathways from further
detailed consideration. However, the dose from the insignificant radionuclides and
pathways must be accounted for in demonstrating compliance with the applicable dose
criteria.

* Insignificant means no greater than 10 % of applicable dose criterion.

e Ten percent is an aggregate limit; total dose contributions of all radionuclides and all
exposure pathways considered insignificant should not exceed the 10 % limitation.

e No additional limit on single radionuclides or pathways.

» Licensees should also address potential for concentrations to increase during remediation
activities.

3.4 CONSIDERATIONS FOR OTHER CONSTRAINTS ON
ALLOWABLE RESIDUAL RADIOACTIVITY

There can be situations or standards other than the dose criteria and ALARA requirements of
Subpart E that may constrain the final dose below 0.25 mSv/y (25 mrem/y). There are two main
causes for constraining the Subpart E dose limit: these causes are (1) partial site release and

(2) other standards or regulations.

Partial site release is a situation where a licensee releases a portion of its site for unrestricted use
prior to terminating the entire license. While the licensee should demonstrate that the residual
radioactivity at the time of unrestricted release of the specific area meets the Subpart E dose
limit, the residual radioactivity of the area should also be taken into account during final
termination to demonstrate that the entire site met the appropriate release criteria. Dose
modeling considerations for partial site release are discussed in Appendix K of this volume. In
general, the comments below are also applicable to partial site releases.

Demonstrating compliance with the Subpart E dose limit does not eliminate the licensee’s
requirement for meeting other applicable Federal, State, or local rules and regulations. These
regulations from other governmental agencies may conflict with the requirements of Subpart E,
as they may allow higher or lower levels of residual radioactivity on the site or may conflict in
other ways, such as limiting decommissioning options or final status. Nevertheless, NRC staff
should review a DP for compliance with NRC requirements only, including 10 CFR Part 20,
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Subpart D, which incorporates, where applicable, the requirements of 40 CFR Part 190. For
example, in reviewing the appropriateness of proposed DCGLs or number of samples per survey
unit for an unrestricted site, NRC staff would use the limit of 0.25 mSv/y (25 mrem/y), and not a
State’s limit of 0.2 mSv/y (20 mrem/y). Thus, any requests for additional information would
therefore also be based on compliance with the limit of 0.25 mSv/y (25 mrem/y). Because of
differences in scenarios, models, and parameters, licensees should note that the lowest dose
standard may not result in the lowest acceptable concentration of residual radioactivity.

3.5 USE OF ENGINEERED BARRIERS

The purpose of this section is to provide guidance to licensees in considering the use of
engineered barriers, including a risk-informed graded approach for selecting engineered barriers;
engineered barrier analysis process; technical basis for engineered barrier performance; and
potential performance and degradation mechanisms. This section also supports Section 17.7.3 of
Volume 1 by giving guidance on the information to be submitted in a decommissioning plan for
the engineered barrier analysis and technical basis for engineered barrier performance.

In the Commission’s view, engineered barriers, are distinct and separate from institutional
controls (NRC 2002). Used in the general sense, an engineered barrier could be one of a broad
range of barriers with varying degrees of durability, robustness, and isolation capability.
Generally, engineered barriers are passive, man-made structures or devices intended to enhance a
facility’s ability to meet the dose criteria in the LTR. Engineered barriers are usually designed to
inhibit water from contacting waste, limit releases of radionuclides (e.g., through groundwater,
biointrusion, erosion), or to mitigate doses to inadvertent intruders. Institutional controls are
used to limit inadvertent intruder access to, and/or use of, the site to ensure that the exposure
from the residual radioactivity does not exceed the established criteria. Institutional controls
include legal mechanisms (e.g., land use restrictions) and may include, but are not limited to,
physical controls (e.g., signs, markers, landscaping, and fences) to control access to the site and
minimize disturbances to engineered barriers.

The functionality and robustness of barriers would be determined using the risk-informed graded
approach described in Section 3.5.1 and evaluated on a site-specific basis for each licensee
application. However, the general framework that a licensee should consider would not vary
from licensee to licensee, only the depth and breadth of information supplied to demonstrate the
performance of the engineered barriers may vary. The guidance that follows provides the
general framework a licensee should consider for use of engineered barriers in the
decommissioning process.

It is expected that engineered barriers will most frequently be used for restricted use sites.
However, there may be infrequent cases where engineered barriers are used as one component of
a decommissioning approach to achieve unrestricted use of a site. These cases should be
infrequent because of the uncertainty associated with the long-term performance of engineered
systems without monitoring and maintenance and because the goal should be to achieve
unrestricted use without relying on engineered barriers. If an engineered barrier is used at an
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unrestricted use site, only the passive performance of the barrier to mitigate radiological impacts
may be credited (i.e., performance of the barrier without monitoring, inspection, and
maintenance) in the dose assessment to demonstrate compliance with the LTR dose criteria.

The assessment of performance of the engineered barriers should consider the reasonableness of
a breach and the potential degradation of the barriers over time because monitoring and
maintenance are assumed to not be active. In addition, other reasonably foreseeable disruptive
conditions from humans or natural events and processes should be evaluated, and uncertainty in
projecting the passive performance of the barriers must be considered. The dose assessment for
demonstrating compliance with the unrestricted use criteria of the LTR, for a site using
engineered barriers, should be based on the limiting scenario for the passive performance of the
barrier.

Because of the wide range of residual radioactivity encountered at decommissioning sites
licensed by NRC, the LTR and NRC’s decommissioning guidance are not prescriptive as to the
criteria for, or acceptability of, site-specific engineered barriers. Therefore, the licensee has
flexibility in the methods used to demonstrate compliance with performance-based criteria of
Part 20, Subpart E. Because of this flexibility and because engineered barrier designs are
site-specific, it is very important for the licensee to clearly and completely document how the
licensee has designed the engineered barriers and the monitoring and maintenance program for
the site-specific conditions to maintain performance of the engineered barriers for as long as
necessary.

The guidance that follows provides the framework for applying engineered barriers to achieve
decommissioning at a site. These five sections are directed towards licensees pursuing restricted
use, since it is envisioned that this is the situation where engineered barriers will most frequently
be used. The guidance is directed towards designing new engineered barriers; however, it is
recognized that some sites may have in-situ engineered features that are part of the existing site
being decommissioned, for which the licensee wants to take credit. In these situations, elements
of Sections 3.5.2 and 3.5.3 may be most helpful. The guidance is intended to strike a balance
between providing adequate direction without being overly prescriptive. Because the application
of engineered barriers is site specific as a result of different radiological source terms, different
exposure environments, and different natural systems, some elements of the guidance may not be
applicable to every site.

In summary, NRC proposes that the following assumptions be used when applying engineered
barriers to achieve decommissioning at a site:
» Engineered barriers are distinct and separate from institutional controls.

» Engineered barriers are passive, man-made structures at unrestricted use sites. Engineered
barriers may be active (e.g., with monitoring and maintenance) or passive at restricted use
sites.

» Engineered barrier evaluation is completed on a case-by-case basis using a risk-informed
approach.
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3.5.1 RISK-INFORMED GRADED APPROACH TO ENGINEERED
BARRIERS

Initially, the general need for an engineered barrier(s) at a specific decommissioning site should
be determined by considering if barrier(s) would be needed for compliance with the LTR dose
criteria (e.g., mitigates the impact of natural processes such as erosion and infiltration). Once the
general need is determined, a risk-informed graded approach should be used for selecting,
designing, and providing a technical basis for the engineered barriers at a specific site. The
risk-informed graded approach to engineered barriers is similar to the risk-informed graded
approach for institutional controls described in Section M.2 of Appendix M of Volume 1 that
consists of a general risk framework and associated grades of institutional controls. The same
risk framework is used for both institutional controls and engineered barriers and is defined by
the hazard level and likelihood of hazard occurrence. The underlying philosophy is that robust
engineered barriers and additional basis for engineered barrier performance should be provided
for higher risk sites (compared to lower risk sites). As described in Section M.2 of Appendix M
of Volume 1, higher risk sites are those sites where the hazards are large (>1.0 mSv/y

(100 mrem/y)) when institutional controls are not in place or when the hazard from the material
is long-lived (e.g., >100 years), resulting in a longer performance period with higher likelihood
of disruption and introducing greater uncertainty in assessing performance over long temporal
scales. Generally, “robust” means more substantial, reliable, and sustainable for the time period
needed without reliance on ongoing active maintenance. The term “robust” is similar to the term
“durable” used for institutional controls at higher risk sites (see Section M.2 of Appendix M of
Volume 1). Section 3.5.6 provides a detailed example of the application of the risk-informed
graded approach to engineered barriers for erosion protection.

Robust engineered barriers are also needed for sites where the hazards are being significantly
mitigated by the functioning of a barrier (s) (i.e., risk reduction). “Significantly mitigated” is site
specific and can vary due to differences in the source and other features of the site (see example).
In general, an engineered barrier that reduces the hazard more than a factor of 5 would likely be

(Example) Site A and Site B both contain soil contaminated with equal concentrations of
Sr-90. The primary exposure pathway is from leaching of the contamination to the
groundwater pathway. Both sites design an engineered cap to limit infiltration for the next
100 years. Site A has a thick unsaturated zone composed of a clayey soil. The estimated
travel time to the groundwater, constrained by observations of past releases of Sr-90, is at
least 200 years. Site B has a thin unsaturated zone composed of a sandy soil and the
estimated travel time to the groundwater is 60 years. There is no additional data to constrain
the numerical estimate of the travel time at Site B.

Conclusion: Site B would need more technical basis for the performance of their engineered
cap compared to Site A, because they would have less risk reduction from the natural system
and their travel time estimate (which is directly tied to risk via radioactive decay) is more
uncertain.
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considered to be significant. The basis for this factor is that in many circumstances the
uncertainty in the risk for restricted use sites can approach or exceed this value.

Although robust engineered barriers would generally be appropriate for higher risk restricted use
sites, there is flexibility to also use robust engineered barriers as an approach to not rely on
ongoing active maintenance at lower risk restricted use sites. Such an approach might simplify
institutional controls and maintenance and thereby reduce costs for a licensee. In some limited
cases, a robust engineered barrier also could be used at an unrestricted use site because the
robust barrier has been designed so that its performance does not rely on active ongoing
maintenance.

The concept of passive performance of an engineered system is not unique to decommissioning
of a radiologically contaminated site. There are many long-lived man-made structures that have
not benefitted from continual monitoring and maintenance. However, passive performance of an
engineered system can not be assumed. As indicated in the sections that follow, passive
performance must be justified through design, experimentation, analysis, and support, and
uncertainty in projecting performance, particularly over periods of time that exceed the
experience base, must be considered.

Specific grading of engineered barriers recognizes that the site-specific factors affecting risk can
be highly variable from site to site. As a result, specific grading provides the flexibility to design
barriers to achieve the desired functionality and robustness appropriate for a specific site.

Uncertainty related to engineered barrier performance over a long-temporal scale is also
contextual in that the length of experience in the use of that type of barrier should be considered
relative to how long-lived the contamination is. In general, hundreds to thousands of years
would be considered long temporal scales for the application of engineered barriers to
decommissioning, because it is almost certain that site-specific experience for the performance
of an engineered system does not extend beyond tens of decades. Section 3.5.2 provides
guidance on how the barrier analysis process should be used to determine the performance of the
engineered barriers. The risk-informed graded approach to engineered barriers is linked to the
sections on effective barrier analysis (Section 3.5.2) and the technical basis for engineered
barrier performance (Section 3.5.3), as well as Section 17.7.4 of Volume 1, on maintenance and
monitoring. For example, where there is a demonstration that the engineered barriers have been
designed to be robust and not reliant on ongoing active maintenance and repair, the amount of
information and resources needed to support maintenance would be considerably reduced.

The robustness of an engineered barrier and the amount of technical basis provided for an
engineered barrier should be consistent with the level of risk for a site (i.e., lower or higher
risk) and the amount of risk-reduction provided by the barrier.

More robust engineered barriers and more technical basis would be needed for higher risk
sites or where hazards at a site are significantly mitigated by the barrier.
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Engineered barriers should be designed with the goal of remaining effective over the time period
needed to achieve compliance, especially for long-lived radionuclides. The following items
should be considered in designing engineered barriers for decommissioning sites:

» Designs should simplify long-term control and minimize the reliance on active ongoing
maintenance and associated costs, especially for sites with long-lived radionuclides.

» Designs should mitigate potential future failures of the engineered barrier over the period
needed to achieve compliance and the resulting need for and high cost of major repairs or
replacement of major portions of the engineered barrier.

e Designs for sites with long-lived radionuclides should place more reliance on natural
materials and less reliance on synthetic materials that are less proven over the long-term. For
sites with short-lived radionuclides, synthetic materials may be more advantageous because of
less variability in the performance of the materials.

* The determination of adequate financial assurance should consider the cost of monitoring,
routine maintenance, and the need for potential major repairs of the engineered barrier over
the time period of compliance.

3.5.2 ENGINEERED BARRIER ANALYSIS PROCESS

Note that this section is directed towards licensees pursuing restricted use. Licensees using
engineered barriers for unrestricted use may find parts of this section useful, but should only
credit the passive performance (without monitoring, maintenance, and inspection) for mitigating
radiological impacts.

In order to implement a risk-informed graded approach, an accurate assessment of the
performance of the engineered barriers should be provided. To determine compliance with
Subpart E for restricted use, a licensee should complete, but not be limited to, an analysis of the
following:

1. The contribution of engineered barriers towards compliance with the criteria of
10 CFR 20.1403 with institutional controls in place (including maintenance).

2. The contribution of engineered barriers towards compliance with the criteria of
10 CFR 20.1403 assuming loss of institutional controls (including loss of maintenance) such
that the barrier may degrade over time.

The first analysis would typically evaluate a public receptor located at the site boundary
prevented from accessing the site by the active institutional controls. The performance of the
engineered barriers could include the benefit of active monitoring and maintenance to mitigate
degradation while the institutional controls are in place and the dose limit would be 0.25 mSv/y
(25 mrem/y).
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The second analysis, that assumes loss of institutional controls, would typically include
evaluating a reasonably foreseeable inadvertent intruder potentially located on the site. The dose
limit applied to this receptor is 1.0 mSv/y (100 mrem/y) [or 5.0 mSv/y (500 mrem/y)]. The
performance of the engineered barriers should consider the likelihood of a breach by an
inadvertent intruder and the potential degradation of the barriers over time because monitoring
and maintenance are assumed to not be active. In addition, other reasonably foreseeable
disruptive conditions from humans or natural events and processes should be evaluated. In
some cases, the intruder may disrupt the engineered system that could result in higher doses
through a different pathway (e.g., an agricultural intruder disrupts an engineered cap with
plowing but does not disrupt the contamination directly.) Disruption of the cap could result in
increased infiltration and higher groundwater pathway doses.

“Reasonably foreseeable disruptive conditions from humans or natural events and processes”
should be interpreted as those processes and events expected to have a probable or likely
occurrence over the analysis period. The intent of performance assessments is to provide
reasonable assurance, considering uncertainties in engineered and natural systems over long time
periods, that the actual performance of the disposal facility will comport with its design. Natural
or human processes and events are possible stressors to the engineered barrier design. Unlikely
processes or events would not be expected to have a significant influence on risk because of the
low probability of occurrence.

The potential impact to engineered barriers from reasonably foreseeable disruptive conditions
from humans or natural events and processes can vary by site and by barrier. In some
circumstances it may be reasonable to take no credit for the engineered barriers. For example, a
hypothetical site installs a geomembrane to control infiltration at a restricted use site. For the
analysis of loss of institutional controls, it would be reasonable to assume no performance credit
for the geomembrane because it could be easily removed or damaged by near surface processes
and this type of barrier is subject to discrete failures. As a second example, a site in a rural
setting uses a large, thick earthen cover of low gradation. Complete removal of the earthen
cover under these conditions, while possible, would not be reasonably foreseeable considering
the cost and limited benefits. Realistic scenarios for future site use for this example (e.g.,
residential or farming) would dictate the reasonably foreseeable disruptive conditions from
humans would commonly be construction of a foundation and a well for a residence that disrupts
a portion of the cap, or farming of the site which would result in plowing of the top layers of the
cap and resultant potential impacts from the rooting of vegetation and increased infiltration.

In regard to engineered barrier degradation, the licensee should address the two cases where
maintenance is either in place or lost, because the assumption for loss of institutional controls
includes the loss of maintenance of engineered barriers and physical controls such as fences or
signs. It should be noted, however, that for those cases where an erosion control cover is
designed in accordance with the uranium mill tailings guidance in NUREG-1623, a case might
be made for a durable, long-lived engineered barrier that does not rely upon ongoing active
maintenance (i.e., maintenance needed to assure that the design will meet specified longevity
requirements) and associated future costs in order to maintain erosional stability of the site. For
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this case, a licensee may be able to demonstrate that no significant degradation of the erosion
control cover is expected.

The barrier analysis process should be used to determine how much performance is being
provided by the engineered barrier (i.e., risk reduction). To accomplish this, a licensee should
perform analysis with the engineered system present and functioning. However for unrestricted
use or when evaluating the loss of institutional controls (active monitoring and maintenance not
performed), the barriers may degrade over time. An assumption of instantaneous and complete
failure of a barrier is not required. The goal is to clearly identify the expected benefit of the
engineered barriers quantitatively in terms of dose reduction. The analysis should also address
the uncertainty in the expected performance of the barriers. For example, a comparison could be
made of the doses without engineered barriers present to the doses with engineered barriers
performing as designed and expected, as well as more pessimistic performance and more
optimistic performance. The assumption to model a degraded barrier is generally more realistic
than the assumption of the absence of a barrier, and actually may lead to higher doses in some
situations; for example, partial failure of a cover or partial failure of a grout wall system can
focus water flow and can create a “bathtub” effect. Thus, simple on-off analyses (i.e., where the
barrier is either assumed completely present or completely absent) should be used cautiously.

Caution should also be used when analyzing systems with multiple engineered barriers. When
multiple barriers are present, the performance of one barrier may mask the potential contribution
to performance of another barrier or may degrade its contribution. In these situations, the
analysis may need to evaluate various combinations of barriers to determine the individual and
cumulative contribution (positive or negative) to performance of the barriers. In particular,
characteristics of one barrier that challenge or impair the performance of another barrier should
be carefully assessed (e.g. increased infiltration resulting from elimination of vegetation by inert
covers or the clogging of a drainage layer with a resultant hydraulic head over the waste). The
type of analysis performed should be determined on a case-by-case basis. For the complex and
higher risk decommissioning sites and those sites with long-lived radionuclides, the use of
probabilistic analysis should be strongly considered, because deterministic analysis may not be
able to adequately address the uncertainty in the calculations. However for simpler, lower risk
sites and sites with short-lived radionuclides, deterministic analysis with sensitivity analysis may
be sufficient. As indicated in Section 3.5.6.1, deterministic methods should be used for selection
of the design flood for the development of long-term erosion controls.

In summary, the analysis of engineered barriers should identify and evaluate those conditions or
processes that are adverse to performance and result in non-compliance. The following analysis
should be provided:

e Analysis with institutional controls taking credit for monitoring and maintenance.

e Analysis assuming loss of institutional controls not taking credit for monitoring and
maintenance.

* Analysis assuming loss of institutional controls (or unrestricted use) considering disruptive
natural processes as well as reasonably foreseeable human disruptive processes to the barriers.
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3.5.3 TECHNICAL BASIS FOR ENGINEERED BARRIER
PERFORMANCE

Significant uncertainty exists concerning predicting the service life and long-term degradation
rates of most engineered barriers. This section provides guidance on the main elements that
should be provided to support the assessment of the performance of the engineered barriers in
Section 3.5.2, including:

» The design, features, and functionality of the engineered barriers should be fully-described.

e Technical basis that the barriers will meet the dose criteria, considering the degradation
mechanisms, should be provided including consideration of combined and synergistic effects
resulting from the real world conditions expected for the barriers (Section 3.5.4).

o Uncertainty in parameters and models used in the assessment of barrier performance and the
design of engineered barriers.

e The suitability of numerical models for the estimation of engineered barrier performance
should be provided.

» Parametric or component sensitivity analysis should be performed to identify how much
degradation of the engineered barrier would result in non-compliance (see Section 3.5.2).

e Model support should be provided for the engineered barrier performance (e.g., analogs,
experiments, simple engineering calculations to demonstrate reasonableness of the results).

e Quality assurance and quality control (QA/QC) should be provided for the design and analysis
of engineered barriers.

Analysis can be used to understand the impact of uncertainty. For example, 1/4 loss of a cover
may not result in non-compliance, but loss of 3/4 of a cover would. Then determine if
reasonably foreseeable natural and human processes might cause a loss of 3/4 of a cover. This
analysis approach may be an additional way to deal with the uncertainty due to lack of long-term
cover degradation data.

Many engineered barriers are not amenable to model validation in the true sense, therefore
multiple lines of evidence are recommended. Model support can come in many different forms,
including but not limited to: analogs, laboratory experiments, field experiments, formal and
informal expert judgement, and engineering calculations to demonstrate reasonableness of the
results (e.g., hand calculations when numerical models are used). The level of model support
should be commensurate with the risk significance of the engineered barriers to achieving site
decommissioning (see Section 3.5.1). If the level of performance needed for an engineered
barrier is consistent with past experience at similar sites, and the engineered barriers have similar
design and quality assurance, then the model support could be considerably less than for an
engineered barrier with performance objectives that significantly exceed engineering experience.
When considering engineering experience, care must be taken to ensure that the environmental
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conditions for the relevant degradation mechanisms are reasonably similar, since many
degradation mechanisms can be very sensitive to the environmental exposure conditions.

For engineered barriers that must have very long-term performance (e.g., thousands of years),
natural analogs should be considered. The greatest uncertainties stem from extrapolating the
results of short-term tests and observations to long-term performance. Standard engineering
approaches frequently implicitly assume that the initial conditions persist, however the actual
application of a barrier more appropriately could be viewed as a evolving component of a larger,
dynamic ecosystem (Waugh, 1997). For some types of engineered barriers, natural analogs
might provide information as to the possible long-term changes to an engineered system, and can
be thought of as a long-term, uncontrolled experiment. Evidence from natural analogs can help
demonstrate that there are real world complements to the postulated numerical predictions. It is
important that the functionality of an engineered barrier is considered when developing analogs.
The example of earthen mounds constructed by the Native Americans, provided below, provides
a reasonable analog for the physical stability of an engineered cap. It does not provide analog
information for the ability of engineered caps to limit infiltration or the release of radionuclides.
Analog information is uncertain for a variety of reasons, such as unknown past environmental
conditions. Therefore, analog information should not be envisioned as providing proof of future
engineered system performance, but rather it provides confidence that the engineered system is
likely to perform as designed.

Experience is limited for the long-term performance of some engineered barriers. However,
other barriers do have suitable analogs such that the multi-faceted approach to designing, testing,
assessing, implementing, supporting, and evaluating engineered barriers provided in this
guidance should result in protection of public health and safety. There are a number of analogs
to engineered covers that have shown sustained durability, even for thousands of years
(discussed in more detail below). In addition, some cementitious materials used by the Romans,
for example, are intact after more than a thousand years of exposure to the environment. In the
United States, cements in the Erie Canal and used in colonial settlements are two to three
hundred years old.

An example of a natural analog, in this case with respect to the durability of earthen covers, but
not with respect to limiting infiltration or waste releases in the groundwater pathway, may be the
various earthen mounds constructed by Native Americans that have survived for periods of
1000-5000 years. Archaeologists have dated the mounds by excavating bones and artifacts from
the mounds and determining the age of the object or the date of its burial. Information on the
mounds is readily available by visiting State or national parks associated with the mounds. Also,
there is considerable information and reference material available on the internet. Examples of
Native American mounds that have survived relatively intact for very long periods of time are
shown in Table 3.1.
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Table 3.1 Examples of Surviving Native American Mounds

Mound Location Approximate Age (years)
Grave Creek Mounds Moundsville, WV 2500
Hopewell Culture Mounds Chillicothe, OH 2000
Cahokia Mounds Collinsville, IL 1000
Poverty Point Mounds Epps, LA 3500
Watson Break Mounds Monroe, LA 5500

The mounds vary in size with some being more than 23 m (75 ft) high and more than 100 m
(300 ft) long. Mounds of this size reasonably approximate the size of engineered caps that may
be installed at decommissioning sites. Therefore, long-term stability of these analog sites
provides additional confidence and assurance that wastes may be effectively stabilized for very
long periods of time. It should be noted that stability in this context refers to erosional stability
and not the ability of the mounds to limit infiltration, which is unknown. More importantly, by
examining the causes for failures of any damaged burial mounds (where only portions of the
mounds remain and can be examined effectively), guidance for earthen cover designs could be
developed. Understanding of the long-term performance of analog systems may allow for
additional safety factors to be used in current designs. For example, additional protection, such
as rock layers, may be used to further reduce erosion. It should also be noted that the use of
archaeological bases for guidance is consistent with previous approaches. In NUREG/CR-2642,
“Weathering and Long-Term Protection for Long-Term Stabilization,” riprap durability
procedures were based in part on examinations of ancient Native American ruins and
petroglyphs that were approximately 1000 years old. Riprap durability reviews performed by the
staff have included examinations of the weathering of very old grave markers and comparison of
photographs taken almost 150 years apart.

When evaluating analogs, it is important to note that the structures that have persisted are most
likely the most durable structures. That is why it is important to consider analogs that have
persisted as well as those that may have experienced damage or failure. An additional
complicating factor is that the initial conditions and past exposure environment for the analogs
are not known and may only be estimated. However, developing an understanding of analogs
increases the likelihood that a design may be implemented with sustainable long-term
performance. It should be reiterated that natural analogs should be only one element of the
technical basis for the long-term performance of engineered barriers.

Monitoring and maintenance might be needed in order to verify the effectiveness, durability, and
service life of the engineered barriers. This monitoring involves both the environmental system
surrounding the engineered facility that could be disruptive and the facility itself (See the risk-
informed approach to monitoring in Section 17.7.4 of Volume 1). Non-destructive monitoring
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technologies that included designed and emplaced sensors are preferred to conventional post-
failure monitoring. Novel ideas such as introduction of special dyes and/or tracers within the
engineered system may facilitate identification of impending failures. The identification of these
and other measurable performance indicators within a monitoring strategy coupled with any
needed repair or remediation can be very important in extending the effective service life of
these facilities and reducing risk. To the extent practicable, engineered barriers should be
designed to support and simplify monitoring and maintenance.

3.5.4 DEGRADATION MECHANISMS AND FUNCTIONALITY OF
COMMON ENGINEERED BARRIERS

The purpose of this section is to identify for licensee consideration, the common engineered
barriers, the degradation mechanisms for the common barrier types and materials, and typical
functionality for these barriers. It is envisioned that this information may help staff or licensees
select and design appropriate engineered barriers and understand the considerations that are
needed for assessing long-term barrier degradation, so that the overall decommissioning process
can be more efficient.

3.541 Common Barriers

The common barriers provided are those that may be encountered at a decommissioning site.
Because technology evolves and a site may have unique considerations, this list should not be
viewed as comprehensive. Engineered waste forms are not explicitly listed as a common barrier
for decommissioning, because in most instances a decommissioning site is dealing with
contamination of environmental media and not explicit engineering of a waste form. The
assessment of engineered waste forms has been addressed in low-level waste disposal and that
guidance should be considered with respect to waste forms used in decommissioning (NRC,
1991). Lists of common barriers that may be used at decommissioning sites and their primary
functionality are:

e Engineered Caps — Multi-layered and composite engineered caps are typically used to limit
infiltration, provide for shielding between the contamination and potential receptors, eliminate
exposure scenarios, and to limit erosion. Caps for infiltration control are typically either a
resistive type or a water balance type.

» Geomembranes — Geomembranes are synthetic materials use primarily to limit infiltration to
the contamination.

» Concrete/cement/grout — Engineered cementitious materials are typically used to stabilize
contamination, provide a chemically favorable environment for retention of radionuclides,
limit water contact, prevent erosion, provide shielding, and limit potential intruder contact
with the contamination.
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e Vertical barriers — Vertical barriers may be soil-bentonite, soil-cement-bentonite, cement-
bentonite, sheet pile (steel or high-density polyethylene), and clay barriers and are primarily
used to control the horizontal migration of groundwater.

e Permeable reactive wall — A contaminant plume is channeled between impervious vertical
walls, referred to as the funnel, and flows naturally through a permeable reactive barrier gate,
where the pollutants are treated in situ during the flow process.

* Interceptor trenches — Used to intercept and collect contaminant releases. Typically only
applicable with monitoring and maintenance.

e Chemical barriers — Chemical barriers are used to modify subsurface environmental
conditions (e.g., pH, Eh) to limit the solubility of radionuclides or to provide a more favorable
geochemical environment for sorption. A good example are engineered cementitious
materials (see above). Because of the diverse type of chemical barriers that could be applied,
the degradation mechanisms and typical levels of functionality are not provided in the
following sections but would need to be evaluated on a case-by-case basis.

3.5.4.2 Degradation Mechanisms

The degradation mechanisms provided may not be comprehensive due to the large variability in
conditions and processes from site to site, but they should represent the main degradation
mechanisms typically encountered. Degradation mechanisms depend on both the barrier and
site-specific conditions. When evaluating degradation mechanisms, careful consideration should
be given that the environmental conditions assumed or used in an analysis of long-term
performance are representative of the in-situ conditions expected for the engineered barrier.

The main degradation mechanisms are described below for the different engineered barriers.
Degradation of Cement-Based Engineered Barriers

The major environmental degradation processes that affect cement-based engineered barriers are
sulfate attack, corrosion of reinforcing steel/carbonation, alkali/aggregate reactions and leaching
by acidic subsurface water. Other degradation mechanisms include freeze-thaw deterioration,
and microbiological attack. Degradation mechanisms can also be due to poor design and
construction of cement-based structures, and can include differential settlement of the structures;
stress concentrations; seismic effects; and insufficient structural engineering design. To avoid
these latter degradation mechanisms, the structures need to be properly designed, and
constructed under strict QA/QC procedures to ensure that their design objectives have been met.
Discussions that follow will not address these design and construction-related degradation issues
of cement-based materials.
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Sulfate Attack

Sulfate attack on concrete can be severe, resulting in cracking of the concrete, and in some cases,
its disintegration. Naturally-occurring sulfates of sodium, potassium, calcium and magnesium
are sometimes found in subsurface water and soils. Sulfate attack has occurred in several
regions of the U.S., particularly in arid regions such as the Northern Plains and the Southwest
States. Localized sources of sulfates in groundwater include mine workings, mine tailings, blast
furnace slag waste piles, and chemical waste ponds. Water used in irrigation can also be a
potential source of sulfate attack due to the gradual accumulation of sulfates in the soils. The
main cause of sulfate degradation of cement-based materials is the formation of ettringite in the
reaction process. This results in the mechanical expansion and subsequent deterioration of
concrete. Another degradation process involves the formation of gypsum which replaces the
calcium hydroxide in concrete resulting in expansive stresses and deterioration.

Corrosion of Reinforcing Steel

Cement concrete normally provides a high-alkaline environment which passivates the steel.
However the corrosion of steel embedded in concrete has been a serious problem due to the
presence of chloride ions. Although chloride ions are common in nature, and small amounts are
intentionally added in the mix ingredients of concrete to accelerate set times, the principal
sources of chloride ions which cause problems in concrete are from deicing salts, sea water, and
chloride ions in surface runoff. Corrosion of reinforcing steel can, in some cases, occur in the
absence of chloride ions. This happens in the case of carbonation which results in a reduction of
alkalinity of the concrete, thereby depassivating the steel and facilitating corrosion.

Alkali-Aggregate Reactions

Alkali-aggregate reactions are usually internally contained in concrete, and are not dependent on
the diffusion of an aggressive solution into the cement-based material. For appreciable amounts
of swelling to occur due to this process, a source of water is required. Almost all aggregates
react to some extent with alkalies in cement. It is when the reaction results in the formation of
expansive products (e.g., gypsum) that serious cracking of the concrete occurs. Expansive
alkali-aggregate reactions are known to occur when siliceous (i.e., alkali-silica reactions) and
dolomitic (i.e., alkali-carbonate reactions) limestone aggregates are used. In addition, the rate of
expansive reaction is also influenced by the size of the aggregates. Alkali-silica reactions are the
most common with the majority of the reported instances in the western states. Alkali-carbonate
reactions have occurred in some Midwestern and Eastern states.

Leaching
Buried concrete, in contact with percolating subsurface water, can undergo deterioration by the
dissolution of the common constituents of cement paste, the alkali salts and sodium hydroxide.

Leaching can reduce the pH of the concrete, as well as make it more porous for subsurface water.
The rate and extent of the leaching is dependent on the acidity of the water since leaching
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increases as the pH decreases. The potential leaching capabilities of subsurface water can be
related to their Langelier Index. The Langelier Index is related to the total dissolved solids
(TDS), total alkalinity, pH and calcium content of the water. A positive index indicates that
calcium carbonate will be precipitated, while a negative index indicates lime deficient water
capable of dissolving calcium from the hardened cement paste.

Freeze-Thaw Attack

Freezing and thawing damage in cement- based materials occurs when a water-saturated
concrete is exposed to prolonged cycles of freezing and thawing. Structures most susceptible to
freeze- thaw damage are surfaces of the structures where flowing or ponding water can remain in
contact with the concrete structure for extended periods of time. Several precautions should be
taken to avoid freeze-thaw damage, including the following: precluding ponded water from the
concrete structure, incorporating entrained air, placing properly, consolidating, and curing.

Microbiological Attack

Sulfate-producing bacteria are capable of oxidizing elemental sulfur and sulfides to sulfuric acid
under aerobic conditions, which in turn degrade cementitious materials. Some bacteria can
attack cement-based materials by transforming ammonia into nitrites or nitrates, or by producing
lactic acid or butyric acid. In the normal design life (e.g., 40 years) of conventional cement-
based materials, bacterial action does not seem to be a major cause of deterioration. However,
for cement-based materials’ chemical durability over hundreds of years, the impacts of bacterial
activity need to be assessed, though they may be difficult to predict.

Cracking of Concrete

Cracking can originate within concrete due to a number of mechanisms. During placement, if
the evaporation rate is great enough, the concrete surface can develop tensile stresses sufficient
to crack the concrete. These plastic-shrinkage cracks typically extend through the entire
concrete member. Cracking can also be caused by settlement of the concrete member, by
flexural stresses, and thermal effects. The continued removal of water by the hydration process
will generate a chemical-shrinkage stress that can initiate autogenous shrinkage cracks.
Subsequent drying due to ambient conditions will also generate shrinkage stress which

generates drying-shrinkage cracks. Absent environmental conditions which may cause concrete-
material degradation, cracking can be the most severe degradation mechanism affecting concrete.
Transport through cracks in concrete will only be of consequence, if the cracks extend
throughout the concrete member. Relatively large amounts of water can be transported through a
crack depending on the total potential water-head across the crack, and the crack aperture and
density.
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Degradation of Engineered Caps

Engineered caps or covers are commonly designed to eliminate or significantly limit infiltration
of subsurface water into the waste, but may also be designed to limit gaseous release, provide
shielding, or reduce the likelihood of contact with the waste. From an infiltration management
perspective, engineered caps are based on either resistive or water balance concepts. Caps based
on resistive concepts use impermeable layers to prevent water from contacting the waste. Caps
based on water balance concepts attempt to mimic natural systems to evaporate or transpire
water from the system.

Resistive engineered cap designs have a wide range of configurations ranging from a one-layer
system of vegetated soils, to complex multi-layered designs composed of soils and
geosynthetics. Soil materials can include vegetative soils, permeable sand and gravel drainage
layers, low hydraulic conductivity clay soils, and filter soils to preclude the migration of fines
from soils overlying drainage layers which cause the drainage layers to clog. Geosynthetic
materials include geomembranes and geosynthetic clay layers. Composite barriers use both soils
and geomembranes/geosynthetic clay layers. Geomembranes are essentially impermeable PVC
or polystyrenes layers, while geosynthetic clay layers are composed of a thin layer of bentonite
between two geosynthetic textiles which may be used in conjunction with geomembranes. The
effectiveness of these engineered caps lies in its ability to significantly limit infiltration of
subsurface water into the waste. The ability to drain infiltrating water away from the buried
waste, and its ability to release generated gas is a function of the waste stability, the degree of
settlement, and slope stability of the cap system. Degradation mechanisms unique to engineered
cap materials, other than those specific to inadequate design, construction, QA/QC issues, follow
in later sections.

Water balance, or evapotranspiration covers attempt to manipulate the water balance of the
source zone by enhancing soil water storage and evapotranspiration. The performance of
evapotranspiration covers depends on many factors, especially the climatology, soil hydrology,
and plant ecology at a site. Water balance covers may be used in a variety of settings, but may
be most effective in arid or semi-arid climates with high potential evapotranspiration.

Compacted Clay Barrier

The function of the clay barrier layer in the engineered cap is to prevent and block infiltration of
subsurface water through the cover into the waste. In order to meet this function, the clay must
always remain close to saturation. The compacted clay layer is frequently specified to have a
saturated hydraulic conductivity of 1E-07 cm/sec or less. The longevity and effectiveness of the
engineered cap are influenced by the ability of the clay layer to retain low permeability
characteristics. However laboratory and field studies have shown that dessication (severe
drying) cracks can form quickly in compacted clay. These cracks, which do not completely self
heal, can penetrate the entire thickness of the clay layer, and are not filled by soil from overlying
layers in the time frame of available field studies (less than 10 years). The cause for extensive
dessication of the clay is thought to be due to vertical water vapor transport. Unanticipated
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ecological processes (e.g., biointrusion), compaction either dry or wet of optimum, freeze-thaw
cracking, and differential settlement can result in the degradation of clay and other resistive
barriers.

Drainage and Filter Soil Layers

A common degradation mechanism affecting these drainage and filter components of the
engineered cap system is the potential clogging of these materials by finer soil particles from
overlying soils including colloidal or biological materials. Clogging of drainage/filter soil layers
can greatly reduce the permeability of these materials, and render them unable to perform their
intended function to drain subsurface water.

Composite Soil Caps

Composite caps are comprised of a combination of a compacted clay layer, geosynthetic clay
layer and geomembrane. In general, composite caps have performed well in the time frame of
available field studies (10+years). Geomembranes protect clay barriers/geosynthetic clay layers
by eliminating or significantly reducing vertical water vapor migration. Degradation
mechanisms of geomembranes include: puncture by granular soils and construction equipment;
behavior of “waves” or fabric wrinkles due to temperature and overburden stresses; long-term
degradation of geomembranes under the influence of UV light, chemicals and radiation effects;
the potential for slippage between geomembranes and adjacent materials; and material
embrittlement over time. Some degradation mechanisms, such as exposure to UV light, can be
managed with effective QA/QC. Geosynthetic clay layers are sometimes used instead of
compacted clay, and seem to perform better with respect to water flow, chemical degradation
due to cation exchange, and mass transport (i.e., diffusion and retardation). As with
geomembranes however, geosynthetic clay layers have inherent problems due to installation
activities (e.g., puncturing and degradation by construction equipment). Geosynthetic clay
layers can experience dessication cracking similar to clay layers. In addition, recent research
seems to indicate that there exists the potential for cation exchange between commonly available
calcium-laden fluids and the sodium in the geosynthetic clay layer bentonite, thus rendering the
geosynthetic clay layer incapable of functioning as a low-permeability barrier layer in
engineered-cap systems [(James et al., 1997), (Melchoir, 1997), (Lin and Benson, 2000)].
Research is being conducted to more carefully study these degradation mechanisms.

Degradation of Water Balance Caps

The effectiveness of a water balance cap is dependent on the development of a design that is
effective over the range of expected natural and ecological conditions. Natural and ecological
conditions are inherently variable over the timeframe of most decommissioning analyses. As
discussed in Section 3.5.5, water balance caps have been analyzed in great detail at a number of
sites. With effective design and development, water balance caps may be very effective,
especially in arid and semi-arid climates. In humid climates, water balance caps may be
effective at managing a substantial fraction of the infiltration but not achieve design goals.
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Infiltration can commonly exceed evapotranspiration in humid climates or in colder climates
where a large fraction of infiltration may occur as snowmelt when evapotranspiration is low.
Therefore, one of the major lessons learned, albeit not related to physical degradation, is that
design of a water balance cap must consider natural and ecological variability over the period of
performance.

Degradation mechanisms associated with water balance caps include unanticipated ecological
consequences, evolution of soil properties (e.g., soil development), and effects of disturbance
(e.g., fire, land use) on plant ecology. An example of unanticipated ecological consequences is
the development of deeper rooted plant species that result in pathways for moisture below the
design zone for moisture storage and removal.

Degradation of Erosion Control Caps
Degradation of erosion control caps is discussed in Section 3.5.6.4.
Degradation of Permeable Reactive Barriers

Permeable reactive barriers are in-situ constructed walls below the land surface that intercept
contaminated groundwater which is funneled through it. Reactive materials in the wall can sorb
chemicals and radioactive species on their surfaces and/or precipitate contaminants dissolved in
the flowing water. In some cases nutrients and oxygen in a permeable reactive barrier help
microbes in the soil to precipitate contaminants and radioactive species. Experience with
permeable reactive barriers seem to indicate that not all of them are performing well, often due to
poor placement in the ground-water flow field. Material properties, such as grain size of reactive
zeolites can be changed in the construction process, thereby reducing the hydraulic conductivity.
There seems to be a decrease of barrier performance due to loss of reactivity and permeability
over relatively short periods of time (in less than 5 years a number of systems have experienced
challenges associated with diversion of water around the permeable reactive barrier due to
insufficient permeability).

Degradation of Vertical Barriers

Various types of subsurface vertical barriers are in use. Their primary purpose is to impede or
preclude horizontal ground-water flow. These vertical barriers are placed at depths up to 60 m
(200 ft), and often vary in thickness from 0.6—1.2 m (2—4 feet). The barriers must extend down
to an impermeable natural horizontal barrier such as a clay zone to effectively impede ground-
water flow from below. These barriers are often designed as temporary or semi-permanent
remediation techniques to isolate contaminated fluids from migrating to uncontaminated
surrounding groundwater. Some soil-bentonite mixtures are not able to withstand attack by
chemicals such as strong acids, bases, salt solutions and certain organic chemicals. This hastens
the deterioration of the barrier. Verification that the vertical wall forms a continuous barrier is
critical to the function of this technology. Although it may be difficult to identify flaws in the
continuity, and/or gaps in the wall, monitoring is essential to verify their performance. Although
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vertical walls have been used for decades, the process of designing the proper mix of wall
materials to contain specific contaminants is less well developed.

3.5.4.3 Potential Levels of Functionality and Uncertainty

The purpose of this section is to give some general information to help licensees initially
consider the use of engineered barriers. As discussed in Sections 3.5.2 and 3.5.3, licensees are
responsible for developing acceptable technical bases and conducting analyses of engineered
barriers propose for a specific site.

The ranges of functionality or performance for different barriers and the associated uncertainty
are based on a broad consideration of observations and analysis throughout the national and
international community. Potential ranges of functionality are levels of performance that can
likely be supported by technical basis and analyses, not solely based on demonstrated field
experience. As the time scales get longer, past direct observation of the performance of
engineered barriers that can be cited as basis becomes less likely, and therefore, performance for
longer times becomes more uncertain and more based on inference. The functionality provided
here can be thought of as the level of performance believed to be reasonably achievable with
proper design, analysis (Section 3.5.2), technical basis (Section 3.5.3), and implementation
(quality) given current understanding and engineering practice. The ranges provided for
potential functionality, help provide direction as to when less technical basis may be needed
(assume less than typical performance) compared to more technical basis (credit is taken for
more than typical performance). The level of uncertainty should be considered in developing a
monitoring and maintenance plan. Barriers with less uncertainty might need less reliance on
monitoring and maintenance. In contrast, barriers with higher uncertainty, may need substantial
monitoring and maintenance until uncertainties are reduced.

NRC'’s discussion in this draft section is an initial attempt using readily available information to
provide some insights on potential functionality and uncertainty. This section could be expanded
based on future studies and inputs from other programs involved with engineered barriers.
Therefore, we invite suggestions and information that could further develop this section.

Typical levels of functionality or performance of the main engineered barriers are as follows.
Cement-Based Engineered Barriers

The performance of cement-based materials to isolate radioactive can be divided into two
categories:

1. Hydrologic effectiveness or physical containment of the wastes to preclude water contacting
the waste.

2. Chemical effectiveness or the ability of the high pH characteristics of the intact and degraded
concrete to limit transport of the radionuclides to the accessible environment.
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Absent environmental concrete degradation factors such as sulfate attack, chloride corrosion,
etc., full depth cracking of the concrete member can be the most severe degradation mechanism
causing contact of water with the waste and the subsequent release of radionuclides.
Accordingly, the effectiveness of cement-based physical barrier structures need to be monitored
for hydrologic effectiveness and the projected service life for the structure should be revised
based on analysis of the monitoring data. Assuming adequate design, construction practices and
excellent QA/QC followed by a competent monitoring program, service life of tens of years to a
few hundred years appears feasible.

In the case of chemical containment of wastes, the duration needed for chemical effectiveness of
cement-based materials is dependent on the source term and specific radionuclide time frames
(approximately 10 half-life periods). The timeframe of performance is difficult to predict, but
could extend a significant period of time beyond the physical containment period (e.g., possibly
thousands of years, likely hundreds of years). The longevity of chemical effectiveness is
strongly related to the bulk hydraulic properties of the material and the quantity of cement
present, because chemical species of the cement matrix are removed from the system by the
exchange of pore fluids and also possibly by diffusion.

A cementitious barrier used to limit potential intruder contact with waste, with proper design,
construction practices, and QA/QC could be expected to be effective for hundreds of years if it
remains unexposed to aggressive environmental conditions (e.g., high sulfate, excessive
freeze-thaw cycles). Performance of this type of barrier may be enhanced with appropriate
monitoring, repair, and remediation strategies.

Engineered Caps

Based on recent research, extensive dessication of clay barriers in soil caps has compromised the
ability of clay barriers to retain low permeability characteristics and preclude infiltration of water
through the cover and into the waste (Albright, 2004). Conversely, composite caps composed of
a combination of compacted clay buried at sufficient depth, geomembranes and geosynthetic
clay liners have performed well in the timeframes of available field studies (10+ years).
Monitoring of caps composed of compacted clay barriers and composites can verify the effective
lifetimes of these facilities. Given the good performance of composite covers, it is more
probable that their functionality will be superior to compacted clay barriers. Current experience
provides evidence of hydrologic functionality of tens of years for composite caps appear to be
feasible. Longer hydrologic functionality may be feasible with the proper development and
implementation of the elements provided in the previous sections, and with continued research.
Existing uncertainty in long-term functionality could be reduced by additional technical basis,
analyses, testing, and field experience. Geomembranes do not have the experience base of
common natural materials or a man-made material like cement, which has been used for
hundreds to thousands of years. Therefore, until the experience base is developed, a cautious
approach is needed for the long-term performance of novel materials in engineered barriers.
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Water balance caps have been studied in the field on large scales, as discussed in Section 3.5.5.
When well-designed, constructed, and monitored they have performed well in arid and semi-arid
climates. Because they attempt to mimic natural processes, the level of performance achieved
over the long-term would be expected to exceed that of resistive infiltration barriers. Whereas a
resistive cap is subject to failure by fast pathways (likely to be more discrete, either it is
functioning or it is not), a water balance cap is more likely to have different degrees of
performance (likely to be more gradual, based on exceeding the design capacity for water
management). Water balance caps have been shown in the field to perform well on the order of
ten years, and in theory may have some passive performance over the very long term (e.g.,
thousands of years).

Engineered caps developed for erosion control could have effectiveness that can exceed
1000 years. However, erosion control designs may not be adequate to preclude excessive
infiltration. Section 3.5.6 provides a detailed example including some of the design
considerations.

Aside from the depth to waste, most engineered caps would not provide a substantial barrier to
common practices assumed in intruder analysis (e.g., home construction, well installation).

Permeable Reactive Barriers

There has been limited experience with permeable reactive barriers, approximately 15 years.
Effective lifetimes of these barriers, from the literature, appear to be limited to less than 10
years.

Vertical Barriers

As noted previously, it is difficult to identify flaws in the continuity and gaps in constructed
vertical walls. In addition, some of these walls are not able to withstand chemicals such as
strong acids, bases, and certain organic materials. Moreover, the process of designing a proper
mix of wall materials to contain specific contaminants (hazardous chemicals and radionuclides)
is less well developed. Accordingly, effective service life of these structures would range in the
low single digits of years and performance should be demonstrated by field testing.

3.5.5 SUMMARY OF EXISTING GUIDANCE AND REFERENCE
INFORMATION

Table 3.2 provides a summary of existing guidance and reference information that may have
some relevance to the application of engineered barriers at decommissioning sites. Early contact
with NRC staff is encouraged to discuss which portions of these referenced reports may be
appropriate for the site and for the intended purpose of the engineered barriers. Guidance for
design of engineered disposal cells for uranium mill tailings sites is provided in NUREG-1620
and NUREG-1623. For sites considering engineered disposal cells for long-term stability
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(e.g., erosion control), this guidance may be somewhat useful. However, the standards in

10 CFR Part 40, Appendix A, applicable to uranium mills are more prescriptive than the
performance-based dose criteria of Part 20, Subpart E. Licensees using the uranium mill
guidance should also consider how the guidance can be adapted for applicability to compliance
with Part 20, Subpart E. As discussed below, in some cases traditional designs have not
performed particularly well with respect to infiltration.

A variety of programs have evaluated and continue to evaluate engineered barrier technology for
waste containment. A comprehensive summary of engineered barrier research is not attempted
in this document. However, some good examples of programs to understand, design, and
support engineered barrier performance applicable to decommissioning sites include:

e The NRC has conducted research at the U.S. Department of Agriculture (USDA) facilities in
Beltsville, Maryland, on engineered covers for low-level waste facilities (O’Donnell et al.,
1994).

e The Environmental Protection Agency, through the Alternative Cover Assessment Program
(ACAP), has supported the field-scale evaluation of engineered covers.

* The Department of Energy (DOE), through the Alternative Landfill Cover Demonstration
(ALCD) completed a large-scale field demonstration comparing six landfill cover designs.

* DOE has instrumented engineered covers at some Uranium Mill Tailings Remedial Action
(UMTRA) sites to understand and evaluate their performance.

EPA’s ACAP evaluated 27 test covers at 12 sites in eight states to characterize the field
hydrology of water balance and conventional covers (Albright et al., 2004). The evaluation
included 12 conventional covers (7 composite and 5 clay) and 15 water balance covers (9
monolithic and 6 capillary barriers). Nine of the sites had side-by-side comparisons of
conventional and alternative covers. Large-scale lysimeters (approximately 10 m by 20 m (30 ft
by 70 ft) areal extent) were installed and instrumented to collect detailed water balance
information. The main lessons learned for water balance covers were: (1) Percolation rates in
semi-arid and sub-humid climates can be very low (<1 mm/yr), provided that there is adequate
storage capacity and that the vegetation effectively removes stored water each year, (2) There is
a need to better understand the phenology of plants and the response to meteorological and
geotechnical conditions, and (3) Low percolation rates may not be achieved at sites with water
balance covers, in particular at humid sites, but the water balance covers may still provide some
performance benefit. The main lessons learned for composite covers were: (1) Composite covers
may be effective at limiting percolation to less than 1 mm/yr while the geomembranes or
geosynthetics are intact, and (2) Clay covers are prone to damage over very short periods of time
and can transmit percolation at much higher rates than anticipated. The ACAP program provides
an excellent example of developing the technical basis for engineered barrier performance.

DOE’s ALCD evaluated six cover designs at Sandia National Laboratory in Albuquerque, NM,
to obtain large-scale water balance field data subjected to identical field and climatic conditions
(Dywer, 2003). The covers evaluated included a RCRA Subtitle D cover, a Geosynthetic Clay

Layer cover, a RCRA Subtitle C cover, an Anisotropic Barrier cover, a Capillary Barrier cover,
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and an Evapotranspiration cover. The RCRA Subtitle D cover had the highest percolation rate
(above the 1 mm/yr goal), and the geosynthetic clay layer cover had the second highest average
percolation rate. Various damage processes, such as desiccation cracking, led to preferential
flow through the RCRA Subtitle D cover. The field data from this project was interpreted to
suggest the geosynthetic clay layer cover performance was suspect in this application, potentially
due to dessication and ion exchange. The other four cover types all had average annual fluxes
less than 0.2 mm/yr (0.01 in/yr).

UMTRA disposal cell covers have been developed over the past 20 years at a variety of sites
with different climates. From an erosion control and stability perspective, these covers have
required little to no maintenance to prevent erosional release of radioactive materials. At some
covers, DOE has removed vegetation, however these actions have primarily been undertaken
because of concerns with the impact of the vegetation on water management (e.g., infiltration)
and not due to concerns with cover stability. For example, at the Burrell, Pennsylvania, disposal
cell, herbicide spraying was used to control plant encroachment (DOE, 1999). However, after
additional data collection and analysis it was determined by DOE that this aspect of the long
term surveillance and monitoring program was unnecessary and could be discontinued without
negative impact on cover performance. DOE has instrumented some of the covers to understand
and evaluate their performance. There have been lessons learned from the information that has
been collected. In particular, some covers based on resistive type designs (e.g., impermeable
layers) similar to unlined RCRA subtitle D have been found to have not achieved the design
values for hydraulic conductivity measured in the laboratory and therefore appear to have much
higher infiltration rates than anticipated (Waugh, 2004). In fact, at a number of sites the in-situ
hydraulic conductivity was measured to be more than two orders of magnitude higher than the
design target. However, monitoring data from evapotranspiration type covers suggests that
design infiltration rates have been achieved. Lessons learned included that seemingly subtle
differences in soil types, sources, and compaction can result in significant differences in
performance.

The programs cited above and the documents listed below are not intended to be comprehensive,
rather they are intended to provide appropriate examples of studies undertaken to understand and
support engineered barrier performance. The examples provided above focused on engineered
covers, which are only one type of barrier addressed in this guidance. The documents listed
below provide information on a variety of different barriers.
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Table 3.2 Summary of Existing Key Documents Related to

Engineered Barriers

Document

Brief Summary

NUREG-1573, “A Performance Assessment
Methodology for Low-Level Radioactive
Waste Disposal Facilities, Recommendations
of NRC’s Performance Assessment Working
Group,” U.S. Nuclear Regulatory
Commission, Washington, DC, October 2000.

Provides general information pertinent to
modeling and assessment of engineered
barriers. Provides a bibliography of reports
related to engineered barriers.

NUREG/CR-5432, “Recommendations to the
NRC for Soil Cover Systems Over Uranium
Mill Tailings and Low-Level Radioactive
Wastes — Identification and Ranking of Soils
for Disposal Facility Covers,” U.S. Nuclear
Regulatory Commission, Washington, DC,
February 1991.

Discusses (1) selecting soil materials,
(2) laboratory and field tests for covers, and
(3) construction methods.

NUREG/CR-5542, “Models for Estimation of
Service Life of Concrete Barriers in Low-
Level Radioactive Waste Disposal,”

U.S. Nuclear Regulatory Commission,
Washington, DC, September 1990.

Provides primarily empirically based models
for typical concrete formulations to estimate
degradation rates.

NUREG-1623, “Design of Erosion Protection
for Long-Term Stabilization,” U.S. Nuclear

Regulatory Commission, Washington, DC,
September 2002.

Provides guidance on methods to achieve
erosion controls for long-term stabilization.
Provides a list of key references including the
technical work supporting the guidance.

NUREG -1620, Rev. 1, “Standard Review
Plan for the Review of a Reclamation Plan for
Mill Tailings Sites Under Title II of the
Uranium Mill Tailings Radiation Control
Act,” U.S. Nuclear Regulatory Commission,
Washington, DC, June 2003.

Provides information regarding NRC staff
areas of review and the bases for acceptability
of a uranium mill reclamation design.

NUREG-1532, “Final Technical Evaluation
Report for the Proposed Revised Reclamation
Plan for the Atlas Corporation Moab Mill,”
U.S. Nuclear Regulatory Commission,
Washington, DC, March 1997.

Section 4 provides an example of the staff
review of a reclamation design and discusses
staff bases for acceptability of rock riprap
erosion protection and input parameters used
for those designs.
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Table 3.2 Summary of Existing Key Documents Related to
Engineered Barriers (continued)

Document

Brief Summary

NISTIR 89-4086, NUREG/CR-5466,
“Service Life of Concrete,” National Institute
of Standards and Technology (NIST)
Gaithersburg, MD, 1995.

Examines degradation processes in cement-
based materials and discusses considerations
of their occurrence, extent of potential
damage, and mechanisms.

NISTIR 7026, “Condition Assessment of
Concrete Nuclear Structures Considered for
Entombment,” National Institute of
Standards and Technology (NIST),
Gaithersburg, MD, 2003.

Provides assessment of cement-based
engineered barrier structures based on
characterization of intact concrete and crack
properties. Material property uncertainties
are incorporated into a Monte Carlo
simulation.

NISTIR 6747, “Validation and Modification
of the 4SIGHT Computer Program” National
Institute of Standards and Technology (NIST)
Gaithersburg, MD, 2001.

Discusses the validation and verification of
the fluid transport mechanisms incorporated
in the concrete degradation code 4SIGHT
using reference and laboratory data.

NISTIR 6519, “Effect of Drying Shrinkage
Cracks and Flexural Cracks on Concrete Bulk
Permeability,” National Institute of Standards
and Technology (NIST) Gaithersburg, MD,
2000.

Discusses a model for predicting both the
width and spacing of flexural and drying-
shrinkage cracks to estimate composite (intact
and cracked) concrete structure permeability.

NISTIR 5612, “4SIGHT, Manual: A
Computer Program for Modeling Degradation
of Underground LLW Concrete Vaults, “
National Institute of Standards and
Technology (NIST) Gaithersburg, MD, 1995.

User Manual for numerical computer
modeling of concrete degradation, 4SIGHT,
to facilitate assessment of concrete vaults for
isolating radioactive waste in Low Level
Waste (LLW) disposal applications.

“Barrier Containment Technologies for
Environmental Remediation Applications,”
edited by Ralph R. Rumer and Michael E.
Ryan, John Wiley and Sons, 1995.

Review and evaluation of knowledge and
practices of containment technologies
suitable for remediation. Identifies areas
where practical improvements could be
developed. NOTE: It is expected that this
document will be superseded by a more
recent document on waste containment
practices to be published in Fall 2005.
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Table 3.2 Summary of Existing Key Documents Related to
Engineered Barriers (continued)

Document

Brief Summary

National Research Council, National
Academy of Sciences, “Barrier Technologies
for Environmental Management,” Summary
of a Workshop, 1997.

Papers presented in the Workshop on the use
of Engineered Barriers to prevent the spread
of contaminants and its migration.

“Field Water Balance of Landfill Final
Covers,” Albright, W, Benson, C., Gee, G.,
Roesler, A., Abichou, T., Apiwantragon, P.,
Lyles, B., and Rock, S., Journal of
Environmental Quality, 33(6),

2317-2332, 2004.

Results of large-scale field research study to
assess the ability of landfill final covers to
control infiltration into underlying waste. A
comprehensive current publication
summarizing ACAP experience.

“Assessment and Recommendations for
Improving the Performance of Waste
Containment Systems,” U.S. EPA,
EPA/600/R-02/099, 2002.

Discusses issues related to the design,
construction and performance of waste
containment systems used in landfills, surface
impoundments and waste piles and in the
remediation of contaminated sites.

National Research Council, National
Academy of Sciences, “Research Needs in
Subsurface Science,” 2000.

Examines gaps in the understanding of the
performance of subsurface facilities and
recommends research needs in the area.

Waugh, W.J., “Design, Performance, and
Sustainability of Engineered Covers for
Uranium Mill Tailings,” Proceedings of
Long-term Performance Monitoring of
Metals and Radionuclides in the Subsurface:
Strategies, Tools, and Case Studies. U.S.
Environmental Protection Agency, U.S.
Department of Energy, U.S. Geological
Survey, Nuclear Regulatory Commission,
April 21-22, 2004, Reston, VA, 2004.

Provides information on experiences with
cover designs for DOE’s UMTRA Project
sites of conventional and alternative covers.

Dwyer, Stephen F., “Water Balance
Measurements and Computer Simulations of
Landfill Covers,” PhD Dissertation,
University of New Mexico, 2003.

Provides a comprehensive summary of data
collection, analysis, and computer
simulations associated with DOE’s ALCD
program. Also includes a summary of
measurements of infiltration at various sites
with engineered covers.
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Table 3.2 Summary of Existing Key Documents Related to
Engineered Barriers (continued)

Document

Brief Summary

O’Donnell, E., R. Ridky, and R. Schulz.
“Control of water infiltration into near-
surface, low-level waste-disposal units in
humid regions,” In-situ Remediation:
Scientific Basis for Current and Future
Technologies, G. Gee and N.R. Wing eds.,
Battelle Press, Columbus, OH, 295-324,
1994.

Summary of NRC sponsored research at
USDA, Beltsville, MD, on engineered covers
for low-level waste facilities.

Interstate Technology & Regulatory Council,
“Technical and Regulatory Guidance for
Design, Installation, and Monitoring of
Alternative Final Landfill Covers,”
Washington, DC, 2003.

Guidance document primarily written for
decision makers associated with the plan
development, review, and implementation of
alternative covers. Focuses on the decisions
and facilitating the decision processes related
to the design, evaluation, construction, and
post-closure care associated with alternative
covers.

Interstate Technology & Regulatory Council,
“Permeable Reactive Barriers: Lessons
Learned/New Directions,” Washington, DC,
2005.

Summary of current understanding and
experience with permeable reactive barriers,
including numerous case studies.

National Research Council, National
Academy of Sciences, “Long-Term
Institutional Management of U.S. DOE
Legacy Waste Sites,” 2000.

Discusses long-term management of DOE’s
waste sites and identifies characteristics and
design criteria for effective long-term
institutional management.

Appendix P provides an example of a graded approach to the development and implementation
of erosion protection covers. The graded approach has been developed to ensure stability of
waste for extended periods of time. In other words, by ensuring stability of the waste and
designing for the largest event expected over the analysis period, risk from erosional releases can
be mitigated. The graded approach is used to manage the uncertainty associated with the timing
and magnitude of future events that may cause erosional releases. A risk-informed approach for
the development of erosion protection covers would be based on the risk associated with
erosional releases and not a stability criteria. In the risk-informed approach, the erosion
protection cover may not be designed to achieve stability of the system for the largest event.
Rather, the erosion protection cover may be designed to achieve radiological dose criteria, given
the timing and magnitude of future events. The risk-informed approach would integrate the
impact of all event sizes on the erosion control design and evaluate the resultant radiological
doses.
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4 FACILITY RADIATION SURVEYS

RADIATION SURVEY AND SITE INVESTIGATION PROCESS

As a framework for collecting the information required for demonstrating compliance identified
using the data quality objectives (DQO) process (see Section 3.2 of this Volume), NRC staff
recommends using a series of surveys. The radiation site survey and investigation (RSSI)
process is an example of a series of surveys designed to demonstrate compliance with the
decommissioning regulations of 10 CFR Part 20, Subpart E. Table 4.1 identifies the steps in the
RSSI process and indicates where specific guidance on each step can be found.

Table 4.1 Cross-References for Principal Steps in the Radiation Survey and
Site Investigation Process

Principal Step Applicable Guidance

Site Identification Chapter 16, Volume 1 of this NUREG report
Section 2.4 of MARSSIM

Historical Site Assessment Section 4.0 of this volume

Sections 2.4 and Chapter 3 of MARSSIM

Characterization Survey Sections 2.4 and 5.3 of MARSSIM
Section 4.2 of this volume

Remedial Action Support Survey | Sections 2.4 and 5.4 of MARSSIM
Section 4.3 of this volume

Final Status Survey Sections 2.4 and 5.5 of MARSSIM
Section 4.4 of this volume

HISTORICAL SITE ASSESSMENT

The RSSI process uses a graded approach that starts with the Historical Site Assessment (HSA)
and is later followed by other surveys that lead to the final status survey (FSS). The HSA is an
investigation to collect existing information describing a site’s complete history from the start of
site activities to the present time. The necessity for detailed information and amount of effort to
conduct an HSA depends on the type of site, associated historical events, regulatory framework,
and availability of documented information. The main purpose of the HSA is to determine the
current status of the site or facility, but the data collected may also be used to differentiate sites
that need further action from those that pose little or no threat to human health and the
environment. This screening process can serve to provide a site disposition recommendation or
to recommend additional surveys. Because much of the data collected during HSA activities is
qualitative or is analytical data of unknown quality, many decisions regarding a site are the result
of professional judgment.
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The primary objectives of the HSA include the following:

* identify potential sources of residual radioactivity,

e determine whether or not sites pose a threat to human health and the environment,
 differentiate impacted from non-impacted areas,

e provide input to scoping and characterization survey designs,

e provide an assessment of the likelihood of residual radioactivity migration, and

* identify additional potential radiation sites related to the site being investigated.

The HSA typically consists of three phases: (1) identification of a candidate site, (2) preliminary
investigation of the facility or site, and (3) site visits or inspections. The HSA is followed by an
evaluation of the site based on information collected during the HSA. Additionally, the HSA
should identify special survey situations that may need to be addressed such as subsurface
radioactivity; sewer systems, waste plumbing, and floor drains; ventilation ducts; and embedded
piping containing residual radioactivity. Refer to Appendix G of this volume for information on
special survey situations. Additional guidance on the HSA can be found in Section 2.4.2 and
Chapter 3 of the Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM).

SUMMARY OF SURVEY TYPES

NRC'’s regulations require a licensee to make or cause to be made surveys that may be necessary
for the licensee to comply with the radiological criteria for license termination, Subpart E of

10 CFR Part 20. The licensee would demonstrate compliance with this requirement by
performing an FSS. The FSS will demonstrate that the licensee’s site or facility, or both meet(s)
the radiological criteria for license termination.

Other surveys (e.g., scoping surveys, characterization surveys, and remedial action support
surveys) are used for the purpose of locating residual radioactivity, but are not used to
demonstrate compliance with the radiological criteria for license termination.

NRC endorses the final status survey methodology described in MARSSIM. The guidance in
this chapter does not replace MARSSIM and users of this chapter should be familiar with and
use MARSSIM. Thus, it is intended that licensees will use this chapter and MARSSIM as
guidance for acceptable approaches or methodologies to conduct remediation surveys and FSSes
in particular. The following sections provide references to specific sections of MARSSIM.

The measurement methods applied in assessing radiation and radioactivity levels can vary
according to the objectives of the particular survey. It is expected that different types of surveys
would be conducted during the course of decommissioning work, with each having different
emphasis while at the same time sharing common elements. A brief summary of six survey
types is provided below:
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Background Survey

Although, not specifically identified as a step in the RSSI process, this survey constitutes
measurements of sites in areas surrounding the facility in order to establish the baseline, that is,
the normal background levels of radiation and radioactivity. In some situations, historical
measurements may be available from surveys performed before the construction and operation of
a facility. The background survey takes on added importance if one may ultimately be
comparing onsite cleanup units to offsite reference areas. Appendix A of this volume provides
guidance on background surveys.

Scoping Survey

This survey, performed to augment the HSA, provides sufficient information for

(a) determination if residual radioactivity is present that warrants further evaluation and (b)
initial estimates of the level of effort required for remediation and to prepare a plan for a more
detailed survey, such as a characterization survey. The scoping survey does not require that all
radiological parameters be assessed. Additional guidance on the scoping survey can be found in
Sections 2.4 and 5.2 of MARSSIM, and Section 4.2 of this volume.

Characterization Survey

This survey determines the type and extent of residual radioactivity on or in structures, residues,
and environmental media. The survey should be sufficiently detailed to provide data for
planning decommissioning actions, including remediation techniques, projected schedules, costs,
waste volumes, and health and safety considerations during remediation. Additional guidance on
characterization surveys can be found in Section 4.2 of this volume.

Remedial Action Support Survey

This monitoring program is conducted in what is effectively a real time mode to guide cleanup
efforts and ensure the health and safety of workers and the public. The effectiveness of the
remediation efforts as they progress can be assessed. The precision and accuracy of
measurements associated with this type of survey are generally not sufficient to determine the
final radiological status of the site. Additional guidance on remedial action support surveys can
be found in Section 4.3 of this volume.

Final Status Survey

This survey demonstrates that residual radiological conditions satisfy the predetermined criteria
for release for unrestricted use or, where appropriate, for use with designated restrictions. It is
this survey that provides data to demonstrate that all radiological parameters (e.g., total surface
activity, removable surface activity, exposure rate, and radionuclide concentrations in soil and
other materials) satisfy the established guidelines and conditions. Additional guidance on final
status surveys (FFSes) can be found in Section 4.4 of this volume.
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Confirmatory Survey

This survey is performed by the regulator to provide data to substantiate the results of the
licensee’s FSS. The objective of this type of survey is to verify that characterization,
remediation, and final status actions and documentation, conducted as part of the RSSI process,
are adequate to demonstrate that the site is radiologically acceptable, relative to applicable
criteria. Section 15.4.5 of Volume 1 of this NUREG report provides additional information on
confirmatory surveys.

These types of surveys are performed at various stages of the decommissioning process. Early
on, and where known residual radioactivity exists, the simplest of measurement approaches can
be used to document the need for a specific building surface or parcel of land to be cleaned up.
In practice, the simpler methods would generally be applicable to the scoping and remediation
control surveys. The more complex methods which produce data with higher precision and
accuracy will be required for background, characterization, final status, and confirmatory
surveys. In general, wherever measurements are to be performed at or close to background
levels, greater sensitivity in the measurement is required.

The conduct of these surveys and the methods applied have some interchangeable elements. It is
possible that measurements collected in one survey can be used for another. For instance, if
measurements sufficient in spatial coverage and with adequate detection limits were taken, the
results of the scoping survey in an unaffected area could be used to support the FSS. The
emphasis of the guidance in this volume is on the methodology that can be applied to meet the
requirements of the FSS, although they can be applied to other survey work as well.

In late 2004, NRC released the final version of the Multi-Agency Radiological Laboratory
Analytical Protocols (MARLAP). MARLAP and MARSSIM are complementary guidance
documents in support of cleanup and decommissioning activities. MARSSIM provides guidance
on how to plan and carry out a study to demonstrate that a site meets appropriate release criteria.
It describes a methodology for planning, conducting, evaluating, and documenting
environmental radiation surveys conducted to demonstrate compliance with cleanup criteria.
MARLAP provides guidance and a framework for both project planners and laboratory
personnel to ensure that radioanalytical data will meet the needs and requirements of cleanup and
decommissioning activities.

MARLAP recommends the use of a directed or systematic planning process. A directed
planning process is an approach for setting well-defined, achievable objectives and developing a
cost effective, technically sound sampling and analysis design that balances the data user's
tolerance for uncertainty in the decision process with the resources available for obtaining data
to support a decision. For example, NRC and licensees have determined that side-by-side
surveys (with subsequent partial site releases) are more efficient then waiting for a final
site-wide confirmatory survey (See Appendix O, lesson 4 on inspections). NRC and licensees
should plan ahead and coordinate their schedules in order to implement efficient side-by-side
confirmatory surveys. See Appendix D for more details on MARLAP and how it can enhance
radiation monitoring.
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Refer to Appendix D of this volume for information on survey data quality and reporting,
Chapter 5 of MARSSIM for survey checklists, Appendix E for information on survey
measurements, and Appendix G for information on special survey issues. Also refer to
Appendix O for related information on lessons learned from recently submitted DPs and
questions and answers to clarify existing license termination guidance.

AREAS OF REVIEW

NRC staff should review the radiological characterization survey results to determine whether
the characterization survey provides sufficient information to permit planning for site
remediation that will be effective and will not endanger the remediation workers, to demonstrate
that it is unlikely that significant quantities of residual radioactivity have gone undetected, and to
provide information that will be used to design the FSS.

NRC staff should review the FSS design to determine whether the survey design is adequate for
demonstrating compliance with the radiological criteria for license termination.

NRC staff should review the results of the FSS to determine whether the survey demonstrates
that the site, area, or building meets the radiological criteria for license termination.

NRC staff should note that NRC regulations require that DPs include a description of the
planned final radiological survey. Recognizing the flexible approach discussed in Section 2.2 of
this volume and that the MARSSIM approach allows certain information needed to develop the
final radiological survey to be obtained as part of the remedial activities at the site, a licensee or
responsible party may submit information on facility radiation surveys in one of two ways, as
summarized below. Section 2.2 of this volume provides additional relevant guidance.

e Method 1:
The licensee or responsible party may submit the information contained in Sections 4.1-4.3 of
this volume of this NUREG as part of the DP, along with a commitment to use the MARSSIM
approach in developing the final radiological survey. The information discussed in
Section 4.4 would then be submitted by the licensee or responsible party at the completion of
remediation or when the licensee or responsible party has completed developing the design of
the final radiological survey for the site. The final status survey report (FSSR) (Section 4.5)
will be submitted after the licensee or responsible party has performed the final radiological
survey.

e Method 2:
The licensee or responsible party may submit the information contained in Sections 4.1-4.4 of
this volume along with a commitment to calculate the number of sampling points that will be
used in the final radiological survey in accordance with the procedure described in
MARSSIM. The FSSR (Section 4.5) would then be submitted after the licensee or
responsible party has performed the final radiological survey. If this method is used, the
licensee or responsible party should include in the FSSR the information contained in the last
three bullets under “Information to be Submitted,” in Section 4.4 of this chapter.
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Acceptance Review

NRC staff should ensure that the licensee’s submittal contains the information summarized under
the above “Areas of Review,” as appropriate for the particular submittal. NRC staff should
review the information submitted to ensure that the level of detail appears to be adequate for the
staff to perform a detailed technical review, but NRC staff should not review the technical
adequacy of the information. The adequacy of this information should be assessed during the
detailed review.

Safety Evaluation

The material to be reviewed is both informational in nature and requires specific detailed
technical analysis. NRC staff should verify that the survey designs and results are adequate for
demonstrating compliance with the radiological criteria for license termination.

4.1 RELEASE CRITERIA

NRC staff review of the release criteria is to verify that the licensee has provided appropriate
release criteria, referred to as the derived concentration guideline levels. Generally the licensee
should provide the DCGL,,, for the survey unit average concentrations, and the applicable
DCGLpy,, for small areas of elevated concentrations, for all impacted media.

ACCEPTANCE CRITERIA

Regulatory Requirements
10 CFR 20.1402, 20.1403, and 20.1404
Regulatory Guidance

NUREG-1575, “Multi-Agency Radiological Survey and Site Investigation Manual”
(MARSSIM)

Information to be Submitted

The licensee should list the DCGL(s) that will be used to design the surveys and to demonstrate
compliance with the radiological criteria for release, including:

* asummary table or list of the DCGL,, for each radionuclide and impacted medium of
concern;

e asummary table or list of area factors that will be used for determining a DCGL,,. for each
radionuclide and media of concern if Class 1 (refer to Appendix A.1 of this volume for
classification of site areas) survey units are present;
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e the DCGLyy, for each radionuclide and medium of concern if Class 1 survey units are
present; and

o the appropriate DCGL,, for the survey method to be used if multiple radionuclides are
present.

This information to be submitted is also included as part of the master DP Checklist provided in
this NUREG report (see Section XIV.a from Appendix D of Volume 1).

EVALUATION CRITERIA

NRC staff should verify that, for each radionuclide and impacted media of concern, the licensee
has provided a DCGL,, and, if Class 1 survey units are present, a table of area factors. NRC
staff should verify that the values presented are consistent with the values developed pursuant to
the dose modeling, as discussed in Chapter 5 of this volume. If multiple radionuclides are
present, MARSSIM Sections 4.3.2, 4.3.3, and 4.3.4 describe acceptable methods to determine
DCGLs appropriate for the survey technique.

4.2 SCOPING AND CHARACTERIZATION SURVEYS

SCOPING SURVEYS

Early in the decommissioning process, it is necessary to identify the potential residual
radioactivity present at the site, the relative ratios of these nuclides, and the general extent of
residual radioactivity—if any—both in activity levels and affected area or volume. Although the
license and operational history documentation will assist to varying degrees in providing this
information, it will often be necessary to supplement that information with actual survey data. A
scoping survey therefore is performed. The scoping survey typically consists of limited direct
measurements (exposure rates and surface activity levels) and samples (smears, soil, water, and
material with induced activity) obtained (a) from site locations considered to be the most likely
to contain residual activity and (b) from other site locations, including immediately adjacent to
the radioactive materials use areas. This survey provides a preliminary assessment of site
conditions, relative to guideline values. The scoping survey provides the basis for initial
estimates of the level of effort required for decommissioning and for planning the
characterization survey.

Measurements and sampling in known areas of residual radioactivity need not be as
comprehensive or be performed to the same sensitivity level as will be required for the
characterization or FSSes. However, when planning and conducting this scoping survey, the
licensee should remember that some of the data, particularly that from locations not affected by
site operations, may be used as final status results or to supplement the characterization or final
survey results, or both. Similar measuring and sampling techniques as used for those categories
of surveys therefore may be warranted.
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Scoping surveys provide site-specific information based on limited measurements. The
following are the primary objectives of a scoping survey:

e perform a preliminary hazard assessment,
» support classification of all or part of the site as a Class 3 area,

 evaluate whether the survey plan can be optimized for use in either the characterization or
final stage,

e perform status surveys,
e provide data to address the requirements of other applicable regulations, and

e provide input to the characterization survey design if necessary.

Scoping surveys are conducted after the HSA is completed and consist of judgment
measurements based on the HSA data. If the results of the HSA indicate that an area is Class 3
and no residual radioactivity is found, the area may be classified as Class 3, and a Class 3 final
status survey is performed. If the scoping survey locates residual radioactivity, the area may be
considered as a Class 1 (or Class 2) area for the FSS and a characterization survey is typically
performed. Sufficient information should be collected to identify situations that require
immediate radiological attention. Licensees should be aware that potential requirements of other
applicable regulations (e.g., nonradiological constituents) may differ from NRC requirements. A
comparison of MARSSIM guidance to some other requirements is provided in Appendix F of
MARSSIM.

CHARACTERIZATION SURVEYS

After locations that are impacted have been identified, a characterization survey is performed to
more precisely define the extent and magnitude of residual radioactivity. The characterization
survey should be in sufficient detail to provide data for planning the remediation effort,
including the remediation techniques, schedules, costs, and waste volumes and necessary health
and safety considerations during remediation. The type of information obtained from a
characterization survey is often limited to that which is necessary to differentiate a surface or
area as containing or not containing residual radioactivity. A high degree of accuracy may not
be required for such a decision when the data indicate levels well above the guidelines. On the
other hand, when data are near the guideline values, a higher degree of accuracy is usually
necessary to assure the appropriate decision regarding the true radiological conditions. In
addition, one category of radiological data, to include soil radionuclide concentration or total
surface activity, may be sufficient to determine the status as containing residual radioactivity,
and other measurements (e.g., exposure rates or removable residual radioactivity levels) may
therefore not be performed during characterization. As the scoping survey example
demonstrates, the choice of survey technique should be commensurate with the intended use of
the data, including considerations for possible future use of the results to supplement the FSS
data.
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Licensees typically submit site characterization information as part of their DP. However,
submission of incomplete site characterization information may result in NRC declining to
accept and review the DP until appropriate site characterization information is obtained. The
licensee may be requested to submit Site Characterization Plans (SCPs) or other site
characterization information prior to submitting the DP or NRC may elect to meet with the
licensee prior to, or during, site characterization work. However, it is important to note that,
unless required by a license condition, licensees are not required under NRC regulations to
submit a separate SCP or Site Characterization Report (SCR), only that site characterization
information is required as a component of the DP. So, NRC staff will only request this
information when necessary to ensure safety and compliance with NRC regulations.

The characterization survey is generally the most comprehensive of all the survey types and
generates the most data. This includes preparing a reference grid, systematic as well as
judgment measurements, and surveys of different media to include surface soils, interior and
exterior surfaces of buildings. Additionally, the characterization survey should identify all
activated materials (typically Decommissioning Groups 4—7) and hard-to-detect radionuclides
throughout the site. The decision as to which media will be surveyed is a site-specific decision
addressed throughout the RSSI process (see MARSSIM).

Characterization surveys may be performed to satisfy a number of specific objectives. Examples
of characterization survey objectives include the following:

 determining the nature and extent of residual radioactivity;

 evaluating remediation alternatives (e.g., unrestricted use, restricted use, onsite disposal,
offsite disposal);

» developing input to pathway analysis/dose or risk assessment models for determining
site-specific DCGLs (Bg/kg (pCi/g), Bg/m* (dpm/100cm?));

e estimating the occupational and public health and safety impacts during decommissioning;
» evaluating remediation technologies;
 developing input to the FSS design; and

e complying with requirements of other applicable regulations.

The scope of this volume precludes detailed discussions of characterization survey design for
each of these objectives, and therefore, the user should consult other references for specific
characterization survey objectives not covered. For example, the Decommissioning Handbook
(DOE 1994) is a good reference for characterization objectives that are concerned with
evaluating remediation technologies or unrestricted/restricted use alternatives. Other references
(EPA 1988b, 1988c, 1994a; NUREG-1501) should be consulted for planning decommissioning
actions, including remediation techniques, projected schedules, costs, and waste volumes, and
health and safety considerations during remediation. Also, the types of characterization data
needed to support risk or dose modeling should be determined from the specific modeling code
documentation.
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AREAS OF REVIEW

The purpose of NRC staff review is to verify that the licensee determined the radiological
condition of the property well enough to permit planning for a remediation that will be effective
and will not endanger the remediation workers, to demonstrate that it is unlikely that significant
quantities of residual radioactivity have gone undetected, and to provide sufficient information
for designing the FSS. Note that some licensees have used, or may request authorization to use,
information developed during the characterization survey to support the final radiological
survey.

Licensees may use characterization survey data to support the final radiological survey, as long
as they can demonstrate that non-impacted areas at the site have not been adversely impacted by
decommissioning operations, and the characterization survey data are of sufficient scope and
detail to meet the “Information to be Submitted” guidance for a final survey.

ACCEPTANCE CRITERIA

Regulatory Requirements
10 CFR 30.36(g)(4)(i), 40.42(g)(4)(1), 70.38(g)(4)(1), and 72.54(g)(1)
Regulatory Guidance

NUREG-1575, “Multi-Agency Radiological Survey and Site Investigation Manual”
(MARSSIM)

Information to be Submitted

The information supplied by the licensee should be sufficient to allow NRC staff to determine
that the characterization survey design is adequate to determine the radiological status of the
facility. The licensee should describe the radiation characterization survey design and the results
of the survey including:

 adescription and justification of the survey measurements for impacted media (for example,
building surfaces, building volumetric, surface soils, subsurface soils, surface water, ground
water, sediments, etc., as appropriate);

 adescription of the field instruments and methods that were used for measuring
concentrations and the sensitivities of those instruments and methods;

 adescription of the laboratory instruments and methods that were used for measuring
concentrations and the sensitivities of those instruments and methods;

 the survey results including tables or charts of the concentrations of residual radioactivity
measured;
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e maps or drawings of the site, area, or building showing areas classified as non-impacted or
impacted and visually summarizing residual radioactivity concentrations in impacted areas;

* the justification for considering areas to be non-impacted;

 adiscussion of why the licensee considers the characterization survey to be adequate to
demonstrate that it is unlikely that significant quantities of residual radioactivity have gone
undetected;

 adiscussion of how they were surveyed or why they did not need to be surveyed for areas and
surfaces that were considered to be inaccessible or not readily accessible; and

 for sites, areas, or buildings with multiple radionuclides, a discussion justifying the ratios of
radionuclides that will be assumed in the FSS or an indication that no fixed ratio exists and
each radionuclide will be measured separately (note that this information may be developed
and refined during decommissioning and licensees may elect to include a plan to develop and
justify final radionuclide ratios in the DP).

This information to be submitted is also included as part of the DP Checklist provided in this
NUREG report (see Section XIV.b from Appendix D of Volume 1). For additional information
about the characterization of material and components that will be removed prior to license
termination and about characterization for initial classification of areas as Class 1, refer to
Questions 6 and 7 from Section O.1 of Appendix O of this volume.

Licensees should note that if they elect to dispose of buildings and structures rather then leave
the buildings and structures in place (for unrestricted release), the LTR does not apply to the
material moved offsite from those buildings and structures. Rather, building and structure
deconstruction and dismantlement materials can be released from the site in accordance with
existing license conditions. The data from the characterization survey may be sufficient to
demonstrate compliance with the conditions of the existing license for releasing material from
the site. However, a characterization survey may not be required to demonstrate compliance
with the license condition for releasing material from the site. For additional guidance on offsite
disposition of materials, refer to Section G.1.1 of Appendix G of this volume.

EVALUATION CRITERIA

NRC staff should verify that the licensee has adequately characterized the site, area, or building
relative to the location and extent of residual radioactivity. An adequate characterization is one
which permits planning for a remediation that will be effective and will not endanger the
remediation workers, demonstrates that it is unlikely that significant quantities of residual
radioactivity have gone undetected, and provides information that will be used to design the FSS.
The extent of detail in the information provided by the licensee should be appropriate for the
specific site, area, or building.

NRC staff should verify that the characterization survey design and results demonstrate that the
licensee or responsible party has adequately characterized the site. The characterization survey

is adequate if it meets the criteria in the following guidance:
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e Section 5.3 of MARSSIM for characterization survey (NRC staff may use the “Example
Characterization Survey Checklist” in Section 5.3 of MARSSIM for evaluating the licensee’s
submittal);

* MARSSIM Chapter 6 and Appendix E for instrument capabilities and sensitivities; and
 MARSSIM Section 4.8.4 for the preparation of areas for surveys.

4.3 REMEDIAL ACTION SUPPORT SURVEYS

The effectiveness of remediation efforts in reducing residual radioactivity to acceptable levels is
monitored by a remedial action support survey as the remediation effort is in progress. This type
of survey activity guides the cleanup in a real-time mode; it also assures that the remediation
workers, the public, and the environment are adequately protected against exposures to radiation
and radioactive materials arising from the remediation activities.

The remedial action support survey typically provides a simple radiological parameter such as
direct radiation near the surface being remediated. The level of radiation, below which there is
reasonable assurance that the guideline values have been attained, is determined and used for
immediate, infield decisions. Such a survey is intended for expediency and does not provide
thorough or accurate data describing the final radiological status of the site.

The remedial action support survey is applicable to monitoring of surfaces and soils or other
bulk materials only if the radionuclides of concern are detectable by field survey techniques. For
radionuclides and media which cannot be evaluated at guideline values by field procedures,
samples are to be collected and analyzed to evaluate effectiveness of remediation efforts. For
large projects, use of mobile field laboratories can provide more timely decisions regarding the
effectiveness of remedial actions. Examples of situations for which remedial action support
surveys would not be practicable are (a) when soil contains pure alpha or beta emitting
radionuclides and (b) when very low energy beta emitters such as H-3 are present on surfaces.

Remedial action support surveys are conducted to:

 support remediation activities,
 determine when a site or survey unit is ready for the FSS, and

e provide updated estimates of site-specific parameters used for planning the FSS.

The determination that a survey unit is ready for an FSS following remediation is an important
step in the RSSI Process. Remedial activities may result in changes to the distribution of
residual radioactivity within the survey unit. Thus, for many survey units, the site-specific
parameters used during FSS planning (e.g., variability in the radionuclide concentration,
probability of small areas of elevated activity) may need to be confirmed or re-established
following remediation. Obtaining updated values for these critical parameters should be
considered when planning a remedial action support survey. In some cases, concentrations of
some radionuclides after remediation may be very low. In such cases, it may be useful for
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licensees to show that certain radionuclides can be considered insignificant; in which case,
further detailed evaluation as part of the FSS may not be necessary (see Section 3.3 of this
volume). However, the dose from the insignificant radionuclides must be accounted for in
demonstrating compliance with the applicable dose criteria.

Note that this survey does not provide information that can be used to demonstrate compliance
with the DCGLSs and is an interim step in the compliance demonstration process. Areas that are
likely to satisfy the DCGLs on the basis of the remedial action support survey will then be
surveyed in detail by the FSS. Alternatively, the remedial action support survey can be designed
to meet the objectives of an FSS. DCGLs may be recalculated based on the results of the
remediation process as the regulatory program allows or permits.

AREAS OF REVIEW

The purpose of the review of the description of the remedial action support surveys is to verify
that the licensee has designed these surveys appropriately and to assist the licensee in
determining when remedial actions have been successful and that the FSS may commence. In
addition, information from these surveys may be used to provide the principal estimate of
residual radioactivity variability that will be used to calculate the FSS sample size in a
remediated survey unit.

ACCEPTANCE CRITERIA

Regulatory Requirements
10 CFR 30.36(g)(4)(i1), 40.42(g)(4)(ii), and 70.38(g)(4)(ii),
Regulatory Guidance

NUREG-1575, “Multi-Agency Radiological Survey and Site Investigation Manual”
(MARSSIM)

Information to be Submitted

NRC staff should verify that included in the licensee’s or responsible party’s description of the
support survey is the following information:

 adescription of field screening methods and instrumentation, and

» a demonstration that field screening should be capable of detecting residual radioactivity at
the DCGLy,.

This information to be submitted is also included as part of the DP Checklist provided in this
NUREG report (see Section XIV.c from Appendix D of Volume 1).
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EVALUATION CRITERIA

NRC staff should verify that the description of the remedial action support surveys meets (a) the
criteria in MARSSIM Section 5.4 for performing remedial action support surveys and (b) the
criteria in the applicable MARSSIM chapters listed in this volume for the evaluation of technical
issues such as appropriate surveys instruments, and survey instrument sensitivity.

4.4 FINAL STATUS SURVEY DESIGN

Professional judgment and biased sampling are important for locating residual radioactivity and
characterizing the extent of residual radioactivity at a site. However, the MARSSIM focus is on
planning the FSS which utilizes a systematic approach to sampling. Systematic sampling is
based on rules that endeavor to achieve the representativeness in sampling consistent with the
application of statistical tests.

The FSS is used to demonstrate compliance with regulations. The primary objectives of the FSS
are to perform the following:

 verify survey unit classification,

» demonstrate that the potential dose from residual radioactivity is below the release criterion
for each survey unit, and

e demonstrate that the potential dose from small areas of elevated activity is below the release
criterion for each survey unit.

Data provided by the FSS can demonstrate that all radiological parameters satisfy the established
guideline values and conditions.

AREAS OF REVIEW

The purpose of NRC staff’s review is to verify that the design of the FSS is adequate to
demonstrate compliance with the radiological criteria for license termination.

ACCEPTANCE CRITERIA

Regulatory Requirements

10 CFR 20.1501(a), 30.36(g)(4)(iv), 40.42(g)(4)(iv), 70.38(2)(4)(iv), and 72.54(g)(4)
Regulatory Guidance

e Draft NUREG-1505, “A Nonparametric Statistical Methodology for the Design and Analysis
of Final Status Decommissioning Surveys”
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e« NUREG-1575, “Multi-Agency Radiological Survey and Site Investigation Manual”
(MARSSIM)

e NUREG-1507, “Minimum Detectable Concentrations with Typical Survey Instruments for
Various Contaminants and Field Conditions”

Information to be Submitted

The information supplied by the licensee should be sufficient to allow NRC staff to determine
that the FSS design is adequate to demonstrate compliance with the radiological criteria for
license termination. The information should include all of the following:

 a brief overview describing the FSS design;

* adescription and map or drawing of impacted areas of the site, area, or building classified by
residual radioactivity levels (Class 1, 2, or 3) and divided into survey units, with an
explanation of the basis for division into survey units (maps should have compass headings
indicated);

 adescription of the background reference areas and materials, if they will be used, and a
justification for their selection;

e asummary of the statistical tests that will be used to evaluate the survey results, including the
elevated measurement comparison, if Class 1 survey units are present; a justification for any
test methods not included in MARSSIM; and the values for the decision errors (o and ) with
a justification for o values greater than 0.05;

 adescription of scanning instruments, methods, calibration, operational checks, coverage, and
sensitivity for each media and radionuclide;

 a description of the instruments, calibration, operational checks, sensitivity, and sampling
methods for in situ sample measurements, with a demonstration that the instruments and
methods have adequate sensitivity;

* a description of the analytical instruments for measuring samples in the laboratory, including
the calibration, sensitivity, and methodology for evaluation, with a demonstration that the
instruments and methods have adequate sensitivity;

* adescription of how the samples to be analyzed in the laboratory will be collected, controlled,
and handled; and

e adescription of the FSS investigation levels and how they were determined.

This information to be submitted is also included as part of the DP Checklist provided in this
NUREG report (see Section XIV.d from Appendix D of Volume 1). For additional information
about demonstrating appropriate selection of survey instrumentation, refer to Question 5 from
Section O.1 of Appendix O.
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EVALUATION CRITERIA

NRC staff review should verify that the FSS design is adequate to demonstrate compliance with
the radiological criteria for license termination. The FSS design is adequate if it meets the
criteria in the following guidance:

e Appendix A of this volume, for general guidance on implementing the MARSSIM approach
for conducting FSSes;
» Appendix B of this volume, for guidance on alternative methods of FSS for simple situations;

e MARSSIM Sections 4.4 and 4.6 for classifying areas by residual radioactivity levels and
dividing areas into survey units of acceptable size;

 MARSSIM Section 4.5 for methods to select background reference areas and materials;

e NUREG-1505, Chapter 13, for a method to account for differences in background
concentrations between different reference areas;

e MARSSIM Section 5.5.2 for statistical tests;
* Appendix A of this volume, Section A.7.2 for decision errors;

 MARSSIM Sections 6.5.3 and 6.5.4 for selection of acceptable survey instruments,
calibration, and operational checkout methods;

e MARSSIM Section 6.7 for methods to determine measurement sensitivity;
 NUREG-1507 for instrument sensitivity information;
e MARSSIM Sections 5.5.2.4, 5.5.2.5,5.5.3, 7.5, and 7.6 for scanning and sampling;

e MARSSIM Section 7.7 for sample analytical methods (Table 7.2 of Section 7.7 provides
acceptable analytical procedural references);

* MARSSIM Sections 7.5 and 7.6 for methods for sample collection;
 MARSSIM Section 5.5.2.6 for survey investigation levels; and

» Appendix G of this volume for surveys for special structural or land situations.
4.5 FINAL STATUS SURVEY REPORT

To the extent possible, the FSSR should stand on its own with minimal information incorporated
by reference. Although the FSS is discussed as if it were an activity performed at a single stage
of the site investigation process, this does not have to be the case. Data from other surveys
conducted during the RSSI Process—such as scoping, characterization, and remedial action
support surveys—can provide valuable information for an FSS, provided the data are of
sufficient quality.
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451 AREAS OF REVIEW

The purpose of NRC staff review is to verify that the results of the FSS demonstrate that the site,
area, or building meets the radiological criteria for license termination. For licensees who have
submitted a DP, the FSSR need only include the information described in Section 4.5.2. A
licensee who has not submitted a DP should consult with NRC staff to assure its FSSR includes
not only the information below, but also any other relevant information the staff needs to carry
out its review.

4.5.2 ACCEPTANCE CRITERIA

Regulatory Requirements
10 CFR 20.1402, 20.1403, 20.1501, 30.36(j)(2), 40.42(})(2), 70.38())(2), and 72.54(i)(2)
Regulatory Guidance

NUREG-1575, “Multi-Agency Radiological Survey and Site Investigation Manual”
(MARSSIM)

Information to be Submitted

The information submitted by the licensee should be sufficient to allow the staff to determine
that the site, area, or building meets the radiological criteria for license termination. The
information should include:

* An overview of the results of the FSS.

e A summary of the DCGLs for the facility (if DCGLs are used).

e A discussion of any changes that were made in the FSS from what was proposed in the DP or
other prior submittals.

* A description of the method by which the number of samples was determined for each survey
unit.

e A summary of the values used to determine the number of samples and a justification for
these values.

e The survey results for each survey unit including the following:
— the number of samples taken for the survey unit;

— a description of the survey unit, including (a) a map or drawing of the survey unit showing
the reference system and random start systematic sample locations for Class 1 and 2
survey units, and random locations shown for Class 3 survey units and reference areas,

(b) discussion of remedial actions and unique features, and (c) areas scanned for Class 2
and 3 survey units;
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— the measured sample concentrations, in units that are comparable to the DCGLs;
— the statistical evaluation of the measured concentrations;

— judgmental and miscellaneous sample data sets reported separately from those samples
collected for performing the statistical evaluation;

— adiscussion of anomalous data including any areas of elevated direct radiation detected
during scanning that exceeded the investigation level or any measurement locations in
excess of DCGL,,; and

— a statement that a given survey unit satisfied the DCGL,, and the elevated measurement
comparison if any sample points exceeded the DCGL,.

» A description of any changes in initial survey unit assumptions relative to the extent of
residual radioactivity (e.g., material not accounted for during site characterization).

e A description of how ALARA practices were employed to achieve final activity levels.

This information to be submitted is also included as part of the DP Checklist provided in this
NUREG report (see Section XIV.e from Appendix D of Volume 1).

4.5.3 REVIEW PROCEDURES

After review of the FSSR evaluation, the NRC reviewer should have reasonable assurance that
the FSSRs demonstrate that residual radioactivity at the facility complies with the criteria of

10 CFR Part 20, Subpart E. The following guidance discusses the minimal review that should be
performed and how the reviewer should select survey units for more detailed reviews.

The minimum information to be submitted in each FSSR is described in Section 4.5.2.
Additional information about the recommended level of documentation is in Appendix D of this
volume. At individual facilities, there may be site-specific issues and complex technical topics
for which additional information from the licensee may be needed by the NRC reviewer to
evaluate the FSSR. In addition, the NRC reviewer may need to obtain previous NRC—generated
reports regarding the FSS, including but not necessarily limited to inspections, confirmatory
surveys, and SERs for the FSS plan.

4.5.3.1 Minimal Technical Review
The NRC reviewer should review all of the following:
e the results of previously conducted inprocess inspections and confirmatory surveys to confirm

that the licensee has properly implemented the final status survey plan (FSSP) and associated
procedures;

o the licensee’s QA/QC program, if it has not been previously reviewed;
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e changes made to the DP or LTP, if not previously reviewed, to confirm that the changes are
not significant and are technically correct;

 specific parts of the FSS and supporting data that affect the FSS, that were not available when
the DP or LTP was approved (such data may include supplemental characterization results,
basis for final surrogate ratios for multiple radionuclides, or other data collected to
specifically support the FSS);

* issues (a) identified by intervenors and stakeholders and (b) raised in allegations, to assure
such issues have been satisfactorily resolved;

» descriptions of the survey units, to determine if any special survey situations (see Appendix G
of this volume for examples) are present;

* results of elevated measurement comparisons, to confirm that small areas of residual
radioactivity do not exceed the appropriate limits (e.g., DCGLg,,.); and

* the results of the appropriate statistical tests (e.g., Wilcoxon Rank Sum (WRS) and sign tests),
to confirm that results indicate compliance.

The purpose of the NRC staff review of in-process inspections, confirmatory surveys, and
licensee procedures is to ensure all of the following:

e The FSSes were implemented in accordance with the approved FSSP.

e Judgmental survey results are not used in the statistical tests and are evaluated separately
against the release criteria, and survey results obtained via random start and systematic
sampling are statistically treated separately for the purpose of demonstrating compliance.

* The QA/QC program was adequate and implemented for the FSS.

e Inadequacies in the FSS design or implementation were corrected. For example, the licensee
improved the overall FSS design and implementation, using information from survey units for
which the release criteria were not initially met and resurvey or further remediation was
needed.

e Results of confirmatory surveys, including split samples or independent measurements, are
consistent with results of licensee surveys.

e Appropriate instrumentation, with sufficient sensitivities, proper calibrations, and adequately
trained users, was used for surveys, scans, and measurements, as described in the FSSP.

4.5.3.2 Detailed Technical Review

Along with the minimal review described, the NRC reviewer may perform detailed reviews for a
number of survey units. The number of survey units initially chosen for detailed review should
use a risk-informed approach and the results of the minimal review. The reviewer should
consider past inspection history, results of confirmatory surveys, the relative difference between
residual radioactivity concentration and the associated DCGLs, the complexity of the FSSP, and
the radionuclide mix. The detailed review could include confirming the selection process and
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location of measurements using survey unit maps or floor plans, checking measurement results
using parameters that are specific to the survey methodology, and re-creating the appropriate
MARSSIM statistical test results.

SELECTING SURVEY UNITS FOR DETAILED REVIEWS

Discriminating factors that may be used to select specific survey units for detailed review are
listed below. A survey unit that is characterized by one or more of these factors should be
considered for potential detailed review. However, the NRC reviewer should focus on survey
units for which there are risk-significant issues, issues that are prevalent across a large number of
survey units instead of isolated cases, and issues involving an inadequate basis for conclusions.

These factors include any of the following:

* Inconsistencies in defining survey units, including the following:
— size different from recommended size;
— multiple areas now combined as one larger Class 1 survey unit;
— Class 3 survey units that are bordered by Class 1 units;
— survey units bordered by Partial Site Release (PSR) areas; or
— gerrymandered survey unit boundaries.
» Application of nonstandard statistical tests (e.g., other than WRS test or sign test).

 Significant inconsistencies between the DP/LTP and implemented FSS including the
following examples:

— use of surface and detector efficiencies that do not match survey methods, surface
features, and instrumentation used;

— type of survey instrumentation;
— sample collection method;
— laboratory analytical methods;

— any survey unit where the scan coverage is less than 100 % for Class 1 areas, or less than
minimum commitment for Class 2 or 3 areas; or

— number of samples per survey unit.
 Survey units that were remediated.

* Survey units for which confirmatory surveys had results inconsistent with the licensee’s FSS
results.

e Any Class 2 survey unit with final measurement results near the DCGLy; (e.g., >75 %) or any

Class 3 survey unit with significant residual radioactivity (e.g., concentrations >10-25 % of
the DCGLy).
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e Any survey unit which was downgraded in classification (i.e., from Class 1 to 2, Class 2 to 3,
or Class 1 to 3, or from impacted to non-impacted).

 Units surveyed prior to resolution of QA/QC concerns.

 Significance of the variability in concentrations (i.e., heterogeneity) across survey units.
» Inconsistent approach or inadequate basis for determining surrogate radionuclide ratios.
 Significant changes to DP or LTP that affect the FSS; that were not previously reviewed.
» Reclassification schemes not approved by NRC staff.

e Use of MARSSIM survey methods and statistical tests when hot particles are present.

e Presence of systems and components, buried and embedded piping, or building foundations
slated to remain on the site after license termination.

* Survey units that combine, for demonstrating compliance, the results of random start or
systematic sampling patterns with biased or judgmental survey results.

e The survey unit involves surveying or sampling of media other than building surfaces and
surface soils (e.g., ground water, surface water, sediments, or deep soils).

* Survey units with areas that are hard to access or have abnormal geometries.

» Any survey unit that combines survey results with a dose assessment or area factors to
demonstrate compliance with an EMC test.

DETAILED REVIEW TOPICS

The detailed review could include confirming the selection process and location of
measurements using survey unit maps or floor plans, checking measurement results using
parameters that are specific to the survey methodology, and re-creating the appropriate
MARSSIM statistical test results. In performing detailed reviews, reviewers should consider,
but not necessarily be limited to the following questions:

e Are the issues previously discussed under the selection criteria for detailed reviews,
immediately above, adequately addressed in the FSSR? For example, if a survey technique
was changed from the approved technique, was adequate justification of the new technique
provided?

e Are the probabilities of Type I and Type II errors acceptable?

* Does the licensee’s analysis rely on a large number of results expressed at MDA or MDC
values?

e Are all of the static measurement or sampling locations for a survey unit taken from a single
random-start sampling set, without substitution (e.g., in cases where additional remediation
was performed)?
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e s there a discernible trend in results within and among survey units (e.g., when comparing
survey methods, locations, or media matrices)?

o If there are discernible trends in the results, are the statistical tests appropriate?

e Are there any outliers in the data? How were they detected, and was the disposition of
outliers appropriate?

» Are there any assumptions about the variability (variance) of the population?
» What analytical tools (statistical software packages) were used to analyze the data?

» What is the format of the presentation of results? Is it consistent for the survey units
reported? For example, are the measurement units consistent with the survey data, media
measured, and the DCGLs?

The detailed review of the initially selected survey units may indicate issues that are prevalent
across a large number of survey units instead of isolated cases. In this case, the reviewer may
decide to evaluate additional survey units in detail.

454 EVALUATION CRITERIA

The review should verify that the FSSR is adequate to demonstrate compliance with the
radiological criteria for license termination. The NRC reviewer should verify that the licensee’s
FSS results support the conclusion that each survey unit meets the radiological criteria for
license termination. The FSS is adequate if it meets the criteria in the following:

¢ MARSSIM Section 5.5.2 for the acceptable number of samples;
e Appendix D of this volume for information on survey data quality and reporting;
» Section A.9 from Appendix A of this volume for information on determining compliance; and

e MARSSIM Sections 8.3, 8.4, and 8.5 for interpretations of sample results.

4.6 ISSUES NOT COVERED IN MARSSIM

MARSSIM’s main focus is on providing guidance for the design of the FSSes for residual
radioactivity in surface soils and on building surfaces and evaluating the collected data.
However, several issues related to releasing sites are beyond the scope of MARSSIM.
MARSSIM does not provide guidance for translating the release criterion into DCGLs.
MARSSIM can be applied to surveys performed at vicinity properties—those not under licensee
control—but the decision to apply the MARSSIM at vicinity properties is outside the scope of
MARSSIM. Other media (e.g., sub-surface soil, volumetrically-contaminated building materials,
ground water, surface water, sediments) containing residual radioactivity are not addressed by
MARSSIM. In addition, MARSSIM does not address the disposition of components and
equipment that are not part of the survey unit. Some of the reasons for limiting the scope of the
guidance to surface soils and building surfaces include the following: (a) residual radioactivity
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is limited to these media for many sites following remediation, (b) since many sites have surface
soil and building surfaces as the leading sources of residual radioactivity, existing computer
models used for calculating the concentrations based on dose or risk generally consider only
surface soils or building surfaces as a source term, and (c) MARSSIM was written in support of
cleanup rulemaking efforts for which supporting data are mostly limited to residual radioactivity
in surface soil and on building surfaces. Table 4.2 summarizes the scope of MARSSIM.
Although this table was taken from MARSSIM, it has been modified to be specific to the needs
of NRC licensees.

For some topics beyond the scope of MARSSIM, guidance is provided in this volume. Guidance
specific to the characterization of ground water, surface water, and sediments can be found in
Appendix F. Other guidance pertaining to dose modeling can be found in Chapter 5 and
Appendices H, I, J, K, L, and M. Guidance can be found in Appendix G for special
characterization and survey issues such as subsurface residual radioactivity, embedded piping,
sewer systems, and paved areas.
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Table 4.2 Scope of MARSSIM

Within Scope of MARSSIM

Beyond Scope of MARSSIM

Guidance MARSSIM provides technical guidance on
conducting radiation surveys and site investigations.

Regulation MARSSIM does not establish new
regulations or address non-technical issues (e.g., legal
or policy) for site cleanup. Release criterion will be
provided rather than calculated using MARSSIM.

Tool Box MARSSIM can be thought of as an
extensive tool box with many components—some
within the text of MARSSIM, others by reference.

Tool Box Many topics are beyond the scope of
MARSSIM, including public participation programs,
packaging and transportation of wastes for disposal,
remediation and stabilization techniques, and training.

Measurement The guidance given in MARSSIM is
performance-based and directed toward acquiring
site-specific data.

Procedure The approaches suggested in MARSSIM
vary depending on the various site data needs—there
are no set procedures for sample collection,
measurement techniques, storage, and disposal
established in MARSSIM.

Modeling The interface between environmental
pathway modeling and MARSSIM is an important
survey design consideration addressed in MARSSIM.

Modeling Environmental pathway modeling and
ecological endpoints in modeling are beyond the scope
of MARSSIM.

Soil and Buildings The two main media of interest in
MARSSIM are surface soil and building surfaces with
residual radioactivity.

Other Media MARSSIM does not cover other media,
including subsurface soil, surface or subsurface water,
biota, air, sewers, sediments or volumetric building
residual radioactivity.

Materials or Equipment MARSSIM does not cover
disposition of materials (including construction
materials) or equipment (see Appendix G,

Section G.1.1 of this volume).

Final Status Survey (FSS) The focus of MARSSIM is
on the FSS as this is the deciding factor in judging if
the site meets the release criterion.

Other Survey Types Though not the focus, MARSSIM
provides less detailed information on scoping,
characterization, and remedial action support surveys.

Radiation MARSSIM only considers
radiation-derived hazards.

Chemicals MARSSIM does not deal with any hazards
posed by chemical contamination.

Remediation Method MARSSIM assists in
determining when sites are ready for an FSS and
provides guidance on how to determine if remediation
was successful.

Remediation Method MARSSIM does not discuss
selection and evaluation of remedial alternatives,
public involvement, legal considerations, policy
decisions related to planning.

DQO Process MARSSIM presents a systemized
approach for designing surveys to collect data needed
for making decisions such as whether to release a site.

DQO Process MARSSIM does not provide
prescriptive or default values of DQOs.

DQA MARSSIM provides a set of statistical tests for
evaluating data and lists alternate tests that may be
applicable at specific sites.

DQA MARSSIM does not prescribe a statistical test
for use at all sites.
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5 DOSE MODELING EVALUATIONS

INTRODUCTION

Nearly every licensee that submits a DP should provide NRC with estimates of the potential
future dose that could be caused by the residual radioactivity remaining on the site after
decommissioning activities are completed. Calculating potential doses allows both the licensee
and regulator to take site-specific information into account in determining acceptable
concentrations of residual radioactivity at the site using dose models and exposure scenarios that
are as realistic as necessary for the given facility. This section has been written to maintain this
flexibility. It includes the evaluation findings and supporting detailed technical guidance
necessary to review the licensee’s dose and ALARA analyses. Guidance on information to be
submitted is provided by decommissioning group in Volume 1 of this NUREG series.

Dose modeling information is typically submitted as part of a DP or LTP, though in some cases
it may be submitted separately or as part of an FSSR or other document. This chapter usually
refers to DPs, though other types of reports are implied, if appropriate. NRC staff should review
all of the dose modeling information submitted by the licensee. For certain cases, such as
screening analyses using default values or a look-up table, most of the review has already been
completed in developing these tools and, therefore, the licensee need only submit minimal site
information and justification in using these models, parameters, and exposure scenarios. In
addition, NRC staff should review the ALARA analyses, which is based, in part, on the dose
modeling. Two general approaches exist to provide reasonable assurance that the final
concentrations should meet the requirements of Subpart E:

1. The licensee can commit to the scenario(s), model(s), and parameters to be used to evaluate
compliance with the dose criterion using the final concentrations. The licensee should
project expected final concentrations in the DP to show that there is reasonable assurance
that the dose criterion will be met at the time of license termination.

2. The licensee can derive and commit to meeting nuclide-specific concentration limits
equivalent to the dose limit.

The “Decommissioning and License Termination Framework” (Figure 1.2), which generalizes
the entire decommissioning process (e.g., Step 7 includes FSS and other requirements related to
license termination), provides licensees with guidance on how to perform iterative dose analyses.
NRC staff review of dose modeling consists of evaluations of four general areas:

1. the source term assumptions,

2. an exposure scenario considering the site environment,

3. the mathematical model/computational method used, and

4. the parameter values and a measure of their uncertainty.
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The actions taken as part of the loop suggested by Steps 8 through 12 of Figure 1.2 can result in
the licensee modifying one or more of the above four parts. Licensees, generally, should not,
and do not need to, provide information on dose modeling iterations that are not the final dose
analyses.

Other licensees may wish to include the iterative process as part of the DP. This is, generally,
because site characterization is not initially complete enough to provide reasonable justification
for assumptions used in modeling the site. Usually, such incorporation would be in the form of
license conditions that need to be satisfied before license termination can occur.

For example, a site may have initial data on ground water contamination but, currently, does not
have enough data on hydrological conditions to determine which survey units will be affected by
the plume. Based on the limited data available, the licensee designates an area around the
plume, and all survey units that involve that area will include the dose from the ground water as
part of the overall dose analyses. For the purposes of this example, NRC could require the
licensee, through a license condition (or other mechanism), to continue to characterize its ground
water. If the information validates that the area affected by the ground water contamination is
the same or smaller than the assumed area, the licensee can go forward with the
decommissioning process. If the licensee wishes to take advantage of the smaller area, or the
data points to a larger affected area, the licensee may need to submit a license amendment
request to modify the FSS plan, the dose modeling, and any other area of the DP affected by the
new assumed ground water contamination-affected area (e.g., adding or subtracting survey units
from the list that would consider ground water contributions in complying with Subpart E).

As described by Figure 1.2 and the preceding example, the areas of dose modeling, site
characterization, and FSS are interdependent. This is an advantage, as judicious use of dose
modeling can help guide site characterization. In addition, both site characterization and FSS
can guide development of reasonable scenarios or modeling approaches. For example, the
appropriate survey techniques may require more advanced modeling in some areas to make them
cost effective to implement. Refer to Question 4 from Section O.1 of Appendix O of this
volume, for information to clarify the development and use of input modeling values and to
Section 0.2.2 for lessons learned regarding dose modeling related to recently submitted
decommissioning plans.

This chapter and the associated appendices use a number of different terms describing scenarios.
Table 5.1 includes a description and comparison of these scenario terms.
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Table 5.1 Comparison and Description of Scenario Terms Used in this Guidance
Evaluation
Types of Scenarios Purpose Description/Example

Plausible Screening All can be A predetermined scenario that can be used
compliance with very high confidence, for most facilities,
scenarios, to meet the radiological decommissioning
used to criteria without further analysis. It includes
demonstrate conservative assumptions about land uses or
compliance behaviors. The screening scenario for residual
with the radioactivity on building surfaces is building
radiological occupancy, and residential farmer for residual
criteria of the | radioactivity in surface soils. These scenarios
LTR. are not site specific.

Bounding A scenario with a calculated dose that bounds
the doses from other likely scenarios. The
screening scenarios represent two bounding
scenarios for site specific analyses.

Reasonably Land use scenarios that are likely within the

Foreseeable next 100 years, considering trends and area
land use plans. These scenarios are usually
site specific.

Less Likely | Not analyzed | Land use scenarios that are plausible, based on

but Plausible | for historical uses, but are not likely within the

compliance, next 100 years, considering trends and area
but is used to | land use plans (e.g., rural use of property
risk-inform currently in an urban setting). These scenarios
the decision are usually site specific.

Implausible No analysis Land uses that because of physical limitations

required

could not occur (e.g., residential land use for
an underwater plot of land).

GENERAL APPROACH FOR DOSE MODELING

The following section discusses the basic components that are involved in a dose modeling

assessment. It is meant to provide an overview of how the pieces fit together. This discussion
should provide both licensees and reviewers with an understanding of the “big picture,” while
the review components in the following sections focus more on NRC staff review of each part of
the dose assessment.

5-3
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Chapter 4 of this volume addresses characterization of the residual radioactivity currently
present at the site and radiological surveys. The information is based on measurements and
knowledge of the site history. To perform dose modeling, the licensee should use the site
information on residual radioactivity expected to be present at the completion of
decommissioning, to develop a generalized view of the site’s source term. In developing the
source term model, the licensee should consider the site measurements, the intended remedial
actions, and the needs of both the conceptual model and the FSS.

For example, a site may have a large number of both historical and current measurements
characterizing the residual radioactivity over a 10-hectare (25-acre) site. If the site information
shows that residual radioactivity levels do not vary significantly, the licensee may assume that
the source term is a uniform layer of residual radioactivity over the site. If the site information
shows that most of the residual radioactivity is concentrated in a small area of the site, which
may be due to uneven contamination resulting from either a single source or multiple sources,
then the licensee may visualize the site as two sources of residual radioactivity. For the purposes
of dose modeling, the following are two sources of residual radioactivity:

1. auniform concentrated source over the smaller area where the assumed concentration is
based on that area’s measurements; and

2. asecond source that uniformly covers the rest of the affected area at some lower
concentration.

After a source term model has been developed, the question becomes: “How could humans be
exposed either directly or indirectly to residual radioactivity?” or “What is the appropriate
exposure scenario?” Each exposure scenario should address the following scenario questions:

* How does the residual radioactivity move through the environment?
e Where can humans be exposed to the environmental concentrations?
e What is the likely land use(s) in the future for these areas?

» What are the exposure group’s habits that will determine exposure? (e.g., What do they eat
and where does it come from? How much? Where do they get water and how much? How
much time do they spend on various activities?)

In most situations, there are numerous possible scenarios of how future human exposure groups
could interact with residual radioactivity. The compliance criteria in 10 CFR Part 20 for
decommissioning does not require an investigation of all (or many) possible scenarios; its focus
is on the dose to members of the critical group for the compliance scenario. The critical group is
defined (at 10 CFR 20.1003) as “the group of individuals reasonably expected to receive the
greatest exposure to residual radioactivity for any applicable set of circumstances.” The
compliance scenario is the scenario that leads to the largest peak dose to the average member of
the critical group from the mixture of radionuclides. The compliance scenario may be based on a
bounding scenario, such as, a screening scenario or another scenario using conservative
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assumptions about land uses or behaviors, or be based on the reasonably foreseeable land uses
for the area.

If the licensee bases its compliance scenario on reasonably foreseeable land use, the licensee also
should identify what land uses are less likely but plausible and should evaluate scenarios
consistent with these less likely but plausible land uses. The evaluation of less likely but
plausible scenarios ensures that, if land uses other than the reasonably foreseeable land use were
to occur in the future, significant exposures would not result.

By combining knowledge about the sources of residual radioactivity and the scenario questions,
the analyst can develop exposure pathways. Exposure pathways are the routes that residual
radioactivity uses to travel from its source, through the environment, until it interacts with a
human. They can be fairly simple (e.g., surface soil residual radioactivity emits gamma radiation
which results in direct exposure to the individual standing on the soil), or they can be fairly
involved (e.g., the residual radioactivity in the surface soil leaches through the unsaturated soil
layers into underlying aquifer, and the water from the aquifer is pumped out by the exposed
individual for use as drinking water, which results in the exposed individual ingesting the
environmental concentrations). Exposure pathways typically fall into three principal categories
identified by the manner in which the exposed individual interacts with the environmental
concentrations resulting from the residual radioactivity; the three principal categories are
ingestion, inhalation, or external (i.e., direct) exposure pathways.

The exposure pathways for many of the exposure groups can be bounded by a smaller number of
possible exposure groups. For example, at a rural site with surface soil residual radioactivity,
two possible exposure groups are (1) a gardener who grows a small fraction of his or her fruits
and vegetables in the soil and (2) a resident farmer who grows a larger fraction of his or her own
food (i.e., the site supplies not only vegetables, but also meat and milk). In this case, the resident
farmer bounds the gardener exposure group (because it both incorporates the gardener’s
pathways, but also includes other routes of exposure) and, therefore, the gardener exposure
group does not need to be analyzed and the compliance calculation’s scenario would involve the
resident farmer.

As required by 10 CFR 20.1402, expected doses are evaluated for the average member of the
critical group, which is not necessarily the same as the maximally exposed individual. This is
not a reduction in the level of protection provided to the public but is an attempt to emphasize
the uncertainty and assumptions needed in calculating potential future doses while limiting
boundless speculation on possible future exposure scenarios. While it is possible to actually
identify, with confidence, the most exposed member of the public in some operational situations
(through monitoring, time-studies, distance from the facility, etc.), identification of the specific
individual who should receive the highest dose some time (up to 1000 years) in the future is
impractical, if not impossible. Speculation on his or her habits, characteristics, age, or
metabolism could be endless. The use of the “average member of the critical group”
acknowledges that any hypothetical “individual” used in the performance assessment is based, in
some manner, on the statistical results from data sets (i.e., the breathing rate is based on the
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range of possible breathing rates) gathered from groups of individuals. While bounding
assumptions could be used to select values for each of the parameters (e.g., the maximum
amount of meat, milk, vegetables, possible exposure time), the result could be an extremely
conservative calculation of an unrealistic scenario and may lead to excessively low allowable
residual radioactivity levels.

Calculating the dose to the critical group is intended to bound the individual dose to other
possible exposure groups because the critical group is a relatively small group of individuals,
due to their habits, actions, and characteristics, who could receive among the highest potential
doses at some time in the future. By using the hypothetical critical group as the dose receptor,
coupled with prudently conservative models, it is highly unlikely that any individual would
actually receive doses in excess of that calculated for the average member of the critical group.
The description of a critical group’s habits, actions, and characteristics should be based on
credible assumptions and the information or data ranges used to support the assumptions should
be limited in scope to reduce the possibility of adding members of less exposed groups to the
critical group. An analysis of the average member of the critical group’s potential exposure
should also include, in most cases, some evaluation of the uncertainty in the parameter values
used to represent physical properties of the environment.

Use the definitions in Part 20 when calculating for compliance with the requirements of
Subpart E. Use the Federal Guidance Report No. 11 (EPA 1988) when calculating internal
exposures by using the intake-to-dose conversion factors, which are based primarily on adults.
As stated in EPA’s Draft Guidance for Exposure of the General Public (EPA 1994) which
proposes a public dose limit of 1.0 mSv (100 mrem) per year from all sources:

“These dose conversion factors are appropriate for application to any population adequately
characterized by the set of values for physiological parameters developed by the
[International Committee on Radiological Protection] and collectively known as “Reference
Man.” The actual dose to a particular individual from a given intake is dependent upon age
and sex, as well as other characteristics. As noted earlier, implementing limits for the
general public expressed as age and sex dependent would be difficult.... More importantly,
the variability in dose due to these factors is comparable in magnitude to the uncertainty in
our estimates of the risks which provide the basis for our choice of the [public dose limit].
For this reason EPA believes that, for the purpose of providing radiation protection under the
conditions addressed by these recommendations, the assumptions exemplified by Reference
Man adequately characterize the general public, and a detailed consideration of age and sex
is not generally necessary.” [sic]

Since age-based dose conversion factors are not being used, the same dose conversion factors are
applied to all individuals. Only in rare scenarios will a non-adult individual receive a higher
dose (i.e., take in more radioactive material) than an adult individual in a similar exposure
scenario. One example is the milk pathway: children generally drink more milk annually than
adults. If milk was the only pathway that would expose the individual to a dose, then the child
would have a slightly higher dose than the adult. But in most situations, especially ones
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involving multiple pathways, the total intake of the adult is greater than that of a child.
Therefore, for most multiple pathway scenarios, such as screening analyses, the average member
of the critical group should usually be assumed to be an adult with the proper habits and
characteristics of an adult. As the licensee eliminates pathways or modifies the scenario, the
behavior and dietary habits of children may become important. In such cases, the licensees
should consult with NRC staff for guidance.

By integrating the exposure scenario, source term, and knowledge about the applicable
environmental transport routes involved in the exposure pathways, a conceptual model of the
features and processes at the site can be created. The conceptual model is a qualitative
description of the important environmental transport and exposure pathways and their
interrelationships. Using this description, a mathematical model quantifying it, or using an
off-the-shelf computer code that implements the same (or similar) conceptual model, needs to be
identified. Generally, a single mathematical model can be used for several different conceptual
models by varying either the boundary conditions or the various parameters.

Going from a conceptual model to a mathematical model involves a number of assumptions and
simplifications. For example, one part of a conceptual model of surface soil residual
radioactivity involves the leaching of radionuclides through the soil and into the aquifer. In
reality, the soil between the surface and the aquifer is usually formed by numerous layers of
different types of soils with varying thickness across a site. For the purposes of dose modeling,
the conceptual model is more focused on knowing how much activity is entering (and leaving)
each major environmental compartment (such as the aquifer) than to precisely predict the level
of activity in the intervening material (e.g., any single soil layer between the surface and the
aquifer). Therefore, the mathematical model may view the intervening soil layers as one layer or
just a few layers, depending on the difficulty of justifying effective parameters that will mimic
the real behavior. Users of off-the-shelf codes should be aware of and consider the
appropriateness of the assumptions made in the computer model they are using.

Selection of parameter values (or ranges) for features, events, and processes depends not only on
the site conditions and the exposure scenario, but also on the computer code (or mathematical
model) being used. Nearly any data set will need to be transformed into one appropriate to the
situation. This can be as straightforward as generating a site-wide effective soil density value or
as complex as converting resuspension factor data into resuspension rates. NRC has already
factored these issues in the data used in the screening analyses, but licensees using site-specific
information should justify their values.

In the past, the most common computer codes were deterministic and did not explicitly calculate
parameter uncertainty. Although it is not always necessary for a licensee to use a probabilistic
code to evaluate parameter uncertainty for site-specific analyses, licensees should provide some
discussion of the level of uncertainty in the results. It should be noted that the type of
uncertainty of prime interest to NRC staff is uncertainty in the physical parameters.
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Licensees using probabilistic dose modeling should use the “peak of the mean” dose
distribution for demonstrating compliance with the 10 CFR Part 20, Subpart E. Similar to all
regulatory guidance, this NUREG report contains one approach for determining compliance
with the regulations using probabilistic analyses. Other probabilistic approaches, such as
“mean of the peaks” or other methods, if justified, may also be acceptable for demonstrating
compliance. Ifthe licensee intends to use any probabilistic approach to calculate DCGLs, the
licensee should discuss their planned approach with NRC staff.

SCOPING REVIEW

As part of the DP review, NRC staff should evaluate the basis for each of the calculated doses
used by the licensee in the various decommissioning options. NRC staft should organize this
review by first looking at the overall scope of the dose modeling provided (possibly for several
decommissioning options and/or critical groups). This scoping review should help NRC staff
identify which specific dose modeling sections are applicable for a given DP. After the scoping
review, NRC staff should review each of the scenarios that the licensee or responsible party is
using to show compliance with the regulations.

An acceptable way to organize the scoping review is (a) to identify and confirm the principal
sources (before and after remediation) of residual radioactivity and (b) to identify the
decommissioning goal of the DP. Coupling the two sets of information, NRC staff should have a
good indication of the appropriate sections. For decommissioning goals involving unrestricted
release, NRC staff should quickly evaluate to what decommissioning group the licensee belongs.
Section 5.1 is used for evaluating screening dose assessments for Decommissioning Groups 1-3.
Section 5.2 is used for evaluating site-specific dose assessments for unrestricted release for
Decommissioning Groups 4 and 5.

Next, NRC staff should verify that conditions at the site are consistent with the approach chosen
by the licensee and the decommissioning group’s requirements (i.e., whether the licensee may
use a screening analysis approach or whether site-specific dose modeling should be performed).
Licensees may not be able to use a screening analysis approach at sites exhibiting any of the
following conditions (excluding those caused by sources of background radiation):

* soil residual radioactivity greater than 30 cm (12 in) below the ground surface,
 radionuclide residual radioactivity present in an aquifer,

 buildings with volumetrically contaminated material,

e radionuclide concentrations in surface water sediments, and

* sites that have an infiltration rate that is greater than the vertical saturated hydraulic
conductivity (i.e., resulting in the water running off the surface rather than only seeping into
the ground).
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These are limitations caused by the conceptual models used in developing the screening analysis.
In other words, the conceptual model, parameters, and scenarios in the DandD computer code are
generally incompatible with such conditions. Situations do exist where you can still utilize the
analyses using scenario assumptions to modify the source term. For example, by assuming
buried radioactive material is excavated and spread across the surface, the screening criteria may
be applicable for use at the site.

When evaluating any decommissioning option that has a goal of terminating the license under
the unrestricted release requirements of 10 CFR 20.1402, the primary scenarios generally
involve individuals exposed on the site. A licensee needs to evaluate scenarios consistent with
the reasonably foreseeable land use over the next decades, or use a bounding scenario such as a
resident farmer. In rare instances, a scenario involving offsite use of residual radioactivity may
be the critical scenario. A bounding exposure scenario for residual radioactivity in the
environment (versus building surfaces) is usually a residential farmer, because this group usually
includes a nearly comprehensive number of exposure pathways. In addition to pathways that
may be limited by land use assumptions, site conditions, such as soil type, or ground water
quality, may remove potential exposure pathways from consideration with the appropriate level
of justification by the licensee.

A decommissioning option that results in the license being terminated under the restricted use
provisions of 10 CFR 20.1403 will require, at a minimum, two different exposure scenarios.

One scenario should evaluate the performance of the proposed restrictions by assuming these
restrictions never fail. Depending on where the residual radioactivity is and what the proposed
restrictions are, the exposure location(s) for the critical group could be either onsite or offsite.
The second scenario should be performed similarly to the analyses for unrestricted release, in
which it assumes that the restrictions put in place by the licensee have failed to work properly (or
effectively), and the site will be used without knowledge of the presence of residual
radioactivity.

5.1 UNRESTRICTED RELEASE USING SCREENING CRITERIA
(DECOMMISSIONING GROUPS 1-3)

NRC staff should review the information provided in the DP, FSSR, or other document
pertaining to the licensee’s assessment of the potential doses resulting from the residual
radioactivity remaining at the end of the decommissioning process. The findings and
conclusions of the review under this chapter should be used to evaluate the compliance with the
dose limit specified in Subpart E. This chapter addresses decommissioning options involving
unrestricted release using the default screening models or derived tables. These will be licensees
from Decommissioning Groups 1-3. Decommissioning Groups 4—7 may utilize the screening
criteria described here as part of their dose modeling.
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The evaluation criteria in this section on screening analyses have been divided into two
categories based on the location of the residual radioactivity:
 Building Surface Evaluation Criteria, and

» Surface Soil Residual Radioactivity.
CALCULATION OF RADIOLOGICAL IMPACTS ON INDIVIDUALS

The overall objective of NRC staff’s review is to determine if the screening criteria were used
correctly by the licensee and whether the calculations provide reasonable assurance that potential
doses would not exceed the dose limits. Specific impacts to be calculated include those
associated with exposures using the default building scenario and model.

ACCEPTANCE CRITERIA

Regulatory Requirements
10 CFR 20.1402
Regulatory Guidance

e Appendix H of this NUREG report

 NUREG-1757, Vol. 1, “Consolidated NMSS Decommissioning Guidance: Decommissioning
Process for Materials Licensees”

Information to be Submitted

NRC staff should organize this review by first looking at the overall scope of the dose modeling
contained in the DP, FSSR, or other document (possibly for several decommissioning options
and/or critical groups). This scoping review, discussed in Chapter 5, should help the reviewers
identify which review sections are applicable for a given DP. After the scoping review, NRC
staff should review each of the scenarios that the licensee is using to show compliance with the
regulations using the appropriate review section.

The licensee’s dose modeling for building surfaces or surface soil using the default screening
criteria should include both of the following:

* the general conceptual model (for both the source term and the building or outside
environment) of the site, and

* asummary of the screening method (i.e., running DandD or using the look-up tables) used.

This information to be submitted is also included as part of the DP Checklist provided in this
NUREG report (see Checklist Section V.a from Appendix D of Volume 1).
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EVALUATION CRITERIA

When licensees use the default screening methods and parameters inherent in the DandD code by
either running the computer code or using look-up tables, the review and acceptance of nearly all
areas of the analysis have already been done by NRC staff in developing the screening tool and
reviewers should only need to review the source term model and the overall applicability of
using the screening method with the associated residual radioactivity.

NRC staff will determine the acceptability of the licensee’s projections of (a) radiological
impacts on future individuals from residual radioactivity and (b) compliance with regulatory
criteria. The information may be considered acceptable if it is sufficient to ensure a reasonable
assessment of the possible future impacts from the residual radioactivity on building surfaces or
surface soil. The information should allow an independent staff evaluation of the justifications
and assumptions used.

NRC staff should review the information identified in Sections 5.1.1 and 5.1.2, as necessary, for
each dose assessment of residual radioactivity on building surfaces or surface soil that the
licensee has submitted in the various decommissioning options. If the licensee did not directly
calculate the dose from residual radioactivity, but instead derived, or proposed to use, unit
concentration values, NRC staff may need only to review the information on the configuration of
the residual radioactivity and the appropriate screening criteria section, below. Review of the
spatial variability should be performed as part of the final survey. Detailed guidance is in
Appendix H.

5.1.1 BUILDING SURFACE EVALUATION CRITERIA

* Source Term Configuration

NRC staff should confirm that the actual measurements, facility history, and planned
remedial action(s) support the source term configuration used in the modeling by reviewing
the information in the facility history, radiological status, and planned remedial action(s)
portions of the DP. The NRC reviewer should review both the areal extent of residual
radioactivity and the depth of penetration of the residual radioactivity into the building
surfaces. The NRC reviewer should determine if the physical configuration of the residual
radioactivity can adequately be assumed to be a thin layer of residual radioactivity on the
building surfaces. If the residual radioactivity is not limited to the building surfaces, then use
of the default screening criteria are not warranted without additional justification. The NRC
reviewer should reclassify the licensee as a Group 4 licensee and evaluate the modeling using
Section 5.2.
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Residual Radioactivity Spatial Variability

NRC staff should review the information provided by the licensee for conditions both before
and those projected after the decommissioning alternative. Based on this information, NRC
staff should determine whether it is appropriate to make an assumption of homogeneity (a)
for the whole facility or (b) for subsections of the facility. NRC staff should then review the
adequacy of the licensee’s determination of a representative value (or range of values) for the
residual radioactivity concentration in the source term modeled. To evaluate the final
survey, as a general guideline, NRC staff could use the concepts related to area factors
included in MARSSIM and in Section 1.3.3.3.5 of Appendix I.

Execution of the DandD Computer Code Dose Calculations

If the licensee has used the DandD computer code to calculate the dose based on either
current concentrations or projected final concentrations, NRC staff should verify that:

1. The residual radioactivity is limited to building surfaces.

2. If the appropriate annual peak dose is greater than 0.025 mSv (2.5 mrem), the removable
fraction of the residual radioactivity is 10 % or less at the time of license termination, or
the removable fraction has been adjusted as explained in footnote a in Table H.1.*

3. The output reports verify that no parameters (other than source term concentrations) were
modified.

4. The licensee has used the 90" percentile of the dose distribution to compare with the dose
limit.
DCGLs from the DandD Code or Look-up Tables

The licensee may use either the DandD computer code or the published look-up table for beta
and gamma emitters (see Appendix H) to establish radionuclide-specific DCGLs equivalent
to 0.25 mSv/y (25 mrem/y).

If the licensee is proposing to use radionuclide-specific DCGLs, NRC staff should verify that
the following three conditions are true:

1. The residual radioactivity is limited to building surfaces.

2. [If the residual radioactivity is greater than 10 % of the respective screening DCGLs
(Table H.1 from Appendix H of this volume), the removable fraction is 10 % or less at
license termination, or the removable fraction has been adjusted as explained in
footnote a in Table H.1.

4

The DandD default scenario assumes that only 10 % of the surface residual radioactivity is removable and
available for resuspension. Only at 10 % of the dose limit does the assumption begin to become important
because in the extreme case of 100 % removable, for radionuclides that produce the majority of dose from the
inhalation pathway, the code result may be underestimating the result by a factor as great as 10.
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3. If more than one radionuclide is involved, there is reasonable assurance that the sum of
fractions (concentrations divided by DCGLs) (see Section 2.7) is no greater than 1.

If the licensee has used the DandD Version 2 computer code to calculate the
radionuclide-specific DCGLs, NRC staff should also verify that the following two conditions
are true:

1. The output reports verify that no parameters (other than entering unit concentrations)
were modified.

2. The licensee has used the 90™ percentile of the dose distribution to derive the
concentrations.

e Compliance with Regulatory Criteria

The licensee’s projections of compliance with regulatory criteria, if that decommissioning
option is pursued, are acceptable provided that NRC staff has reasonable assurance that at
least one of the following is true:

1. The only residual radioactivity is on building surfaces, and the level of removable
residual radioactivity does not violate the assumptions in the model.

2. The final concentrations result in a peak annual dose of less than 0.25 mSv (25 mrem)
and the licensee has committed to calculating the annual dose using a screening analysis
at license termination.

3. The planned DCGLs are equal to or less than those provided by the screening criteria,
and the licensee has committed to maintaining the sum of fractions, if applicable.

5.1.2 SURFACE SOIL EVALUATION CRITERIA

* Source Term Configuration

NRC staff should confirm that the actual measurements, facility history, and planned
remedial action(s) support the source term configuration used in the modeling by reviewing
the information in the facility history, radiological status, and planned remedial action(s)
portions of the DP. The NRC reviewer should review both the areal extent of residual
radioactivity and the depth of penetration of the residual radioactivity into the soil. The NRC
reviewer should determine if the physical configuration of the residual radioactivity can
adequately be assumed to be a layer of surface soil containing residual radioactivity without
overlying surface layers. If the residual radioactivity is not limited to the surface soil, then
use of the default screening criteria are not warranted without additional justification. The
NRC reviewer should reclassify the licensee as a Group 4 licensee and evaluate the modeling
using Section 5.2.
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Residual Radioactivity Spatial Variability

NRC staff should review the information provided by the licensee for conditions both before
and those projected after the decommissioning alternative is complete. Based on this
information, NRC staff should determine whether it is appropriate to make an assumption of
homogeneity (a) for the entire affected area or (b) for major subsections of the site. NRC
staff should then review the adequacy of the licensee’s determination of a representative
value (or range of values) for the residual radioactivity concentration in the source term
model. At the time of the final survey, as a general guideline, NRC staff can use the
concepts related to area factors included in the MARSSIM and in Section 1.3.3.3.5 of
Appendix 1.

Conceptual Models

Detailed NRC staff review of the information is not necessary as these topics were
previously addressed by NRC staff establishing the default screening methods. NRC staff
should verify that the site and DandD’s conceptual models are compatible. Situations that
would not allow the use of the DandD code as a screening tool for environmental
concentrations of radionuclides would include those where the source is not predominantly
present in the surface soil, residual radioactivity in the aquifer, or sites with infiltration rates
higher than the vertical saturated hydraulic conductivity (i.e., resulting in surface runoff or a
bathtub effect) without additional justification showing that the results would still calculate a
conservative dose estimate. A complete list of screening values can be found in Appendix H.

Execution of DandD Computer Code for Dose Calculations

If the licensee has used the DandD computer code, NRC staff should verify that all of the
following is true:

1. The residual radioactivity is limited to surface soil.

2. The total dose calculated includes all sources of residual radioactivity.

3. The output reports verify that no parameters (other than source term concentrations) were
modified.

4. The licensee has used the 90" percentile of the dose distribution to compare with the dose
limit.

DCGLs from the DandD Code or Look-up Tables

The licensee may use either the DandD computer code or the published look-up table (see
Appendix H) to establish nuclide-specific DCGLs equivalent to 0.25 mSv/y (25 mrem/y). If
the licensee is proposing to use radionuclide-specific DCGLs, NRC staff should verify that
both of the following conditions are true:
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1. The residual radioactivity (for the action under review) is limited to surface soil.

2. If more than one radionuclide is involved, there is reasonable assurance that the sum of
fractions (see Section 2.7) will be maintained.

If the licensee has used the DandD Version 2 computer code to calculate the
radionuclide-specific DCGLs, NRC staff should also verify that both of the following
conditions are true:

1. The output reports verify that no parameters (other than entering unit concentrations)
were modified.

2. The licensee has used the 90" percentile of the dose distribution to derive the
concentrations.

» Compliance with Regulatory Criteria

The licensee’s projections of compliance with regulatory criteria (if the decommissioning
option is pursued) are acceptable, if NRC staff has reasonable assurance of all the following:

1. The licensee has applied an appropriate source term.
2. The only residual radioactivity is surface soil.

The final concentrations result in a peak annual dose of less than 0.25 mSv (25 mrem) and the
licensee has committed to calculating the annual dose using a screening analysis at license
termination, or the planned DCGLs are equal to or less than those provided by the screening
criteria, and the licensee has committed to maintaining the sum of fractions, if applicable.

5.2 UNRESTRICTED RELEASE USING SITE-SPECIFIC
INFORMATION (DECOMMISSIONING GROUPS 4-5)

The following guidance is for reviewing DPs submitted by licensees from Decommissioning
Groups 4 and 5.

AREAS OF REVIEW

NRC staff should review the information provided in the DP pertaining to the licensee’s
assessment of the potential doses resulting from exposure to residual radioactivity remaining at
the end of the decommissioning process. The findings and conclusions of the review under this
section should be used to evaluate the DP’s compliance with 10 CFR 20.1402. NRC staff should
ensure that, at a minimum, information on the source term, exposure scenario(s), conceptual
model(s), numerical analyses (e.g., hand calculations or computer models), and uncertainty have
been included. NRC staff should review the abstraction and assumptions regarding the source
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term, the conceptual model of the site or building as appropriate, the exposure scenario(s), the
mathematical method employed, and the parameters used in the analysis and their uncertainty.

The amount of information provided by the licensee and the depth of the reviewer’s investigation
of that information will depend on the complexity of the case and the amount of site-specific
information (versus default assumptions) being used by the licensee. This section has been
written for review of the most complex analyses; most analyses should not need in-depth review
of all parts of the evaluation criteria.

REVIEW PROCEDURES

Acceptance Review

NRC staff should review the DP to ensure that, at a minimum, the DP contains the information
summarized under “Areas of Review,” above. NRC staff should review the dose modeling
portion of the DP without assessing the technical accuracy or completeness of the information
contained therein. The adequacy of the information should be assessed during the detailed
technical review. NRC staff should review the DP table of contents and the individual
descriptions under “Areas of Review” as shown above (a) to ensure that the licensee or
responsible party has included this information in the DP and (b) to determine if the level of
detail of the information appears to be adequate for NRC staff to perform a detailed technical
review.

Safety Evaluation

The material to be reviewed is technical in nature, and NRC staff should review the information
provided by the licensee to ensure that the licensee used defensible assumptions and models to
calculate the potential dose to the average member of the critical group. NRC staff should also
verify that the licensee provided (a) enough information to allow an independent evaluation of
the potential dose resulting from the residual radioactivity after license termination and

(b) reasonable assurance that the decommissioning option will comply with regulations.

ACCEPTANCE CRITERIA

Regulatory Requirements
10 CFR 20.1402
Regulatory Guidance

» Appendix I of this NUREG report

 NUREG-1549, “Decision Methods for Dose Assessment to Comply with Radiological
Criteria for License Termination”
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e NUREG/CR-5512, Volume 1, “Residual Radioactive Contamination from Decommissioning:
Technical Basis for Translating Contamination Levels to Annual Total Effective Dose
Equivalent”

e Draft NUREG/CR-5512, Volume 2, “Residual Radioactive Contamination from
Decommissioning: User’s Manual”

e Draft NUREG/CR-5512, Volume 3, “Residual Radioactive Contamination from
Decommissioning: Parameter Analysis”

» Federal Guidance Report Number 11, “Limiting Values of Radionuclide Intake and Air
Concentration and Dose Conversion Factors for Inhalation, Submersion, and Ingestion”
(EPA 1988)

e Federal Guidance Report Number 12, “External Exposure to Radionuclides in Air, Water, and
Soil” (EPA 1993)

Information to be Submitted

NRC staff should organize this review by first looking at the overall scope of the dose modeling
contained in the DP (possibly for several decommissioning options and/or critical groups). This
scoping review, discussed in Chapter 5, should help the reviewers identify which section is
applicable for a given dose assessment. After the scoping review, NRC staff should review each
of the scenarios that the licensee is using to show compliance with the regulations.

In describing the licensee’s dose modeling analysis methods, “site-specific” is used in a very
general sense to describe all dose analyses except those based only on the default screening
tools. This may be as simple as a few parameter changes, in the DandD computer code from
their default ranges, to licensees using scenarios, models, and parameter ranges that are only
applicable at the licensee’s site. The information submitted should include the following:

o the source term information including nuclides of interest, configuration of the source, areal
variability of the source, and so forth;
 adescription of the compliance scenario including a description of the critical group;

 adescription of any other reasonably foreseeable or less likely but plausible scenarios
considered;

 adescription of the conceptual model of the site including the source term, physical features
important to modeling the transport pathways, and the critical group;

« the identification, description and justification of the mathematical model used (e.g., hand
calculations, DandD v2.1, RESRAD v6.1);

e adescription of the parameters used in the analysis;
 adiscussion about the effect of uncertainty on the results; and

 input and output files or printouts, if a computer program was used.
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This information to be submitted is also included as part of the DP Checklist provided in this
NUREG report (see Checklist Section V.b from Appendix D of Volume 1).

EVALUATION CRITERIA

NRC staff should determine the acceptability of the licensee’s projections of radiological
impacts on the average member of the critical group during the compliance period from residual
radioactivity. The information in the DP is acceptable if it is sufficient to ensure a defensible
assessment of the possible future impacts from the residual radioactivity. The licensee’s
assessment can be either realistic or prudently conservative. The information should allow an
independent NRC staff evaluation of the assumptions used (e.g., source term configuration,
applicable transport pathways) and possible doses to the average member of the critical group.

NRC staff should review the following information, as necessary, for each dose assessment of
residual radioactivity that the licensee has submitted in the various decommissioning options.

e Source Term

NRC staff should review the assumptions used by the licensee to characterize the facility’s
source term of residual radioactivity for dose modeling purposes. NRC staff should compare
the assumptions with the current site information and the decommissioning alternative’s
goal. The model should be an appropriate generalization of this information. Three key
areas of review for the source term assumptions are the (1) configuration, (2) residual
radioactivity spatial variability, and (3) chemical form(s). For additional guidance, refer to
Section 1.2 from Appendix I of this volume.

1. Configuration

NRC staff should confirm that the actual measurements, facility history, and planned
remedial action(s) support the source term configuration used in the modeling by
reviewing the information in the facility history, radiological status, and planned
remedial action(s) portions of the DP. NRC staff should review the provided information
for both the areal extent of residual radioactivity and the depth (for soil or buildings) or
volume (for ground water or buried material) of the residual radioactivity. The NRC
reviewer should determine if the information provided supports the configuration
assumptions used in the exposure scenario and mathematical model (e.g., a thin layer of
residual radioactivity on the building surfaces).

2. Residual Radioactivity Spatial Variability
NRC staff should review residual radioactivity concentration values provided by the
licensee for conditions both before, and projected after, the decommissioning alternative

is complete. For this subsection, NRC staff should review the spatial extent and the
degree of heterogeneity in the values. Based on this information, NRC staftf should
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determine whether it is reasonable to make an assumption of homogeneity for each
source for either (a) the whole site or (b) subsections of the site. NRC staff should then
review the adequacy of the licensee’s determination of a representative value (or range of
values) for the residual radioactivity concentration in the source term model. At the time
of final survey, as a general guideline, NRC staff could use the concepts related to area
factors included in the MARSSIM and in Section 1.3.3.3.5 from Appendix I of this
volume.

If the licensee used dose modeling to develop DCGLs, instead of estimating final
concentrations and then entering them into the code, the licensee need not specifically
address the spatial variability acceptance criteria at this time. The licensee should
provide this information in the FSS for NRC staff review. NRC staff should verify that
the spatial variability is compatible with the assumptions made for dose modeling.

Chemical Form

The licensee’s assumptions regarding the chemical form of the residual radioactivity
should be reviewed for its adequacy by NRC staff. NRC staff should determine whether
the licensee has considered possible chemical changes that may occur during the time
period of interest. Without any justification of possible chemical forms, the analysis
should use the bounding chemical form(s) (e.g., the chemical form(s) that give the
individual the highest dose per unit intake as described in Federal Guidance Report
Number 11 (EPA 1988)). Acceptable rationale for other assumptions should be provided
by the licensee. Some acceptable rationales for using other chemical forms are (a)
chemical forms that would degrade quickly in the environment (e.g., UF,) or (b) the
unavailability of an element or conditions to realistically form that molecule (e.g., SrTiO,
or high-fired UO,).

Critical Groups, Scenarios, Pathways, Identification and Selection

In its review, NRC staff should confirm that the licensee has identified and quantified the
most significant scenarios based on available site- or facility-specific information. NRC staff
should review the basis and justification for the licensee’s selected critical group. For
scenarios in which possible environmental pathways have been modified or eliminated, NRC
staff should review the justifications provided by the licensee. For additional guidance on
these subjects, refer to Section 1.3 from Appendix I of this volume.

I.

Scenario Identification

The compliance exposure scenario is based on the location and type of source

(e.g., contaminated walls), the reasonably foreseeable land use, the general characteristics
and habits of the critical group (e.g., an adult light industry worker) and the possible
pathways which describe how the residual radioactivity would incur dose in humans.

The licensee should provide justification on the scenario(s) evaluated.

5-19 NUREG-1757, Vol. 2, Rev. 1



DOSE MODELING EVALUATIONS

The licensee should justify the possible land use(s) the site might experience in the future
and create exposure scenarios consistent with these uses. The licensee should provide
justification for selecting the compliance scenario from the possible exposure scenarios
derived from the land use. The compliance scenario should result in the greatest
exposure to the average member of the critical group for all scenarios given the mixture
of radionuclides. A licensee may choose to make a bounding assumption for land use to
derive the scenario (e.g., assuming a rural land use for an urban location) or base the
scenario on the reasonably foreseeable land use that results in the highest dose.

If the compliance scenario is based on the reasonably foreseeable land use, the licensee
should provide justification for the scenario, based on discussions with land planners,
meetings with local stakeholders, trending analysis of land use for the region, or
comparisons with land use in similar alternate locations. The time period of interest for
possible land use is changes within 100 years, depending on the rate of change in the
region, and the peak exposure time. Note that the 100-year timeframe described here is
only for estimating future land uses; the licensee must evaluate doses that could occur
over the 1000-year time period specified in the LTR. The licensee should identify what
land uses are less likely but plausible, and evaluate scenarios consistent with these less
likely but plausible land uses. In some cases, the use of reasonably foreseeable land use
may require the licensee to evaluate offsite uses of materials containing residual
radioactivity as alternate scenarios in defining the compliance scenario.

The licensee needs to provide a quantitative analysis of or a qualitative argument
discounting the need to analyze all scenarios generated from the reasonably foreseeable
land uses. The level of detail can vary between scenario and it is expected for the
licensee to use simple analyses to limit the number of detailed scenarios. The licensee
may use screening or generic analyses to assist in determining the critical scenario for
compliance. With a mixture of radionuclides, more than one compliance scenario may
need to be used. The peak dose from the compliance scenario(s) should exceed the
exposures resulting from other scenarios.

Similarly, the licensee needs to provide either a quantitative analysis of or a qualitative
argument discounting the need to analyze all scenarios generated from the less likely but
plausible land uses. The results of these analyses will be used by the staff to evaluate the
degree of sensitivity of dose to overall scenario assumptions (and the associated
parameter assumptions). The reviewer will consider both the magnitude and time of the
peak dose from these scenarios. If peak doses from the less likely but plausible land use
scenarios are significant, the licensee would need to provide greater assurance that the
scenario is less likely to occur, especially during the period of peak dose.

The screening scenarios for building surface residual radioactivity and soil residual
radioactivity are described in NUREG—-1549 and NUREG/CR-5512, Volumes 1, 2 and 3.
Dose evaluations that use these scenarios (i.e., the licensee changes parameter values or
mathematical method but does not change the general scenario) are acceptable, if the
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scenario is appropriate for the situation. In DPs where the licensee eliminates certain
pathways, with justification, but still maintains the same general scenario category, NRC
staff should find the scenario identification to be acceptable. For example, a licensee
may eliminate the use of ground water because the near surface aquifer has total
dissolved solids of 30,000 mg/L. The licensee still evaluates the impacts from crops
grown in the residual radioactivity but irrigation is provided by a noncontaminated source
and therefore, the screening scenario, a residential farmer, is maintained.

Critical Group Determination

In general, critical groups that are exposed to multiple exposure pathways result in higher
doses than groups with more limited interaction with the residual radioactivity.
NUREG-1549 and the NUREG/CR-5512 series, details the critical group assumptions
for the screening scenarios. In DPs where the licensee has used the screening scenarios,
the reviewer should verify that the critical group is the same as listed in NUREG—-1549
and the NUREG/CR-5512 series.

The licensee should provide either qualitative or quantitative justification that the critical
group is the highest exposed group for the assumed land use(s). The selection of the
critical group may be dependent on the assumption of the relative mixture of
radionuclides and sources of residual radioactivity present at the site. The licensee
should justify its compliance approach in these cases. A similar justification should be
provided by the licensee for the critical scenario for less likely but plausible scenarios.

Exposure Pathways

The DP should describe the exposure pathways to which the critical group is exposed,
except for cases where the licensee is using the screening scenarios and critical groups
without modification. If the licensee has chosen to modify the screening scenario, the
changes should be justified. In general, the justification should be based on physical
limitations or situations that would not allow individuals to be exposed as described in
the scenario. For other scenarios, the exposure pathways should be consistent with the
land use assumptions, exposure group behavior, and physical site conditions.

For example, acceptable justifications for removing the ground water pathway include

(a) the near surface ground water is neither potable nor allowed to be used for irrigation;
(b) aquifer volume is insufficient to provide the necessary yields; and (¢) there are current
(and informed consideration of future) land use patterns that would preclude ground
water use. Justification of water quality and quantity of the saturated zone should be
based on the classification systems used by EPA or the State, as appropriate. In cases
where the aquifer is classified as not being a source of drinking water but is considered
adequate for stock watering and irrigation, the licensee can eliminate (i.e., does not need
to consider) the drinking water pathway (and the fish pathway—depending on the
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scenario), but the licensee should still maintain the irrigation and meat/milk pathways, if
appropriate for the land use assumptions.

Another example would be a rural site with a relatively small discrete outdoor area of
residual radioactivity (compared to the area assumed in the default scenarios). In this
situation, it may be appropriate, based on the area of residual radioactivity, that gardening
of some vegetables and fruits would still be an assumption, but the area is not large
enough to allow one to grow grain or raise animals for meat or milk.

Conceptual Models

NRC staff should review the adequacy of the conceptual model used by the licensee. For

additional guidance on these subjects, refer to Section 1.4 from Appendix I of this volume.

The conceptual model should qualitatively describe the following:

1. the relative location and activities of the critical group;

2. both the hydrologic and environmental transport processes important at the site;

3. the dimensions, location and spatial variability of the source term used in the model; and

4. the major assumptions made by the licensee in developing the conceptual model
(e.g., recharge of the aquifer is limited to the infiltration through the site’s footprint).

The NRC reviewer should verify that the site conditions are adequately addressed in the
conceptual model and simplifying assumptions.

Calculations and Input Parameters

In its review, NRC staff will confirm that the licensee has used a mathematical model that is
an adequate representation of the conceptual model and the exposure scenario. For
additional guidance on these subjects, refer to Sections 1.5 and 1.6 from Appendix I of this
volume.

1. Execution of DandD Computer Code

If the licensee has used the DandD computer code in its analysis, NRC staff should verify
the following points:

a. The residual radioactivity is limited to the surface (either building or near surface
soil, as appropriate).

b. The site conceptual model is adequately represented by DandD’s inherent
conceptual model.
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For building surfaces, if the total dose is greater than 10 % of the dose limit, the
licensee has modified the resuspension factor to account for the removable
fraction to be present at the time of decommissioning.

For sites eliminating pathways, the licensee has used the appropriate parameters
in the DandD code as “switches” to turn off the pathways without unintentionally
removing others. For example, to remove the ground water pathways, the
licensee should set the drinking water rate, irrigation rate, and pond volume to
Zero.

For each parameter modified, the licensee has adequately justified the new
parameter value or range and has evaluated the effect on other parameters.

For modifications of behavioral parameters, the changes should be based on
acceptable changes in the critical group, and the mean values of the behavioral
parameters should be used, although use of the ranges is also acceptable.

If the licensee has randomly sampled the parameter ranges in DandD, the licensee
has used the “peak of the mean” dose distribution to either calculate the dose or
derive the DCGLs.

Other Mathematical Methods

The NRC reviewer should verify the following:

a.

The mathematical method’s conceptual model is compatible with the site’s
conceptual model (e.g., RESRAD v. 6.0 would not be an acceptable mathematical
method for sites with building surface residual radioactivity).

For each parameter or parameter set, the licensee has adequately justified the
parameter value or range. For modifications of behavioral parameters, the
changes should be based on acceptable changes in the critical group, and the
mean value (or full range) of the behavior should be used.

For residual radioactivity resulting in alpha decay (e.g., uranium or thorium) and
present on building surfaces, NRC staff should review the resuspension
factor/rate and the assumptions regarding the degree of removable residual
radioactivity. For example, if the licensee has assumed that 10 % of the residual
radioactivity will be removable at the time of unrestricted release, the model’s
parameters should either implicitly or explicitly include this assumption (see
NUREG/CR-5512, Volume 3, on how it has been done for the DandD code).

If the licensee has randomly sampled the parameter ranges, the licensee has used
the “peak of the mean” dose distribution to either calculate the dose or derive the
DCGLs.
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* Uncertainty Analysis

NRC staff should review the licensee’s discussion of the uncertainty resulting from the
physical parameter values used in the analysis. The review should focus on the uncertainty
analysis for the critical pathways or parameters. NRC reviewers should expect that the
degree of uncertainty analysis should depend on the level of complexity of the modeling
(e.g., generally qualitative discussions for simple modeling to quantitative analyses for more
complex sites). The overall acceptability of the uncertainty analysis should be evaluated on a
case-by-case basis. For additional guidance on these subjects, refer to Section 1.7 from
Appendix I of this volume.

If the licensee evaluated scenarios based on reasonably foreseeable land uses, the licensee
needs to provide either a quantitative analysis of or a qualitative argument discounting the
need to analyze all scenarios generated from the less likely but plausible land uses. The
results of these analyses will be used by the staff to evaluate the degree of sensitivity of dose
to overall scenario assumptions (and the associated parameter assumptions). The reviewer
will consider both the magnitude and time of the peak dose from these scenarios. If peak
doses from the less likely but plausible land use scenarios are significant, the licensee would
need to provide greater assurance that the scenario is unlikely to occur, especially during the
period of peak dose.

» Compliance with Regulatory Criteria
The licensee’s projections of compliance with regulatory criteria are acceptable provided that
NRC staff has reasonable assurance of the following:

1. The licensee has adequately characterized and applied its source term.

2. The licensee has analyzed the appropriate scenario(s) and that the exposure group(s)
adequately represents a critical group.

3. The mathematical method and parameters used are appropriate for the scenario and
parameter uncertainty has been adequately addressed.

4. For deterministic analyses, the peak annual dose to the average member of the critical
group for the appropriate exposure scenario(s) for the option is less than (or equal to)
0.25 mSv (25 mrem), or was used to calculate DCGL,.

5. For probabilistic analyses, the “peak of the mean” dose distribution to the average

member of the critical group for the appropriate exposure scenario(s) for the option is
less than (or equal to) 0.25 mSv (25 mrem), or was used to calculate DCGL,,.

NUREG-1757, Vol. 2, Rev. 1 5-24



DOSE MODELING EVALUATIONS

6. Either one of the following:

a. The licensee has committed to using a specific scenario, model and set of
parameters with the final survey results to show final compliance with the dose
limit.

b. The licensee has committed to using radionuclide-specific DCGLs and will

ensure that the total dose from all radionuclides will meet the requirements of
Subpart E by using the sum of fractions.

5.3 RESTRICTED RELEASE (DECOMMISSIONING GROUP 6)

The following guidance is for reviewing DPs submitted by licensees from Decommissioning
Group 6.

AREAS OF REVIEW

NRC staff should review the information provided in the DP pertaining to the licensee’s
assessment of the potential doses resulting from exposure to residual radioactivity remaining at
the end of the decommissioning process. The findings and conclusions of the review under this
section should be used to evaluate the DP’s compliance with 10 CFR 20.1403. NRC staff should
ensure that, at a minimum, information on the source term, exposure scenario(s), conceptual
model(s), numerical analyses (e.g., hand calculations or computer models), and uncertainty have
been included. NRC staff should review the abstraction and assumptions regarding the source
term, the conceptual model of the site or building as appropriate, the exposure scenario(s), the
mathematical method employed, and the parameters used in the analysis and their uncertainty.

The amount of information provided by the licensee and the depth of the reviewer’s investigation
of that information should depend on the complexity of the case and the amount of site-specific
information being used by the licensee. This section has been written for review of the most
complex analyses; most analyses should not need in-depth review of all parts of the evaluation
criteria.

REVIEW PROCEDURES

Acceptance Review

NRC staff should review the DP to ensure that, at a minimum, the DP contains the information
summarized under “Areas of Review,” above. NRC staff should review the dose modeling
portion of the DP without assessing the technical accuracy or completeness of the information
contained therein. The adequacy of the information should be assessed during the detailed
technical review. NRC staff should review the DP table of contents and the individual
descriptions under “Areas of Review,” above, to ensure that the licensee or responsible party has
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included this information in the DP and to determine if the level of detail of the information
appears to be adequate for NRC staff to perform a detailed technical review.

Safety Evaluation

The material to be reviewed is technical in nature, and NRC staff should review the information
provided by the licensee to ensure that the licensee used defensible assumptions and models to
calculate the potential dose to the average member of the critical group. NRC staff should also
verify that the licensee provided enough information to allow an independent evaluation of the
potential dose resulting from the residual radioactivity after license termination and provide
reasonable assurance that the decommissioning option will comply with regulations.

ACCEPTANCE CRITERIA

Regulatory Requirements
10 CFR 20.1403
Regulatory Guidance

* Appendix I of this NUREG Report

* NUREG-1200, “SRP for the review of a license application for a Low-Level Radioactive
Waste Disposal Facility” [sic], Chapter 6

 NUREG-1549, “Decision Methods for Dose Assessment to Comply with Radiological
Criteria for License Termination”

 NUREG-1573, “A Performance Assessment Method for Low-Level Waste Disposal
Facilities: Recommendations of NRC’s Performance Assessment Working Group”

e NUREG/CR-5512, Volume 1, “Residual Radioactive Contamination from Decommissioning:
Technical Basis for Translating Contamination Levels to Annual Total Effective Dose
Equivalent”

e Draft NUREG/CR-5512, Volume 2, “Residual Radioactive Contamination from
Decommissioning: User’s Manual”

e Draft NUREG/CR-5512, Volume 3, “Residual Radioactive Contamination from
Decommissioning: Parameter Analysis”

» Federal Guidance Report Number 11, “Limiting Values of Radionuclide Intake and Air
Concentration and Dose Conversion Factors for Inhalation, Submersion, and Ingestion”
(EPA 1988)

e Federal Guidance Report Number 12, “External Exposure to Radionuclides in Air, Water, and
Soil” (EPA 1993)
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Information to be Submitted

NRC staff should organize this review by first looking at the overall scope of the dose modeling
contained in the DP (possibly for several decommissioning options and/or critical groups). This
scoping review, discussed in Chapter 5, should help the reviewers identify which section is
applicable for a given dose assessment. After the scoping review, NRC staff should review each
of the scenarios that the licensee is using to show compliance with the regulations.

In describing the licensee’s dose modeling analysis methods, “site-specific” is used in a very
general sense to describe all dose analyses except those based only on the default screening
tools. This may be as simple as a few parameter changes, in the DandD computer code from
their default ranges, to licensees using scenarios, models, and parameter ranges that are only
applicable at the licensee’s site. The information submitted should include the following:

o the source term information including nuclides of interest, the configuration of the source, the
areal variability of the source, and so forth;

e adescription of the compliance scenarios (for institutional controls both in place and not in
place) including a description of the critical group;

 adescription of any other reasonably foreseeable or less likely but plausible scenarios
considered;

 adescription of the conceptual model of the site including the source term, physical features
important to modeling the transport pathways, and the critical group;

* the identification, description and justification of the mathematical model used (e.g., hand
calculations, DandD v2.1, RESRAD v6.1);

e adescription of the parameters used in the analysis;
 adiscussion about the effect of uncertainty on the results; and
 input and output files or printouts, if a computer program was used.

This information to be submitted is also included as part of the master DP Checklist provided in
this NUREG report (see Section V.c from Appendix D of Volume 1).

EVALUATION CRITERIA

NRC staff should determine the acceptability of the licensee’s projections of radiological
impacts on the average member of the critical group during the compliance period from residual
radioactivity. The information in the DP is acceptable if it is sufficient to ensure a defensible
assessment of the possible future impacts from the residual radioactivity. The licensee’s
assessment can be either realistic or prudently conservative. The information should allow an
independent NRC staff evaluation of the assumptions used (e.g., source term configuration,
applicable transport pathways) and possible doses to the average member of the critical group.
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NRC staff should review the following information, as necessary, for each dose assessment of
residual radioactivity that the licensee has submitted in the various decommissioning options.

e Source Term

NRC staff should review the assumptions used by the licensee to characterize the facility’s
source term of residual radioactivity for dose modeling purposes. NRC staff should compare
the assumptions with the current site information and the decommissioning alternative’s
goal. The model should be an appropriate generalization of this information. Three key
areas of review for the source term assumptions are the (1) configuration, (2) the residual
radioactivity spatial variability, and (3) the chemical form(s). For additional guidance, refer
to Section [.2 from Appendix I of this volume.

1. Configuration

NRC staff should confirm that the actual measurements, facility history, and planned
remedial action(s) support the source term configuration used in the modeling by
reviewing the information in the facility history, radiological status, and planned
remedial action(s) portions of the DP. The NRC reviewer should review the provided
information for both the areal extent of residual radioactivity and the depth (for soil or
buildings) or volume (for ground water or buried material) of the residual radioactivity.
The NRC reviewer should determine if the information provided supports the
configuration assumptions used in the exposure scenario and mathematical model (e.g., a
thin layer of residual radioactivity on the building surfaces).

2. Residual Radioactivity Spatial Variability

NRC staff should review residual radioactivity concentration values provided by the
licensee for conditions both before, and projected after, the decommissioning alternative
is complete. For this subsection, NRC staff should review the spatial extent and the
degree of heterogeneity in the values. Based on this information, NRC staff should
determine whether it is reasonable to make an assumption of homogeneity for each
source for either (a) the whole site or (b) the specific subsections of the site. NRC staff
should then review the adequacy of the licensee’s determination of a representative value
(or range of values) for the residual radioactivity concentration in the source term model.
At the time of the FSS, NRC staff could use, as a general guideline, the concepts related
to area factors included in the MARSSIM and in Section 1.3.3.3.5 of Appendix I.

If the licensee develops DCGLs as a result of dose modeling, instead of estimating final
concentrations and then, entering them into the code, the licensee need not specifically
address the spatial variability acceptance criteria at this time. The licensee should
provide information for NRC staff review of the FSS. NRC staff should verify that the
spatial variability is compatible with the assumptions made for dose modeling.
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3. Chemical Form

The licensee’s assumptions regarding the chemical form of the residual radioactivity
should be reviewed for its adequacy by NRC staff. NRC staff should determine whether
the licensee has considered possible chemical changes that may occur during the time
period of interest. Without any justification of possible chemical forms, the analysis
should use the bounding chemical form(s) (i.e., the chemical form(s) that give(s) the
individual the highest dose per unit intake as described in Federal Guidance Report
Number 11). Acceptable rationale for other assumptions should be provided by the
licensee. Some acceptable rationales for using other chemical forms are (a) chemical
forms that would degrade quickly in the environment (e.g., UF) or (b) elements or
conditions that are unavailable to realistically form that molecule (e.g., SrTiO, or
high-fired UQO,).

Critical Groups, Scenarios, and Pathways Identification and Selection

In its review, NRC staff should confirm that the licensee has identified and quantified the
most significant scenarios based on available site- or facility-specific information including
proposed site restrictions. A minimum of two scenarios will be necessary to evaluate both
dose limits. One addresses the situation when the restrictions are in place and working
properly. The other addresses the possible doses that may occur if restrictions were to fail.
NRC staff should review the basis and justification for the licensee’s selected critical group
for each scenario. For scenarios in which possible environmental pathways have been
modified or eliminated, NRC staff should review the justifications provided by the licensee
for those modifications or eliminations. For additional guidance on these subjects, NRC staff
is directed to Section 1.3 of Appendix I and Appendix M of this volume.

1.

Scenario Identification

The compliance exposure scenarios are based on the location and type of source (e.g.,
contaminated walls), the reasonably foreseeable land use, the general characteristics and
habits of the critical group (e.g., an adult light industry worker), the possible pathways
which describe how the residual radioactivity would incur dose in humans, and the
potential limitations on use because of institutional controls. The licensee should provide
justification for the scenario(s) evaluated.

The licensee should justify the possible land use(s) the site might experience in the future
and create exposure scenarios consistent with these uses. One compliance scenario will
consider the effect of potential institutional controls limiting the potential uses. The
other compliance scenario will analyze the impact of the site with no institutional
controls. The licensee should provide justification for selecting each of the compliance
scenarios from the possible exposure scenarios derived from the land uses. The
compliance scenario should result in the greatest exposure for all scenarios for the
mixture of radionuclides. A licensee may chose to make a bounding assumption for land
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use to derive the scenarios (e.g., assuming a rural land use for an urban location) or base
the scenario on the reasonably foreseeable land use that results in the highest dose.

If the compliance scenarios are based on the reasonably foreseeable land use, the licensee
should provide justification for the scenarios, based on discussions with land planners,
meetings with local stakeholders, trending analysis of land use for the region, or
comparisons with land use in similar alternate locations. The time period of interest for
possible land use is for land use changes within 100 years, depending on the rate of
change in the region, and the peak exposure time. The licensee should identify what land
uses are less likely but plausible, and evaluate scenarios consistent with these less likely
but plausible land uses. In some cases, the use of reasonably foreseeable land use,
especially those limited by institutional controls, may require the licensee to evaluate off-
site uses of materials containing residual radioactivity as alternate scenarios in defining
the compliance scenario.

The licensee needs to provide either a quantitative analysis of or a qualitative argument
discounting the need to analyze all scenarios generated from the reasonably foreseeable
land uses. The level of detail can vary between scenarios, and it is expected for the
licensee to use simple analyses to limit the number of detailed scenarios. The licensee
may use screening or generic analyses to assist in determining the critical scenario for
compliance. With a mixture of radionuclides, more than one compliance scenario may
need to be used. The compliance scenario(s) should exceed the exposures from other
scenarios.

Similarly, the licensee needs to provide either a quantitative analysis of or a qualitative
argument discounting the need to analyze all the scenarios generated from the less likely
but plausible land uses. The results of these analyses will be used by the staff to
evaluate the degree of sensitivity of dose to overall scenario assumptions (and the
associated parameter assumptions). The reviewer will consider both the magnitude and
time of the peak dose from these scenarios. One goal of the staff’s review is to ensure
that, if land uses other than the reasonably foreseeable land use were to occur in the
future, significant exposures would not result. If peak doses from the less likely but
plausible land use scenarios are significant, the licensee would need to provide greater
assurance that the scenario is unlikely to occur, especially during the period of peak dose.

The screening scenarios for building surface residual radioactivity and soil residual
radioactivity are described in NUREG-1549 and NUREG/CR-5512, Volumes 1, 2 and 3.
Dose evaluations that use these scenarios (i.e., the licensee changes parameter values or
mathematical method but does not change the general scenario) are acceptable, if the
scenario is appropriate for the situation. In DPs where the licensee eliminates certain
pathways, with justification, but still maintains the same general scenario category, NRC
staff should find the scenario identification to be acceptable. For example, a licensee
may eliminate the use of ground water because the near surface aquifer has total
dissolved solids of 30,000 mg/L. The licensee still evaluates the impacts from crops
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grown in the residual radioactivity but irrigation is provided by a noncontaminated source
and therefore, the screening scenario, a residential farmer, is maintained.

The restrictions at a site may result in the evaluation of an offsite exposure scenario as
the compliance scenario. NUREG-1573 and Chapter 6 of NUREG-1200 provide
sources to use for additional guidance focused on assessing offsite exposure.

Critical Group Determination

The critical group represents a group that could receive the highest dose from the residual
radioactivity. In general, critical groups that are exposed to multiple exposure pathways
result in higher doses than groups with more limited interaction with the residual
radioactivity. NUREG-1549 and the NUREG/CR—-5512 series detail the critical group
assumptions for the screening scenarios. In instances where the licensee has used the
screening scenarios, NRC staff should verify that the critical group is the same as that
listed in NUREG-1549 and the NUREG/CR-5512 series. For example, it may be
acceptable to use the screening critical group for contaminated surface soil in offsite
exposure scenarios (e.g., a resident farmer using contaminated ground water flowing
from the site).

The licensee should provide either a qualitative or quantitative justification that the
critical group is the highest exposed group for the assumed land use(s). Separate critical
groups are necessary for the two primary analysis situations: restrictions working and
restrictions not in place. The selection of the critical group may be dependent on the
assumption of the relative mixture of radionuclides and sources of residual radioactivity
present at the site. The licensee should justify its compliance approach in these cases. A
similar justification should be provided by the licensee for the critical scenario for less
likely but plausible scenarios.

Exposure Pathways

The DP should describe the exposure pathways to which the critical group is exposed,
except for cases where the licensee is using the screening scenarios and critical groups
without modification. If the licensee has chosen to modify the screening scenario, the
changes should be justified. In general, the justification should be based on physical
limitations or situations that would not allow individuals to be exposed as described in
the scenario. For other scenarios, the exposure pathways should be consistent with the
land use assumptions, exposure group behavior, and physical site conditions. The
licensee may also use proposed restrictions to eliminate or change exposure pathways.

For example, acceptable justifications for removing the ground water pathway based on
physical limitations include any of the following: (a) the near surface ground water is
neither potable nor allowed to be used for irrigation, (b) aquifer volume is insufficient to
provide the necessary yields, (¢) there is current (and informed consideration of future)
land use patterns that would preclude ground water use, or (d) site restrictions would
preclude ground water use. Justification of water quality and quantity of the saturated
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zone should be based on the classification systems used by EPA or the State, as
appropriate.

For cases where the aquifer is classified as not being a source of drinking water, but is
adequate for stock watering and irrigation, the licensee can eliminate the drinking water
pathway and generally, the fish pathway, depending on the scenario. The licensee,
however, should still maintain the irrigation and meat/milk pathways, if consistent with
the land use assumptions.

Another example would be a rural site with a relatively small, discrete, outdoor area of
residual radioactivity (compared with the area assumed in the screening scenarios). In
this situation, it may be appropriate, based on the area of residual radioactivity, that
gardening of some vegetables and fruits would still be an assumption, but the area is not
large enough to allow one to grow grain, or raise animals for meat or milk.

e Conceptual Models

NRC staff should review the adequacy of the conceptual model(s) used by the licensee for
each exposure scenario, as appropriate. For additional guidance on these subjects, refer to
Appendix I, Section 1.4, of this volume.

The conceptual model should qualitatively describe the following:

1.

2
3.
4

5.

the relative location and activities of the critical group;
both the hydrologic and environmental transport processes important at the site;
the dimensions, location and spatial variability of the source term used in the model,

major assumptions made by the licensee in developing the conceptual model
(e.g., recharge of the aquifer is limited to the infiltration through the site’s footprint);
and

the effects of the site restrictions on transport or exposure pathways.

The NRC license reviewer should verify that the site conditions and effects of site
restrictions are adequately addressed in the conceptual model and simplifying assumptions.

e Calculations and Input Parameters

In its review, NRC staff should confirm that the licensee has used a mathematical model that
is an adequate representation of the conceptual model and the exposure scenario. For
additional guidance on these subjects, refer to the Sections 1.5 and 1.6 from Appendix I of
this volume.

1.

Execution of DandD Computer Code

If the licensee has used the DandD computer code in its analysis, NRC staff should verify
the following points:
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The residual radioactivity is limited to the surface (building or near surface soil,
as appropriate).

The site conceptual model is adequately represented by DandD’s inherent
conceptual model.

For building surfaces, if the total dose is greater than 10 % of the dose limit, the
licensee has modified the resuspension factor to account for the removable
fraction to be present at the time of decommissioning.

For sites eliminating pathways, the licensee has used the appropriate parameters
in the DandD code as “switches” to turn off the pathways without unintentionally
removing others. For example, to remove the ground water pathways, the
licensee should set the drinking water rate, irrigation rate, and pond volume to
Zero.

For each parameter modified, the licensee has adequately justified the new
parameter value or range and has evaluated the effect on other parameters.

For modifications of behavioral parameters, the changes should be based on
acceptable changes in the critical group, and the mean value of the behavior
should be used, although use of the range is also acceptable.

If the licensee has randomly sampled the parameter ranges in DandD, the licensee
has used the “peak of the mean” dose distribution to either calculate the dose or
derive the DCGLs.

Other Mathematical Methods

The NRC license reviewer should verify the following:

a.

The mathematical method’s conceptual model is compatible with the site’s
conceptual model (e.g., RESRAD Ver.6.0 would not be an acceptable
mathematical method for sites with building surface residual radioactivity).

For each parameter or parameter set, the licensee has adequately justified the
parameter value or range. For modifications of behavioral parameters, the
changes should be based on acceptable changes in the critical group, and the
mean value (or full range) of the behavior should be used.

For residual radioactivity resulting in alpha decay (e.g., uranium or thorium) and
present on building surfaces, NRC staff should review the resuspension
factor/rate and the assumptions regarding the degree of removable residual
radioactivity. For example, if the licensee has assumed that 10 % of the residual
radioactivity will be removable at the time of unrestricted release, the model’s
parameters should either implicitly or explicitly include this assumption (see
NUREG/CR-5512, Volume 3, on how it has been done for the DandD code).

5-33 NUREG-1757, Vol. 2, Rev. 1



DOSE MODELING EVALUATIONS

d. If the licensee has randomly sampled the parameter ranges, the licensee has used
the “peak of the mean” dose distribution to either calculate the dose or derive the
DCGLs.

* Uncertainty Analysis

NRC staff should review the licensee’s discussion of the uncertainty resulting from the
physical parameter values used in the analysis. The review should focus on the uncertainty
analysis for the critical pathways or parameters. NRC license reviewers should expect that
the degree of uncertainty analysis will depend on the level of complexity of the modeling
(i.e., generally, qualitative discussions should be for simple modeling, and quantitative
discussions should be for more complex sites). The overall acceptability of the uncertainty
analysis should be evaluated on a case-by-case basis. For additional guidance on these
subjects, refer to Appendix I, Section 1.7.

Similarly, the licensee needs to provide either a quantitative analysis of or a qualitative
argument discounting the need to analyze all scenarios generated from the less likely but
plausible land uses. The results of these analyses will be used by the staff to evaluate the
degree of sensitivity of dose to overall scenario assumptions (and the associated parameter
assumptions). The reviewer will consider both the magnitude and time of the peak dose from
these scenarios. If peak doses from the less likely but plausible land use scenarios are
significant, the licensee would need to provide greater assurance that the scenario is unlikely
to occur, especially during the period of peak dose.

» Compliance with Regulatory Criteria
The licensee’s projections of compliance with regulatory criteria are acceptable provided that
NRC staff has reasonable assurance of all the following:

1. The licensee has adequately characterized and applied its source term.

2. The licensee has analyzed the appropriate scenario(s) and that the exposure group(s)
adequately represents a critical group.

3. The mathematical method and parameters used are appropriate for the scenario and
parameter uncertainty has been adequately addressed.

4.  For deterministic analyses, the peak annual dose to the average member of the critical
group is in compliance with the 10 CFR 20.1403(b) or 20.1403(e) dose criteria, as
appropriate.

5. For probabilistic analyses, the “peak of the mean” dose distribution to the average

member of the critical group for the appropriate exposure scenario(s) for the option is
in compliance with the 10 CFR 20.1403(b) or 20.1403(e) dose criteria, as appropriate.
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6.  Either one of the following:

a.  The licensee has committed to using a specific scenario, model and set of
parameters with the final survey results to show final compliance with the dose
limit.

b.  The licensee has committed to using radionuclide-specific DCGLs and should

ensure that the total dose from all radionuclides will meet the requirements of
Subpart E by using the sum of fractions.

54  RELEASE INVOLVING ALTERNATE CRITERIA
(DECOMMISSIONING GROUP 7)

The following guidance is for reviewing DPs submitted by licensees from Decommissioning
Group 7.

AREAS OF REVIEW

NRC staff should review the information provided in the DP pertaining to the licensee’s
proposed alternate criteria. The findings and conclusions of the review under this section should
be used to evaluate the DP’s compliance with 10 CFR 20.1404. NRC staff should ensure that, at
a minimum, information on the source term, exposure scenario(s), conceptual model(s),
numerical analyses, and uncertainty have been included, if appropriate. NRC staff should review
the abstraction and assumptions regarding the source term, the conceptual model of the site or
building as appropriate, the exposure scenarios, the mathematical method employed, and the
parameters used in the analyses and their uncertainty. NRC staff should also review the health,
safety, and protection of the environment basis for the alternate criteria proposed.

The amount of information provided by the licensee and the extent of NRC staff’s review of that
information should depend on the complexity of the case and the amount of site-specific
information being used by the licensee.

REVIEW PROCEDURES

Acceptance Review

NRC staff should review the DP to ensure that, at a minimum, the DP contains the information
summarized in the above “Areas of Review.” NRC staff should review the dose modeling
portion of the DP without assessing the technical accuracy or completeness of the information
contained therein. The adequacy of the information should be assessed during the detailed
technical review. NRC staff should review the DP table of contents and the individual
descriptions under the above “Areas of Review” to ensure that the licensee has included this
information in the DP and to determine if the level of detail of the information appears to be
adequate for NRC staff to perform a detailed technical review. NRC staff should use Section 5.3
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of this volume and Chapter 6 of NUREG-1200, “SRP for the review of a license application for
a Low-Level Radioactive Waste Disposal Facility” [sic], as guidelines, in developing
site-specific acceptance review criteria for the proposed alternate criteria and the licensee’s
compliance evaluation.

Safety Evaluation

The material to be reviewed is technical in nature, and NRC staff should review the information
provided by the licensee to ensure that the licensee used defensible assumptions and models to
establish and demonstrate compliance with the proposed alternate criteria. NRC staff should
also verify that the licensee provided enough information to allow an independent evaluation of
the assessment resulting from the residual radioactivity after license termination and provide
reasonable assurance that the decommissioning option should comply with regulations. Each
evaluation should be performed on a case-by-case basis. NRC staff should use Section 5.3 of
this volume and Chapter 6 of NUREG—-1200, as guidelines, in developing site-specific review
criteria for the proposed alternate criteria and the licensee’s compliance evaluation.

An alternative release proposal in accordance with 10 CFR 20.1404 may allow a dose of up to
1.0 mSv/y (100 mrem/y) with restrictions in place. However, if the restrictions fail, the dose
may not exceed the values in 10 CFR 20.1403(e). Furthermore, all of the other provisions of
10 CFR 20.1403 must be met.
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6 ALARA ANALYSES

This chapter is applicable to Decommissioning Groups 2—7. Licensees in Decommissioning
Groups 2 and 3 may only have to refer to the discussion of good housekeeping practices in the
text box in Section 6.3.

6.1 SAFETY EVALUATION REVIEW PROCEDURES

AREAS OF REVIEW

NRC staff should review the information supplied by the licensee or responsible party to
determine if the licensee has developed a DP that ensures that doses to the average member of
the critical group are as low as is reasonably achievable (ALARA). Information submitted
should include (a) a cost-benefit analysis(or qualitative arguments) for the preferred option of
removing residual radioactivity to a level that meets or exceeds the applicable limit and

(b) a description of the licensee’s preferred method for showing compliance with the ALARA
requirement at the time of decommissioning.

REVIEW PROCEDURES

Acceptance Review

NRC staff should review the DP to ensure that, at a minimum, the DP contains the information
summarized under “Areas of Review,” above. NRC staff should review the ALARA portion of
the DP without assessing the technical accuracy or completeness of the information contained
therein. The adequacy of the information should be assessed during the detailed technical
review. NRC staff should review the DP table of contents and the individual descriptions under
“Areas of Review,” above, to ensure that the licensee or responsible party has included this
information in the DP and to determine if the level of detail of the information appears to be
adequate for the staff to perform a detailed technical review.

Safety Evaluation

The material supporting the optimized DP to be reviewed is technical in nature, and specific

detailed technical analysis may be necessary. NRC staff should evaluate the licensee’s dose

estimates for various alternatives using the appropriate guidance in Chapter 5 of this volume.

NRC staff should evaluate the licensee’s cost estimates using the guidance in Section 4.1 from
NUREG-1757, Volume 3.

6.2 ACCEPTANCE CRITERIA

REGULATORY REQUIREMENTS

10 CFR 20.1402, 20.1403(a), 20.1403(¢), and 20.1404(a)(3)
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REGULATORY GUIDANCE
Appendix N of this NUREG report

INFORMATION TO BE SUBMITTED

The information supplied by the licensee should be sufficient to allow NRC staff to fully
understand the basis for the licensee’s conclusion that projected dose limit/residual radioactivity
concentrations (hereafter, the decommissioning goal) are ALARA. The decommissioning goal
should be established at the point that the incremental benefits equal the incremental costs. NRC
staff review should verify that the following information is included in the description of the
development of the decommissioning goal:

* adescription of how the licensee will achieve a decommissioning goal below the dose limit,

e a quantitative cost benefit analysis,

* adescription of how costs were estimated, and

» a demonstration that the doses to the average member of the critical group are ALARA.

This information to be submitted is also included as part of the master DP Checklist provided in
this NUREG report (see Section VII from Appendix D of Volume 1).

6.3 EVALUATION CRITERIA

Good Housekeeping

For ALARA during decommissioning, all licensees should use typical good practice efforts
such as floor and wall washing, removal of readily removable radioactivity in buildings or in
soil areas, and other good housekeeping practices. In addition, licensees should provide a
description in the FSSR of how these practices were employed to achieve the final activity
levels.

NRC staff review should verify that the qualitative descriptions provide reasonable assurance
that the activities and decommissioning goal should result in doses that are ALARA.

In light of the conservatism in the building surface and surface soil generic screening levels
developed by NRC staff, the NRC staff presumes, absent information to the contrary, that
licensees who remediate building surfaces or soil to the generic screening levels do not need to
provide analyses to demonstrate that these screening levels are ALARA. In addition, both the
“Statements of Consideration” for Subpart E and the Final Generic Impact Statement
(NUREG-1496) provide that an ALARA analysis for unrestricted release of soil need not be
done. See Example 3 in Section N.1.4 in Appendix N of this volume.
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For those situations in which a licensee prepares cost-benefit analyses, NRC staff should ensure
that the analyses are developed using the methodology described in Appendix N and applied as
described in the following text.

CALCULATION OF BENEFITS

Appendix N of this volume discusses five different possible benefits: (1) collective dose
averted, (2) regulatory costs avoided, (3) changes in land values, (4) esthetics, and (5) reduction
in public opposition. Numerical estimates will generally only be available for the first three
benefits, if they are appropriate. Qualitative analysis of the benefits can be done especially if the
costs are large (e.g., no matter what the change in land value is, the costs will exceed the
benefits). In most comparisons between alternatives in the same class (e.g., both alternatives
result in unrestricted release), the only important benefit should be the collective dose averted.
In comparisons between restricted and unrestricted release, the other benefits can become
important.

The collective dose averted is generalized as the incremental dose difference between the
licensee’s approach (hereafter, preferred option) and the alternative under analysis. Therefore,
NRC staff needs to ensure that the licensee has calculated the benefits correctly by using the
correct population density, area, and averted dose. This may require technical analysis of the
dose modeling, and the NRC license reviewer should use Chapter 5 for these cases. If the
licensee has used discounting, NRC staff should ensure that the proper rates were used. The
licensee is not required to discount because the discount reduces the benefits of adverting dose in
later time periods.

For compliance with 10 CFR 20.1403(a), one acceptable method of compliance is to demonstrate
that cleanup to the unrestricted release criteria is beyond ALARA considerations. In this case, a
beneficial estimate should include costs that would be avoided if the site were to be released for
unrestricted use, including calculation of site control and maintenance costs and should include
estimation of the additional regulatory costs associated with termination of a restricted site

(e.g., development of an environmental impact statement, public meetings).

NRC staff should ensure that the licensee has properly documented the basis for any estimates of
changes in land values. Acceptable sources of such estimates include real estate agents familiar
with the local area and the issues involved or governmental assessors (e.g., county, State).

CALCULATION OF COSTS

NRC staff should verify that the licensee has adequately estimated the effective monetary costs
of the incremental remediation by using the equations in Appendix N of this volume. To review
the calculated monetary costs of the incremental remediation, NRC staff should use Section 4.1
of NUREG-1757, Volume 3, with the following changes (this may require calculating total cost
estimates for the preferred option and each alternative):

6-3 NUREG-1757, Vol. 2, Rev. 1



ALARA ANALYSES

e The cost estimate should be based on actual costs expected to be incurred by
decommissioning the facility and should not assume that the work will be performed by an
independent third-party contractor.

* The cost estimate does take credit for (a) any salvage value that might be realized from the
sale of potential assets during or after decommissioning or (b) any tax reduction that might
result from payment of decommissioning costs and/or site control and maintenance costs.

e The decommissioning cost estimates should reflect the actual situation rather than maximized
assumptions.

For each of the cost terms (e.g., disposal costs, worker fatalities) the incremental difference
between the preferred and the alternate options may be negative (i.e., the alternative “costs” less
than the preferred option).

NRC staff should verify that the licensee’s proposed demonstration that doses to the average
member of the critical group are ALARA. There are two approaches to demonstrate compliance
with the ALARA requirement at the end of decommissioning: (1) a predetermined acceptable
dose limit or concentration guideline(s) or (2) an acceptable preferred option and
decommissioning goal with organizational oversight and review during decommissioning. Both
options have their own advantages and disadvantages. Establishment of the compliance method
needs to be made by the licensee, with the staff reviewing the applicability, given the
site-specific information.

PREDETERMINED COMPLIANCE MEASURE

Under the predetermined compliance measure, the licensee would agree to meet the dose
calculated for the preferred option or the radiological concentrations associated with this dose.
This could be met by either establishing deterministic concentration limits for the site or
agreeing to use a specified dose scenario with associated parameters and assumptions. If the
licensee’s final survey results meet the self-imposed concentration limits (or dose limit), the
licensee has met the ALARA requirement.

PERFORMANCE-BASED COMPLIANCE

Performance-based compliance allows a licensee to adjust its ALARA assessment during
decommissioning to deal with actual site conditions experienced and actual costs incurred. The
philosophy behind this compliance measure is very similar to how ALARA is handled during
routine operations. The licensee’s DP needs to meet all of the following criteria to use this
approach:

e The preferred option, based on valid assumptions, would result in reducing residual activity to
ALARA levels, as described above.
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e The licensee has established decommissioning guidelines (either dose or concentrations)
based on the DP’s analysis.

¢ The licensee has a documented method to review the effectiveness of the remediation
activities. This method should include all of the following:

— An ALARA committee or RSO, for small licensees, similar to operations requirements.
— An establishment of appropriate review frequency established.

— An acceptable set of criteria on the scope of activities/commitments that the ALARA
committee can change.

— A commitment for acceptable documentation of ALARA findings that result in the
licensee making changes in its remediation activities or decommissioning guidelines.

— A commitment to provide annually to NRC, all necessary page changes to the DP because
of ALARA findings.

At the end of remediation, a licensee using the performance-based approach should meet the
following criteria:
e The final survey results satisfy the appropriate dose limit(s).

e Any substantial weaknesses in the ALARA program that were found during licensee audits or
NRC inspections have been resolved.

e Any deviation from the decommissioning goal presented in the DP is properly justified by the
ALARA committee findings. For long-term projects, these should be reviewed annually by
the NRC license reviewer or inspection staff.
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APPENDIX A

This appendix is applicable to Decommissioning Groups 2—7.

NRC regulations in 10 CFR 20.1501(a) require licensees to make or cause to be made surveys
that may be necessary for the licensee to comply with the regulations in Part 20.

The final status survey (FSS) is the radiation survey performed after an area has been fully
characterized, remediation has been completed, and the licensee believes that the area is ready to
be released. The purpose of the FSS is to demonstrate that the area meets the radiological
criteria for license termination. The FSS is not conducted for the purpose of locating residual
radioactivity; the historical site assessment (HSA) and the characterization survey perform that
function.

NRC endorses the FSS method described in MARSSIM. This appendix (a) provides an
overview of the MARSSIM approach for conducting a final radiological survey, (b) provides
additional specific guidance on acceptable values for use in the MARSSIM method, (c) describes
how to use the MARSSIM method in a way that is consistent with the dose modeling,

(d) describes how to use the MARSSIM method to meet NRC’s regulations, and (e) describes
how to extend or supplement the MARSSIM method to certain complex situations that may be
encountered, such as how to address subsurface residual radioactivity. Note that the guidance in
this appendix does not replace the MARSSIM, and licensees and reviewers should refer to, and
use, the MARSSIM for designing final radiological surveys to support decommissioning. This
guidance assumes a working knowledge of the MARSSIM approach and terminology and does
not attempt to provide a comprehensive overview of the entire MARSSIM. In addition, for
Decommissioning Groups 1-3, licensees may also use the alternative, simpler final survey
methods described in Appendix B of this volume. Refer to Appendix O of this volume for
information on lessons learned from recently submitted DPs and questions and answers to clarify
existing license termination guidance related to implementing the MARSSIM approach.

Survey checklists are found in Chapter 5 of MARSSIM. These checklists are useful in
implementing the steps of the Radiation Site Survey and Investigation (RSSI) process
(Decommissioning Groups 3—7). These checklists present a useful tool for visualizing the
sequential steps (i.e., design, performance, and evaluation) of the survey process. Furthermore,
the use of these checklists should ensure that the necessary information is collected for each type
of survey. Sites not using the Radiation Site Survey and Investigation (RSSI) process, such as
Decommissioning Groups 1 and 2, should also find these checklists or parts of these checklists
useful.

A.1 Classification of Areas by Residual Radioactivity Levels

The licensee should classify site areas based on levels of residual radioactivity from licensed
activities. The area classification method contained in Section 4.4 of MARSSIM is acceptable to
NRC staff. Its essential features are described below.
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The licensee should first classify site areas as impacted or non-impacted. Impacted areas are
areas that may have residual radioactivity from the licensed activities. Non-impacted areas are
areas without residual radioactivity from licensed activities. Impacted areas should be identified
by using knowledge of past site operations together with site characterization surveys. In the
FSS, radiation surveys do not need to be conducted in non-impacted areas. The licensee should
classify impacted areas into one of the three classes, listed below, based on levels of residual
radioactivity.

e Class 1 Areas: Class 1 areas are impacted areas that are expected to have concentrations of
residual radioactivity that exceed the DCGL,. (DCGLy, is defined in the Glossary of this
volume.)

e Class 2 Areas: Class 2 areas are impacted areas that are not likely to have concentrations of
residual radioactivity that exceed the DCGL,.

e Class 3 Areas: Class 3 areas are impacted areas that have a low probability of containing
residual radioactivity.

Surveys conducted during operations or during characterization at the start of decommissioning
are the bases for classifying areas. If the available information is not sufficient to designate an
area as a particular class, the area either should be classified as Class 1 or should be further
characterized. Areas that are considered to be on the borderline between classes should receive
the more restrictive classification.

NRC staff recognizes that there may be a need for a licensee to reclassify Class 1 Areas to

Class 2, when insufficient information was available for the initial classification. If more
information becomes available to indicate that another classification is more appropriate, the
guidance in MARSSIM allows for classifications to be changed at any time before the FSS. For
more guidance on criteria for downgrading classifications (e.g., from Class 1 to Class 2), a
licensee should refer to MARSSIM, in particular, Sections 2.2, 2.5.2, and 5.5.3. If a licensee
plans to make use of reclassification during the RSSI process, the licensee should provide in the
DP the criteria and methodology the licensee plans to use for reclassification. In addition, a
licensee contemplating use of reclassification is encouraged to consult with NRC staff.

For soils, impacted areas in Classes 1 and 2 should also be classified by whether they have
substantial amounts of subsurface residual radioactivity. This classification should be based on
the HSA and site characterization. In this context “substantial amounts of subsurface residual
radioactivity” would be defined as an amount of radioactivity, or contaminated material (such as
soil) that could contribute at least 10 % of the potential dose to the average member of the
critical group or soil that exceeded the DCGL .

Determining whether there is a substantial amount of subsurface residual radioactivity (deeper

than 15 centimeters) should not require a complex set of characterization measurements. In most
cases there will be either substantial amounts of residual radioactivity or only traces (such as in
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occasional small pockets or from leaching from surface layers by rainwater). When there are
small amounts of residual radioactivity below 15 centimeters, the MARSSIM survey methods for
surface measurements are acceptable. When there are substantial amounts of residual
radioactivity below 15 centimeters, the dose modeling and the survey methods should be
modified to account for the subsurface residual radioactivity.

The presence of subsurface residual radioactivity is usually determined by the HSA (see
Chapter 3 of MARSSIM), applying knowledge of how the residual radioactivity was deposited.
Characterization surveys to detect subsurface residual radioactivity in soil are not routinely
conducted unless there is reason to expect that subsurface residual radioactivity may be present.
The need to survey or sample subsurface soil will depend, in large part, on the quality of the
information used to develop the HSA, the environmental conditions at the site, the types and
forms (chemical and radiological) of the radioactive material used at the site, the authorized
activities and the manner in which licensed material was managed during operations.

NRC staff’s experience has shown that submittal of the DP should occur only after sufficient
site characterization has occurred. NRC staff suggests that the DP provide sufficient
information demonstrating the characterization of the radiological conditions of site
structures, facilities, surface and subsurface soils, and ground water. NRC staff has observed
that some DPs have been submitted with incomplete or inadequate characterizations of
radiological conditions. A review of such DPs has shown that the lack of information makes
it difficult to agree with the rationale justifying the proposed classification of survey units.
NRC staff suggests that the following issues related to the use of characterization survey
results and classification of survey units be considered when developing a DP:

 use of operational, post-shutdown scoping, or turnover surveys as characterization surveys;
* reclassification of survey units; and
e completeness of characterization survey design and results.

Regulatory Issue Summary 2002—-02 provides a detailed discussion of this issue.

A.2 Selection and Size of Survey Units

The licensee should divide the impacted area into survey units based on the classification
described above. A survey unit is a portion of a building or site that is surveyed, evaluated, and
released as a single unit. The entire survey unit should be given the same area classification.
Section 4.6 of MARSSIM contains a method acceptable to NRC staff for dividing impacted
areas into survey units. The important features of this method are summarized here.

For buildings, it is normally appropriate to designate each separate room as either 1 or 2 survey

units (e.g., floors with the lower half of walls and upper half of walls with ceiling) based on the
pattern of potential of residual radioactivity. It is generally not appropriate to divide rooms of

A-3 NUREG-1757, Vol. 2, Rev. 1



APPENDIX A

normal size (100 m? area or less) into more than two survey units because the dose modeling is
based on the room being considered as a single unit. However, very large spaces such as
warehouses may be divided into multiple survey units.

For soil, survey units should be areas with similar operational history or similar potential for
residual radioactivity to the extent practical. Survey units should be formed from areas with the
same classification to the extent practical, but if areas with more than one class are combined
into one survey unit, the entire survey unit should be given the more restrictive classification.
Survey units should have relatively compact shapes and should not have highly irregular
(gerrymandered) shapes unless the unusual shape is appropriate for the site operational history or
the site topography.

Suggested survey unit areas from MARSSIM are given in Table A.1. These areas are suggested
in MARSSIM because they give a reasonable sampling density and they are consistent with most
commonly used dose modeling codes. However, the size and shape of a particular survey unit
may be adjusted to conform to the existing features of the particular site area.

Table A.1 Suggested Survey Unit Areas (MARSSIM, Roadmap Table 1)

Suggested Survey Unit Area
Class Structures Land
1 up to 100 m? up to 2000 m?
2 100 to 1000 m* 2000 to 10,000 m?
3 no limit no limit
A3 Selection of Background Reference Areas and Background

Reference Materials

A.3.1 Need for Background Reference Areas

Background reference areas are not needed when radionuclide-specific measurements will be
used to measure concentrations of a radionuclide that is not present in background. Background
reference areas are needed for the MARSSIM method if (a) the residual radioactivity contains a
radionuclide that occurs in background, or (b) the sample measurements to be made are not
radionuclide-specific. However, a licensee may find cost benefits to consider the background for
a particular radionuclide as zero or some other appropriately low value approved by the staff,
recognizing that this is a risk-informed approach. The survey unit itself may serve as the
reference area when a surrogate radionuclide in the survey unit can be used to determine
background. For example, it may be possible to use radium-226 as a surrogate for natural
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uranium. (More information on the use of surrogate radionuclides is provided in Section 4.3.2 of
MARSSIM.)

Multiple reference areas may be used if reference areas have significantly different background
levels because of the variability in background between areas. (See Section A.3.4 below and
Section 13.2 of NUREG—-1505.) A derived reference area may be used when it is necessary to
extract background information from the survey unit because a suitable reference area is not
readily available. For example, it may be possible to derive a background distribution based on
areas of the survey unit where residual radioactivity is not present.

A.3.2 Characteristics of Soil Reference Areas

The objective is to select non-impacted background reference areas where the distribution of
measurements should be the same as that which would be expected in the survey unit if that
survey unit had never been contaminated. An acceptable method for selecting background areas
is contained in Section 4.5 of MARSSIM and is briefly described below.

For soils, reference areas should have a soil type as similar to the soil type in the survey unit as
possible. If there is a choice of possible reference areas with similar soil types, consideration
should be given to selecting reference areas that are most similar in terms of other physical,
chemical, geological, and biological characteristics. Each reference area should have an area at
least as large as the survey unit, if practical, in order to include the full potential spatial
variability in background concentrations. Reference areas may be offsite or onsite, as long as
they are non-impacted. NUREG—-1506 provides additional information on reference area
selection. Licensees should consult with NRC staff when they are unable to find a reference area
that satisfies the above criteria.

A.3.3 Different Materials in a Survey Unit

Survey units may contain a variety of materials with markedly different backgrounds. An
example might be a room with drywall walls, concrete floor, glass windows, metal doors, wood
trim, and plastic fixtures. It is not appropriate to make each material a separate survey unit
because the dose modeling is based on the dose from the room as a whole and because a large
number of survey units in a room would require an inappropriate number of samples.

When there are different materials with substantially different backgrounds in a survey unit, the
licensee may use a reference area that is a non-impacted room with roughly the same mix of
materials as the survey unit.

If a survey unit contains several different materials, but one material is predominant or if there is
not too great a variation in background among materials, a background from a reference area
containing only a single material may still be appropriate. For example, a room may be mostly
concrete but with some metal beams, and the residual radioactivity may be mostly on the
concrete. In this situation where the concrete predominates, it would be acceptable to use a
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reference area that contained only concrete. However, the licensee should demonstrate that the
selected reference area will not result in underestimating the residual radioactivity on other
materials.

The licensee may also use measured backgrounds for the different materials or for groups of
similar materials. When the licensee decides to use different measured backgrounds for different
materials or for a group of materials with similar backgrounds, it is acceptable to perform a
one-sample test on the difference between the paired measurements from the survey unit and
from the appropriate reference material. An acceptable method to do this is described in detail in
Chapter 2 of NUREG-1505.

For onsite materials, present either in buildings or as nonsoil materials present in outdoor survey
units (e.g., concrete, brick, drywall, fly ash, petroleum product wastes), the licensee should
attempt to find non-impacted materials that are as similar as possible to the materials on the site.
Sometimes such materials will not be available. In those situations, the licensee should make a
good faith effort to find the most similar materials readily available or use appropriate published
estimates.

A.3.4 Differences in Backgrounds Between Areas

When using a single reference area, any difference in the mean radionuclide concentration
between the survey unit and the reference area would be interpreted as caused by residual
radioactivity from site operations. This interpretation may not be appropriate when the
variability in mean background concentrations among different reference areas is a substantial
fraction of the DCGL,,. When there may be a significant difference in backgrounds between
different areas, a Kruskal-Wallis test, as described in Chapter 13 of NUREG-1505, can be
conducted to determine whether there are, in fact, significant differences in mean background
concentrations among potential reference areas.

While NUREG-1505 does not recommend specific values for the Kruskal-Wallis test, NRC
staff recommends at least 15 samples in each of at least 4 reference areas and a Type I error rate
of ay = 0.2 to provide an adequate number of measurements for the determination of whether
there is a significant difference in the background concentrations. However, different values
may be appropriate on a site—specific basis.

If significant differences in backgrounds among reference areas are found, NRC staff
recommends that a value of three times the standard deviation of the mean of the reference area
background values should be added to the mean of the reference area background to define a
background concentration. A value of three times the standard deviation of the mean is chosen
to minimize the likelihood that a survey unit that contains only background would fail the
statistical test for release. A two-sample test (see Section A.4, below) should then be used to test
whether the survey unit meets the radiological criteria for license termination. This method is
described in detail in Chapter 13 of NUREG-1505.
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A.3.5 Background Survey Design

This survey constitutes measurements of non-impacted areas on and surrounding the site in order
to establish the baseline, that is, the normal background levels of radiation and radioactivity. In
some situations, historical measurements may be available from surveys performed before the
construction and operation of a facility. Areas such as roads, parking lots, and other large paved
surfaces that may have been impacted or disturbed by site-related activities should be avoided.
The background survey takes on added importance since the licensee may decide to use a
statistical test that compares impacted areas to off or onsite reference areas in order to
demonstrate compliance with the release criteria in 10 CFR Part 20, Subpart E. To minimize
systematic biases in the comparison, the same sampling procedure, measurement techniques, and
type of instrumentation (e.g., detection sensitivity and accuracy) should be used at both the
survey unit and the reference area.

NUREG-1505 provides additional guidance on survey design, the methods of accounting for
background radiation, and the nonparametric statistical methods for testing compliance with the
decommissioning criteria in 10 CFR Part 20, Subpart E. Formulas contained in NUREG-1505
can be used to compute the required number of samples (measurement points) that will be
needed in both the background reference and survey areas.

A4 Methods to Evaluate Survey Results

All survey units should be evaluated to determine whether the average concentration in the
survey unit as a whole is below the DCGL,,. If the radionuclide is not present in background
and the measurement technique is radionuclide-specific so that comparison with a reference area
is not necessary, a one-sample test, the Sign test, should be used. This test is described in
Section 8.3 of MARSSIM.

When the residual radioactivity contains a radionuclide present in the environment or when the
measurements are not radionuclide-specific, the survey unit should be compared to a reference
area. When the survey unit will be compared to a reference area, a two-sample test, the
Wilcoxon Rank Sum (WRS) test, should be used. This test is described in Section 8.4 of
MARSSIM.

A.41 A Case for Not Subtracting Background

An exception to using a two-sample test when a radionuclide is present in background is when
the licensee plans to assume that all the radionuclide activity in the survey unit is caused by
licensed operations and none is from background. This could be the case for cesium-137, for
example, because the levels in the environment are often so much less than the DCGL, that
background concentrations may be ignored.
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A.4.2 Elevated Measurements Comparison

Class 1 survey units that pass the Sign test or WRS test but have small areas with concentrations
exceeding the DCGL,, should also be tested to demonstrate that those small areas meet the dose
criteria for license termination. This test is called the elevated measurement comparison (EMC).
It is described in Section 8.5.1 of MARSSIM and summarized here.

To perform the EMC, the size of the area in the survey unit with a concentration greater than the
DCGL,, is determined, then the area factor for an area of that size is determined. (The area
factor is the multiple of the DCGL,, that is permitted in a limited area of a survey unit. See
Section A.7.5.) The average concentration in the area is also determined. The EMC is
acceptable if the following condition is met as shown in Equation A—1 (adapted from MARSSIM
Equation 8-2):

0 , average concentration in the elevated area - 0

<1 (A-1)
DCGL,, area factor for elevated area x DCGL,,
where 0 = the average residual radioactivity concentration for all sample points in the survey
unit only.

If there is more than one elevated area, a separate term should be included for each one.

As an alternative to the unity rule expressed in Equation A—1, the dose from the actual
distribution of residual radioactivity can be calculated if there is an appropriate exposure
pathway model available.

A5 Instrument Selection and Calibration

To demonstrate that the radiological criteria for license termination have been met, the
measurement instruments should have an adequate sensitivity, be calibrated properly, and be
checked periodically for proper response.

A.5.1 Calculation of Minimum Detectable Concentrations

The licensee should determine the MDC for the instruments and techniques that will be used.
The MDC is the concentration that a specific instrument and technique can be expected to detect
95 % of the time under actual conditions of use.

For scanning building surfaces for beta and gamma emitters, the MDC,,,, should be determined
from the following equation (obtained by combining MARSSIM Equations 6-8, 6-9, and 6-10
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and using a value recommended in this appendix for the index of sensitivity d’ of 1.38, which is
for 95 % detection of a concentration equal to MDC,_,, with a 60 % false-positive rate).

scan

270,000 x 1.38 /B

MDC_ _ (building surfaces) =

scan (A-2)
Ve e At
where MDC,,, =  minimum detectable concentration for scanning building surfaces in
pCi/m?
270,000 =  conversion factor to convert to pCi/m?
1.38 = index of sensitivity d’
B = number of background counts in time interval ¢

= surveyor efficiency

= instrument efficiency for the emitted radiation

source efficiency in emissions/disintegration

= probe’s sensitive area in cm?

= time interval of the observation while the probe passes over the source
in seconds

S ha mn
Il

Based on the measurements described in NUREG/CR—-6364, a surveyor efficiency p of 0.5
represents a mean value for normal field conditions and its use is generally acceptable. If the
licensee wants to determine a value appropriate for particular measurement techniques, the
information in NUREG/CR-6364 describes how the value can be determined. NUREG-1507
provides additional information on the interpretation of results reported in NUREG/CR-6364.

For scanning soil with a sodium iodide gamma detector, the MDC,,,,
MARSSIM provide an acceptable estimate of MDC,

scan*

values given in Table 6.7 of

For static measurements of surface concentrations, the MDC,,,,. may be calculated using the
following equation (from NUREG-1507, Equation 3-10):

+ 4.
MD Cstatic = > 4I.<6f \/E (A—3)
where MDC,,,,, =  minimum detectable concentration in pCi/m* or pCi/g
B = background counts during measurement time interval ¢
t = counting time in seconds
K = acalibration constant (best estimate) to convert counts/second to pCi/m?

or pCi/g and is discussed further in NUREG—-1507.

An example using this equation is shown in Section 6.7.1 of MARSSIM.

A-9 NUREG-1757, Vol. 2, Rev. 1



APPENDIX A

The instruments used for sample measurements at the specific sample locations should have an
MDC,,,. less than 50 % of the DCGL,, as recommended in Section 4.7.1 of MARSSIM. There

static
is no specific recommendation for the MDC,,,,, but the MDC,_,, will determine the number of

scan? scan

samples needed, as discussed in Section A.7.6 of this appendix.

The licensee should record all numerical values measured, even values below the “minimum
detectable concentration” or “critical level,” including values that are negative (when the
measured value is below the average background). Entries for measurement results should not
be “nondetect,” “below MDC,” or similar entries because the statistical tests can only tolerate a
maximum of 40% nondetects.

A.5.2 Instrument Calibration and Response Checks

NRC regulations at 10 CFR 20.1501(b) require that the licensee periodically calibrate radiation
measurement instruments used in surveys such as the FSS.

For in situ gamma measurements, the detector efficiency (count rate per unit fluence rate) should
be determined for the gamma energies of interest and the assumed representative depth
distribution. The surface and volumetric distributions should be explicitly considered to evaluate
potential elevated areas. To calibrate for the representative depth distribution, acceptable
methods are to (a) use a test bed with radioactive sources distributed appropriately or (b) use
primarily theoretical calculations that are normalized or verified experimentally using a source
approximating a point source. The calibration of the source used for the verification source
should be traceable to a recognized standards or calibration organization, for example, the
National Institute of Standards and Technology.

Some modern instruments are very stable in their response. Thus, as long as instrument response
checks are performed periodically to verify that the detector is operating properly, it may be
acceptable to calibrate only initially without periodic recalibrations. The initial calibration may
be performed by either the instrument supplier or the licensee, but in either case,

10 CFR 20.2103(a) requires that a record describing the calibration be available for inspection
by NRC.

A.5.3 Instrument Response Checks

The response of survey instruments should be checked with a check source to confirm constancy
in instrument response each day before use. Licensees should establish criteria for acceptable
response. If the response is not acceptable, the instrument should be considered as not
responding properly and should not be used until the problem has been resolved. Measurements
made after the last acceptable response check should be evaluated and discarded, if appropriate.

The check source should emit the same type of radiation (i.e., alpha, beta, gamma) as the

radiation being measured and should give a similar instrument response, but the check source
does not have to use the same radionuclide as the radionuclide being measured.
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A.6 Scanning Coverage Fractions and Investigation Levels

Scanning is performed to locate small areas of elevated concentrations of residual radioactivity
to determine whether they meet the radiological criteria for license termination. The licensee
should perform scanning in each survey unit to detect areas of elevated concentrations. The
licensee should establish investigation levels for investigating significantly elevated
concentrations of residual radioactivity. Acceptable scanning coverage fractions and scanning
investigation levels for buildings and land areas are shown in Table A.2. This table is based on
MARSSIM Roadmap Tables 2 and 5.8.

Systematic scans are those conducted according to a preset pattern. Judgmental scans are those
conducted to include areas with a greater potential for residual radioactivity. In Class 2 areas, a
10 % scanning coverage would be appropriate when there is high confidence that all locations
would be below the DCGL,,. A coverage of 25 % to 50 % would be appropriate when there may
be locations with concentrations near the DCGL,,. A coverage of 100 % would be appropriate if
there is any concern that the area should have had a Class 1 classification rather than a Class 2
classification. In Class 3 areas, scanning coverage is usually less than 10 %. If any location
exceeds the scanning investigation level, scanning coverage in the vicinity of that location
should be increased to delineate the elevated area.

Table A.2  Scanning Coverage Fractions and Scanning Investigation Levels

Class | Scanning Coverage Fraction Scanning Investigation Levels
1 100 % >DCGLgyc
2 10 to 100 % for soil and for floors and >DCGL,, or >MDC,,,, if MDC,,,, 1s

lower walls of buildings, 10 to 50 % for greater than DCGL,,
upper walls and ceilings of buildings,
systematic and judgmental

3 Judgmental >DCGL,, or >MDC,,,, if MDC,_,, is

scan scan

greater than DCGL,,

Sometimes the sensitivity of static measurements at designated sample points is high enough to
detect significantly elevated areas between sample points. If the sensitivity is high enough, only
this single set of measurements is necessary. For example, both scanning and sampling for
cobalt-60, which emits an easily detectable gamma, can be done with a single set of in situ
measurements in some cases.
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A.7 Determining the Number of Samples Needed

A minimum number of samples are needed to obtain sufficient statistical confidence that the
conclusions drawn from the samples are correct. The method described below from Chapter 5 of
MARSSIM is acceptable for determining the number of samples needed.

A.71 Determination of the Relative Shift

The number of samples needed will depend on a ratio involving the concentration to be
measured relative to the variability in the concentration. The ratio to be used is called the
relative shift, A/o,. The relative shift, A/o, is defined in Section 5.5.2.2 of MARSSIM as:

DCGL,, - LBGR
Ao, = . (A—4)

s

where DCGL,,
LBGR

derived concentration guideline

concentration at the lower bound of the gray region. The LBGR is the
concentration to which the survey unit must be cleaned in order to have
an acceptable probability of passing the test (i.e., 1-).

o] = an estimate of the standard deviation of the concentration of residual
radioactivity in the survey unit (which includes real spatial variability in
the concentration as well as the precision of the measurement system)

The value of o, is determined either from existing measurements or by taking limited preliminary
measurements of the concentration of the residual radioactivity in the survey unit at about 5 to

20 locations as recommended in Section 5.5.2.2 of MARSSIM. If a reference area will be used
and the estimate of the standard deviation in the reference area, o,, is larger than the estimate of
the standard deviation in the survey unit, o, , then the larger value should be used in the

equation.

The LBGR should be set at the mean concentration of residual radioactivity that is estimated to
be present in the survey unit. However, if no other information is available regarding the survey
unit, the LBGR may be initially set equal to 0.5 DCGL,,, as recommended by the MARSSIM. If
the relative shift, A/, exceeds 3, the LBGR should be increased until A/o, is equal to 3. The
licensee may refer to Section 5.5.2.2 of MARSSIM for additional details and information.

A.7.2 Determination of Acceptable Decision Errors

A decision error is the probability of making an error in the decision on a survey unit by failing a
survey unit that should pass or by passing a survey unit that should fail. When using the
statistical tests, larger decision errors may be unavoidable when encountering difficult or adverse
measuring conditions. This is particularly true when trying to measure residual radioactivity
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concentrations close to the variability in the concentration of those materials in natural
background.

The a decision error is the probability of passing a survey unit whose actual concentration
exceeds the release criterion. A decision error o of 0.05 is acceptable under the more favorable
conditions when the relative shift, A/, is large (about 3 or greater). Larger values of o« may be
considered when the relative shift is small to avoid an unreasonable number of samples. The

B decision error is the probability of failing a survey unit whose actual concentration is equal to
LBGR. Any value of [ is acceptable to NRC.

A.7.3 Number of Samples Needed for the Wilcoxon Rank Sum
(WRS) Test

The minimum number of samples, N, needed in each survey unit for the WRS test may be
determined from the following equation (adapted from MARSSIM Equation 5-1 with N
redefined as the number of samples in the survey unit):

(Zi o * Zl—p)2

1
N = =X (A-5)
2
2 3@, -05)
where N = the number of samples in the survey unit
Z,, = the percentile represented by the decision error o
Z, 5 =  the percentile represented by the decision error [3
P = the probability that a random measurement from the survey unit exceeds a

random measurement from the background reference area by less than the
DCGL,, when the survey unit median is equal to the LBGR concentration
above background

%2 = afactor added to MARSSIM Equation 5-1 because N always is defined in this
guide as the number of samples in the survey unit

Values of P,, Z, ,, and Z, 4, are tabulated in Tables 5.1 and 5.2 of MARSSIM. N is the
minimum number of samples necessary in each survey unit. An additional N samples will also
be needed in the reference area. If N is not an integer, the number of samples is determined by
rounding up. In addition, the licensee should consider taking some additional samples
(MARSSIM recommends 20 %) to protect against the possibility of lost or unusable data. Fewer
samples increase the probability of an acceptable survey unit failing to demonstrate compliance
with the radiological criteria for release.
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A.7.4 Number of Samples Needed for Sign Test

The number of samples N needed in a survey unit for the sign test may be determined from the
following equation (adapted from MARSSIM Equation 5-2):

Z,_ ., + Z o)
N = Gt A (A-6)
4 (Sign p - 0.5)

where N = number of samples needed in a survey unit
Z, . = percentile represented by the decision error o
Z g = percentile represented by the decision error [3
Signp = estimated probability that a random measurement for the survey unit will
be less than the DCGL,, when the survey unit median concentration is
actually at the LBGR.

Values of Z,_,, Z, 5, and Sign p are tabulated in Tables 5.2 and 5.4 of MARSSIM. In addition,
the licensee should consider taking some additional samples (MARSSIM recommends 20 %) to
protect against the possibility of lost or unusable data. Fewer samples increase the probability of
an acceptable survey unit failing to demonstrate compliance with the radiological criteria for
release. If a survey unit fails to demonstrate compliance because there were not enough samples
taken, a totally new sampling effort may be needed unless resampling was anticipated.

A.7.5 Use of Two-Stage or Double Sampling

It may be desirable for a licensee to sample a survey unit a second time to determine compliance.
“Two-stage sampling” and “double sampling” are two methods by which additional survey unit
data can be acquired. Two-stage sampling refers to survey designs specifically intended to be
conducted in two stages. Double sampling refers to the case when the survey unit design is a
one-stage design, but allowance is made for a second set of samples to be taken if the
retrospective power of the test using the first set of samples does not meet the design objectives.
Use of either method should be considered as part of the DQO process when developing the
design of the FSS. Refer to Appendix C of this volume for information on the use of two-stage
or double sampling.

A.7.6 Additional Samples for Elevated Measurement Comparison in
Class 1 Areas

Additional samples may be needed when the concentration that can be detected by scanning,
MDC,,,,, is larger than the DCGL,,. The licensee should determine whether additional samples

are needed in Class 1 survey units for the elevated measurement comparison when the
concentration that can be detected by scanning, MDC,,,, is larger than the DCGL,,. The method
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in Section 5.5.2.4 of MARSSIM to determine whether additional samples are needed is
acceptable to NRC staff and is described here.

The area factor is the multiple of the DCGL, that is permitted in a limited portion of the survey
unit. In Equation A—7, the ratio of the MDC,_,, to the DCGL,, establishes the area factor (the

multiple of the DCGL) that can be detected by scanning (adapted from MARSSIM
Equation 54):

MDC

scan

area factor = ———— —
’ DCGL,, (A7)

Using the methods in NUREG—-1549, the size of the area corresponding to the area factor, 4,
can be determined. The number of sample points that may be needed to detect this area of
elevated measurement concentration, N, in a survey unit is:

A
Neye = 1 (A-8)
EC

where 4 = the area of the survey unit
Agc the area of concentration greater than DCGLy,

If Ng,,c 1s larger than N, additional samples may be needed to demonstrate that areas of elevated
concentrations meet the radiological criteria for license termination. However, the number of
samples needed is not necessarily N;,,.. To determine how many additional samples may be
needed, the HSA and site characterization should be considered. Based on what is known about
the site, it may be possible to estimate a concentration that is unlikely to be exceeded. If there is
a maximum concentration, the size of the area corresponding to this area factor for this
concentration may be used for 4, in Equation A-8. Similarly, based on knowledge of how the
radioactive material was handled or dispersed on the site, it may be possible to estimate the
smallest area likely to have elevated concentrations. If this is so, that area can be used in
Equation A—-8. Likewise, knowledge of how the residual radioactivity would be likely to spread
or diffuse after deposition could be used to determine an area A for Equation A-8.

It has been shown in Figure D—7 of Appendix D to MARSSIM and in Section 3.7.2 of
NUREG-1505 that a triangular grid is slightly more effective in locating areas of elevated
concentrations. Therefore, a triangular grid generally should be used if N, is significantly
larger than N and if areas similar in size or smaller than the grid spacing are expected to have
concentrations at or above the area factor.
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A.8 Determining Sample Locations

The licensee should establish a reference coordinate system for the impacted areas. A reference
coordinate system is a set of intersecting lines referenced to a fixed site location or benchmark.
Reference coordinate systems are established so that the locations of any point in the survey unit
can be identified by coordinate numbers. A reference coordinate system does not establish the
number of sample points or determine where samples are taken. A single reference coordinate
system may be used for a site, or different coordinate systems may be used for each survey unit
or for a group of survey units. Section 4.8.5 of MARSSIM describes an acceptable method to
establish a reference coordinate system.

In Class 1 and Class 2 areas, the sampling locations are established in a regular pattern, either
square or triangular. The method described below is from in Section 5.5.2.5 of MARSSIM.

After the number of samples needed in the survey unit has been determined and the licensee has

decided whether to use a square or triangular grid, sample spacings, L, are determined from
Equations A-9 and A-10 (adapted from MARSSIM Equations 5-5, 5-6, 5-7, and 5-8).

L = 086%\/ for a triangular grid (A-9)

L = % for a square grid (A-10)
where 4 = the survey unit area
N = the number of samples needed (in Class 1 areas, the larger of the number for

the statistical test or the EMC).

The calculated value of L is then often rounded downward to a shorter distance that is easily
measured in the field.

A random starting point should be identified for the survey pattern. The coordinate location of
the random starting point should be determined by a set of two random numbers with one
representing the x axis and the other, the y axis. The random numbers can be generated by
calculator or computer or can be obtained from a table of random numbers. Each random
number should be multiplied by the appropriate survey unit dimension to provide a coordinate
relative to the origin of the survey unit reference coordinate system.
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Beginning at the random starting point, a row of points should be identified parallel to the x axis
at intervals of L. For a square grid, the additional rows should be parallel to the first row at a
distance of L from the first row. For a triangular grid, the distance between rows should be
0.866 L, and the sample locations in the adjacent rows should be midway on the x axis between
the sample locations in the first row. Sample locations selected in this manner that either do not
fall within the survey unit area or cannot be surveyed because of site conditions should be
replaced with other sample locations determined using the same random selection process that
was used to select the starting point. An example illustrating the triangular grid pattern is shown
in MARSSIM in Figure 5.5.

In Class 3 survey units and in reference areas, all samples should be taken at random locations.
Each sample location should be determined by a set of two random numbers, one representing
the x axis and the other the y axis. Each set of random numbers should be multiplied by the
appropriate survey unit dimension to provide coordinates relative to the origin of the survey unit
reference coordinate system. Coordinates identified in this manner that do not fall within the
survey unit area or that cannot be surveyed because of site conditions should be replaced with
other sample locations determined in the same manner. MARSSIM Figure 5.4 illustrates a
random sample location pattern.

A9 Determination of Compliance

The licensee should first review the measurement data to confirm that the survey units were
properly classified. MARSSIM Section 8.2.2, contains methods for this review that are
acceptable to NRC staff. If the FSS shows that an area was misclassified with a less restrictive
classification, the area should receive the correct classification and the FSS for the area should
be repeated. A pattern of misclassifications that are not restrictive enough indicates that the
characterization was not adequate. In this case, the site or portions of the site in question should
be characterized again, reclassified, and resurveyed for the new classification.

The licensee should then determine whether the measurement results demonstrate that the survey
unit meets the radiological criteria for license termination. Tables A.3 and A.4, below,
summarize an acceptable way to interpret the sample measurements. The WRS test is described
in Section 8.4 of MARSSIM. The Sign test is described in Section 8.3 of MARSSIM. The EMC
is described in Section 8.5 of the MARSSIM. The elevated measurement is applied to all sample
measurements and all scanning results that exceed the DCGL,,.

In some cases, licensees may choose to use scanning or fixed measurement techniques that
assess 100 % of the population of potential direct measurements or samples within the survey
unit. For these cases, it may be reasonable to demonstrate compliance by directly comparing the
average radionuclide concentrations determined from the survey with the appropriate DCGL,,,
without the need for performing statistical tests. Guidance has not yet been developed for using
such techniques without performing statistical tests; therefore, licensees should discuss such
techniques with NRC staff on a case-by-case basis.
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Table A.3 Interpretation of Sample Measurements when a Reference
Area is Used

Measurement Results Conclusion

Difference between maximum survey unit concentration and | Survey unit meets release
minimum reference area concentration is less than DCGL,. criterion.

Difference between survey unit average concentration and Survey unit fails.
reference area average concentration is greater than DCGL,.

Difference between any survey unit concentration and any Conduct WRS test and EMC.
reference area concentration is greater than DCGL, and the
difference of survey unit average concentration and
reference area average concentration is less than DCGL,,.

Table A.4 Interpretation of Sample Measurements when No Reference Area is

Used
Measurement Results Conclusion
All concentrations are less than DCGL,. Survey unit meets release
criterion.
Average concentration is greater than DCGL,. Survey unit fails.
Any concentration is greater than DCGL,, and average Conduct Sign test and EMC.
concentration less than DCGL,,.

Some facilities may have residual radioactivity composed of more than one radionuclide. When
there are multiple radionuclides rather than a single radionuclide, the dose contribution from
each radionuclide needs to be considered. Refer to Section 2.7 of this volume for information
about using the sum of fractions approach for compliance when multiple radionuclides are
present.

When there is a fixed ratio among the concentrations of the nuclides, a DCGL, for each nuclide
can be calculated. Compliance with the radiological criteria for license termination may be
demonstrated by comparing the concentration of the single surrogate radionuclide that is easiest
to measure with its DCGL,, (which has been modified to account for the other radionuclides
present). For example, if Cs-137 and Sr-90 are present, using measured concentrations of
Cs-137 as a surrogate for the mix of Cs-137 and Sr-90 may be simpler than separately measuring
Cs-137 and Sr-90, and may thus save labor and analytical expenses. When using a surrogate
radionuclide to represent the presence of other radionuclides, a sufficient number of
measurements, spatially distributed throughout the survey unit, should be used to establish a
consistent ratio between the surrogate and the other radionuclides. Section 4.3.2 of MARSSIM
provides additional information on the use of surrogate radionuclides for surveys.
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When there is no fixed ratio among the concentrations of the nuclides, it is necessary to evaluate
the concentration of each nuclide. Compliance with the radiological criteria for license
termination is then demonstrated by considering the sum of the concentration of each nuclide
relative to its DCGL,, calculated as if it were the only nuclide present. An acceptable method
for performing the evaluation is described in Chapter 11 of NUREG-1505.

In some cases in which multiple nuclides are present with no fixed ratio in their concentrations,
the dose contribution from one or more of the nuclides in the mixture will dominate the total
dose, and the dose from other radionuclides will be insignificant. For example, at a nuclear
power plant, many different radionuclides could be present with no fixed ratio in their
concentrations, but almost all of the dose would come from just one or two of the nuclides. For
guidance on elimination of radionuclides or pathways from consideration, refer to Section 3.3 of
this volume.

If a survey unit fails, the licensee should evaluate the measurement results and determine why
the survey unit failed. MARSSIM, in Sections 8.2.2 and 8.5.3 and in Appendix D, provides
acceptable methods for reviewing measurement results. If it appears that the failure was caused
by the presence of residual radioactivity in excess of that permitted by the radiological release
criteria, the survey unit should be re-remediated and resurveyed. However, some failures may
not be caused by the presence of residual radioactivity. If it can be determined that this is the
case, the survey unit may be released.
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A large number of licensees may use a simplified method to demonstrate regulatory compliance
for decommissioning, avoiding complex final status surveys (FSSes). For Decommissioning
Groups 1-3, licensees may use the simplified FSS method described in Appendix B of
MARSSIM or the alternative protocol described in this volume below.

B.1 MARSSIM Simplified Method

The simplified method in Appendix B of MARSSIM may be used by Decommissioning Group 1
and some of Decommissioning Group 2 licensees. These are sites where radioactive materials
have been used or stored only in the form of (a) non-leaking, sealed sources; (b) short half-life
radioactive materials (e.g., T,, <120 days) that have since decayed to insignificant quantities;

(c) small quantities exempted or not requiring a specific license; or (d) combination of the above.
Refer to Appendix B of MARSSIM for the details of this simplified method.

B.2 Alternative Simplified Method

This alternative method may be used by Decommissioning Groups 1-3 and is applicable only for
surfaces of building structures and for surface soils. The following conditions are prerequisite to
the use of this method:

e Use of screening DCGLs (including DandD code using default distributions).

* No complex or special surveys are included (e.g., volumetric building structure residual
radioactivity, duct work, embedded piping, ground water residual radioactivity, subsurface
soil residual radioactivity, buried conduit, sewer pipes, or prior onsite disposals).

» Not to be applied to land areas where soil has been previously remediated.

e Removable residual radioactivity for building surfaces must comply with the screening
DCGL,, basis of 10 % removable or adjusted per Screening Table (see Appendix H of this
volume).

e MDC between 10 to 50 % of the DCGL,, for scans, static or direct measurements, and
sampling and analysis (using NUREG-1507 guidance).

If the above conditions are met, then the following simplified method may be used to design and
conduct the FSS for each survey unit.
e Size is limited to 2000 m” for land areas and 100 m* for structures.
e Scanning and sampling to be performed:
— 100 % scan and
— 30 samples.

» Hot spot criteria is three times the DCGL,,, applied to any sampling location.
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e A quality control program to ensure results are accurate and sources of uncertainty are
identified and controlled.

» The average concentration for the survey unit is compared to the DCGL,,.

e Statistical tests may be the Student’s ¢ test, Sign test, or Wilcoxon Rank Sum test, with

a = 0.05 (no statistics are needed if all measurements are less than the DCGLy).

The final status survey report (FSSR) should provide a complete and unambiguous record of the
radiological status of the site and should stand on its own with minimal information incorporated
by reference (see Appendix D of this volume for additional information on reporting survey
results).
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When might it be desirable to allow a licensee to sample a survey unit a second time to
determine compliance? In the statistical literature this is called either two-stage sampling or
double sampling. Resampling is something else altogether. The terms “double sampling” and
“two-stage sampling” seem to appear interchangeably in the literature. More recently, the latter
seems to have gained favor, so this appendix will use two-stage sampling when referring to
survey designs specifically intended to be conducted in two stages. The term double sampling
will be used to refer to the case when the survey design is a one-stage design, but allowance is
made for a second set of samples to be taken if the retrospective power of the test using the first
set of samples does not meet the design objectives. Such allowance, if given, should be
specifically mentioned in preparing the Data Quality Objectives (DQOs) and in advance of any
sampling and analysis. During the DQO process, double sampling could be considered as an
option in setting the Type I error rates. The reasoning behind this is discussed in the next
section.

CA Double Sampling

Suppose it is thought that a survey unit might have passed the final status statistical test had the
initial sampling design been powerful enough. That is, a retrospective examination of the power
of the statistical tests used reveals that the probability of detecting that the survey unit actually
meets the release criterion was lower than that planned for during the DQO process. This could
occur if the spatial variability in residual radioactivity concentrations was larger than anticipated.
The power of the test specified during the DQO process depends on an estimate of the
uncertainty. The power of the statistical test will be less than planned if the standard deviation is
higher than expected. If samples were lost, did not pass analytical QA/QC, or are otherwise
unavailable for inclusion in the analysis, the power will also be lower than was planned. Might
additional samples be taken in the survey unit to improve the power of the test?

The approach of draft NUREG/CR-5849 allowed the licensee to take additional samples in a
survey unit if, after the first sampling, the mean was less than the DCGL,,, and the desired upper
confidence level on the mean was greater than the DCGLy,. Because a 95 % confidence interval
is constructed using Student’s t statistic rather than using a hypothesis test, Type II errors are not
considered in the survey design. The second set of samples was taken so that a t test on the
combined set of samples would have 90 % power at the mean of the first set of samples, given
the estimated standard deviation from the first set of samples. Such double sampling was to be
allowed only once.

Increasing the probability that a clean survey unit passes (power) by the use of double sampling
will also tend to increase the probability that a survey unit that is not clean will pass (Type |
error). In addition, the two tests are not independent because the data from the first set of
samples is used in both. The increase in the Type I error rate is probably less than a factor of
two. The fact that this is possible when double sampling is allowed should be clearly understood
at the beginning. Thus, the issue of whether or not to allow double sampling is properly a part of
the DQO process used to set the acceptable error rates.

C-1 NUREG-1757, Vol. 2, Rev. 1



APPENDIX C

Two-stage or double sampling is not usually expected (nor is it encouraged) when the DQO
process is used, as in the MARSSIM. This is because the Type II error and the power desired
are explicitly considered in the survey design process. If higher power in the test is desired, it
should be specified as such. Sufficient samples should be taken to achieve the specified power.
The value of this approach lies in the greater objectivity and defensibility of the decision made
using the data. Nonetheless, it is recognized that there may be instances when some sort of
double sampling is considered desirable. An example is when it is difficult to estimate the
standard deviation of the concentrations in a survey unit. A first set of data may be taken with an
estimated standard deviation that is too low, and thus, the power specified in the DQO process
may not be achieved. Similarly, some scoping data may be taken to estimate the standard
deviation in a survey unit. Under what circumstances may this data also be used in the test of the
final status?

In such cases, it will be useful for planning if there is an estimate of how much the Type II error
rate might increase as a result of double sampling.

Consider the Sign test, as indicated in NUREG-1505. Suppose N, samples are taken. Recall
that for the Sign test in Scenario A, the test statistic, S;, was equal to the number of survey unit
measurements below the DCGL,,. If S, exceeds the critical value k,, then the null hypothesis that
the median concentration in the survey unit exceeds the DCGL,, is rejected, i.e., the survey unit
passes this test. The probability that any single survey unit measurement falls below the DCGL,
is found from

(C-1)

DCGL,, DCGLy, (

_ _ 1 -(x-CY /207 5. _
p(0) j F(x)dx T [ e dx = ®

—o0

DCGL,, — cj
(o}

C is the true, but unknown, mean concentration in the survey unit. When C=DCGL,, p =0.5.

The probability that more than £, of the N, survey unit measurements fall below the DCGL, is
simply the following binomial probability:

& Nl t N,—t a Nl t N,—t
> ( ; jp (1-p)" =1—Z£ , )p (1-p)" (C-2)

t=k+1

This is the probability that the null hypothesis will be rejected, and it will be concluded that the
survey unit meets the release criterion. When the mean concentration in the survey unit is at the
DCGLy, this is just the Type I error rate, . When C=DCGL,, p=(1- p)=0.5, so

i Nl t N, -t N, 4 Nl
a= > [ t j(O.S) (0.5%" =(0.5)" >’ ( ) ] (C-3)

1=k +1 t=k;+1
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Now, suppose it is decided to allow the licensee to take a second set of samples of size V,. The
test statistic, S, is equal to the number of the total of N = N, + N, survey unit measurements
below the DCGL,,. If S exceeds the critical value £, then the null hypothesis that the median
concentration in the survey unit exceeds the DCGL,, is rejected, i.e., the survey unit passes this
test. Now the overall probability that the null hypothesis is rejected (i.e., the survey unit passes)
is equal to the sum of the probabilities of two events that are mutually exclusive:

a. The probability that more than &, of the N, survey unit measurements fall below the DCGL,,
and

b. The probability that fewer than £, of the first N, survey unit measurements fall below the
DCGL,, but that more than k of the N total survey unit measurements fall below the DCGL,.

Now S= §, +5,, where §, is the number of the second set of V, survey unit measurements that
fall below the DCGL,,. S, and S, are independent, but S, and S =S, + S, are not.

The covariance of S| and S, using E(-) to denote expected value, is

Cow(S,,S) = E(S,,S)— E(S,)E(S)
= E(S1(Sl + Sz ) — E(Sl VE(S)

= E(S*)+ E(S,S,) - E(S))E(S) (C—4)
Z(lep(l—p)+N12p2)+N1N2p2 —N,p(N, +N,)p
=N,p(1-p)

Therefore the correlation coefficient between S, and S is

N,p(1-p)
S.S) =
PO =P+ Nop(—p)
N, (C-5)

VNN, +N,)

=N, /(N,+N,)=N,/N
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To calculate the overall probability that the survey unit passes, one requires the joint probability
of §; and S,

Pr(S, =s,,8=5) =Pr(S, =5,)Pr(S, =5-15,)

N =5 N S5 —(5—S
:( ljpsl(l_p)Nl 1[ 2 Jp 1(1_p)N2( )
S, s =, (C-6)
N N .
Sl S—S1

Therefore, the overall probability that the survey unit passes is

Pr(S, >k or S>k) =Pr(S, >k)+Pr(S, <k and S >k)

& Nl K N|=s,
=> pi(=-p"™
si=k+1\_ 51 (C-7)
N[N
+2, Z[ 1]( z}psﬁ‘”(l— p) i)
51<ky 5y>k—s Sl S2

The first term is equal to (or slightly less than) the Type I error rate o specified during the DQO
process. The second term is the additional probability of a Type I error introduced by allowing

double sampling.

Note that
N L (N N
Pr(S, <k, and S > k) =Zps(l—p)N_SZ( IJ[ ? j
s>k 5;=0 Sl k_Sl
N B k(N N,
<> p'-p)" Z( j[ 2j (C-8)
s>k 51=0 Sl k_Sl

- i pa-p)" (fj = PS>k <a

s>k

Thus, the Type I error rate would be at most doubled when double sampling is allowed.
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For example, if a survey is designed so that N, = 30, and a = 0.05, then the critical value for the
Sign test is k; = 19. Suppose the first survey results in 19 or fewer measurements that are less
than the DCGL,,. In addition, suppose the survey unit is sampled again, taking an additional

N, =30 samples. Then the total number of samples is N= N, + N, = 60. The critical value for
the Sign test with o« = 0.05 and N = 60 is £ = 36. When the survey unit concentration is equal to
the DCGL, p = 0.5, one has

Pr(S, > 19 or S > 36) = Pr(S, >19)+ Pr(S, <19 and S > 36)

30 30
- Z( ](0.5)* (1-0.5)"™"
5=20\ 5] (C-9)

19 30 30 30
+Z( j Z ( j(OS)Yl +5; (1 _ 0_5)(30+30)‘(Sl +55)

520\ ST Js5,=(37-5) \ S2

=0.049+0.027=0.076

Thus, the total Type I error rate is about 50 % greater than originally specified.

In conclusion, double sampling should not be used as a substitute for adequate planning. Ifitis
to be allowed, this should be agreed upon with NRC staff as part of the DQO process. The
procedure for double sampling, i.e., the size of the second set of samples, N,, should be
specified, recognizing that the Type I error rate could be up to twice that specified for the Sign
test when only one set of samples is taken.

Similar considerations apply for the WRS test; however, the calculation of the exact effect on the
Type I error rate is considerably more complex.

Finally, double sampling should never be necessary for Class 2 or Class 3 surveys, which are not
expected to have concentrations above the DCGL . These classes of survey unit should always
pass after the first set of samples because every measurement should be below the DCGL,,. The
very need for a second set of samples (i.e., failure to reject the null hypothesis) in Class 2 or
Class 3 survey units would raise an issue of survey unit misclassification. In addition, double
sampling is generally not appropriate for Class 1 survey units where elevated areas have been
found.

A better solution to the issue of double sampling is to plan for data collection in two stages and
design the final status survey accordingly, as is discussed in the remainder of this appendix.

C.2 Two-Stage Sequential Sampling

Suppose there are a large number of survey units of a similar type to be tested. In this case a
two-stage sampling procedure may result in substantial savings of time and money by reducing
the average number of samples required to achieve a given level of statistical power.
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To plan a two-stage Sign test, let N, be the size of the first set of samples taken, and let S, be the
number of these less than the DCGL,,. Similarly, let N, be the size of the second set of samples
taken, and let S, be the number of these less than the DCGL,. Let N=N, + N,, and let
§=S§,+S,. The procedure is as follows:

o if S, >u, then the survey unit passes (reject Hy),
o if S, </, then the survey unit fails,
o if /, < S, < u, then the second set of samples is taken.

o If§=S, +S,>u, after the second set of samples is analyzed, then the survey unit passes.

What is the advantage of two-stage testing? For given error rates o and 3, the number of
samples, VV,, taken in the survey unit during the first stage of sampling will be less than the
number, N,, required in the MARSSIM tables. Unless the result is “too close to call,” this will
be the only sampling needed. When the result is “too close to call,” /; < S, < u,, a second sample
of size N, is taken, and the test statistic S, is computed using the combined data set, N, + N,.
While the size of the combined set, N = N, + N,, will generally be larger than the number, N,,
from in the MARSSIM tables, the expected sample size over many survey units will still be
lower. Thus, two-stage sampling scheme will be especially useful when there are many similar
survey units for which the final status survey design is essentially the same. Two-stage sampling
may be used whether or not a reference area is needed. It may be used with either the Sign or the
WRS test.

The remaining major issue is how to choose the critical values /,, u,, and u,. Hewett and
Spurrier (1983) suggest three criteria:

1. Match the power curve of the two-stage test to that of the one-stage test. The curves are
matched at three points. The points with power equal to &, 1-[3, and 0.5 are generally well
enough separated to assure a good match over the entire range of potential survey unit
concentrations.

2. Maximize the power at the LBGR for given values of « and average sample size.

3. Minimize the sample size for given values of &, and 1-.

While any one of these criteria could be used, the first has received more attention in the
literature. Thus, it may be more readily applied to the case of FSS design. The other criteria
would require further development.

Spurrier and Hewett (1975) initially developed a two-stage sampling methodology using
criteria 1 assuming the data are normally distributed. They matched power at e, 0.5, and 0.9.
Table C.1 shows the values of /, u,, and u, they obtained for six different sets of sample sizes,
N,/N,, N,/N,, expressed as fractions of the sample size, N,, that would be required for the
one-stage test with equivalent power. The term E(N)/N,, is the maximum expected combined
sample size for the two-stage test relative to the sample size, N,, that would be required for the
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one-stage test with equivalent power. This number is almost always less than one, but it depends
on how close the actual concentration in the survey unit is to the DCGL,,. Clearly, if the
concentration is over the DCGL, the survey unit is likely to fail on the first set of samples. If
the concentration is much lower than the DCGL,, the survey unit is likely to pass on the first set
of samples. It is only when the true concentration in the survey unit falls within the gray region
that there will be much need for the second set of samples. The fact that the maximum E(N)/N,
is almost always less than one indicates that the overall number of samples required for a
two-stage final status survey will almost never exceed the number required for a one-stage test,
even if the true concentration of the survey unit falls in the gray region between the LBGR and
the DCGLy,.

Recall that the power to distinguish clean from dirty survey units is relatively low when the true
concentration is in the gray region. It falls from 1-[3 at the LBGR to « at the DCGL,,. Thus,
when the true concentration is in the gray region, there will be a larger amount of cases when the
second set of samples is needed. The gray region is exactly where the results are “too close to
call.” However, if the true concentration of the survey unit is below the LBGR or above the
DCGL,, the actual average number of samples will be closer to N,, because the second set of
samples will seldom be needed.

In 1976, Spurrier and Hewett dropped the assumption of normality and extended their
methodology to two-stage Wilcoxon Signed Rank (WSR) and Wilcoxon Rank Sum (WRS) tests.
The procedure depends on an extension of the Central Limit Theorem to the joint distribution of
the test statistics S, and S= S, +S,. Spurrier and Hewett suggest that the approximation works
reasonably well for sample sizes as small as nine.

In this appendix, their method is also applied to the Sign test.

For the Sign test, one computes

S/ —=N,/2

S, =
N, /4

(C-10)
where § 1+ is the usual Sign test statistic, i.e., the number of measurements less than the DCGL,,.
Using Table C.1,

e if S, > u, then reject the null hypothesis (the survey unit passes)
o if S, </, then do not reject the null hypothesis (the survey unit fails)

o if /; <8, < u, then take the second set of samples.
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If a second set of samples is taken, then compute

g (ST +S)-(N+N,)/2 _S"-N/2
JIN,+N,)/4 IN /4

(C-11)
Using Table C.1,

e if §> u, then reject the null hypothesis (the survey unit passes)

e if S < u, then do not reject the null hypothesis (the survey unit fails).

This test relies on “a large sample approximation.” That is, one is assuming that the sample size
is large enough that the joint distribution of S| and S is bivariate standard normal with correlation

coefficient p(S,,S) =+/N,/ N . Some simulation studies may be done to determine
quantitative bounds on the accuracy of this approximation.

The choice of which set of sample sizes should be used is dependent on how confident one is of
passing.

For Class 2 and Class 3 survey units (discussed in Appendix A of this volume), case 3 with
N,/N,=0.2 and N,/N,= 1.0 might be reasonable. In these classes of survey units no individual
sample concentrations in excess of the DCGL, are expected. The probability of passing on the
first set of samples should be close to one. Therefore, it makes sense to choose a design with the
minimum number of samples required in the first set.

For Class 1 survey units (discussed in Appendix A of this volume), case 2 with N,/N, = 0.4 and

N,/N, = 0.8 might be more appropriate. There is some chance that the survey unit will not pass

on the first set of samples, so it may be desirable to reduce Max E(N)/N, from 0.999 to 0.907 by
taking more samples in the first set.

If the gray region has been expanded in order to increase A/o, case 1 or 4 would be a more
conservative choice. In this situation, statistical power has been compromised somewhat, so it
may be important to reduce the risk of having a larger average total number of samples (as
indicated by the potential Max E(N)/N, even further.

Scan sensitivity will also impact the ability to use two-stage designs in Class 1 survey units. It
would have to be determined if the DCGL,, can be detected when only N, samples are taken. If
not, the sample size would have to be increased until the MDC,, is lower than the DCGL,,.. In

this situation, the choice of N,, and the average savings possible with two-stage sampling may be
severely limited.
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Table C.1 Critical Points for Two-Stage Test of Normal Mean for a One-Sided

Alternative
a=0.05 a=0.01
N/N, N,/N, u, 1, u, Max u, L, u, Max
E(N)/N, E(N)/N,

1 ]0.6 0.6 1.886 0.71 1.783 0.866 2.499 1.259 2.493 0.879
2 104 0.8 1.984 0.179 1.782 0.907 2.558 0.635 2.496 0.931
3 (02 1 2.073 -0.482 | 1.784 0.999 2.6 -0.146 | 2.502 1.03
4 10.55 0.55 2.05 0.438 1.716 0.869 2.635 0.966 2411 0.878
5 36193 | 36193 1.781 0.95 1.868 0.882 2.415 1.52 2.6 0.897
6 107 0.7 1.749 1.045 1.909 0.893 2.39 0.628 2.651 0.908

Source: Spurrier and Hewett (1975).

For the WRS test, at each stage one sets the number of measurements required in the survey unit,
n, and n,, and in the reference area m, and m, relative to the number required for the one-stage
test n, = m, = Ny/2 specified in Table 5.3 of the MARSSIM. There is an additional requirement
that n,/n, = m,/m,, which should be satisfied with sufficient accuracy for most MARSSIM
designs. Minor departures due to small differences in sample size caused by filling out
systematic grids or the loss of a few samples should not severely impact the results.

One now computes
- Wlk—ml(n1 +m,+1)/2
=
\/nlml(n1+m1+1)/12

(C-12)

where W,"is the usual WRS test statistic, i.e., the sum of the ranks of the adjusted reference area
measurements.

Using Table C.1,

e if S, > u, then reject the null hypothesis (the survey unit passes),
e if S, </, then do not reject the null hypothesis (the survey unit fails),

o if /; <8, < u, then take the second set of samples.

If a second set of samples is taken, then compute

S W+ W, ) = (my+my)(my+my, +n +n,+1)/2 W —m(m+n+1)/2
JOn +my)(n, + ) my +my +n 4, +1D)/12 0 \Jma(m+n+1)/12

(C-13)
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Using Table C.1,

o if §> u, then reject the null hypothesis (the survey unit passes),

o if S < u, then do not reject the null hypothesis (the survey unit fails).

This test relies on “a large sample approximation.” That is, one is assuming that the sample size
is large enough that the joint distribution of S| and S is bivariate standard normal with correlation

coefficient
p(SpS):\/ (m1 +n1)/(m +h) (C-14)

Some simulation studies would be needed to determine some quantitative bounds on the
accuracy of this approximation.

C.3 An Alternative Two-Stage, Two-Sample Median Test

A different approach to this testing problem has been suggested by Wolfe (1977). In his
procedure, a specific number of sample measurements are made in a reference area, and the
median, M, is calculated, and the DCGL,, added. Survey unit samples are then analyzed until »
of them are found to be below M. The test statistic, n,, is the number of survey unit samples that
have been analyzed. Smaller values of n, indicate that the survey unit meets the release
criterion. For Class 2 and Class 3 survey units in particular, one would expect that n,=r. In
that case, the number of reference area measurements, m, and the value of 7 are chosen to meet
the DQO for the Type I error rate. In each survey unit, » samples are taken. If all are less than
M, one rejects the null hypothesis that the survey unit exceeds the release criterion. If any one of
them exceeds M, the null hypothesis will not be rejected. Thus, the total number of samples
needed in each survey unit may be relatively small. In addition, as soon as one sample is
measured above M, the result of the test is known. Thus, it may not be necessary to analyze
every survey unit sample. Of course, the need to identify elevated areas may preclude the use of
this method in some circumstances. However, the potential savings when the analytical costs are
high may make this procedure attractive. It merits further investigation.
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Introduction

The Multi-Agency Radiological Laboratory Analytical Protocols (MARLAP, 2004) and the
Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM, 2000) are
complementary guidance documents in support of cleanup and decommissioning activities.
MARSSIM provides guidance on how to plan and carry out a study to demonstrate that a site
meets appropriate release criteria. It describes a methodology for planning, conducting,
evaluating, and documenting environmental radiation surveys conducted to demonstrate
compliance with cleanup criteria. See Chapter 4 and Appendix A for more details on
MARSSIM. MARLAP provides guidance and a framework for both project planners and
laboratory personnel to ensure that radioanalytical data will meet the needs and requirements of
cleanup and decommissioning activities.

Radioanalytical data are commonly generated to support activities such as: characterization and
survey of radiologically contaminated sites, effluent and environmental monitoring of nuclear
facilities, emergency response to accidents involving radiological materials, cleanup and
decommissioning of nuclear facilities, and radioactive waste management. Numerous significant
decisions, impacting the health and safety of the public and the environment, are frequently
based on the available radioanalytical data. Considering these activities, the decisions associated
with the radioanalytical data may involve issues pertaining to the extent and depth of
contamination and associated remedial actions, demonstration of compliance with the cleanup
criteria, demonstration of compliance with the effluent release criteria, assessment of effluent
radiological releases and corrective measures, assessment of actions in response to incidents or
accidental releases of radiological materials, and issues involving waste storage, transport, and
disposal. In addition, radioanalytical data commonly influence decisions related to the cost of
remedial actions as well as decisions involving environmental monitoring strategies and designs.

MARLAP was developed to provide guidance and framework for project planners, managers,
technical reviewers, and laboratory personnel to ensure that the radioanalytical data produced by
surveys will meet the needs and requirements for cleanup and decommissioning activities.
MARLAP addresses the need for a nationally consistent approach to producing radioanalytical
laboratory data that meet a project’s or program’s data requirements. The guidance provided by
MARLAP is both scientifically rigorous and flexible enough to be applied to a diversity of
projects and programs. The MARLAP manual (NRC document number NUREG-1576 and U.S.
Environmental Protection Agency (EPA) document number EPA 402-B-04-001A-C) is issued in
three volumes (printed and CD-ROM versions) and is available through the Internet at:
http://www.nrc.gov/reading-rm/doc-collections/nuregs/staft/sr1576.

The NRC staff encourages licensees to follow the recommendations provided in the MARLAP.
D.A1 An Overview of Marlap

MARLAP is divided into two main parts, Part [ and Part II. Part I provides guidance on using a
performance-based approach for the three phases of radioanalytical projects, including: (1) the
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planning phase; (2) the implementation phase; and (3) the assessment phase. These three main
phases and associated processes should result in analytical data of known quality appropriate for
the intended use. Table 1 provides an overview of the three main phases, the processes
associated with each phase, and the anticipated outputs for each process. Figure 1 illustrates an
overview of MARLAP terms and processes and interactions of the radioanalytical project
manager with the laboratory performing the analysis. MARLAP processes and terms described
in Table 1 and Figure 1 are consistent with standard practices of the American Society for
Testing of materials (ASTM) for generation of environmental data. Chapters 3 through 9 of the
MARLAP manual provide a detailed description of MARLAP phases and specific processes. It
should be noted that it is not a regulatory requirement to follow or use MARLAP processes as
described in Figure 1; however, these processes are believed to be flexible and scientifically
rigorous to be applied for generation of radioanalytical data of the desired quality for the
intended use.

Part IT of MARLAP provides technical information on the laboratory analysis of radionuclides.
Specifically, Part II highlights common radioanalytical problems and how to correct them. It
also provides options for analytical protocols and discusses the pros and cons of these options. It
should be noted that Part II does not provide a step-by-step instructions on how to perform
certain laboratory procedures or tasks. However, Part II provides guidance to assist laboratory
personnel in selection of the best approach for a particular laboratory task. For example, Chapter
13 does not contain a step-by-step instruction on how to dissolve a soil sample; however, it does
provide information on acid digestion, fusion techniques, and microwave digestion, to help the
analyst select the most appropriate technique or approach for a particular sample characteristics
and project needs. Part II presents detailed technical information in the following areas: (1)
field sampling that affect laboratory measurements; (2) sample receipt, inspection, and tracking;
(3) laboratory sample preparation; (4) sample dissolution; (5) separation techniques;

(6) quantification of radionuclides; (7) data acquisition, reduction, and reporting for nuclear
counting instrumentation; (8) waste management in a radioanalytical laboratory; (9) laboratory
quality control; (10) measurement uncertainty; and (11) detection and quantification capabilities.
MARLAP adopted the International Organization for Standardization (ISO) processes, terms,
and expressions for analytical measurements, quantifications, and estimation of uncertainty.

MARLAP also presents additional technical details on specific topics outlined in Parts I and II.
Appendices A through E support Part I for the following specific topics: Appendix A, Directed
Planning Approaches; Appendix B, The Data Quality Objective Process; Appendix C,
Measurement Quality Objectives for Method Uncertainty and Detection; Appendix D, Content
of Project Plan Documents; and Appendix E, Contracting Laboratory Services. Appendix F
supports Part II for the specific topic on laboratory sub-sampling, whereas Appendix G provides
a compilation of statistical tables.
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D.2 Use of Marlap in Decommissioning and Cleanup Projects

MARLAP presents a useful approach and methodology applicable to radionalytical projects for
cleanup and decommissioning activities. The major processes of the data life cycle are
described briefly below for application in cleanup and decommissioning activities:

D.2.1 The Planning Phase

The directed planning process for cleanup and decommissioning typically involves the following
radioanalytical aspects:

 Stating the cleanup problem: Identify the analytes of concern, matrix of concern, regulatory
requirements, sampling constraints, primary decisions maker, available resources, existing
data and its reliability.

 Identifying the cleanup decision: Assess different analytical protocols, identify items of the
analytical protocols specifications (APS), and determine how sample collection will affect the
measurement quality objectives (MQOs).

 Identifying the inputs to the cleanup decisions: Define characteristics of the analytes and
matrix, assess the concentration range for the analyte of interest, and define action levels.

* Defining the decision boundaries: Identify background, temporal and spatial trends of data
and determine limitations of current analytical protocols.

e Developing a decision rule and tolerable decision error rates: For example the decision
rule may be defined as: “If the mean concentration of analyte x in the upper 15 cm of the soil
is greater than z Bqg/g, then an action would be taken to remove the soil from the site.”
Estimates of uncertainties in the data considering action levels and/or derived concentration
guidelines should be made.

e Specifying limits on decision error rates: Evaluate range of possible parameter values and
allowable difference between the action level and the actual value.

e Optimizing the strategy for obtaining data: This process may involve optimization of the
design for data collection through coordination with the different team members. The process
also involves development of analytical protocols specifications and establishing performance
measures of the MQOs.

D.2.2 The Implementation Phase

The radioanalytical process is a compilation of activities starting from the time a sample is
collected and ending with the data reduction and reporting. Figure 2 illustrates the typical
components of an analytical process used for radiological characterization and survey of
contaminated sites. Certain cleanup or decommissioning projects may not include all of the
components listed in Figure 2. The analytical protocols usually comprise a compilation of
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specific procedures or methods and are performed in succession depending on the particular
analytical process. Using a performance based approach, there will be a number of alternative
protocols that might be appropriate for a particular analytical process. A major component of the
analytical protocol is the analytical method. The radioanalytical process should also include the
analytical uncertainty, the analytical error, the precision, the bias, and the accuracy of the
method used.

D.2.3 The Assessment Phase

The assessment phase focuses on three major steps including:

e Data verification: This step assures that the laboratory conditions and operations are in
compliance with the statement of work (SOW) and the project quality assurance project plan
(QAPP). The verification process would examine the laboratory standard operating
procedures. It would also check for consistency and comparability of the data, correctness of
the data calculations, and completeness of the results and data documentation.

e Data validation: This step addresses the reliability aspects of the radioanalytical data. It
addresses the analyte and matrix types as well as the uncertainty of the measurement to
support the intended use. Validation flags (qualifiers) are typically applied to data that do not
meet the acceptance criteria established to meet the project data quality objectives (DQOs)
and MQOs.

e Data quality assessment (DQA): This step represents the scientific and statistical data
evaluation aspects to determine if data are of the right type, quality, and quantity to support
the intended use. The DQA is more global in its purview such that it considers the combined
impacts of all project activities on data quality and its usability.

D.3 Benefits of Using Marlap in Decommissioning and Cleanup
Projects

MARLAP is an extensive document which presents a comprehensive guidance and information
on the three phases of the radioanalytical data life cycle. MARLAP emphasizes the importance
of establishing the proper linkages among these phases. Use of MARLAP in decommissioning
and cleanup projects can benefit the user in the following aspects:

e MARLAP ensures generation of radioanalytical data of acceptable quality for the intended use.
e MARLAP minimizes time and effort expended in generation of unacceptable data.

e« MARLAP enhances public trust in radioanalytical data generated by licensees and regulators.

« MARLAP minimizes efforts applied to justifying data and may limit any litigation costs.

e Because MARLAP uses an early coordinated approach to develop the radioanalytical data
DQOs and MQOs, this approach would require early coordination and inputs from the
decision makers, the project manager, the shareholders, the concerned team members, and the
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analyst (see Figure 1). Therefore, this approach should resolve issues or difficulties related to
sampling, sample tracking, sample preservation, analysis, data quality, time, and costs early in
the process.

 MARLAP provides flexibility in selection of the appropriate analytical method using a
performance based approach considering the DQOs, the MQOs, and the available resources.

e MARLAP enhances regulatory reviews of radioanalytical data and saves time and effort for
site characterization, environmental monitoring, decommissioning, and remediation.

Table D.1 The Radioanalytical Data Life Cycle

PHASE PROCESS PROCESS OUTPUTS
Directed Planning Process Development of DQOs and MQOs including
Optimized Sampling and Analytical Designs
2 Plan Documents Project Plan Documents Including QAPP
% Work Plan, or Sampling and Analysis Plan
< (SAP), Data Validation Plan; Data Quality
w
~ Assessment Plan
Contracting Services SOW and Other Contractual Documents
Z Sampling Laboratory Samples
o
=
<
Z
3 Analysis Laboratory Analysis including QC Samples
E and Complete Data Package
=
=
Verification Verified Data and Data Verification Report
z
E Validation Validated Data and Data Validation Report
z
7 Data Quality Assessment Assessment Report
<
Data of Known Quality Appropriate for the Intended Use
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Figure D.2 Typical Components of the Radioanalytical Process.
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APPENDIX E

E.1 Introduction

This appendix is applicable to all decommissioning groups. All surveys, whether simple or
complex final status surveys (FSSes), require information on the basis for instrument selection,
the nature of the radionuclides, measurement techniques and procedures, MDCs of the
instruments (measurement systems), and instrument calibration. Therefore, the information
presented in this appendix would apply to a simple survey used to demonstrate compliance with
regulatory decommissioning criteria as well as a complex FSS.

This appendix contains limited, general information on survey techniques and survey
measurements. The information presented here is related to the process of implementing a
survey plan and refers to the appropriate sections of MARSSIM, MARLAP, and various
NUREGs for more detailed information. These are important areas for the conduct of surveys in
the RSSI process and include the basic modes for determining levels of radiation and
radioactivity at a site, instrument and scanning detection limits, instrument calibration, and
laboratory measurements for samples. The data from the FSS is the deciding factor in judging if
the site meets the release criteria.

Radiological conditions that should be determined for license termination purposes include any
combination of total surface activities, removable surface activities, exposure rates, radionuclide
concentrations in soil, or induced activity levels. To determine these conditions, field
measurements and laboratory analyses may be necessary. For certain radionuclides or
radionuclide mixtures, both alpha and beta radiations may have to be measured. In addition to
assessing the average radiological conditions, small areas with elevated levels of residual
radioactivity should be identified and their extents and activities determined. There are three
basic modes in which one can operate in determining the levels of radiation and radioactivity at
a site. They are scanning with hand-held survey instruments, direct measurements with these
same or larger instruments, and sample collection at the site followed by analysis in the
laboratory. In many cases, some combination of these modes would be used to obtain data,
although the exact mix would be expected to vary according to the application.

In practice, the DQO process is used to obtain a proper balance among the uses of various
measurement techniques. In general, there is an inverse correlation between the cost of a
specific measurement technique and the detection levels being sought. Depending on the survey
objectives, important considerations include survey costs and choosing the optimum
instrumentation and measurement mix.

The decision to use a measurement method as part of the survey design is determined by the
survey objectives and the survey unit classification. Scanning is performed to identify areas of
elevated activity that may not be detected by other measurement methods. Direct measurements
are analogous to collecting and analyzing samples to determine the average activity in a survey
unit. Refer to Appendix O of this volume for information on lessons learned from recently
submitted DPs and questions and answers to clarify existing license termination guidance related
to measurements for facility radiation surveys.
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E.2 Direct Measurements (Fixed Measurements)

To conduct direct measurements of alpha, beta, and photon surface activity, instruments and
techniques providing the required detection sensitivity are selected. The type of instrument and
method of performing the direct measurement are selected as dictated by the type of residual
radioactivity present, the measurement sensitivity requirements, and the objectives of the
radiological survey.

Direct measurements may be collected at random locations in the survey unit. Alternatively,
direct measurements may be collected at systematic locations and supplement scanning surveys
for the identification of small areas of elevated activity. Direct measurements may also be
collected at locations identified by scanning surveys as part of an investigation to determine the
source of the elevated instrument response. Professional judgment may also be used to identify
locations for direct measurements to further define the areal extent of residual radioactivity and
to determine maximum radiation levels within an area, although these types of direct
measurements are usually associated with preliminary surveys (i.e., scoping, characterization,
remedial action support). All direct measurement locations and results shall be documented.

If the equipment and methodology used for scanning is capable of providing data of the same
quality required for direct measurement (e.g., detection limit, location of measurements, ability
to record and document results), then scanning may be used in place of direct measurements.
Results should be documented for at least the number of locations required for the statistical
tests. In addition, some direct measurement systems may be able to provide scanning data,
provided they meet the objectives of the scanning survey.

Refer to Chapter 6 of MARSSIM for information on radiation measurements. Specifically,
Section 6.4.1 of MARSSIM contains information on direct measurements for alpha, beta, and
gamma emitting radionuclides.

E.3 Scanning Measurements

Scanning is the process by which the operator uses portable radiation detection instruments to
detect the presence of radionuclides on a specific surface (i.e., ground, wall, floor, equipment).
The term scanning survey is used to describe the process of moving portable radiation detectors
across a suspect surface with the intent of locating residual radioactivity. Investigation levels for
scanning surveys are determined during survey planning to identify areas of elevated activity.
Scanning surveys are performed to locate radiation anomalies indicating residual gross activity
that may require further investigation or action.

Areas of elevated activity typically represent a small portion of the site or survey unit. Thus,
random or systematic direct measurements or sampling on the commonly used grid spacing may
have a low probability of identifying these areas. Scanning surveys are often relatively quick
and inexpensive to perform. For these reasons, scanning surveys are typically performed before
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direct measurements or sampling. In this way, time is not spent fully evaluating an area that may
quickly prove to contain residual radioactivity above the investigation level during the scanning
process. Based on the historical site assessment (HSA), surfaces to be surveyed, and survey
design objectives, scans are conducted which would be indicative of all radionuclides potentially
present. Surrogate measurements may be utilized where appropriate. Documenting scanning
results and observations from the field is very important. For example, a scan that identified
relatively sharp increases in instrument response or identified the boundary of an area of
increased instrument response should be documented. This information is useful when
interpreting survey results.

Refer to Chapter 6 of MARSSIM for information on radiation measurements. Specifically,
Section 6.4.2 of MARSSIM contains information on scanning measurements for alpha, beta, and
gamma emitting radionuclides.

E.4 Sampling

For certain radionuclides that cannot be effectively measured directly in the field, samples of the
medium under investigation (e.g., soil) should be collected and then analyzed with a
laboratory-based procedure. On the simplest level, this would include the analysis of a smear
sample using a gross alpha-beta counter. More involved analyses would include gamma
spectrometry, beta analysis using liquid scintillation counting, or alpha spectrometry following
separation chemistry.

Samples from a variety of locations may be required, depending upon the specific facility
conditions and the results of scans and direct measurements. Inaccessible surfaces cannot be
adequately evaluated by direct measurements on external surfaces alone; therefore, those
locations which could contain residual radioactive material should be accessed for surveying.
Residue can be collected from drains using a piece of wire or plumber’s “snake” with a strip of
cloth attached to the end; deposits on the pipe interior can be loosened by scraping with a
hard-tipped tool that can be inserted into the drain opening. Particular attention should be given
to “low-points” or “traps” where activity would likely accumulate. The need for further internal
monitoring and sampling is determined on the basis of residue samples and direct measurements
at the inlet, outlet, cleanouts, and other access points to the pipe interior.

Residual activity will often accumulate in cracks and joints in the floor. These are sampled by
scraping the crack or joint with a pointed tool such as a screwdriver or chisel. Samples of the
residue can then be analyzed; positive results of such an analysis may indicate possible subfloor
residual radioactivity. Checking for activity below the floor will require accessing a crawl space
(if one is present) or removal of a section of the flooring. Coring, using a commercially
available unit, is a common approach to accessing the subfloor soil. After removing the core
(whose diameter may range from a few centimeters to up to 20 centimeters), direct monitoring of
the underlying surface can be performed and samples of soil collected.
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Coring is also useful for collecting samples of construction material which may contain activity
that has penetrated below the surface, or activity induced by neutron activation. This type of
sampling is also applicable to roofing material which may contain embedded or entrapped
contaminants. The profile of the distribution and the total radionuclide content can be
determined by analyzing horizontal sections of the core.

If residual activity has been coated by paint or some other treatment, the underlying surface and
the coating itself may contain residual radioactivity. If the activity is a pure alpha or low-energy
beta emitter, measurements at the surface will probably not be representative of the actual
residual activity level. In this case, the surface layer is removed from a known area, usually

100 cm?, using a commercial stripping agent or by physically abrading the surface. The removed
coating material is analyzed for activity content and the level converted to units of dpm/100 cm?
for comparison with guidelines for surface activity. Direct measurements are performed on the
underlying surface, after removal of the coating.

MARSSIM and MARLAP contain information on sampling and laboratory analysis for
decommissioning. Refer to Chapter 10 of MARLAP for field and sampling issues that affect
laboratory measurements.

E.5 Minimum Detectable Concentrations

Detection limits for field survey instrumentation are an important criteria in the selection of
appropriate instrumentation and measurement procedures. For the most part, detection limits
need to be determined in order to evaluate whether a particular instrument and measurement
procedure is capable of detecting residual activity at the regulatory release criteria (DCGLs).
One may demonstrate compliance with decommissioning criteria by performing surface activity
measurements and directly comparing the results to the surface activity DCGLs. However,
before any measurements are performed, the survey instrument and measurement procedures to
be used must be shown to possess sufficient detection capabilities relative to the surface activity
DCGLs.

The measurement of residual radioactivity during surveys in support of decommissioning often
involves measurement of residual radioactivity at near-background levels. Thus, the minimum
amount of radioactivity that may be detected by a given survey instrument and measurement
procedure must be determined. In general, the minimum detectable concentration (MDC) is the
minimum activity concentration on a surface or within a material volume, that an instrument is
expected to detect (i.e., activity expected to be detected with 95 % confidence). It is important to
note that this activity concentration, the MDC, is determined a priori (i.e., before survey
measurements are conducted).

As generally defined, the detection limit, which may be a count or count rate, is independent of

field conditions such as scabbled, wet, or dusty surfaces. That is, the detection limit is based on
the number of counts and does not necessarily equate to measured activity under field
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conditions. These field conditions do, however, affect the instrument’s “detection sensitivity” or
MDC. Therefore, the terms MDC and detection limit should not be used interchangeably.

In MARSSIM, MARLAP, and other NRC NUREGs, the MDC corresponds to the smallest
activity concentration measurement that is practically achievable with a given instrument and
type of measurement procedure. That is, the MDC depends not only on the particular instrument
characteristics (instrument efficiency, background, integration time, etc.) but also on the factors
involved in the survey measurement process (EPA 1980), which include surface type,
source-to-detector geometry, and source efficiency (e.g., backscatter and self-absorption).

See MARLAP Section 3.3.7, “Method Performance Characteristics and Measurement Quality
Objectives” and Chapter 20, “Detection and Quantification Capabilities” for a discussion of
MDCs.

E.6 Survey MDCs

During radiological surveys in support of decommissioning, scanning is performed to identify
the presence of any locations of elevated direct radiation. The probability of detecting residual
radioactivity in the field is affected not only by the sensitivity of the survey instrumentation
when used in the scanning mode of operation, but also by the surveyor’s ability. The surveyor
must decide whether the signals represent only the background activity, or whether they
represent residual radioactivity in excess of background.

The minimum detectable concentration of a scan survey, referred to as scan MDC or MDC__,,,
depends on the intrinsic characteristics of the detector (efficiency, window area, etc.), the nature
(e.g., type and energy of emissions) and relative distribution of the residual radioactivity (e.g.,
point versus distributed source and depth of residual radioactivity), scan rate, and other
characteristics of the surveyor. Some factors that may affect the surveyor’s performance include
the costs associated with various outcomes—e.g., cost of missed residual radioactivity versus
cost of incorrectly identifying areas as containing residual radioactivity—and the surveyor’s a
priori expectation of the likelihood of residual radioactivity present. For example, if the
surveyor believes that the potential for residual radioactivity is very low, as in an unaffected
area, then a relatively large signal may be required for the surveyor to conclude that residual
radioactivity is present. NUREG/CR-6364, “Human Performance in Radiological Survey
Scanning,” provides a complete discussion of the human factors as they relate to the performance
of scan surveys.

Signal detection theory provides a framework for the task of deciding whether the audible output
of the survey meter during scanning was due to background or signal plus background levels.
An index of sensitivity (d’) that represents the distance between the means of the background
and background plus signal, in units of their common standard deviation, can be calculated for
various decision errors—Type I error (&) and Type II error (B). As an example, for a correct
detection or true positive rate of 95 % (1-) and a false positive rate («) of 5 %, d’ is 3.29
(similar to the static MDC for the same decision error rates). The index of sensitivity is
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independent of human factors, and therefore, the ability of an ideal observer (i.e., theoretical
construct) may be used to determine the minimum d’ that can be achieved for particular decision
errors. The ideal observer makes optimal use of the available information to maximize the
percent correct responses and thus provides an effective upper bound against which to compare
actual surveyors. Computer simulations and field experimentation can then be performed to
evaluate the surveyor efficiency (p) relative to the ideal observer. The resulting expression for
the ideal observer’s minimum detectable count rate (MDCR), in cpm, can be written:

MDCR = d’ x /b, x (60/i) = s, x (60/i) (E-1)
where MDCR =  minimum detectable (net) count rate in cpm,
b; = background counts in the observation interval,
S; = minimum detectable number of net source counts in the observation
interval, and
i = observational interval (in seconds), based on the scan speed and areal

extent of the residual radioactivity.

Scan MDCs are determined from the MDCR by applying conversion factors to obtain results in
terms of measurable surface activities and soil concentrations. As an example, the scan MDC for
a structure surface can be expressed as:

MDCR
probe area (E-2)
e e 100 cm?

Scan MDC =

Chapter 6 of NUREG-1507 contains an excellent discussion of survey MDCs. Included in this
discussion are scan MDC equations for both building/structure surface scans and land area scans.

E.7 Survey Instrument Calibration

Before the MDC for a particular instrument and survey procedure can be determined, it is
necessary to introduce the expression for total alpha or beta surface activity per unit area. In the
International Organization for Standardization’s (ISO) Guide 7503—1, “Evaluation of Surface
Contamination,” the ISO recommends that the total surface activity, 4, be calculated similarly
to the following expression:

_ RS+B - RB
AT i) =

NUREG-1757, Vol. 2, Rev. 1 E-6



APPENDIX E

where Ry, =  the gross count rate of the measurement in cpm,
R, = the background count rate in cpm,
€, = the instrument or detector efficiency (unitless),
€, = the efficiency of the residual radioactivity source (unitless), and
W = the area of the detector window (cm?).

(For instances in which W does not equal 100 cm?, probe area corrections are necessary to
convert the detector response to units of dpm per 100 cm?.)

This expression clearly distinguishes between instrument (detector) efficiency and source
efficiency. The product of the instrument and source efficiency yields the total efficiency, €, .
Currently, surface residual radioactivity is assessed by converting the instrument response to
surface activity using one overall total efficiency. This is not a problem provided that the
calibration source exhibits characteristics similar to the surface residual radioactivity—including
radiation energy, backscatter effects, source geometry, self-absorption, etc. In practice this is
hardly the case; more likely, total efficiencies are determined with a clean, stainless steel source,
and then those efficiencies are used to measure residual radioactivity on a dust-covered concrete
surface. By separating the efficiency into two components, the surveyor has a greater ability to
consider the actual characteristics of the surface residual radioactivity.

The instrument efficiency is defined as the ratio between the net count rate of the instrument and
the surface emission rate of a source for a specified geometry. The surface emission rate, ¢, , 1S
defined as the “number of particles of a given type above a given energy emerging from the front
face of the source per unit time” (ISO 7503—1). The surface emission rate is the 27 particle
fluence that embodies both the absorption and scattering processes that affect the radiation
emitted from the source. Thus, the instrument efficiency is determined by

e - =2 7F (E—4)

The instrument efficiency is determined during calibration by obtaining a static count with the
detector over a calibration source that has a traceable activity or surface emission rate or both.
In many cases, it is the source surface emission rate that is measured by the manufacturer and
certified as National Institute of Standards and Technology (NIST) traceable. The source
activity is then calculated from the surface emission rate based on assumed backscatter and selt-
absorption properties of the source. The theoretical maximum value of instrument efficiency is
one.

The source efficiency, €, is defined as the ratio between the number of particles of a given type

emerging from the front face of a source and the number of particles of the same type created or
released within the source per unit time (ISO 7503—1). The source (or surface) efficiency takes
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into account the increased particle emission due to backscatter effects, as well as the decreased
particle emission due to self-absorption losses. For an ideal source (no backscatter or
self-absorption), the value of € is 0.5. Many real sources will exhibit values of € ; less than 0.5,
although values greater than 0.5 are possible, depending on the relative importance of the
absorption and backscatter processes. Source efficiencies may either be determined
experimentally or simply selected from the guidance contained in ISO 7503—1.

Some of the factors that affect the instrument efficiency, €, , include detector size (probe surface
area), window density thickness, geotropism, instrument response time, and ambient conditions
such as temperature, pressure, and humidity. The instrument efficiency also depends on the
radionuclide source used for calibration and the solid angle effects, which include
source-to-detector distance and source geometry.

Some of the factors that affect the source efficiency, €, include the type of radiation and its
energy, source uniformity, surface roughness and coverings, and surface composition (e.g.,
wood, metal, concrete).

Surface activity levels are assessed by converting detector response, through the use of a
calibration factor, to radioactivity. Once the detector has been calibrated and an instrument
efficiency ( €, ) established, several factors must still be carefully considered when using that
instrument in the field. These factors involve the background count rate for the particular
surface and the surface efficiency ( € ), which addresses the physical composition of the surface
and any surface coatings. Ideally, the surveyor should use experimentally determined surface
efficiencies for the anticipated field conditions. The surveyor needs to know how and to what
degree these different field conditions can affect the sensitivity of the instrument. A particular
field condition may significantly affect the usefulness of a particular instrument (e.g., wet
surfaces for alpha measurements or scabbled surfaces for low-energy beta measurements).

One of the more significant implicit assumptions commonly made during instrument calibration
and subsequent use of the instrument in the field is that the composition and geometry of residual
radioactivity in the field is the same as that of the calibration source. This may not be the case,
considering that many calibration sources are fabricated from materials different from those that
comprise the surfaces of interest in the field [e.g., activity plated on a metallic disc

(Walker 1994)]. This difference usually manifests itself in the varying backscatter
characteristics of the calibration and field surface materials.

Generally, it will not be necessary to recalculate the instrument MDC to adjust for the field
conditions. The instrument detection limit (in net counts or net count rate) remains the same, but
the surface activity MDC may be different (due to the varying €, ).

Refer to Chapter 4 of NUREG-1507 for a discussion of survey instrument calibration and the
effects of efficiency changes on MDC. Chapter 5 of NUREG—-1507 discusses variables affecting
efficiencies in the field. Chapter 20 of MARLAP discusses instrument efficiency and the
minimum detectable net instrument signal.
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E.8 Laboratory Measurements

Frequently during surveys in support of decommissioning it is not feasible, or even possible, to
detect the residual radioactivity with portable field instrumentation; thus arises the need for
laboratory analysis of media samples. This is especially the case for such media samples as soil,
that result in significant self-absorption of the radiation from the residual radioactivity. Another
common situation that necessitates the use of laboratory analyses occurs when the residual
radioactivity is difficult to detect even under ideal conditions. This includes residual
radioactivity that emits only low-energy beta radiation (e.g., H-3 and Ni-63) or X-ray radiation
(e.g., Fe-55). Laboratory analyses for radionuclide identification, using spectrometric
techniques, are often performed during scoping or characterization surveys. Here the principal
objective is to simply determine the specific radionuclides present in the residual radioactivity,
without necessarily having to assess the quantity of residual radioactivity. Once the residual
radioactivity has been identified, sufficiently sensitive field survey instrumentation and
techniques are selected to demonstrate compliance with the DCGLs.

Samples collected during surveys for decommissioning purposes should be analyzed by trained
individuals using the appropriate equipment and procedures at a well-established laboratory,
which uses either inhouse or contractor laboratory services. There should be written procedures
that document both (a) the laboratory’s analytical capabilities for the radionuclides of interest
and (b) the QA/QC program which assures the validity of the analytical results. Many of the
general types of radiation detection measuring equipment used for survey field applications are
also used for laboratory analyses, usually under more controlled conditions which provide for
lower detection limits and greater delineation between radionuclides. Laboratory methods often
also involve a combination of both chemical and instrumental technique to quantify the low
levels expected to be present in samples from decommissioning facilities.

To reemphasize, a thorough knowledge of the radionuclides present, along with their chemical
and physical forms and their relative abundance, is a prerequisite to selecting laboratory
methods. With this information, it may be possible to substitute certain gross (i.e.,
nonradionuclide- specific) measurement techniques for the more costly and time-consuming wet
chemistry separation procedures and relate the gross data back to the relative quantities of
specific contaminants. The individual responsible for the survey should be aware that
radiochemical analyses require lead times which will vary, according to the nature and
complexity of the request. For example, a lab may provide fairly quick turnaround on gamma
spectrometry analysis because computer-based systems are available for interpretation of gamma
spectra. On the other hand, soil samples, which must be dried and homogenized, will require
much longer lead time. Some factors influencing the analysis time include (a) the nuclides of
concern, (b) the type of samples to be analyzed, (c) the QA/QC considerations required, (d) the
availability of adequate equipment and personnel, and (e) the required detection limits.

For relatively simple analyses, such as gross alpha and gross beta counting of smears and water

samples, liquid scintillation spectrometry for low-energy beta emitters in smear and water
samples, and gamma-spectrometry of soil, it is usually practical to establish in-house laboratory
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capabilities. The more complicated and labor-intensive procedures, such as alpha spectrometry,
Sr-90 and low-energy beta emitters (H-3, Ni-63, etc.) in soil samples, should be considered
candidates for contract laboratory analyses.

Analytical methods should be capable of measuring levels below the established release
guidelines, detection sensitivities of 10 to 25 % of the guideline should be the target. Although
laboratories will state detection limits, these limits are usually based on ideal situations and may
not be achievable under actual measurement conditions. Also, remember that detection limits
are subject to variation from sample to sample, instrument to instrument, and procedure to
procedure depending upon sample size, geometry, background, instrument efficiency, chemical
recovery, abundance of the radiations being measured, counting time, self-absorption in the
prepared sample, and interference from other radionuclides present.

MARSSIM and MARLAP contain information on sampling and laboratory analysis for
decommissioning. MARLAP Sections 12, 13, 14, and 15 discuss laboratory sample preparation,
sample dissolution, separation techniques, and quantification of radionuclides.
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The majority of the information in this appendix is taken directly from the Draft Branch
Technical Position on Site Characterization for Decommissioning (NRC 1994). The checklist in
Section F.3 of this appendix regarding potential indicators for ground water contamination is
taken directly from NUREG—-1496. This chapter is applicable, either in total or in part, to
Decommissioning Group 4 for surface water and Decommissioning Groups 5—7.

Characterization of surface and ground water is an essential component of the dose modeling
used in the estimation of doses to demonstrate compliance with the license termination
requirements in 10 CFR Part 20, Subpart E. If contaminated surface or ground water is
identified, the screening DCGLs for soil are inappropriate since they are usually based on
initially uncontaminated surface and ground water. Appendix I of this volume discusses the
aspects of dose modeling that are specific to site hydrology.

F.1 Planning for Surface Water and Ground Water
Characterization

Surface and ground water characterization should be planned in a manner that maximizes the
utility of the information to be collected and optimizes its adequacy and quality during the
characterization process. For example, a licensee may show for a particular site that the surface
water pathway is not likely to be significant in terms of existing and potential future exposure to
the public. In such a case, the need for detailed characterization of the surface water system is
decreased. As an example of effective interactions during site characterization, identification of
ground water contamination during preliminary scoping survey may warrant installation and
sampling of additional monitoring wells to define the extent and migration status of the
contamination.

In some instances, ground water may be unsuitable for specific uses, such as human and
livestock consumption, but may be acceptable for crop irrigation. In addition, some aquifers
may not have the yield to support crop irrigation but may produce enough water for human
consumption. In some instances, EPA or a State agency may have declared that the aquifer in
question is unfit for human or livestock use. Accordingly, this type of information needs to be
addressed since it will be used to support site scenario development and dose modeling. Refer to
Section 1.3.3.3.2 from Appendix I of this volume for guidance on modification of waterborne
exposure pathways.

NRC staff experience has shown that some decommissioning plans (DPs) have not adequately
provided ground water characterization data. Additional environmental monitoring data may
be needed because there may not be enough operational monitoring of ground water for
adequate site characterization and dose assessment. Regulatory Issue Summary 200202
provides a detailed discussion of lessons learned regarding ground water characterization.

The information contained in this RIS has been included in Section O.2.2 from Appendix O of
this volume.
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F.2 Ground Water Characterization

The need for surveys to characterize ground water should be determined from the historical site
assessment (HSA). If the HSA indicates that residual radioactivity may have reached potable
water, surveys of ground water would be appropriate. The nature of appropriate ground water
surveys should be determined on a site-specific basis. In addition to that which is discussed
below, MARSSIM (Sections 3.6.3.4 and 5.3.3.3) provides some guidance on evaluating the
likelihood for release of radionuclides into ground water and on evaluating related concerns
regarding characterization and sampling.

Characterization of ground water contamination, including all significant radiological
constituents, along with inorganic and organic constituents and related parameters, should be
adequate to determine the following:

e extent and concentration distribution of contaminants;

 source (known or postulated) of radioactive contaminants to ground water;

» background ground water quality;

 rate(s) and direction(s) of contaminated ground water migration;

 location of ground water plume and concentration profiles (i.e., maximum concentration in
the vertical and lateral extent);

» assessment of present and potential future effects of ground water withdrawal on the
migration of ground water contaminants;

e potential safety and environmental issues associated with remediating the surface and ground
water;

o effect of the nonradiological constituents on the mobility of the radionuclides;

e whether the remediation activities and radiation control measures proposed by the licensee are
appropriate for the type and amount of radioactive material present in the surface and ground
water;

e whether the licensee’s waste management practices are appropriate; and

e whether the licensee’s cost estimates are plausible.

Besides licensee process discharges, there are other mechanisms that may affect ground water.
For example, sumps that are used to capture infiltrating ground water may affect the local ground
water elevation during pumping. In some situations, sumps are used to collect ground water at

the lowest elevation of a building, with pumping going on continuously. Such pumping has been
shown to affect the local ground water elevation ( i.e., cone of depression).
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Characterization of the nonradiological constituents and related parameters may also be required
by other regulatory Agencies that have jurisdiction over the decommissioning effort. Therefore,
licensees should contact Federal, State, or local government bodies responsible for regulating
water. Typical analytical parameters include gross alpha particle activity, gross beta particle
activity, specific radionuclide concentrations, gamma spectrum analysis for all gamma-emitting
radionuclides suspected to be present, sulfate, chloride, carbonate, alkalinity, nitrate, TDS, Total
Organic Carbon (TOC), Eh, pH, calcium, sodium, potassium, iron, and dissolved oxygen.
Additional analytical parameters may be necessary to characterize any suspected contamination.

The extent of contamination and background ground water quality should be determined based
on ground water monitoring data from a suitable monitoring well network. Guidance documents
on acceptable ground water monitoring techniques are listed under References [Korte and Ealey
(1983), Korte and Kearl (1984), NUREG-1383 and NUREG-1388, USGS (1977 and 1996), and
EPA (1977, 1980, 1985, and 1986)]. The actual number, location, and design of monitoring
wells depend on the size of the contaminated area, the type and extent of contaminants, the
background ground water quality, the hydrogeologic system, and the objectives of the
monitoring program. For example, if the objective of monitoring is only to indicate the presence
of ground water contamination, relatively few downgradient and upgradient monitoring wells are
needed. In contrast, if the objective is to develop a detailed characterization of the distribution
of constituents within a complex aquifer as the design basis for a corrective action program, a
large number of suitably designed and installed monitoring wells and well points may be
necessary. Planned site characterization activities should be flexible enough to allow for the
installation of additional monitoring wells during the characterization effort if either:

(a) preliminary characterization indicates contamination where previously unanticipated; or

(b) there is a need to delineate the vertical or lateral extent of contaminant plumes. Monitoring
well locations, contaminant concentrations, and contaminant sources should be plotted on a map
(or a series of maps for multiple contaminants) to show the relationship among contamination,
sources, hydrogeologic features and boundary conditions, and property boundaries. At sites with
significant vertical migration of contaminants, the DP should also provide hydrogeologic
cross-sections that depict the vertical distribution of contaminants in ground water. The vertical
exaggeration of the sections should not exceed 10 times.

The DP should also describe the ground water characterization program used to characterize the
extent and distribution of contaminants in the ground water. Depending on the complexity of the
site, the DP can include the detailed information as described below or can summarize this
information and then reference the documents where the supporting details are contained. The
description should provide monitoring well completion diagrams explaining elevation, internal
and external dimensions, types of casings, type of backfill and seal, type of the screen and its
location and size, borehole diameter and elevation and depth of hole, and type and dimension of
riser pipe and other necessary information on the wells. An acceptable generic completion
design is illustrated in Figure F.1.
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Sampling techniques, methodology, and procedures should be documented or referenced in the
DP. Site characterization procedures and methods should generally adhere to acceptable
national practices and standards [e.g., American Society for Testing and Materials (ASTM),
U.S. Geological Survey (USGS), U.S. Environmental Protection Agency (EPA),

U.S. Department of Energy Environmental Monitoring Laboratory (DOE/EML), and National
Institute of Standards and Technology (NIST)]. The DP should identify specific analytical
methods that conform to generally accepted protocols and methods, such as those endorsed by
NIST, DOE/EML, or other methods established through comprehensive peer review and
recommendation process (e.g., ANSI/ASME 1986). Korte and Kearl (1984) provides forms for
documenting well summary information, samples, chain of custody, quality assurance
information for field chemical analyses, and sample location and identifier.

The site characterization program should include sufficient sampling and analysis of ground
water samples collected upgradient from the site to develop a representative characterization of
background ground water quality. Background ground water quality should not exhibit any
influence from contaminants released by the site and should be representative of the quality of
ground water that would exist if the site had not been contaminated. The site characterization
should also assess any temporal or spatial variations in background ground water quality. If
sources of contamination other than the site are present, the potential impact of such sources
should be evaluated to determine the degree of ground water contamination caused by these
sources.

F.3 Indicators for Potential Ground Water Contamination

When evaluating ground water contamination, it is especially necessary to consider the
site-specific factors that permit radionuclides to migrate through the ground water pathway, and
thus contribute to the dose to an individual from residual radioactivity.

As described in Table 1.1 of Volume 1 of this NUREG report, Decommissioning Groups 5—7 are
sites that have the potential for residual radioactivity in ground water. Based on the experience
gained from operational and decommissioning NRC-licensed sites, the following is a list of
potential indicators for ground water contamination at decommissioning sites. The following are
intended to be illustrative only and not intended to constitute a complete list:

e High Potential: if a site has a history of, or currently has:

— unlined lagoons, pits, canals, or surface-drainage ways that received radioactively
contaminated liquid effluent;

— lined lagoons, pits, canals, or surface drainage ways that received radioactively
contaminated liquid effluent, where the lining has leaked or ruptured, or where overflow
has occurred;

— septic systems, dry wells, or injection wells that received radioactively contaminated
liquid effluent;
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— storage tanks, waste tanks, and/or piping (above or below ground) that held or transported
radioactively contaminated fluids and are known to have leaked;

— liquid or wet radioactive waste buried onsite (i.e., burial under 10 CFR 20.302 or 20.304
(or the current 10 CFR 20.2002));

— an accident or spill onsite where radioactive material was released exterior to a building;

— wet bulk waste (e.g., sludge or tailings) stored exterior to buildings or used as backfill;
and

— containerized-liquid waste, stored exterior to buildings, that has leaked.
e Medium Potential: if a site has a history of or currently has:
— surface water or atmospheric discharge of radioactive effluents;
— radioactive contamination detected on the roof of a building;
— radioactive contamination detected in the floor cracks or sump of a building;

— an accident or spill onsite, where liquid radioactive material was released to the interior of
a building;

— the presence of greater than 10-year-old underground storage tank or underground piping
that held radioactively contaminated fluids, not known to have leaked, but never tested,

— a history of incineration of radioactive waste exterior to onsite buildings;
— dry bulk waste (e.g., sludge or tailings) stored exterior to buildings or used as backfill;
— solid containerized waste, stored exterior to buildings, that has leaked.

* Low Potential: if a site has a history of or currently has:

— less than 10-year-old underground storage tanks or underground piping that has held
radioactively contaminated fluids and is known not to have leaked;

— dry bulk waste stored inside the buildings;

— a sealed-source-only license.
The potential for ground water contamination at any of these sites is conditioned by certain site
characteristics such as depth of ground water, amount of yearly precipitation and hydraulic

conductivity, and by certain source characteristics such as half-life, solubility, and distribution
coefficient.

F.4 Monitoring Practices and Procedures

Depending on the complexity of the site, the DP can include the detailed information as
described below, or the DP can summarize this information and then reference the documents
where the supporting details are contained.
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The site characterization should include a description of all surface and ground water
characterization activities, methods, and monitoring installations sufficient to demonstrate that
the methods and devices provided data that are representative of site conditions. Also included
should be a description of the monitoring practices, procedures, and quality assurance programs
used to collect water quality data. Monitoring well descriptions, for example, should include
location, elevation, screened interval(s), depth, construction and completion details, and the
hydrologic units monitored. Aquifer test descriptions should include testing configuration, test
results, and a discussion of the assumptions, analytical techniques, test procedures, pretesting
baseline conditions, limitations, errors in measurements, and final results. The description of the
water quality sampling and analysis program should include or reference the procedures for
sampling, preserving, storing, and analyzing the samples, including QA/QC protocols
implemented. All methods used should be consistent with current standard methods and
practices (e.g., ASTM, USGS, EPA, NIST, and ANSI/ASME). Some additional guidance on
acceptable methods for sampling and analyzing water quality samples can be found in Korte and
Ealey (1983); Korte and Kearl (1984); DOE (1988 and 1993); ANSI/ASME (1986); EPA (1977,
1985, 1986, 1987a, 1991); and NUREG—-1293, NUREG-1383, and Regulatory Guide 4.15. Any
deviations from standard methods should be appropriately justified.

F.5 Sampling Frequencies

Surface and ground water quality and water levels should be determined on a set frequency
established based on site-specific considerations. For sites with extensive ground water
contamination, a network of monitoring wells should be designed and installed to provide a high
probability of detecting and characterizing existing contamination and determining background
ground water quality. Ground water levels should be measured in piezometers and monitoring
wells that provide a sufficiently accurate indication of hydraulic head to characterize the
hydraulic gradient within the uppermost aquifer and adjacent units. Water levels should be
measured on a quarterly basis for a minimum one year to determine temporal variations in the
hydraulic gradient. After this period, the frequency of water level measurements should be
adjusted to reflect anticipated temporal variation in hydraulic heads (e.g., tides, river bank
storage, water year variations). Acceptable methods for ground water sampling and for
measuring water levels are described in EPA and USGS documents (EPA 1977, 1985, 1986, and
1987a; USGS 1977) and in Korte and Kearl (1984).

The sampling frequency for determining variations in ground water quality should be determined
based on the temporal variation in hydraulic gradients, as well as temporal variations in
hydrochemistry and migration of radiological and associated nonradiological constituents. After
an initial sampling round in which each monitoring well is sampled, representative samples
should be collected and analyzed on a quarterly basis from key monitoring wells to estimate the
temporal variation of water quality in the uppermost aquifer and adjacent units. After this initial
period, sampling frequency should be adjusted to reflect variations in the hydraulic gradient and
hydrochemistry. Concentrations of principal radiological constituents should not change by
more than about 10-20 % between sampling events. If the concentrations change by more than
10-20 %, the frequency of sampling should be increased in an attempt to characterize the
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temporal variability of ground water quality. For most sites, sampling on a quarterly basis (i.e.,
one sample per well per calendar quarter) should be sufficiently frequent to characterize
temporal changes in water quality. More frequent sampling may be necessary, however,
especially at sites involving offsite or potential offsite contamination of ground water resources.
Acceptable methods for ground water sampling are described in Korte and Kearl (1984), USGS
(1977) and the EPA references mentioned above.

Quarterly sampling of surface water and sediments should be sufficient at most sites. This
sampling should be supplemented by additional sampling to characterize the surface system at
representative low or high stage flow conditions (e.g., minimum annual, 7-day average low flow
or maximum annual, 7-day average high flow). This information should be used to bound the
existing and projected impacts of the release of contamination on adjacent surface water bodies.

F.6 Surface Water and Sediments

Surface water can include ponds, creeks, streams, rivers, lakes, coastal tidal waters, oceans, and
other bodies of water. Note that certain ditches and intermittently flowing streams qualify as
surface water. The need for surface water samples should be evaluated on a case-by-case basis.
Surveys for water should be based on appropriate environmental standards for water sampling.
If the body of water is included in a larger survey unit, then sediment samples should be taken at
sample locations selected by the normal method without taking the body of water into
consideration. In addition to that which is discussed below, MARSSIM (Sections 3.6.3.3 and
5.3.3.3) provides some guidance on evaluating the likelihood for release of radionuclides into
surface water and sediments and on related concerns regarding characterization and sampling.

For sites that are located near surface water streams and could reasonably affect surface water
pathways, the site characterization program should establish background surface water quality by
sampling upstream of the site being studied or areas unaffected by any known activity at the site.
Water should be collected as grab samples from the stream bank in a well-mixed zone.
Depending on the significance and the potential for surface water contamination, it may be
necessary for certain sites to collect stratified samples from the surface water to determine the
distribution of contaminants within the water column. Surface water quality sampling should be
accompanied by at least one round of stream sediment quality sampling to assess the relationship
between the composition of the dissolved solids, the suspended sediment, and the bedload
sediment fractions. Water levels and discharge rates of the stream should be determined at the
time samples are collected. Licensees should also consider the effects of variability of the
surface water flow rate. Based on the results of the HSA and/or preliminary investigation
surveys, surface scans for gamma activity should be conducted in areas likely to contain residual
activity (e.g., along the banks). Acceptable methods for surface water and sediment sampling
are described in Korte and Kearl (1984) and USGS (1977). In addition, Fleishhauer and
Engelder (1984) present suggested procedures for stream sediment sampling. The EPA guidance
documents mentioned above are also applicable. In some cases, the Radiological Environmental
Monitoring Program (REMP) data from a facilities operating period may provide useful
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information to support the characterization program. Appendix O of this volume discusses the
limitations of the use of REMP data to support site characterization.

Surface water sampling should be conducted in areas of runoff from active operations. In case of
direct discharge into a stream, the outfall and the stream should be monitored and sampled
upstream and downstream from the outfall. Preliminary characterization of the contamination
levels should be conducted by measuring gross alpha and total beta particle activity (total and
dissolved) and by obtaining a gamma spectrum for surface water samples. It should be noted
that determination of gross alpha activity (and low energy beta emitters as well) may be of
limited value for samples containing elevated total or dissolved solids concentrations because of
sample attenuation. In such instances, gamma spectroscopy might be the only recourse. Specific
radionuclide analysis may be needed depending on level of activities and type of radionuclides.
Nonradiological parameters, such as specific conductance, pH, and total organic carbon, may be
used as surrogate indicators of potential contamination, provided a clear relationship is
established between radionuclide concentration and the level of the surrogate. Additional
analysis for other parameters like volatile and semi-volatile compounds, chelating agents,
pesticides, and polychlorinated biphenyls (PCBs) may also be necessary if they affect the
mobility of radiological constituents and to evaluate potential environmental effects of the
decommissioning.

Each of the surface water and sediment sampling locations should be carefully recorded on the
appropriate survey form. Additionally, surface water flow models can be used to assist in
estimating contaminant concentrations or migration rates.

F.7 Geochemical Conditions

Geochemical conditions at the site and their association with ground water and contaminants
should also be described. Specifically, geochemical conditions that enhance or retard
contaminant transport should be given special consideration. Geochemical data should include
information on solid composition, buffering capacity, redox potential, sorption (represented as a
range of distribution coefficients (K,) for each radiological constituent), and other relevant
geochemical data. Piper and Stiff diagrams may be useful for visualizing the geochemistry of
the water. In general, licensees or responsible parties may estimate the values of K, through
laboratory column or batch sorption measurements [e.g., ASTM methods D4319 (ASTM 2002),
D4646 (ASTM 2001), and D4874 (ASTM 2001)] or by using a conservative value to represent
the values of K, from available literature references [e.g., Sheppard and Thibault (1990) and
NUREG/CR-5512, Volume 3]. If necessary, licensees (or responsible parties) may use
appropriate geochemical codes to understand and quantify geochemical mechanisms that
significantly affect transport of radiological and nonradiological contaminants and their potential
fate (e.g., MINTEQ (EPA 1984); EQ3/6 (Daveler and Woolery 1992)). Additional information
on ground water parameters necessary for dose modeling is discussed in Appendix I of this
volume.
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F.8 Surface Water and Ground Water Models

As a joint effort, EPA, NRC, and DOE have developed specific guidance on selecting and
applying surface and ground water models (EPA 1994a, b, ¢). Supporting details may be found
elsewhere (NUREG—-3332 and NUREG/CR-5454, Volumes 1-5; NCRP 1985, 1996; DOE 1995;
EPA 1987a, b, 1994a, b, c; NAS 1999).
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There are several special situations during the decommissioning process that are not, or are only
minimally, addressed in NRC regulatory guidance and MARSSIM (NUREG-1575), for which
licensees may need to perform characterization and an FSS in order to demonstrate compliance
with the license termination criteria in 10 CFR Part 20, Subpart E. As part of NRC staft’s
review and approval of DPs, these special situations are evaluated on a case-by-case basis at this
time. Additional guidance that covers these special situations may be developed in the future
and these will be included in revisions to the consolidated guidance. Refer to Appendix O of this
volume for information on lessons learned from recently submitted DPs and questions and
answers to clarify existing license termination guidance related to special characterization and
survey issues.

This Appendix G is applicable, either in total or in part, to Decommissioning Groups 4-7.
G.1 Surveys for Special Situations in Buildings

The survey method described in this volume thus far (e.g., Chapter 4 and Appendix A) can be
applied to simple ideal geometries in a straightforward manner; however, there are likely to be
some additional special situations at actual sites that will need further consideration. For each
situation discussed below, it is assumed that the HSA and minimal site characterization have
located and given a rough estimate of the concentration of residual radioactivity present.

G.1.1  Structures Versus Equipment

Background

The NRC staff acknowledges that the relationship between the License Termination Rule (LTR)
for unrestricted use of a site [dose criteria of 0.25 mSv/y (25 mrem/y) and ALARA], and existing
guidance for unrestricted releases of solid materials from a site on a case-by-case basis may have
been unclear. In particular, the criteria for the LTR and for releases of solid materials prior to
license termination are different. Consistent with the LTR, once a site meets the radiological
criteria for unrestricted use [0.25 mSv/y (25 mrem/y) plus ALARA] and the NRC terminates the
license, solid material may be removed from a site. However, before license termination,
material cannot be removed from the site for unrestricted use unless it meets either (a) criteria
already approved for the licensed facility (e.g., in a license condition), for surficially
contaminated materials; or (b) the few mrem/y criterion for the case-by-case approach for
volumetrically contaminated materials. One rationale for the difference in criteria is that the
technical basis for the LTR assumed that individuals are generally exposed to residual
radioactivity at a single location (the site), while for releases of solid material, an individual may
be exposed to materials through several scenarios at offsite locations (NRC 2003). For more
information about the relationship between the LTR and the case-by-case approaches to release
of solid materials from a site, see the LTR Analysis Commission Paper SECY-03-0069

(NRC 2003) and the associated Regulatory Issue Summary (NRC 2004).
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This section focuses on compliance with the LTR, in particular what building structure-related
materials may be left onsite at license termination, and what criteria should apply. For more
information about current approaches to releases of solid material before license termination, see
Section 15.11 of Volume 1 of this NUREG report.

Implementation

The LTR applies to building structures that remain in place after decommissioning and does not
apply to releases of equipment from the facility before license termination. If licensees elect to
dismantle building structures and dispose of the associated materials offsite (in accordance with
applicable regulatory requirements), rather then leave the building structures in place (for
unrestricted use), the LTR does not apply to the associated materials moved offsite prior to
license termination. Materials licensees may release equipment and building structure
deconstruction and dismantlement materials in accordance with existing license conditions.
Reactor licensees (10 CFR Part 50 licensees) may release equipment and building structure
deconstruction and dismantlement materials in accordance with the guidance in Inspection and
Enforcement Circular 81-07, Information Notice 85-92, and Information Notice 88—22.
Licensees should refer to Section 15.11 of Volume 1 of this NUREG report and should consult
with NRC staff for further guidance on equipment and solid material releases.

When the LTR was developed, it was assumed that decommissioning generally would include
the removal of systems and components from onsite buildings prior to license termination.
However, with experience, it has become clear that each licensee uses a different approach for
decommissioning, and these approaches are not necessarily consistent with the original
assumptions of the LTR. Differences are the result of factors such as: (1) the potential for re-use
of systems and components; (2) cost of recycling/price of scrap metal and concrete; and (3) cost
and availability of disposal options.

It is clear from the LTR Technical Basis, provided in the Generic Environmental Impact
Statement (NRC 1997), and NRC draft Regulatory Guide DG-4006, “Demonstrating Compliance
with the Radiological Criteria for License Termination,” dated July 1998, that the LTR was not
intended to apply to releases of “equipment” from the facility. “Equipment” includes anything
not attached to, or not an integral part of, the building structure. On the other hand, the previous
guidance (the previous version of Section G.1.1 of this Volume) was not prescriptive enough to
provide a definitive answer about whether systems and components must be considered
“building structures” or “equipment.” The previous guidance considered “doors, windows,
sinks, lighting fixtures, utility lines, built-in laboratory hoods and benches and other types of
built-in furniture” to be part of the structure. Under that guidance, those items could be included
in the Final Status Survey (FSS) and left in place at license termination. It could be argued that,
based on the examples provided, many plant systems and components also could be considered
“building structures,” and, therefore, left in place at license termination. This previous guidance
may have been inconsistent with the discussion in the LTR Analysis Commission Paper
SECY-03-0069 (NRC 2003), which described an expectation that removable materials and
equipment would generally not be present at the time of license termination.
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In order to clarify for licensees and the NRC staff what building structure-related materials may
be left onsite at the time of license termination and what criteria should be applied to those
materials, the staff has identified a number of acceptable approaches.

For this discussion only, NRC staff uses the following descriptions of building structures,
systems and components, and equipment:

o “Building structures” include floors, walls, and roofs; components embedded in floors, walls,
and roofs (e.g., embedded piping); and items that are attached to and are an integral part of the
buildings (e.g., doors and windows).

» “Systems and components” include items attached to a building structure that are not an
integral part of the building, but provide important functions to the building (e.g., utility lines,
sinks, lighting fixtures, built-in laboratory hoods and benches, polar cranes (in power
reactors), and major process equipment).

o “Equipment” includes items not attached to the building structure, that are generally readily
removable from the building. Examples of equipment include furniture or appliances that are
not built into or attached to the structure; stocks of chemicals, reagents, metals, and other
supplies; motor vehicles; and any other items that normally would not be conveyed with a
building when it is sold.

Building Structures, and Systems and Components that May Be Left
in Place at License Termination

The NRC staff finds the following approaches acceptable to determine what materials may be
left in buildings at license termination.

1. Materials Left Onsite Meet Previously Approved Release Criteria—Building structures
and systems and components may be left in place if residual radioactivity in all materials is
within the licensee’s previously approved criteria for releases of solid materials for
unrestricted use. Such criteria may have been approved in license conditions, technical
specifications, or generic NRC guidance. The criteria could include use of the “no-detect”
policy for reactor licensees, or policy FC-83-23 (or Regulatory Guide 1.86) for materials
licensees (see also Section 15.11 of Volume 1 of this NUREG report for more information
about the current approaches to releases of solid materials).

2. Materials Left Onsite Meet “Few Millirem per Year”—Building structures and systems
and components may be left in place if residual radioactivity in all materials is volumetrically
distributed (not surficial) and if the potential dose from offsite use scenarios is no greater
than a few hundredths mSv per year (few mrem per year).

3. Materials Left Onsite Meet 0.25 mSv/y (25 mrem/y)—Building structures may be left in
place if the potential dose from the residual radioactivity in or on the structures is within the
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applicable dose criteria of the LTR (for unrestricted use, no greater than 0.25 mSv/y
(25 mrem/y) and ALARA).

4. Alternative Approaches — Licensees also may propose alternative approaches, which the
staff will review on a case-by-case basis. Before submitting such alternative approaches,
licensees should consult with the NRC staff.

For all approaches, the residual radioactivity in building structures, systems and components,
and all other media at the site (e.g., soils or ground water) must be in compliance with the
applicable criteria of the LTR (e.g., for unrestricted use, doses must not exceed 0.25 mSv/y
(25 mrem/y) and must be ALARA).

Licensees will perform dose assessments (or use NRC-approved screening dose assessments) to
demonstrate compliance with the dose criteria. Typically, licensees may not need to evaluate
potential offsite future use scenarios, such as removal of soil for fill material or road base or
reuse of concrete as road bed material, because such offsite use scenarios are usually bounded by
onsite use scenarios. However, for some of the dose assessments needed for the above
approaches, when less conservative and more realistic exposure scenarios are selected, the onsite
scenarios may no longer bound potential offsite use scenarios. Thus, in these cases, the licensee
should evaluate offsite use scenarios. For additional guidance, see Section 1.3.3.3.6 of Appendix
I of this Volume.

Equipment Not Covered by the LTR

The LTR does not apply to equipment, so equipment should not be left on the site at license
termination. Equipment should be released under the current approaches for releases of solid
materials, as discussed in Section 15.11 of Volume 1 of this NUREG report, or could be
disposed as radioactive waste.

G.1.2 Residual Radioactivity Beneath the Surface

The historical site assessment (HSA) and characterization surveys may indicate that residual
radioactivity is present beneath the surface. In the dose modeling, the parameters for
resuspension and ingestion are normally derived for residual radioactivity on the surface.
However, if the residual radioactivity is beneath rather than on the surface, that may be
considered in the dose modeling, and the survey results may be interpreted in a manner
consistent with the dose modeling.

For the FSS, cracks and crevices are surveyed in the same manner as other building surfaces,
except that these areas should receive judgmental scans when scanning coverage is less than

100 %.

For painted-over residual radioactivity, the HSA and characterization surveys should be used to
determine whether residual radioactivity was fixed in place by being painted over. If so, the
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process for its removal may be considered in developing the parameters for the dose modeling,
and the survey results may be interpreted in a manner consistent with the dose modeling.

G.1.3 Sewer Systems, Waste Plumbing Systems and Floor Drains

The HSA and characterization surveys are used to determine whether there are unusual or
unexpected levels of residual radioactivity in sewer systems and floor drains. Residual
radioactivity in sewer systems and floor drains generally does not contribute to the dose
pathways in the building occupancy scenario or the residential scenario; thus, the dose from
residual radioactivity in sewer pipes should be calculated using a site-specific scenario. The FSS
should then be conducted in a manner consistent with the site-specific dose scenario. If the
sewer water is sent to an onsite drainage field or cesspool, any residual radioactivity should be
evaluated and surveyed as subsurface residual radioactivity. If unusual or unexpected results are
found during the characterization survey, the situation should be dealt with on a case-by-case
basis.

If sewage is sent to an onsite drainage field, any residual radioactivity is subsurface and the
survey methods discussed in Section G.2.1 are appropriate.

G.1.4 Ventilation Ducts

The HSA and characterization surveys should be used to indicate whether residual radioactivity
may be present. External duct surfaces of ventilation ducts are surveyed as if they are a part of
the building surface. For internal duct surfaces, surveys should be performed in a manner
consistent with the dose modeling assumptions.

G.1.5 Piping and Embedded Pipping

Embedded piping is piping embedded in a durable material, typically concrete, that cannot be
easily removed without significant effort and tools. The HSA and characterization surveys
should be used to indicate whether residual radioactivity is present in piping. The normal room
surveys will adequately account for direct (external gamma) radiation from the pipes when the
pipes are in place and undisturbed. The direct (external gamma) dose from the pipes will be in
addition to the dose from the residual radioactivity on surfaces in the room. It may also be
necessary to take into consideration building renovation that would disturb the piping as
described in “Residual Radioactive Contamination from Decommissioning” NUREG/CR-5512,
Volume 1. If this is done, the survey should be consistent with the dose modeling assumptions.
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NRC staff experience has shown that some DPs have not adequately described the methods
the licensee plans to use when surveying the embedded piping planned to be left behind.
Often, licensees have not provided a discussion on the methodology for conducting surveys of
embedded pipe planned to be left behind, nor have they provided sufficient justification for
the assumptions considered in the dose modeling analysis. Regulatory Issue

Summary 2002—02 provides a detailed discussion of this issue. The information contained in
this Regulatory Issues Summary has been included in Section O.2.2 from Appendix O of this
volume.

G.2 Surveys for Special Situations on Land

G.2.1 Subsurface Residual Radioactivity

The MARSSIM final status survey method was designed specifically for residual radioactivity in
the top 15 centimeters of soil. If significant amounts of residual radioactivity are deeper than
15 centimeters, this should be taken into consideration in performing the FSS.

The licensee should first determine whether there is a need for surveys of subsurface residual
radioactivity. The HSA will usually be sufficient to indicate whether there is likely to be
subsurface residual radioactivity. If the HSA indicates that there is no likelihood of substantial
subsurface residual radioactivity, subsurface surveys are not necessary.

If the HSA indicates that there is substantial subsurface residual radioactivity and the licensee
plans to terminate the license with some subsurface residual radioactivity in place, the FSS
should consider the subsurface residual radioactivity in order to demonstrate compliance with the
radiological criteria for license termination. To prepare for the FSS, the characterization survey
determines the depth of the residual radioactivity. In addition to conventional drilling, the
licensee may consider the use of exploratory trenches and pits, where the patterns, locations, and
depths are determined using prior survey results or HSA data. The DCGL may be based on the
assumption that the residual radioactivity may be excavated some day and that mixing of the
residual radioactivity will occur during excavation. When the subsurface residual radioactivity
is mixed and brought to the surface, most of the dose pathways will depend only on the average
concentration. Only the ground water pathways are affected by the total inventory of residual
radioactivity, including that deeper than 15 centimeters. The direct, inhalation, ingestion, and
crop pathways are determined by concentration only, not total inventory.

When the appropriate DCGLs and mixing volumes based on an acceptable site-specific dose
assessment are established, the FSS is performed by taking core samples to the measured depth
of the residual radioactivity. The number of cores to be taken is initially the number (N) required
for the WRS or Sign test, as appropriate. The adjustment to the grid spacing for an elevated
measurement comparison (EMC) is more complicated than for surface soils, because scanning is
not applicable. The core samples should be homogenized over a soil thickness that is consistent
with assumptions made in the dose assessment, typically not exceeding 1 meter in depth. It is
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not acceptable to average radionuclide concentrations over an arbitrary soil thickness. The
appropriate test (WRS or Sign) then is applied to the sample results. Triangular grids are
recommended, because they are slightly more effective in locating areas of elevated
concentrations. Site-specific EMCs may also need to be developed to demonstrate regulatory
compliance. Generic guidance has not yet been developed for performing an EMC for
subsurface samples; therefore, licensees should discuss this matter with NRC staff on a
case-by-case basis.

The sampling approach described above may not be necessary if sufficient data to characterize
the subsurface residual radioactivity are available from other sources. For example, for some
burials conducted under prior NRC regulations, the records on the material buried may be
sufficient to demonstrate compliance with the radiological criteria for license termination.

G.2.2 Rubble, Debris, and Rocks

Rubble, debris, and rocks can include naturally occurring rocks (either in place or in piles),
pieces of concrete or rubble from buildings that have been razed, sheet metal disposed of as
trash, asphalt, fly ash, and similar material. The HSA and characterization surveys should be
used to determine the volumetric extent and residual radioactivity concentration. If the materials
are contaminated, they would be disposed of as radioactive waste. If the radioactivity is not
substantially elevated, the rubble, debris, and rocks may be evaluated as part of a larger survey
unit. When these materials will be evaluated as part of a larger survey unit and when they are
found on a relatively small fraction of the area of a survey unit, the volumetric soil DCGL should
be used uniformly throughout the survey unit. However, the reasonableness of modeling rocks
and rubble as soil should be justified by the licensee.

G.2.3 Paved Parking Lots, Roads, and Other Paved Areas

The HSA and characterization surveys should be used to determine whether the residual
radioactivity is on or near the surface of the paving and whether there are significant
concentrations of residual radioactivity beneath the paving. If the residual radioactivity is
primarily on top of the paving, then the measurements should be taken as if the area were normal
soil. Depending on how large the paved area is, the paved area may be included as part of a
larger survey unit or may be its own survey unit. If the residual radioactivity is primarily
beneath the paving, it should be surveyed as subsurface residual radioactivity, as discussed
above.
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H.1 Introduction

This appendix consists of the technical guidance for the use of the screening criteria, applicable
to Decommissioning Groups 1-3. References cited are detailed in Appendix 1.8.

This section pertains to NRC staff’s review of a licensee’s demonstration of compliance with the
dose criteria in Part 20, Subpart E, using a screening approach dose analysis. NRC staff review
of the screening analysis should be performed using one or more of the currently available
screening tools:

1. alook-up table for common beta- and gamma-emitting radionuclides for building surface
residual radioactivity (63 FR 64132, November 18, 1998);

2. alook-up table for common radionuclides for soil surface residual radioactivity
(64 FR 68395, December 7, 1999); and

3. screening levels derived using DandD, Version 2.1, or the most current version for the
specific radionuclide(s) that use the code’s default parameters.

Other tools for performing a screening analysis might become available in the future, depending
on further NRC staff efforts to develop additional look-up tables. Based on the merits and level
of conservatism of the alternate screening approaches or procedures, other alternate screening
approaches or procedures might be appropriate.

A screening analysis is usually conducted for simple sites with building surface (i.e.,
non-volumetric) and/or with surficial soil [approximately 15 cm (6 in)] residual radioactivity.
Simple and conservative models/codes and parameters, under generic scenarios and default site
conditions, are usually employed to define the screening DCGLs equivalent to the dose criteria.
Because of the conservative nature of the screening analysis approach, the screening DCGLs are
expected to be more restrictive than the site-specific DCGLs. Screening analysis may save
licensees time and effort by reducing the amount of site characterization, modeling analysis, and
reviews needed, versus those needed when using a site-specific analysis approach.

To conduct a screening analysis review, NRC staff first needs to make a generic assessment and
evaluation of a licensee’s justification that the site is qualified for screening. In addition, NRC
staff should be familiar with the tools (e.g., models, codes, and calculations) and embedded
assumptions used in derivation of the screening DCGLs. This section addresses the major issues
that NRC staff may encounter in the generic screening analysis reviews and includes
recommendations of approaches for addressing and resolving these issues. Refer to

Section O.2.2 from Appendix O of this volume for information on lessons learned from recently
submitted decommissioning plans (DPs) related to dose modeling evaluations.
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H.2 Issues in Performing Screening Analysis

The major issues associated with the screening analysis that NRC staff may encounter include
the following: (a) the definition of screening and the transition from a screening to a site-
specific analysis; (b) qualification of the site for screening, in terms of site physical conditions
and compatibility with the modeling code’s assumptions and default parameters; and (c) the
acceptable screening tools (e.g., code, look-up tables), approaches, and parameters that NRC
staff can use to translate the dose into equivalent screening concentration levels. Each one of
these issues is discussed in the following subsections:

H.2.1 Screening Definition and Approaches for the Transition from Screening to Site-Specific
Analysis;

H.2.2 Qualification of the Site for Screening; and
H.2.3 Acceptable Screening Tools.

H.2.1  Screening Definition And Approaches for the Transition from
Screening to Site-Specific Analysis

NRC staff may encounter some inconsistencies regarding the definition of the term “screening”
in dose analysis which may cause confusion regarding the transition from a screening to a
site-specific analysis. These inconsistencies become more apparent when dividing screening
approaches into multiple levels (NCRP 1996b, 1999). In some cases screening and site-specific
terms are mixed, and the term “site-specific screening” is used (NRC 1992). In certain cases
screening is categorized on the type of models used (e.g., simple and conservative models vs.
more advanced and complex models) and the extent of data and information needed to support
the dose analysis.

Within the context of NUREG—-1757, NRC staff should consider the definition of screening as
the process of developing DCGLs at a site using either (a) NRC’s look-up tables in 63 FR 64132
and 64 FR 68395, or (b) the latest version (e.g., Version 2.1) of the DandD code developed by
NRC to perform the generic screening analysis.

It should be noted that, in the future, NRC staff may modify current look-up tables or develop
additional look-up tables for the common alpha-emitters for building surfaces (based on the
DandD code and modification of sensitive parameters). In addition, NRC staff may also
consider the use of other screening tools (e.g., other look-up tables or other conservative
codes/models) after evaluating and comparing these screening tools with the current screening
codes.

When licensees either (a) select other approaches or models for the dose analysis or (b) modify
the DandD code default parameters, scenarios, or pathways, NRC staff considers licensees to be
performing site-specific analyses. With regard to footnote a of Table H.1, use of values of the
fraction of removable surface contamination other than 0.1 or 1.0 (as described in the footnote)
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in the DandD code is considered a site-specific analysis. For a site-specific analysis, staff should
use Section 5.2 to review the analysis.

While there is no requirement that the licensee consider the use of screening criteria, licensees
should recognize the advantages and disadvantages of selecting a screening approach for
demonstrating compliance with the dose criteria. The merits of using screening versus using
site-specific analysis are discussed in Section 2.6 of this volume.

H.2.2 Qualification of the Site for Screening

NRC staff should be aware that a screening analysis, for demonstrating compliance with the dose
criteria in Part 20, Subpart E, may not be applicable for certain sites because of the status of
contaminants (e.g., location and distribution of radionuclides), or because of site-specific
physical conditions. Therefore, NRC staff should assess the site source-term (e.g., radionuclide
distribution) characteristics to ensure consistency with the source-term assumptions in DandD.
Further, NRC staff may determine that there could be conditions, at the specific site, that cannot
be handled by the simple screening model, because of the complex nature of the site, or because
of the simple conceptual model in the DandD screening code.

When using the screening approach for demonstrating compliance with the dose criteria in

Part 20, Subpart E, licensees need to demonstrate that the particular site conditions

(e.g., physical and source-term conditions) are compatible and consistent with the DandD model
assumptions (NRC 1992). In addition, the default parameters and default scenarios and
pathways must also be used in the screening dose analysis. Therefore, reviewers should examine
the site conceptual model, the generic source-term characteristics, and other attributes of the site
to ensure that the site is qualified for screening.

NRC staff should verify that the following site conditions exist for each of the residual
radioactivity conditions:

e Building Surface Residual Radioactivity:

1. The residual radioactivity on building surfaces (e.g., walls, floors, ceilings) should be
surficial and non-volumetric [e.g., <10 mm (0.39 in) of penetration].

2. Residual radioactivity on surfaces is mostly fixed (not loose), with the fraction of loose
(removable) residual radioactivity no greater than 10 % of the total surface activity. Note
that for cases when the fraction of removable contamination is undetermined or higher
than 0.1, licensees may assume for screening purposes that 100 % of surface
contamination is removable, and therefore the screening values should be decreased by a
factor of 10 (see footnote a to Table H.1).

3. The screening criteria are not being applied to surfaces such as buried structures
(e.g., drainage or sewer pipes) or equipment within the building without adequate
justification; such structures, buried surfaces, and clearance of equipment should be
treated on a case-by-case basis.
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e Surface Soil Residual Radioactivity:

1. The initial residual radioactivity (after decommissioning) is contained in the top layer of
the surface soil [e.g., approximately 15 cm (5.9 in)].

2. The unsaturated zone and the ground water are initially free of residual radioactivity.

3. The vertical saturated hydraulic conductivity at the specific site is greater than the
infiltration rate (e.g., there is no ponding or surface run-off).

Questions have also been raised about the appropriateness of using a screening analysis at sites
with contaminated areas larger than the current default cultivated area [e.g., 2400 m?

(25,800 ft*)]. Initially, NRC staff evaluated the effect of a large contaminated area on the
derived screening dose and determined that this effect is trivial for sites with the dominant dose
arising from direct exposure or inhalation. As modeled by DandD with its default parameter set,
this effect could be appreciable for sites with a significant dose contribution associated with the
ingestion pathway (specifically ingestion associated with the drinking water and irrigation
pathways). NRC staff determined that for sites with contaminated areas of 6000~7200 m?
(64,600-77,500 ft* ) the dose may be underestimated under worst-case conditions by a factor of
2 to 3. However, further analysis by NRC staff showed that, because of the conservative
assumptions of the DandD code, it is more likely that the derived dose (based on the use of other
codes or the use of a site-specific analysis) would be far less than the derived dose using these
default conditions. Therefore, for sites with areas larger than 7200 m* (77,500 ft*), the change in
actual risk due to this effect is not appreciable. In summary, assuming that the site is qualified
for screening based on the above listed criteria, the screening approach would be accepted for
sites with areas larger than the default cultivated area [i.e., 2400 m* (25,800 ft*)].

It should be noted that NRC staff should also evaluate complex site conditions that may
disqualify the site for screening. Examples of such complex site conditions may include highly
fractured formation, karst conditions, extensive surface water contamination, and highly
non-homogeneous distribution of residual radioactivity. Therefore, reviewers should ensure that
the site meets the definition of a “simple site” to qualify for screening (see Section 1.2 for
details).

H.2.3 Acceptable Screening Tools

In the past, it may not have been clear what screening tools NRC has determined to be
acceptable. Some may believe that using simple, common codes (other than DandD), with their
deterministic default parameters may be acceptable to derive the desired screening DCGLs.
Others may believe that use of any look-up tables published by certain scientific committees or
authorities may be used to convert concentration levels directly into doses for purposes of
complying with Subpart E. Questions regarding use of the DandD code for screening,
particularly whether modification of input default parameters is acceptable for screening, have
also been raised.
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NRC staff should accept for a screening analyses the following currently available screening
tools:

e A look-up table (Table H.1) for common beta- and gamma-emitting radionuclides for
building-surface residual radioactivity (63 FR 64132, November 18, 1998).

* A look-up table (Table H.2) for common radionuclides for soil surface residual radioactivity
(64 FR 68395, December 7, 1999).

The screening values in Tables H.1 and H.2 are intended for single radionuclides. For
radionuclides in mixtures, the “sum of fractions” rule should be used (see Section 2.7 of this
volume). These values were derived using DandD screening methodology based on selection of
the 90th percentile of the output dose distribution for each specific radionuclide or radionuclide
with the specific decay chain. Behavior parameters were set at the mean of the distribution of the
assumed critical group. The metabolic parameters were set either at the Reference Man or at the
mean of the distribution for an average human.

NOTE

For a radionuclide with its progeny present at equilibrium, the “+C” values of Table H.2
should be interpreted carefully. As described in footnote c to Table H.2, these “+C” values
are concentrations of the parent radionuclide only, but account for dose contributions from the
complete chain of progeny in equilibrium with the parent radionuclide. For example,
Uranium-238+C lists the soil screening value as 18.5 Bq/kg (0.5 pCi/g). This means that it is
also assumed that there is 18.5 Bg/kg (0.5 pCi/g) of U-234, 18.5 Bg/kg (0.5 pCi/g) Th-230,
and so forth, present.

e Screening levels derived using the latest version of DandD Version 2 for the specific
radionuclide and using code default parameters and parameter ranges.

In August 1998, NRC staff issued DandD, Version 1.0 for screening and simple site-specific
analysis. NRC staff and users (through public workshops) identified several areas where
DandD, Version 1, may be overly conservative. One such conservatism was the methodology
used for establishing a single default parameter set for all radionuclides listed in the DandD
code. That is, if the default parameter set were tailored for each specific radionuclide, the
dose calculated using the DandD model would, in most cases, be lower. DandD, Version 2,
was developed to address these issues. A detailed discussion of the way the default
parameters were selected is included in NUREG/CR-5512, Volume 3; the conservatism of
DandD code, Version 1, is discussed in Appendix I of this volume.

e Potential use of other tools or approaches for screening.

The current NRC staff position is to limit screening to the look-up tables developed by NRC
staff and the execution of the latest version of DandD code with the default parameter ranges.
As indicated above, NRC staff may develop additional look-up tables or modify the screening
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tables based on refining certain sensitive parameters. NRC staff may evaluate the possibility
of using other simple codes/models for screening, such as the probabilistic RESRAD and
RESRAD-BUILD codes currently under development. Furthermore, NRC staff may evaluate
requests by licensees to use other look-up tables developed by specific consensus professional
or technical groups or authorities. Usually, NRC staff should treat these approaches as
“site-specific” since the review is very similar. NRC staff will examine the screening
approaches, methodologies, scenarios, and assumptions in these other approaches to ensure
compatibility with the current screening methodology using DandD. NRC staff will also
assess the site conditions to ensure that the screening analysis is appropriate for the site. In
certain cases, NRC staff may need to examine and compare the default screening parameters
with the site-specific conditions.
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Table H.1 Acceptable License Termination Screening Values of Common
Radionuclides for Building-Surface Contamination

Radionuclide Symbol Acceptable Screening Levels” for
Unrestricted Release (dpm/100 cm?)”
Hydrogen-3 (Tritium) *H 120000000
Carbon-14 “C 3700000
Sodium-22 *Na 9500
Sulfur-35 S 13000000
Chlorine-36 Cl 500000
Manganese-54 **Mn 32000
Iron-55 *Fe 4500000
Cobalt-60 %Co 7100
Nickel-63 Ni 1800000
Strontium-90 "Sr 8700
Technetium-99 #Tc 1300000
lodine-129 121 35000
Cesium-137 B7Cs 28000
Iridium-192 92y 74000
Notes:

a Screening levels are based on the assumption that the fraction of removable surface contamination
is equal to 0.1. For cases when the fraction of removable contamination is undetermined or higher
than 0.1, users may assume for screening purposes that 100 % of surface contamination is
removable, and therefore the screening levels should be decreased by a factor of 10. Users may
calculate site-specific levels using available data on the fraction of removable contamination and
DandD Version 2.

b Units are disintegrations per minute (dpm) per 100 square centimeters (dpm/100 cm?). One dpm is
equivalent to 0.0167 becquerel (Bq). Therefore, to convert to units of Bq/m?, multiply each value
by 1.67. The screening values represent surface concentrations of individual radionuclides that
would be deemed in compliance with the 0.25 mSv/y (25 mrem/y) unrestricted release dose limit in
10 CFR 20.1402. For radionuclides in a mixture, the “sum of fractions” rule applies (see Part 20,
Appendix B, Note 4).
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Table H.2  Screening Values?® (pCi/g) of Common Radionuclides for Soil

Surface Contamination Levels

Radionuclide Symbol Surface Soil Screening Values”
Hydrogen-3 ‘H 110
Carbon-14 HC 12
Sodium-22 *Na 4.3
Sulfur-35 *S 270
Chlorine-36 6Cl 0.36
Calcium-45 “Ca 57
Scandium-46 *Sc 15
Manganese-54 *Mn 15
Iron-55 *Fe 10000
Cobalt-57 ’'Co 150
Cobalt-60 Co 3.8
Nickel-59 *Ni 5500
Nickel-63 Nj 2100
Strontium-90 PSr 1.7
Niobium-94 *Nb 5.8
Technetium-99 "Tc 19
Iodine-129 | 0.5
Cesium-134 B4Cs 5.7
Cesium-137 B7Cs 11
Europium-152 2By 8.7
Europium-154 1%*Eu 8
Iridium-192 2y 41
Lead-210 *1%pp 0.9
Radium-226 6Ra 0.7
Radium-226+C° 22Ra+C 0.6
Actinium-227 2TAc 0.5
Actinium-227+C 2TAct+C 0.5
Thorium-228 *Th 4.7
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Table H.2  Screening Values?® (pCi/g) of Common Radionuclides for Soil
Screening Surface Contamination Levels (continued)

Radionuclide Symbol Surface Soil Screening Values”
Thorium-228+C*¢ 28Th+C 4.7
Thorium-230 20T 1.8
Thorium-230+C B0Th+C 0.6
Thorium-232 22Th 1.1
Thorium-232+C 22Th+C 1.1
Protactinium-231 Blpg 0.3
Protactinium-231+C BIpa+C 0.3
Uranium-234 B4y 13
Uranium-235 By 8
Uranium-235+C B5U+C 0.29
Uranium-238 By 14
Uranium-238+C 2U+C 0.5
Plutonium-238 28py 2.5
Plutonium-239 239pu 2.3
Plutonium-241 241py 72
Americium-241 HAm 2.1
Curium-242 2Cm 160
Curium-243 Cm 3.2

Notes:

a These values represent surficial surface soil concentrations of individual radionuclides that would be deemed
in compliance with the 25 mrem/y (0.25 mSv/y) unrestricted release dose limit in 10 CFR 20.1402. For
radionuclides in a mixture, the “sum of fractions” rule applies; see Section 2.7 of this volume.

b Screening values are in units of (pCi/g) equivalent to 25 mrem/y (0.25 mSv/y). To convert from pCi/g to units
of becquerel per kilogram (Bg/kg), divide each value by 0.027. These values were derived using DandD
screening methodology (NUREG/CR-5512, Volume 3 (NRC 1999)). They were derived based on selection
of the 90th percentile of the output dose distribution for each specific radionuclide (or radionuclide with the
specific decay chain). Behavioral parameters were set at the mean of the distribution of the assumed critical
group. The metabolic parameters were set at “Reference Man” or at the mean of the distribution for an
average human.

¢ “Plus Chain (+C)” indicates a value for a radionuclide with its decay progeny present in equilibrium. The
values are concentrations of the parent radionuclide but account for contributions from the complete chain of
progeny in equilibrium with the parent radionuclide (NUREG/CR—5512, Volumes 1, 2, and 3).
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APPENDIX I

Introduction

This appendix consists of the technical guidance for the use of the site-specific dose modeling,
applicable to Decommissioning Groups 4—7.

For guidance on lessons learned regarding use of site-specific dose modeling evaluations, refer
to Question 4 from Section O.1 and Lesson 6 from Section O.2.2 from Appendix O of this

volume.
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1.1.1 Background

On July 21, 1997, the U.S. Nuclear Regulatory Commission (NRC) published a final rule on
“Radiological Criteria for License Termination,” in the Federal Register (62 FR 39058), which
was incorporated as Subpart E to 10 CFR Part 20. In 1998 NRC staff developed a draft
regulatory guide, Demonstrating Compliance with the Radiological Criteria for License
Termination (DG—4006) (NRC 1998), and a draft document Decision Methods for Dose
Assessment to Comply With Radiological Criteria for License Termination (NUREG-1549)
(NRC 1998a) in support of the final rule. In addition, staff developed a screening code “DandD”
for demonstrating compliance with the dose criteria in Part 20, Subpart E.

On July 8, 1998, the Commission approved publication of the draft guidance, DG—4006, the
draft NUREG-1549, and the DandD screening code for interim use for a 2-year period (i.e., from
July 8, 1998, through July 7, 2000) (NRC 1998b). In addition, the Commission directed NRC
staff to (a) develop a standard review plan (SRP) for decommissioning and provide the
Commission with a timeline for developing the SRP; (b) maintain a dialogue with the public
during the interim period; (c) address areas of excessive conservatism, particularly in the DandD
screening code; (d) develop a more user-friendly format for the guidance; and (e) use a
probabilistic approach to calculate the total effective dose equivalent (TEDE) to the average
member of the critical group (NRC 1998b).

NRC staff completed development of the SRP, and it was published in 2000 of September as
NUREG-1727. Chapter 5 of the SRP (which is incorporated into Chapter 5 of this volume)
addresses NRC staff review of licensee’s dose modeling to demonstrate compliance with the
criteria in 10 CFR Part 20, Subpart E. Appendix C of the SRP (Appendix I of this volume) was
developed by NRC staff as a technical information support document for performing NRC staff
evaluations of the licensee’s dose modeling. It presents detailed technical approaches,
methodologies, criteria, and guidance to staff reviewing dose modeling for compliance
demonstration with the dose criteria in 10 CFR Part 20, Subpart E. Appendix C of the SRP was
developed through an iterative process with the public including, licensees, Federal agencies,
States, and other interested individuals. To support this process, NRC staff conducted seven
public workshops and gave several presentations at national and international professional
meetings, stakeholder meetings, Interagency Steering Committee on Radiation Standards
(ISCORS) meetings, Conference of Radiation Control Program Directors (CRCPD) meetings, as
well as presentations to NRC’s Advisory Committee on Nuclear Waste (ACNW). In addition,
NRC posted the draft Appendix C (formerly the Technical Basis Document) on NRC’s Web site
and requested interested individuals to provide NRC with comments.

Since the publication of the license termination rule (LTR), NRC staff has tested the DandD
code for complex sites and addressed the issue of excessive conservatism in the DandD code. In
addition, NRC staff developed a new probabilistic DandD code (i.e., DandD Version 2.1) to
reduce the excessively conservative approach in the initial version of the DandD code. Further,
NRC staff developed RESRAD and RESRAD-BUILD probabilistic codes for site-specific
analysis. Development of the probabilistic DandD and RESRAD/RESRAD-BUILD codes also
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responds to the Commission’s direction to use a probabilistic approach to calculate the TEDE to
the average member of the critical group.

Licensees using probabilistic dose modeling should use the “peak of the mean” dose
distribution (see Section 1.7.3.2.2 from Appendix I of this volume) for demonstrating
compliance with the 10 CFR Part 20, Subpart E. Similar to all regulatory guidance, this
NUREG report contains one approach for determining compliance with the regulations
using probabilistic analyses. Other probabilistic approaches, such as, “mean of the
peaks” or other methods, if justified, may also be acceptable for demonstrating
compliance.

1.1.2 Brief Description and Scope

This section is divided into the following different topic areas, as summarized below.

e Section 1.2 presents NRC approaches for reviewing the conceptual representation of the
radioactive source term at the site. This section describes the areas of reviews pertaining to
the existing radioactive material contamination and physical and chemical characteristics of
the material. In addition, the section presents recommended approaches for source-term
abstraction for the purpose of performing the dose analysis.

» Section 1.3 focuses on areas of review and criteria for accepting modifications of pathways of
the two generic critical group scenarios, the “resident farmer” and the “building occupancy”
scenarios. Section 1.3, also, along with Appendices L and M, discusses the information that
should be provided for a licensee’s justification for modifying default screening scenarios and
associated pathways. It also presents approaches for establishing site-specific scenarios,
critical groups, and/or sets of exposure pathways based on specific land use, site restrictions,
and/or site-specific physical conditions.

e Section 1.4 provides approaches for developing site-conceptual models for dose analysis.
This section presents approaches—via the linkage of the source term with the critical group
receptor and the use of applicable pathways and site-characterization data—for the
assimilation of data to establish a site conceptual model. It also presents approaches for
employing applicable mathematical models to simulate and calculate the release and transport
of contaminants from the source to the receptor. This section also presents discussions of the
typical conceptual models used in the DandD and RESRAD codes. Additionally, the section
provides (a) information on the limitations of the DandD and RESRAD models and (b) review
areas to ensure compatibility of the site conceptual model with the conceptual models
embedded in the DandD and RESRAD codes.

e Section 1.5 presents approaches and criteria for NRC staff acceptance of computer
codes/models. This section discusses review aspects pertaining to specifications, testing,
verification, documentation, and QA/QC of the licensee’s codes/models. This section also
addresses reviews applicable to embedded numerical models for the source term, the exposure
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pathway models, the transport models, and the intakes or dose conversion models. In
addition, the section provides a discussion of the development of and a description of the
DandD code, particularly the excessive conservatism of the Version 1 of the DandD code.
Section 1.5 also presents a generic description of the RESRAD/RESRAD-BUILD codes.

» Section 1.6 describes approaches for the selection and modification of input parameters for
dose modeling analysis and includes the use of default parameters from the DandD code in
other models.

» Section [.7 addresses the acceptable criteria for treating uncertainties in the dose modeling
analysis. Issues pertaining to uncertainty and sensitivity are described, and NRC staff
recommended approaches for the resolution of these issues are addressed. Policy positions
are presented regarding approaches both to uncertainty/sensitivity treatments and to specific
percentile dose-distribution selection for the screening and site-specific analysis. NRC staff
review of input parameter distributions for Monte Carlo analysis and generic description of
sensitivity analysis, including statistical techniques, are also described.

» Section 1.8 compiles the references used throughout the appendix.

e Appendix J integrates the guidance in Appendix I and discusses methods that licensees may
use in analyzing former burials with a very simple approach.

1.2 Source-Term Abstraction

1.2.1 Introduction

Source-term abstraction is the process of developing a conceptual representation of the
radioactive source at a site. Typically, the radiological conditions at a site proposed for
decommissioning are relatively complex. Source-term abstraction is necessary to allow the
detailed radiological characterization of the site to be incorporated into the mathematical and
computer models that are used to estimate radiological impacts (e.g., dose). The abstraction
process involves generalizing the radiological characteristics across the site to produce a
simplified representation, which should facilitate the modeling of radiological impacts. The
conceptual representation of the source developed in the abstraction process, however, should
not be simplified to the extent that radiological impacts are significantly underestimated or
unrealistically overestimated.

As discussed in Chapter 5 of this volume, source-term abstraction serves as the starting point for
the dose modeling process. The conceptual abstraction of the source term is combined with the
physical characteristics of the site and characteristics of the critical group receptor to develop the
conceptual model for the site. This conceptual model provides the basis for identifying
applicable exposure scenarios, pathways, and selection of computer models. These other
elements of dose modeling are discussed in subsequent sections of this document.

Volume 1 of NUREG-1757 and Chapter 4 of this volume discuss the information the licensee is
expected to provide regarding the existing radiological characterization of the site. The licensee

I-5 NUREG-1757, Vol. 2, Rev. 1



APPENDIX I

should provide a description of the types, levels, and extent of radioactive material contaminated
at the site. This should include residual radioactivity in all media (including buildings, systems
and equipment that will remain after license termination, surface and subsurface soil, and surface
and subsurface ground water). The source-term abstraction should be based on the
characterization of the radiological status (e.g., process historical development, records of
leakage or disposal). The licensee should explicitly relate the information provided in the
discussion of radiological status of the site with the discussion of source-term abstraction. The
reviewer should be able to clearly interpret the relationship.

Generally, in the source-term abstraction process, the licensee may focus on several specific
elements of the source term, which include the following:

1. The licensee should identify the radionuclides of concern. This should be taken directly
from the description of the site’s radiological status. The radionuclides should be identified
based on pre-remediation radiological status. All radionuclides potentially present at the site
should be included, so that their presence or absence may be verified during the FSS, except
as noted in Chapter 4 and Section 3.3 of this volume.

2. The licensee should describe the physical/chemical form(s) of the contaminated media
anticipated at the time of F'SS and site release. The licensee should indicate whether the
residual radioactivity will be limited to building surfaces and/or surface soil, or whether the
residual radioactivity will involve other media such as subsurface soil, debris or waste
materials (e.g., sludge, slag, tailings), or ground and surface water.

3. The licensee should delineate the spatial extent of the residual radioactivity anticipated at the
time of F'SS and site release. The delineation of the spatial extent should include
descriptions of (a) the areal extent of radionuclides throughout the site and (b) the vertical
extent of soil residual radioactivity of radionuclides below the ground surface. The
delineation of spatial extent and depth should establish the source areas and volumes.
Depending on the presence of specific radionuclides, source areas and volumes may be
radionuclide-specific.

4. The licensee should define the distribution of each radionuclide throughout the delineated
source areas and volumes anticipated at the time of FSS and site release. The distribution of
a radionuclide through the source should be defined in terms of representative volumetric or
areal concentrations. In addition, for volumetrically contaminated soil, the licensee may
provide an estimate of total radioactivity of each radionuclide.

5. The licensee should define sources in ground water or surface water, if any, based on
environmental monitoring and sampling of aquifers and surface water bodies. A site with
ground water or surface water contamination may be categorized as “complex’ and may
require more advanced dose modeling analysis (see Section 1.3 of this volume).

NUREG-1757, Vol. 2, Rev. 1 I-6



APPENDIX I

In the source-term abstraction process, the licensee should address the first two of these five
elements. Whether the licensee needs to address the other elements depends on the objective of
the licensee’s dose modeling. This is discussed later in this section.

1.2.2 Issues Associated with Source-Term Abstraction

The level of effort that a licensee expends to develop a conceptualization of a source term should
be commensurate with the licensee’s approach to demonstrating compliance with the release
criterion. Also, the focus should be on the source-term characteristics anticipated to exist at the
site at the time of FSS and release, after any planned remediation.

If a licensee plans to use the screening DCGLs published by NRC in the Federal Register, a
licensee should only have to identify the radionuclides that may be present at the site, and
demonstrate that the conditions at the site meet the prerequisites for using the screening values
[i.e., residual radioactivity is limited to building surfaces or the uppermost 15 to 30 cm (6 to
12 in) of surface soil and no contamination of ground water or surface water]. The licensee’s
source-term abstraction would not have to address issues such as existing radiological
conditions, areal and volumetric extent of residual radioactivity, or spatial variability or
radiological conditions for such sources. This is discussed further in Section 1.2.3 of this
appendix.

If a licensee anticipates that residual radioactivity will be limited to building surfaces or surface
soils at the time of FSS, but considers the published DCGLs overly restrictive, the licensee may
develop site-specific DCGLs. In this case, the licensee would most likely have to delineate the
anticipated areal extent of residual radioactivity. However, the licensee would not have to
discuss the anticipated spatial variability of radionuclide concentrations within the anticipated
area of residual radioactivity.

A licensee should provide a site-specific dose assessment if the residual radioactivity is not
limited to building surfaces or surface soil. In this case, the licensee would have to delineate the
spatial extent (laterally and vertically) of the residual radioactivity, and the licensee would have
to provide a discussion of the spatial variability of the physical, chemical, and radiological
characteristics of the contaminated media.

Ideally, the source characteristics at a site would be relatively uniform, justifying simplified
abstraction. However, this is generally not the case. Issues may arise when the residual
radioactivity projected at a site at the time of release falls short of the ideal case. These issues
may include the following:
1. Spatial extent

— limited areal extent of residual radioactivity;

— irregular areal shape; and

— varying depth of residual radioactivity in soil.
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2. Spatial variability
— nonuniform distribution of radioactivity throughout a site;
— limited areas of relatively elevated radionuclide concentrations;
— multiple noncontiguous areas of residual radioactivity; and

— nonuniform physical and chemical characteristics.

The following approach to source-term abstraction addresses most of these issues. Others
(e.g., irregular areal shape) are best addressed by appropriate selection of computer codes.

.2.3 Approach to Source-Term Abstraction

A licensee’s approach to source-term abstraction will depend on the objective of the dose
modeling presented in the decommissioning plan (DP). Generally, the licensee’s dose modeling
should have one of the following objectives:

e Develop DCGLs commensurate with demonstrating compliance with the dose-based release
criterion, and then demonstrate through FSS that residual radioactivity concentrations at the
site are equal to or below the DCGLs.

e Assess dose associated with actual concentrations of residual radioactivity distributed across
the site to determine whether the concentrations will result in a dose that is not equal to or
below the regulatory dose criterion.

In the first objective, the licensee intends to demonstrate at the time of FSS before release that
residual radionuclide concentrations across the site are below a prespecified concentration limit
with some prespecified degree of confidence. The design of the FSS would be based on the
proposed DCGLs, in accordance with MARSSIM. The MARSSIM process does not require that
the licensee incorporate information regarding the existing (i.e., pre-remediation or pre—FSS)
spatial distribution of radioactivity into the source-term abstraction. The identification of
DCGLs may involve site-specific model and parameter assumptions, or may use “screening”
analyses.

In the second objective, the licensee intends to assess potential radiation doses that may result
from specified levels of radioactive material. The contaminated material may not be limited to
building surfaces or surface soils, but may include contaminated subsurface soil, debris, and
waste. The licensee’s dose modeling should demonstrate that the residual radioactivity should
not result in radiation doses in excess of applicable regulatory limits. This modeling would
likely be site-specific. Most likely, this modeling objective would require that the licensee
incorporate information regarding both the spatial extent and spatial variability of radioactivity
into the source-term abstraction.
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Table I.1 summarizes the approach to source-term abstraction that the licensee should adopt,
depending on the licensee’s dose modeling objective and whether the licensee is providing
screening or site-specific analyses. This table can serve as an index for the reviewer of the
licensee’s source-term abstraction.

Table 1.1 Summary of Source-Term Abstraction Approaches Based on
Dose-Modeling Objective

Objective Screening Site-Specific
Identify DCGLs. No source-term abstraction is Delineate proposed lateral and
necessary beyond radionuclide vertical extent of residual
identification. contamination.
(Assume unit radionuclide (Assume unit radionuclide
concentrations.) concentrations.)
Provide Dose Use actual concentrations with Site-specific source-term
Assessment. DandD v2.1 and assure that abstraction incorporating spatial
spatial variability is minimal. extent and variability.

1.2.3.1 Dose Modeling Objective One: Identify DCGLs

The MARSSIM approach, as documented in NUREG-1575 (NRC 1997) and discussed in
Chapter 4 of this volume, requires that a licensee establish a set of DCGLs before conducting an
FSS. In fact, the design of the FSS should be based on the identified DCGLs. DCGL is defined
in MARSSIM as:

“...a derived, radionuclide-specific activity concentration within a survey unit corresponding
to the release criterion.... DCGLs are derived from activity/dose relationships through
various exposure pathway scenarios.”

The DCGL,, is the concentration of a radionuclide which, if distributed uniformly across a
survey unit, would result in an estimated dose equal to the applicable dose limit. The DCGLy

is the concentration of a radionuclide which, if distributed uniformly across a smaller limited
area within a survey unit, would result in an estimated dose equal to the applicable dose limit.

Two approaches are possible for developing DCGLs: screening and site-specific analysis.
SCREENING DCGLs

NRC has published radionuclide-specific screening DCGLs in the Federal Register for residual
building-surface radioactivity and residual surface-soil radioactivity. The DCGLs in the Federal
Register are intended to be concentrations which, if distributed uniformly across a building or
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soil surface, would individually result in a dose equal to the dose criterion. The licensee may
adopt these screening DCGLs without additional dose modeling, if the site is suitable for
screening analysis. Alternatively, the licensee may use the DandD computer code to develop
screening DCGLs. The licensee would use the code to determine the dose attributable to a unit
concentration of a radionuclide and scale the result to determine the DCGL,, for the
radionuclide. Either of these methods for identifying screening DCGLs requires the licensee (a)
to identify the radionuclides of concern for the site and (b) to demonstrate that the source term
and model screening assumptions are satisfied. Thus, this approach requires essentially no
source-term abstraction. The screening process and the source-term screening assumptions are
discussed in detail in Appendix H of this volume.

Before designing an FSS, the licensee may likely need to identify a DCGLy,, for each
radionuclide over a range of smaller limited areas. Since the conservative screening models of
DandD are not appropriate for modeling small limited areas of residual radioactivity, use of the
DandD screening code would likely result in DCGLyy, values that are overly conservative.
Therefore, licensees may likely use other codes or approaches to develop DCGLy,, values.
These would be considered “site-specific” analyses in that they would not be using the DandD
code with the default screening values. See Section 1.3.3.3.5 of this appendix for more
information.

SITE-SPECIFIC DCGLs

The licensee may choose to identify site-specific DCGLs if (a) the site conditions are not
consistent with screening criteria or (b) the licensee believes the screening DCGLs are
unnecessarily restrictive. As defined in MARSSIM, the site-specific DCGLs may be derived
from activity/dose relationships through various exposure pathway scenarios. “Site-specific” in
this context may refer to the selection of conceptual models/computer models, physical (site)
input parameter values, or behavioral/metabolic input parameter values. These aspects of
site-specific analyses are discussed in other sections of this document. “Site-specific” may also
refer to the source-term abstraction.

From the MARSSIM perspective, identifying a site-specific DCGL,, still begins with assuming a
uniform radionuclide concentration across some source area (building surface) or volume
(surface soil). The site-specific DCGL,, for a particular radionuclide may be identified by
evaluating the dose resulting from a unit concentration and then scaling the result. Spatial
variability of the radionuclide concentration within the area or volume is not evaluated in
identifying the DCGLs, but is taken into account in the statistical analysis of the data collected
during the FSS. In identifying the site-specific DCGLs, the licensee may, however, take the
spatial extent into account.

If the licensee is certain that the residual radionuclide concentration is limited to a specific lateral
extent, the licensee may incorporate the “area of residual radioactivity” into the identification of
DCGLs. Computer modeling codes, such as RESRAD or DandD, allow the user to directly
specify the area of residual radioactivity. Through the FSS, the licensee would have to
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demonstrate that the DCGL,; is satisfied within the specified area of residual radioactivity, and
would have to demonstrate that residual radioactivity is not present outside the specified area of
residual radioactivity. In order to adequately design the FSS, the licensee should develop
DCGLy,, values for smaller areas within the area of residual radioactivity.

In addition to specifying a limited area of residual radioactivity in developing the site-specific
DCGLs for soil, the licensee should also appropriately represent the vertical extent of residual
radioactivity within the area. The screening DCGLs and the DandD code assume that residual
radioactivity is contained within the uppermost 15 to 30 cm (6 to 12 in) of soil. If the licensee
intends to leave residual radioactivity at depths below 15 to 30 cm (6 to 12 in), this should be
reflected in the calculation of the DCGL,,. Otherwise, leaving residual radioactivity below 15 to
30 cm (6 to 12 in) may not be acceptable.

For subsurface residual radioactivity [i.e., residual radioactivity at depths greater than 15 to

30 cm (6 to 12 in)], the NRC license reviewer should evaluate whether the licensee has reviewed
existing historical site data (including previous processes or practices) and site characterization
data to establish an adequate conceptual model of the subsurface source specifically regarding
horizontal and vertical extent of residual radioactivity. Lateral and vertical trends of variation in
concentration for each specific radionuclide should be evaluated. Since certain radionuclides
have higher mobility than others, radionuclide ratios may not be maintained as constant across
subsurface soil. In other words, radionuclide concentration within the unsaturated zone may
vary depending on the original source location and the time since contamination existed. The
NRC license reviewer should evaluate whether the licensee has reviewed the physical and
chemical properties of the source and the surface/subsurface formation to assess potential for
leaching or retardation within the natural physical system of the concerned site. In this context,
the NRC license reviewer should evaluate the selected physical parameters and the physical
conceptual model of the site versus actual subsurface geologic units or formation to ensure
conservative selection of pertinent sensitive physical parameters. The NRC license reviewer
should also consider (a) the physical variability in subsurface soil and the unsaturated zone and
(b) the selected depth to the water table considering the lower boundary of the subsurface source
term.

If the thickness of residual radioactivity that the licensee intends to leave at the site is generally
uniform across the site, the licensee may choose to use an upper bounding value for modeling the
thickness. Alternatively, the licensee may choose to adopt an area-weighted approach to
calculate an representative thickness. The representative thickness may be the area-weighted
average value, or may reflect a conservative upper-percentile value. The NRC license reviewer
should ensure that the representative thickness value proposed by the licensee does not
significantly underestimate localized thicknesses at sites where the thickness of the proposed
residually contaminated soil varies greatly across the site.

If appropriate, the licensee should provide maps and cross-sections detailing the proposed lateral
and vertical extent of residual radioactivity left on the site.
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1.2.3.2 Dose Modeling Objective Two: Assess Dose

An alternative objective that a licensee may have for performing and submitting dose modeling
may be to assess doses attributable to specific quantities of radioactive material. Although the
development of DCGLs focuses on the determination of radionuclide concentrations
corresponding to a specified dose, the dose assessment objective focuses on the determination of
doses corresponding to specified radionuclide concentrations.

In this situation, the licensee should give much more attention to the source-term abstraction.
The licensee should address all elements of the source-term abstraction:

* identify the radionuclides of concern;
 delineate the spatial extent of residual radioactivity;
 represent the spatial variability of residual radioactivity; and

* incorporate spatial variability of physical and chemical characteristics of the contaminated
media.

The licensee should focus on the distribution of radioactive material expected to be present at the
time of FSS and subsequent site release. The licensee may assess doses attributable to existing
radiological conditions at the site if the licensee can demonstrate that the existing radiological
conditions reasonably bound conditions expected at FSS, from a dose perspective.

The first two elements of source-term abstraction—radionuclides of concern and spatial extent
— were considered in the discussion of source-term abstraction for development of DCGLs.
Spatial variability was not considered since it is statistically evaluated after FSS. In dose
assessment, however, spatial variability should be factored into the source-term abstraction
before dose modeling.

Assuming that the licensee has identified the radionuclides of concern and delineated the spatial
extent of residual radioactivity, the licensee should provide a projection of residual radionuclide
concentration distribution and total residual radionuclide inventory across the site. This
projection should be directly tied to the characterization of existing radiological conditions at the
site. The site may then be divided into relatively large areas that are radiologically distinct,
based on radionuclide concentration or depth of residual radioactivity. The licensee should
statistically demonstrate that the radionuclide concentrations or depth within an area may be
relatively uniform, taking into account the spatial distribution of the data. Similarly, within the
larger areas, the licensee should statistically delineate relatively small areas of projected elevated
radionuclide concentrations or increased depth. (The licensee should discuss the reason for
leaving the elevated concentrations in place as residual radioactivity.)

When complete, the licensee’s source-term abstraction should define a site divided into

relatively large areas of statistically uniform radionuclide concentrations and residual
radioactivity depth. Within these areas may be relatively small areas of elevated concentration
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or increased depth. Assuming that the physical and chemical conditions across the site are
relatively uniform, the licensee may use this source-term abstraction for modeling and proceed
with the dose assessment. The following is a suggested approach:

» Consider each relatively large area independently, and initially ignore the relatively small
elevated areas within each large area.

» Assess dose based on the properties of a large area, taking the areal extent into account.

» Repeat the dose assessment, but assume essentially infinite areal extent. The specific
approach will depend on the computer modeling code used. This should quantify the impact
of dividing the site into artificial modeling areas.

» Assess dose attributable to each limited area of elevated concentration, assuming no residual
radioactivity exists outside the limited area. This may then be combined with the dose
attributable to the surrounding larger area, to assess the impact of leaving the elevated
concentrations.

In some cases, it may not be practical to separate a site into areas with relatively uniform
radionuclide concentrations; sometimes areas to be evaluated will have non-uniform
distributions of concentrations. In such cases, for performing the second step above, there may
be a question about what statistical value best represents the radionuclide concentration for the
large area. Log-normal distributions occur frequently in nature and are not unexpected when
surveying contaminated sites. For log-normal distributions, the geometric mean is often used as
a descriptor of the distribution. However, the geometric mean concentration should not be used
as the average value for the source term for dose calculations. Arithmetic means reflect that

(1) the dose rate is proportional to radionuclide concentration; (2) the dose receptor generally
spends an equal amount of time in each area of the site; and (3) each characterization data point
represents an equal area. If samples are not taken randomly or systematically (and thus data
points represent unequal areas), weighted means may be appropriate, with application of
weighting factors consistent with the assumptions of receptor exposures. Therefore, the
arithmetic mean or weighted mean is the appropriate statistic to use for calculating source term
average concentrations for the large areas (second step above) for dose modeling.

The above discussion does not specifically address the determination of relatively significant
large or small areas. This designation will depend on the areal assumptions underlying the
computer modeling code used. For example, the DandD code considers the area of cultivation to
be uniformly contaminated and irrigated. The area of cultivation depends on the cultivation
requirements defined by the specific exposure scenario. Conversely, the RESRAD code
considers a range of exposure-pathway specific areas [e.g., 400 m* (4300 ft*) for soil ingestion;
1000 m* (11,000 ft*) for plant ingestion; and 20,000 m* (5 ac) for milk and meat ingestion].
Therefore, the licensee should discuss and justify the designation of relatively large and
relatively small areas, based on the computer code used. However, by providing the additional
assessments identified above, where alternative areas are evaluated, the sensitivity of the dose
modeling results to the area designation can be determined.
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The licensee may also have to consider the impact of multiple areas of elevated concentration
within a single larger area. In general, modeling two small areas independently and combining
the results of the two dose assessments should result in a higher dose than if the two areas were
combined and modeled as a single area. The higher dose is unrealistic in that it assumes that the
receptor location relative to each contaminated area is such that the dose is maximized from each
contaminated area independently. For a more reasonable estimate of potential dose, these
smaller areas may be combined into a single larger area if the concentrations within the smaller
areas are comparable. If this is not the case, then the licensee may model each smaller area
individually and modify the scenario and critical group assumptions for each area (e.g., time
spent on each area) and combine the results.

1.3 Criteria for Selecting and Modifying Scenarios, Pathways, and
Critical Groups

1.3.1 Introduction

After the source term has been evaluated, the question becomes: “How could humans be
exposed either directly or indirectly to residual radioactivity?” or “What is the appropriate
exposure scenario?” Each exposure scenario should address the following questions:

1. How does the residual radioactivity move through the environment?
2. Where can humans be exposed to the environmental concentrations?
3. What is the likely land use(s) in the future for these areas?
4

What are the exposure group’s habits that will determine exposure? (e.g., what do they eat
and where does it come from? How much? Where do they get water and how much? How
much time do they spend on various activities? etc.)

The ultimate goal of dose modeling is to estimate the dose to a specific receptor. Broad
generalizations of the direct or indirect interaction of the affected receptors with the residual
radioactivity can be identified for ease of discussion between the licensee, regulator, public, and
other interested parties. Scenarios are defined as reasonable sets of activities related to the future
use of the site. Therefore, scenarios provide a description of future land uses, human activities,
and behavior of the natural system.

In most situations, there are numerous possible scenarios of how future human exposure groups
could interact with residual radioactivity. The compliance criteria in Part 20 for
decommissioning does not require an investigation of all (or many) possible scenarios; its focus
is on the dose to members of the critical group. The critical group is defined (at

10 CFR 20.1003) as “...the group of individuals reasonably expected to receive the greatest
exposure to residual radioactivity for any applicable set of circumstances.”
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By combining knowledge about the answers to Questions 1 and 2, the licensee can develop
exposure pathways. Exposure pathways are the routes that residual radioactivity travels, through
the environment, from its source, until it interacts with a human. They can be fairly simple
(e.g., surface-soil residual radioactivity emits gamma radiation, which results in direct exposure
to the individual standing on the soil) or they can be fairly involved (e.g., the residual
radioactivity in the surface soil leaches through the unsaturated soil layers into the underlying
aquifer and the water from the aquifer is pumped out by the exposed individual for use as
drinking water, which results in the exposed individual ingesting the environmental
concentrations). Exposure pathways typically fall into three principal categories, identified by
the manner in which the exposed individual interacts with the environmental concentrations
resulting from the residual radioactivity: ingestion, inhalation, or external (i.e., direct) exposure
pathways.

As required under Subpart E, the dose from residual radioactivity is evaluated for the average
member of the critical group, which is not necessarily the same as the maximally exposed
individual. This is not a reduction in the level of protection provided to the public, but an
attempt to emphasize the uncertainty and assumptions needed in calculating potential future
doses, while limiting boundless speculation on possible future exposure scenarios. Although it is
possible to actually identify with confidence the most exposed member of the public in some
operational situations (through monitoring, time studies, distance from the facility, etc.),
identification of the specific individual who may receive the highest dose some time (up to
1000 years) in the future is impractical, if not impossible. Speculation on his or her habits,
characteristics, age, or metabolism could be endless. The use of the “average member of the
critical group” acknowledges that any hypothetical “individual” used in the performance
assessment is based, in some manner, on the statistical results from data sets (e.g., the breathing
rate is based on the range of possible breathing rates) gathered from groups of individuals.
Although bounding assumptions could be used to select values for each of the parameters

(i.e., the maximum amount of meat, milk, vegetables, possible exposure time, etc.), the result
could be an extremely conservative calculation of an unrealistic scenario and may lead to
excessively low allowable residual radioactivity levels, compared to the actual risk.

Calculating the dose to the critical group is intended to bound the individual dose to other
possible exposure groups because the critical group is a relatively small group of individuals,
because of their habits, actions, and characteristics, who could receive among the highest
potential dose at some time in the future. By using the hypothetical critical group as the dose
receptor, coupled with prudently conservative models, it is highly unlikely that any individual
would actually receive doses in excess of that calculated for the average member of the critical
group. The description of a critical group’s habits, actions, and characteristics should be based
on credible assumptions and the information or data ranges used to support the assumptions
should be limited in scope to reduce the possibility of adding members of less exposed groups to
the critical group.

ALARA analyses should use the dose based on the reasonably foreseeable land use for any cost-
benefit calculations performed.
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1.3.2 Issues in Selecting and Modifying Scenarios, Pathways, and
Critical Groups

The definition of scenarios, identification of a critical group with its associated exposure
pathways, and the dose assessment based on that definition can be generic or site specific.
Licensees might:

» Use screening scenarios, screening groups, and pathway parameters as described in
NUREG-1549 (NRC 1998a) and the NUREG/CR-5512 series. This can be used for either
screening or site-specific analyses.

e Use the default screening scenarios as a starting point to develop more site-specific pathway
analyses or critical group habits.

» Develop site-specific scenarios, critical groups, and identify associated exposure pathways
from scratch.

To establish either site-specific scenarios, critical groups, and/or sets of exposure pathways, the
licensee may need to provide justifications defending its selections. For some licensees, this
may require minimum amounts of site-specific data to support the assumptions inherent in the
existing default screening scenarios or for removing specific exposure pathways. For others, the
licensee may need to thoroughly investigate and justify the appropriateness of the selected
scenarios and/or critical groups, which may include evaluation of alternate scenarios and/or
critical groups. If a licensee creates the exposure scenario and associated critical group based on
site-specific conditions (e.g., at a site that is grossly different than the assumptions inherent in
the default scenarios), the licensee should provide documentation that provides a transparent and
traceable audit trail for each of the assumptions used in developing the exposure scenario and
critical group [e.g., justify the inclusion (or exclusion) of a particular exposure pathway].

1.3.3 Recommended Approaches

1.3.3.1 Screening Analyses

In the case of screening, the decisions involved in identifying the appropriate scenario and
critical group, with their corresponding exposure pathways, have already been made. Scenario
descriptions acceptable to NRC staff for use in generic screening are developed and contained in
NUREG/CR-5512, Volume 1. NUREG/CR-5512, Volume 3, and NUREG-1549, provide the
rationale for applicability of the generic scenarios, critical groups, and pathways at a site; the
rationale and assumptions for scenarios and pathways included (and excluded); and the
associated parameter values or ranges (only from NUREG/CR-5512, Volume 3). A summary of
the scenarios is in Table 1.2. The latest version of the DandD computer code should contain the
latest default data values for the critical group’s habits and characteristics.
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Table I.2 Pathways for Generic Scenarios

Building Occupancy Scenario

This scenario accounts for exposure to fixed and removable residual radioactivity on the
walls, floor, and ceiling of a decommissioned facility. It assumes that the building may be
used for commercial or light industrial activities (e.g., an office building or warehouse).

Pathways include:

 external exposure from building surfaces;
* inhalation of (re)suspended removable residual radioactivity; and

 inadvertent ingestion of removable residual radioactivity.

Resident Farmer Scenario

This scenario accounts for exposure involving residual radioactivity that is initially in the
surficial soil. A farmer moves onto the site and grows some of his or her diet and uses water
tapped from the aquifer under the site.

Pathways include:

 external exposure from soil;

e inhalation to (re)suspended soil;
 ingestion of soil;

 ingestion of drinking water from aquifer;

* ingestion of plant products grown in contaminated soil and using aquifer to supply
irrigation needs;

 ingestion of animal products grown onsite (using feed and water derived from potentially
contaminated sources); and

* ingestion of fish from a pond filled with water from the aquifer.

1.3.3.2 Site-Specific Analyses

Site-specific analyses give licensees greater flexibility in developing the compliance scenario.
The licensee should justify its selection of the compliance scenario based on reasonably
foreseeable land use at the site. The compliance scenario should result in an exposure to the
public, such that no other scenario, using reasonably foreseeable land use assumptions, will
result in higher doses to its exposure group(s). The level of justification and analysis provided
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by the licensee will be depend on the how close the analysis is to the “real” dose. The more
realistic the analysis, greater degrees of justification and, potentially ancillary analyses, will be
required. For example, a site is currently zoned industrial and the local area is a mix of
suburban, commercial, and industrial. Rural uses of the property are less likely but plausible for
the foreseeable future. If the licensee chose to use the generic screening scenario, the licensee
would need to provide limited justification for the bounding scenario. If the licensee proposed to
use a maintenance worker scenario assuming industrial land use as the compliance scenario, the
licensee would need to provide quantitative analyses of or a qualitative argument discounting the
need to analyze other competing scenarios (based on industrial land use and on suburban or
commercial land use) to justify the selection of the compliance scenario. In addition, the
licensee would need to provide analyses of the rural use of the land to show what impacts would
occur from this less likely but plausible situation.

Site-specific analyses can use the generic screening scenario(s) with a little justification. The
licensee may need to justify that the site contains no physical features nor locations of residual
radioactivity, other than those assumed in the screening analyses, that would invalidate the
assumptions made in developing the scenarios. The NRC license reviewer should evaluate the
justification to provide reasonable assurance that the generic scenario would still be appropriate
for the site. A site can fail to meet the requirements of the conceptual model (see Section 1.4 of
this appendix) without invalidating the generic scenario, and situations can arise where the
default scenario is no longer the limiting case. For example, the site may have pre-existing
ground water contamination, which is counter to the assumptions in the conceptual model
inherent in the screening models, but this may not require any change in the exposure scenario
because the residential farmer scenario may still be an appropriate scenario, as it contains all of
the appropriate exposure pathways, including ground water use for drinking, irrigation, and for
animals. Alternately, if the residual radioactivity were a volumetric source in the walls of a
building, rather than on the building surfaces, the generic exposure scenario of an office worker
may not be the scenario leading to the critical group. For certain sets of radionuclides, a building
renovation scenario may be more limiting because of the exposure to airborne concentration of
material as the walls are modified.

Site-specific scenarios, critical groups, and pathways can be developed, for any situation, and
would occur in cases where, for example:

1. Major pathways (e.g., the ground water pathway, or agricultural pathways) associated with
the default screening scenarios could be eliminated, either because of physical reasons or
site-use reasons.

2. The location of the residual radioactivity and the physical features of the site are outside the
major assumptions used in defining the default critical group and/or scenarios.

3. Restricted use was proposed for a site.
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The second situation listed above can be ambiguous, as a number of assumptions key to the
development of the DandD screening tool do not affect the scenario description, and may require
an NRC reviewer to evaluate whether the initial generic scenario would still be appropriate for
the site.

Modifying scenarios or developing a site-specific critical group requires information regarding
plausible uses of the site and demographic information. Such information might include
considerations of the prevailing (and future) uses of the land, and physical characteristics of the
site that may constrain site use. Potential land uses should be categorized as reasonably
foreseeable, less likely but plausible, or implausible. Any land uses that similar property in the
region currently has, or may have in the near future (e.g., approximately 100 years), should be
characterized as reasonably foreseeable. Consideration should be given to trends and area land
use plans in determining the likelihood of potential land use. Land uses that are plausible,
generally because similar land historically was used for the purpose, but are counter to the
current trends or regional experience could be characterized as less likely but plausible (e.g.,
rural use of property currently in an urban setting). Implausible land uses are those that because
of physical limitations could not occur (e.g., residential land use for an underwater plot of land).
It may be necessary to evaluate several potential critical groups, based on different combinations
of site-specific scenarios developed from expected land use, pathways and demographics, to
determine the group receiving the highest exposure.

Depending on the resulting exposure scenarios, considerations of offsite exposure by either
transport (e.g., through ground water) or material transfer (e.g., soil being taken from the site and
used elsewhere) may be necessary to identify the critical group. Thus, the licensee should
consider if offsite uses are reasonably foreseeable. If they are, such offsite uses should also be
analyzed to determine if the critical group might be an offsite user instead of an onsite user.

Similar considerations apply for restricted release. Thus, when analyzing the dose under
restricted conditions, the nature of the critical group is likely to change because of these
restrictions and controls. Site restrictions and institutional controls can restrict certain kinds of
activities and land or water uses associated with the physical features of the site. The detailed
definition of the scenarios considered for restricted release need to include the impact of the
control provisions on the location and behavior of the average member of the appropriate critical

group.

For restricted use, licensees must also evaluate doses assuming the loss of institutional controls.
This evaluation should address: (a) the associated degradation of engineered barriers without
active maintenance; and (b) inadvertent intruder scenarios. See Section 3.5.2 of this volume for
additional information.

The NRC license reviewer should evaluate the justifications provided by the licensee on its
scenarios using the following appropriate guidance. The guidance is characterized by the
general approach used in development of the scenarios: (a) modifying existing generic exposure
scenarios or (b) developing site-specific scenarios from “scratch.”
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1.3.3.2.1 Modification of Generic Scenarios

First, the NRC license reviewer should evaluate whether the generic scenario was applicable to
the site before modification. Ifthe scenario was applicable before the licensee started modifying
the scenario based on physical features or restrictions, go to the next step and evaluate the
justifications for the various modifications performed by the licensee. If the scenario was not
initially applicable, that does not mean that a final modified scenario is inappropriate for the site
conditions. It just means that the review may be more complex than a simple modification of a
scenario and that the NRC license reviewer should evaluate whether it may be more appropriate
to evaluate the scenario using the guidance below.

The NRC license reviewer should identify the modifications done by the licensee to the scenario
and evaluate the licensee’s justification for those changes. Table 1.3 lists some common
exposure scenarios, but is by no means comprehensive. The Sandia Letter Report, “Process for
Developing Alternate Scenarios at NRC Sites Involved in D&D and License Termination”
(Thomas, et al., 2000), which is included in this volume as Appendix M, provides a series of
flow charts and sources of information to assist a licensee or reviewer in modifying the default
scenarios using site-specific information. See below for specific guidance on acceptable
justifications using different types of site-specific information, which was adapted from the
letter report. Additionally, if the licensee’s intent is restricted release, the final scenario should
be reviewed looking at the effect of site restrictions. The licensee’s justifications should support,
based on either site restrictions or site-specific data, the elimination of scenarios and pathways
from the analysis. The NRC license reviewer should focus the review on the pathways, and
models associated with those pathways, that have the highest likelihood of significant exposures
to the critical group.
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Table 1.3 Potential Scenarios for Use in Dose Assessments

General Scenario Classification

e Building occupancy (Generic screening — NUREG/CR-5512-based).
» Residential farmer (Generic screening — NUREG/CR-5512-based).

» Urban construction (contaminated soil, no suburban or agricultural uses). This scenario is
meant for small urban sites cleared of all original buildings; only contaminated land and/or
buried waste remains.

» Residential (a more restricted subset of the residential farmer scenario, for those urban or
suburban sites where farming is not a realistic projected future use of the site).

e Recreational User (where the site is preserved for recreational uses only).

e Maintenance Worker (tied to the Recreational User scenario but involves the grounds
keepers maintaining or building on the site).

» Hybrid industrial building occupancy (adds contaminated soil, building may or may not be
contaminated).

* Drinking water (e.g., no onsite use of ground water; offsite impacts from the contaminated
plume).

The licensee may need to evaluate whether the final modified scenario is still the limiting
reasonable representation of the critical group at the site. This may involve investigation of
exposure pathways not covered in the default scenarios.

1.3.3.2.2 Development of Alternate Scenarios

In some decommissioning cases, either the location of the residual radioactivity, the physical
characteristics of the site, and/or planned institutional restrictions may make the default
scenarios inappropriate. In other cases, the licensee may wish to provide a transparent and
traceable development of the compliance and other exposure scenarios, starting with the
potential land use and the site conditions. Development (and review) of alternate scenarios may
involve iterative steps involving the development of the conceptual model of the site. For
example, the licensee may (a) develop a generic list of exposure pathways, (b) develop the site
conceptual model to screen the generic list, (c) aggregate or reduce the remaining exposure
pathways to the major exposure pathways, and (d) re-evaluate the conceptual model to verify
that all the necessary processes are included.

A brief summary of the NRC—recommended pathway analysis process follows. An example

development of exposure scenarios, while developed for partial site release, is listed in
Appendix K.
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e The licensee compiles a list of exposure pathways applicable to any contaminated site. There
are a number of existing sources of information that can be used. One source is
NUREG/CR-5512, Volume 1 (NRC 1992), and the list is summarized in Appendix C.1 of
NUREG-1549 (NRC 1998a). Another source, although the guidance is more focused on
offsite exposures, is NUREG/CR-5453, Volumes 1 and 2, “Background Information for the
Development of a Low-Level Waste Performance Assessment Methodology” (Shipers 1989;
Shipers and Harlan 1989). Another potential source is the international “Features, Events and
Processes,” list which is an expansive generic list that does not strictly deal with
decommissioning issues (SSI 1996).

e Categorize the general types of residual radioactivity at the site (e.g., sediment or soil,
deposits in buildings, surface residual radioactivity, surface water, ground water, industrial
products such as slag).

e Screen out pathways, for each contaminant type, that do not apply to the site.
 Identify the physical processes pertinent to the remaining pathways for the site.

» Separate the list of exposure pathways into unique pairs of exposure media (e.g., source to
ground water, ground water to surface water, etc.). Determine the physical processes that are
relevant for each exposure media pair and combine the processes with the pathway links.

* Reassemble exposure pathways for each source type, using the exposure media pairs as
building blocks, thus associating all the physical processes identified with the individual pairs
with the complete pathway.

The licensee’s documentation of the decisions made regarding inclusion (or exclusion) of the
various pathways should be transparent and traceable. An international working group of
Biospheric Model Validation Study, Phase IT (BIOMOVS II) (SSI 1996), established a
methodology for developing models to analyze radionuclide behavior in the biosphere and
associated radiological exposure pathways (i.e., the Reference Biospheres Methodology).
BIOMOVS II published the methodology in its Technical Report No.6, “Development of a
Reference Biospheres Methodology for Radioactive Waste Disposal” (SSI 1996), and it may be
useful as a guide for additional information on a logical method to complete the pathway
analysis sets above and include proper justification. Generally, the Reference Biospheres
Methodology is more useful for complex sites that may have numerous physical processes that
interact in such as a way that a number of different exposure groups may need to be investigated
to identify the critical group. Additional work has been done on implementing the Reference
Biospheres Methodology by a working group of the International Atomic Energy Agency’s
Biosphere Modeling and Assessment (BIOMASS) program (IAEA 1999a). Specifically, IAEA
Working Document BIOMASS/T1/WD03, “Guidance on the Definition of Critical and Other
Hypothetical Exposed Groups for Solid Radioactive Waste Disposal,” may provide additional
information on developing a site-specific critical group for situations where the generic critical
group is inappropriate.
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1.3.3.3 Guidance on Specific Issues

1.3.3.3.1 Land Use

A licensee’s assumptions for land use should focus on current practice in the region. The region
of concern can be as large as an 80-kilometer (50-mile) radius. To narrow the focus of current
land practices, the licensees can use information on how land use has been changing in the
region, and more weight should be given to land-use practices either close to the site or in similar
physical settings. This can be very important for semi-rural sites that are being encroached by
suburban residential development. Reviewers may wish to involve State and local land-use
planning agencies in discussions, if the licensee has not already requested their involvement.

Potential land uses should be categorized as reasonably foreseeable, less likely but plausible, or
implausible. Any land uses that similar properties in the region currently have, or may have in
the near future (e.g., approximately 100 years), should be characterized as reasonably
foreseeable. Consideration should be given to trends and area land use plans in determining the
likelihood of potential land use. The time frame of interest for scenario development could be
less than 100 years in certain cases and would depend on such factors as the rate of change in
land use patterns in the area, radionuclides of interest and the time of peak dose. For example, a
site with residual Cobalt-60, which has approximately a 5 year half-life, would not likely need to
explore possible land uses that may exist at the site beyond a few decades, because of the natural
decay of the residual material. Note that the 100-year timeframe described here is only for
estimating future land uses; the licensee must evaluate doses that could occur over the 1000-year
time period specified in the LTR.

Land use that are plausible, generally because similar land historically was used for the purpose,
but are counter to the current trends or regional experience should be characterized as less likely
but plausible (e.g., rural use of property currently in an urban setting).

Implausible land uses are those that because of generally physical limitations could not occur
(e.g., residential land use for an underwater plot of land).

Land use justifications by licensees often rely on State or local codes, in building or well
development to constrain future use. In general, licensees requesting unrestricted release should
not rely solely on these factors as reasons to remove pathways or justify the scenario unless

(a) the radionuclides have a relatively short-half life (approximately 10 years or less) or (b) the
dose from long-lived radionuclides reaches its peak before 100 years. Similarly, licensees
requesting unrestricted release should not limit land use scenarios based on commitments, or
require the enforcement of limitations by the licensee or another party (e.g., a licensee states that
the land will remain industrial because the licensee states that the land will not be sold by the
licensee after the license is terminated).
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Licensees should base justifications of land use on (1) the nature of the land and reasonable
predictions based on its physical and geologic characteristics, and (2) societal uses of the land
based on past historical information, current uses of it and similar properties, and what is
reasonably foreseeable in the near future. The societal uses of the site in the future should be
based on advice from local land planners and other stakeholders on what possible land uses are
likely within a time period of around a hundred years. The level of justification for the final land
uses is inversely proportional to the level of realism assumed by the licensee. Limited
justification may be required for bounding analyses while much more detailed justification
including alternate reasonably foreseeable and less likely but plausible scenario analyses may be
needed for a situation with a smaller degree of conservatism in the analyses.

Additional guidance is available on potential sources of land use information in Appendix M.5.
1.3.3.3.2 Waterborne Exposure Pathways

Removal of waterborne exposure pathways can range from being global (e.g., all ground water
pathways) to being specific (e.g., no drinking water but still have agricultural/fish pond use).
Acceptable justifications are generally based on physical conditions at the site rather than local
codes. Justification of water quality and quantity of the saturated zone should be based on the
classification systems used by the U.S. Environmental Protection Agency (EPA) or the State, as
appropriate. Arguments involving depth to water table, or well production capacity, should have
supporting documentation from either the U.S. Geological Survey (USGS), an appropriate State
agency, or an independent consultant.

NRC license reviewers should evaluate the reasons for the classification. Tables M.5-M.12 in
Appendix M provide details regarding water quality standards. For example, where the aquifer
is classified as not being a source of drinking water, but is adequate for stock watering and
irrigation, the licensee can eliminate the drinking water pathway, but should still maintain the
irrigation and meat/milk pathways. Aquifers may exceed certain constituents and still be able to
be used for various purposes because those constituents may easily be treatable (e.g., turbidity).
In cases where the water may be treatable or because the degree of connection between the
aquifer and surface water may make the use of the aquifer questionable, the NRC license
reviewer should involve the EPA and/or the State, as appropriate, in discussions on reasonable
assumptions for the aquifer use.

1.3.3.3.3  Agricultural Pathways

Agricultural pathways may be removed or modified for various reasons: (a) land use patterns,
(b) poor-quality soil, (c) topography, and (d) size of contaminated area. Many justifications may
result in modification of the pathways, rather than complete elimination. For example, the soil
may of inappropriate quality to support intensive farming activities, but residential gardening
may still be reasonable.

NUREG-1757, Vol. 2, Rev. 1 1-24



APPENDIX I

Licensees using poor-quality soil as a justification for modifying the agricultural pathways
should provide the reviewer with supporting documentation from the Soil Conservation Service,
appropriate State or local agency, or an independent consultant. Reviewers should carefully
consider whether the state of the soil would reasonably preclude all activities (e.g., because of
high salinity of soil) or only certain activities. In most cases, soil quality can reasonably
preclude activities such as intensive farming, but could allow grazing or small gardens.

When reviewing justifications involving topography, the NRC license reviewer should limit
speculation of future topographical changes from civil engineering projects. The NRC license
reviewer should evaluate the reasonableness of the critical group performing its activities on the
current topography, for example, a slope. Supporting documentation should be provided by the
licensee in the form of pictures, USGS or similar topographic maps, hand-drawn maps, or a
detailed description of how the topography would limit farming. NRC reviewers may wish to
perform a site visit to evaluate the topography firsthand.

1.3.3.3.4 Age-Dependent Critical Groups

Use the definitions in Part 20 when calculating for compliance with the requirements of
Subpart E. Use the Federal Guidance Report No. 11 when calculating internal exposures by
using the intake-to-dose conversion factors, which are based primarily on adults. As stated in
the Environmental Protection Agency’s Federal Register notice (59 FR 66414, Dec. 23, 1994)
on “Federal Radiation Protection Draft Guidance for Exposure of the General Public,” which
proposes a public dose limit of 1.0 mSv/y (100 mrem/y) from all sources:

“These dose conversion factors are appropriate for application to any population adequately
characterized by the set of values for physiological parameters developed by the
[International Committee on Radiological Protection] and collectively known as “Reference
Man.” The actual dose to a particular individual from a given intake is dependent upon age
and sex, as well as other characteristics. As noted earlier, implementing limits for the
general public expressed as age and sex dependent would be difficult.... More importantly,
the variability in dose due to these factors is comparable in magnitude to the uncertainty in
our estimates of the risks which provide the basis for our choice of the [public dose limit].
For this reason EPA believes that, for the purpose of providing radiation protection under the
conditions addressed by these recommendations, the assumptions exemplified by Reference
Man adequately characterize the general public, and a detailed consideration of age and sex
is not generally necessary.” (59 FR 66423, Dec. 23, 1994) [sic]

Since age-based dose conversion factors are not being used, the same dose conversion factors are
applied to all individuals. Only in rare scenarios will a non-adult individual receive a higher
dose (i.e., intake more radioactive material) than an adult individual in a similar exposure
scenario. One example is the milk pathway, children generally drink more milk annually than
adults. If milk was the only pathway that would expose the individual to a dose, then the child
would have a slightly higher dose than the adult. But in most situations, especially ones
involving multiple pathways, the total intake of the adult is greater than that of a child.

I-25 NUREG-1757, Vol. 2, Rev. 1



APPENDIX I

Therefore, for most multiple pathway scenarios, such as screening analyses, the average member
of the critical group should usually be assumed to be an adult, with the proper habits and
characteristics of an adult. As the licensee eliminates pathways or modifies the scenario, the
behavior and dietary habits of children may become important. In such cases, the licensees
should consult with NRC staff for guidance.

1.3.3.3.5 Area Factors

The DCGL,, is the average concentration across the site that is calculated to result in the average
member of the critical group receiving a dose at the appropriate dose limit [e.g., 0.25 mSv/y

(25 mrem/y) for unrestricted release]. The general assumption is that the concentration of the
radionuclides in the source are fairly homogenous. The degree to which any single localized
area can be elevated above the average, assuming the average is at the DCGL,,, and not
invalidate the homogenous assumption is characterized by the DCGLp,,. (see Chapter 4 of this
volume and MARSSIM). One method for determining values for the DCGL,,. is to modify the
DCGL,, using a correction factor that accounts for the difference in area and the resulting change
in dose. The area factor is then the magnitude by which the concentration within the small area
of elevated activity can exceed DCGL,, while maintaining compliance with the release criterion.

The area factor works by taking into consideration how a smaller area would affect the dose to
the average member of the critical group. For example, a smaller area could mean that external
dose is more limited because it is not reasonable to expect the individual to be exposed the same
amount of time as the individual would be to a larger area.

The default scenario for surface soil assumes large areas of homogeneous surface residual
radioactivity. If the area of residual radioactivity is smaller than the defaults [e.g., 2400 m*
(0.6 ac) for DandD], the licensee may propose modifying the exposure pathways to account for
the effect on the critical group’s activities. The licensee can follow either of two methods:

* Reduce the calculated dose by modifying the exposure time or usage parameters accordingly.

e Modify the exposure scenario and pathways and/or modify the calculational method to
account for the size of the residual radioactivity.

These methods may be built into some dose assessment codes for surficial soil, but the user
should verify proper use of the method. When the user changes the size of the contaminated
area, the code will modify the appropriate usage factors and remove pathways if they are no
longer viable.

When the extent of residual radioactivity becomes smaller, some of the activities are no longer
viable as reasonable assumptions for exposure. Generally, the first pathways affected are animal
husbandry activities, because of the larger area needs for grazing and growing fodder. As a
general rule, as the area gets smaller, the more the scenario transforms into a residential gardener
scenario, so long as the initial residual radioactivity begins in the surface soil. For cases where
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the residual radioactivity is not in the surficial soil, the original area of residual radioactivity may
not be as important in scenario development, because some of the primary transport mechanisms
result in redistribution of the radionuclides over larger areas (i.e., ground water used as
irrigation).

One common mistake in licensee submittals is that area factors are typically not provided for
residual radioactivity on building surfaces. The primary reason for this is that such factors could
not be calculated by using the DandD, Version 1. Therefore, when the screening DCGL,, values
were published in the Federal Register (see Appendix H), which were derived from an improved
DandD, Version 1, the associated area factors were not published. An alternative approach
should be used to calculate area factors for residual radioactivity on building surfaces.

One approach is to use DandD, Version 2.1, to calculate the area factors, although it models area
factors conservatively. Another approach that has been successfully used is to develop the area
factors by using the RESRAD-BUILD computer code and adjusting these derived area factors to
account for the fact that RESRAD-BUILD typically gives less conservative dose estimates.
With this approach, the screening DCGL values are converted into the appropriate concentration
unit for RESRAD-BUILD [i.e., from (dpm per 100 cm?) to (pCi/m?)]. Area factors calculated by
RESRAD-BUILD can then be adjusted by the ratio of the dose from RESRAD-BUILD to

0.25 mSv/y (25 mrem/y) (i.e., the equivalent dose from DandD).

.3.3.3.6 Offsite Scenarios

In rare situations, the scenario resulting in the highest exposures from the residual radioactivity
will be offsite use scenarios. For these evaluations, the dose limit remains that of 10 CFR 20,
Subpart E, even though the situation may seem similar to the clearance of materials prior to
license termination (see also Section G.1.1 of this volume). In these scenarios, the exposure to
the radioactive material will occur because it has been removed from the current location, and
this results in either new or enhanced exposure pathways. For example, a site has poor ground
water characteristics (thereby, allowing the licensee to remove the ground water pathway from
any applicable scenarios) and the reasonably foreseeable land use is either commercial or
industrial. The primary contaminant is Tc-99, which primarily results in dose through either the
ground water or vegetable pathways, both of which are not applicable to the physical
characteristics of the site or land use assumptions. The residual radioactivity is present in the
site’s top soil. A possible offsite scenario is that during construction of any commercial interest
on the site after license termination, the removed topsoil is sold for use in a residential setting.
In this case, it is likely that the topsoil with residual radioactivity will be unintentionally mixed
with other topsoil at the offsite location. Licensees can use generic analyses to screen the
importance of offsite uses with such sources as NUREG-1640, “Radiological Assessments for
Clearance of Materials from Nuclear Facilities.” (NRC 2003)

Even if offsite use is not considered reasonably foreseeable, offsite scenarios may be less likely

but plausible scenarios and should be analyzed as scenarios, to understand the robustness of the
analysis.
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1.3.3.3.7 Determining the Compliance Scenario

In many situations a licensee will be faced with selecting a compliance scenario from potentially
a large suite of scenarios and exposure groups. The licensee is expected to base their
demonstration of compliance on the exposure to the highest group, consistent with the definition
of the critical group. Licensees may find it advantageous to use an iterative approach to screen
all the potential scenarios. This will allow the licensees to focus their more detailed analyses on
the important scenarios. Licensees may be able to use information from NUREG/CR-5512,
NUREG-1640, and NUREG-1717, as well as other licensees’ analyses to screen their potential
scenarios with quantitative methods. Licensees also may be able to provide qualitative
arguments to demonstrate that the dose from certain scenarios are bounded by the dose of higher
level scenarios (e.g., a residential gardening scenario will bound the dose for the residential non-
gardening scenario). The licensees should provide justifications on the basis, method, and
results of their scenario screening in their DP.

Even after screening the scenarios, a licensee will likely be left with a few scenarios that may
require detailed analyses to determine which will result in the critical group. For licensees with
multiple radionuclides, commonly, determining the compliance scenario depends on the final
mixture of radionuclides. This can provide a dilemma for licensees creating DCGLs. The
licensee must show that the final concentrations at the site meet the dose criteria of

10 CFR Part 20, Subpart E. Three possible approaches that the licensee may use to show
compliance are, but are not limited to the following:

1. Use the most limiting DCGL for each radionuclide, regardless of the scenario, and use the
sum of fractions, ignoring the scenario basis for each DCGL. This approach requires limited
justification. It will always either estimate the same dose as the individual scenarios or
overestimate the dose. Generally, it will greatly overestimate the dose for the individual
scenarios.

2. Use a surrogate approach to limit the number of radionuclides of importance. A surrogate
approach relies on different radionuclides having relatively fixed ratios. For example,
assume that at a site with cesium-137 and strontium-90 can show that for every 37 Bq/kg
(1 pCi/g) of Cs-137, there will be a 18 Bg/kg (0.5 pCi/g) of Sr-90. By using this relationship,
an effective DCGL for combined Cs-137 and Sr-90 can be created. The licensee may be able
to reduce the number of critical scenarios, specifically those driven by exposure to Sr-90.
This approach requires that the licensee have the necessary information on relative ratios of
the radionuclides.

3. Commit to demonstrating the final dose for each of the important scenarios in the final status

survey reports. This approach will require the licensee to establish operational DCGLs to
fully utilize MARSSIM (see Section 2.5).
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The licensee needs to provide either quantitative analysis of or a qualitative argument
discounting the need to analyze all the scenarios generated from the less likely but plausible land
uses. The results of these analyses will be used by the staff to evaluate the degree of sensitivity
of dose to overall scenario assumptions (and the associated parameter assumptions). Analyses of
less likely but plausible scenarios are not meant to be ‘worst-case’ analyses and should not
utilize a set of ‘worst-case’ parameters. Selection of parameters for less likely but plausible
scenarios should be consistent with the guidance in this Appendix. The reviewer will consider
both the magnitude and time of the peak dose from these scenarios. If peak dose from the less
likely but plausible land use scenarios is significant, the licensee would need to provide greater
assurance that the scenario is unlikely to occur, especially during the period of peak dose. The
licensee may be able to show that the compliance scenario bounds the results of all or many of
the scenarios associated with the less likely but plausible land uses.

1.3.4 Generic Examples

The following examples are provided as situations where the default pathways may be removed
or modified. Note, the examples assume that an adequate level of justification has been provided
by the licensee.

1.3.4.1 Removal of Ground Water Pathways

A licensee has extensive contamination of the upper soil horizon and the upper aquifer, which is
unconsolidated and the licensee wishes to remove the ground water pathway because the upper
aquifer would not be used as a water source. The aquifer shows relatively high levels of
microbial activity, turbidity, and nitrates. In addition, adjacent to the site is a small patch of
wetlands that shows a great deal of communication with the upper aquifer. The potential yield
rate of the upper aquifer is sufficient for domestic use, but there is a better-quality, confined
aquifer, whose horizon is at a depth of approximately 30 meters (100 feet). The licensee has also
demonstrated that the deeper aquifer will not become contaminated from the upper aquifer.
Considering all of these reasons in combination, it is questionable whether the upper aquifer
would actually be used. Although it may be possible for someone to treat the contaminants and
use the aquifer, there are better sources of water easily available. After consultation with the
EPA and the State, it is agreed that it would be unreasonable to assume someone would use the
upper aquifer as a water source. Therefore, the licensee is allowed to remove the ground water
pathway from the scenario.

1.3.4.2 Scenario Development for Buried Residual Radioactivity
1.3.4.21 Example 1: Subsurface Soil

A site has residual radioactivity buried at a few feet below the surface and the licensee is
requesting unrestricted release. The residual radioactivity does not have enough highly energetic
gamma-emitters to result in an external dose in the current configuration. Two exposure

1-29 NUREG-1757, Vol. 2, Rev. 1



APPENDIX I

scenarios can be developed (without any other site-specific information): (1) leaching of the
radionuclides to the ground water, which is then used by a residential farmer; and (2) inadvertent
intrusion into the buried residual radioactivity by house construction for a resident farmer with
the displaced soil, which includes part of the residual radioactivity, spread across the surface.
Exposure scenario 2 encompasses all the exposure pathways and, although not all of the source
term is in the original position, leaching may occur both from the remaining buried residual
radioactivity and the surface soil. Except for cases where an additional 0.6 m (2 ft) of
unsaturated zone may make a tremendous difference in travel time to the aquifer, the ground
water concentrations should be similar and, therefore, analysis of the second exposure scenario
appears to be the appropriate scenario for the critical group exposure. This example is described
in greater detail and integrated with the other guidance in Appendix J of this volume.

1.3.4.2.2 Example 2: Embedded Piping

At another site, the licensee is requesting unrestricted release of its site. It is removing the
buildings, but is evaluating the need to remove the concrete pads, which have embedded piping
that contains the residual radioactivity. Two scenarios can be reasonably envisioned. The first
scenario involves a resident farmer onsite. The farmer builds a house on the concrete pad,
without disturbing the embedded piping. Possible exposure pathways would be external dose
from the piping and exposure to leached materials from the piping through ground water use
(e.g., drinking, irrigation, etc.). The second scenario is similar to the building renovation
scenario, where the concrete pad and piping are removed from the site. The licensee should
investigate both to find the limiting scenario.

1.3.4.3 Scenario Development for Restricted Release

The site restrictions planned for an alternate site include a restriction, for this example, on the
deed, on the use of the property for only parkland, and an engineered cover is placed over the
residual radioactivity. The engineered cover is contoured for use as parkland and has a
vegetative cover (i.e., not a mound covered in rip-rap). Three scenarios are easily envisioned for
the restricted release analysis. The first is recreational use of the property as a city park or golf
course, which would limit exposure scenarios to possible external exposure. The second would
involve offsite use of ground water that contains radionuclides leached from the buried residual
radioactivity. The default offsite user would be a resident farmer using the ground water for all
water needs. The third scenario would be a worker maintaining the park.

The doses assuming the loss of the institutional control (i.e., the deed restriction) and
degradation of the engineered cover also must be evaluated. Again, two main scenarios can be
envisioned.

The first scenario is similar to the default exposure and would involve a residential farmer that

uses ground water from the aquifer under the site. The engineered cover may have been
compromised by the placement of the buildings, but the cover may still work in some degraded
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function (e.g., the water infiltration rate would increase from the design rate to some higher rate,
but probably not as high as the infiltration rate would have been if the cover had never been
constructed). Whether buried residual radioactivity had been transported to the surface by the
construction of a basement under the resident farmer’s house would depend on the thickness of
the engineered cover. If typical basement depth were deeper than the engineered cover’s
thickness, some portion of residual radioactivity would be transported to the surface, mixed with
the “clean” cover material, and spread over the site.

The second scenario would involve possible erosion of the cover and subsequent exposure of an
onsite resident to the buried radionuclides or radionuclides redistributed by surface water. The
exposure scenario would still be a resident farmer. The reasonableness of this scenario would
depend on the thickness and erosion-resistence of the engineered cover.

1.4 Criteria to Establish Conceptual Models

1.4.1 Introduction

Analyzing the release and migration of radionuclides through the natural environment and/or
engineered systems, at a specific site, requires the licensee to interpret the nature and features of
the site so that the site can be represented by mathematical equations (i.e., mathematical models).
This simplified representation of the site, including the associated mathematical models, is
commonly referred to as the conceptual model of the site.

Figure 1.1 depicts the process of conceptual model development. In dose assessments,
developing a conceptual model involves making an abstraction of site data into a form that is
capable of being modeled. This development should generally involve making simplifying
assumptions, including simplification of the appropriate governing equations, to reflect the
physical setting. These simplifying assumptions are usually made in describing the geometry of
the system, spatial and temporal variability of parameters, isotropy of the system, and the
influence of the surrounding. The conceptual model should provide an illustration, or
description, of site conditions, which shows, or explains, contaminant distributions, release
mechanisms, exposure pathways and migration routes, and potential receptors. In other words,
the conceptual model should explain or illustrate how radionuclides enter, move through, and/or
are retained in, and leave, the environment.
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Figure I.1 Conceptual Model Development.

As shown in Figure 1.2, developing a conceptual model at a site is Step 3 of the
Decommissioning Decision Framework (see Section 2.6 of this volume). Conceptual model
development follows after assimilation of site data (Step 1) and definition of scenarios (Step 2),
because information from these two steps feeds into its development. In other words, the
conceptual model should be based on what is known about the site from data and information
gathered as part of Step 1, and how the site evolves during the period covered by the analysis
based on the assumed land-use defined under Step 2.

Mathematical models are a quantitative representation of the conceptual model. Because the
conceptual model provides the linkage between site conditions and features (Steps 1 and 2) and
the computer code(s) (with its associated mathematical models) used in the dose analysis (Step 4
of the Decommissioning Framework), it is a key step in a dose assessment and should not be
taken lightly.
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Figure I.2 Decommissioning Decision Framework.
1.4.2 Issues

Uncertainties in conceptual models can be large, and possibly even larger than uncertainties in
parameters used in the analysis (James and Oldenburg 1997). Thus, conceptual model
uncertainties can be a significant source of uncertainty in the overall dose assessment.
Uncertainties in the conceptual model(s) are generally caused by incomplete knowledge about
the natural system being analyzed and differing views about how to interpret data representing
the system.

Development of conceptual models is a subjective process based on interpretation of limited (or
in most cases, sparse) site data. From these limited data, the licensee should determine the key
processes and features at the site and how they are likely to affect the movement of radionuclides
through the environment. Because the conceptual of the site is based on incomplete information,
it is possible that multiple interpretations of the same data can be derived. A licensee should also
determine the appropriate level of simplification acceptable for representing the site. An overly
simplified conceptual model may leave out key site features or conditions that are important in
estimating where radionuclides are likely to be transported (thus, where people might be
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exposed) and when they might get there (thus, the radionuclide concentration when it arrives).
On the other hand, an overly complex conceptual model may introduce unnecessary uncertainty
and costs into the analyses. As a broad example, simple models contained in screening codes
may oversimplify features and processes at a specific site. The licensee also should ensure that
the appropriate level of detail is provided in the conceptual model. It is important that the
conceptual model have sufficient detail and scope for a license reviewer to be able to assess the
appropriateness of the computer codes used in the analysis and the defensibility of the
assumptions made. In summary, key issues in developing and presenting the conceptual model
are: (a) identifying the important site features and processes that need to be included in the
conceptual model; (b) deciding among possible competing interpretations of the site data; and
(c) determining the level of detail needed to describe those features and processes.

1.4.3 Recommended Approach

1.4.3.1 Screening

An acceptable dose assessment analysis need not incorporate all the physical, chemical, and
biological processes at the site. The scope of the analysis, and accordingly the level of
sophistication of the conceptual model, should be based on the overall objective of the analysis.
A performance assessment conceptual model can be simple if it still provides satisfactory
confidence in site performance. For an initial screening analysis, little may be known about the
site from which to develop a conceptual model. Computer codes used for screening analyses are
generally intended to provide a generic and conservative representation of processes and
conditions expected for a wide array of sites. Accordingly, the generic conceptual model in such
codes may not provide a close representation of conditions and processes at a specific site. Such
a generic representation is still acceptable as long as it provides a conservative assessment of the
performance of the site.

The DandD code has two default land-use scenarios; a building occupancy and a resident farmer
scenario. The building occupancy scenario is intended to account for exposure to both fixed and
removable residual radioactivity within a building. Exposure pathways included in the building
occupancy scenario include external exposure to penetrating radiation, inhalation of resuspended
surface residual radioactivity, and inadvertent ingestion of surface residual radioactivity. The
resident farmer scenario is intended to account for exposure to residual radioactivity in soil.
Exposure pathways included in the resident farmer scenario include: external exposure to
penetrating radiation; inhalation exposure to resuspended soil; ingestion of soil; and ingestion of
contaminated drinking water, plant products, animal products, and fish. The predefined
conceptual models within DandD are geared at assessing releases of radioactivity, transport to,
and exposure along, these pathways.

For the building occupancy scenario, DandD models external exposure to penetrating radiation

as an infinite area source, using surface source dose rate factors from Federal Guidance Report
No. 12 (EPA, 1993). Exposure to inhalation of resuspended surface residual radioactivity is
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modeled as a linear static relationship between surface residual radioactivity and airborne
concentrations. The model accounts for ingrowth and decay. Exposure to incidental ingestion of
surface residual radioactivity is modeled with a constant transfer rate.

The generic conceptual models for the resident farmer scenario are more complicated because of
the large number of exposure pathways and considerations of release of radioactivity from the
source area and transport of radionuclides in the environment. DandD models external exposure
from volume soil sources when the person is outside as an infinite slab of residual radioactivity
15 cm (6 in) thick, using dose rate factors from Federal Guidance Report No. 12, for volume
residual radioactivity. When the person is indoors, exposure from external radiation is modeled
in a similar manner, except the exposure is assumed to be attenuated through the use of a
shielding factor (note: the higher the shielding factor, the lower the assumed attenuation).
Exposure through ingestion of contaminated animal and plant products is modeled simply
through the use of transfer factors. Instantaneous equilibrium is assumed to occur between
radionuclide concentration in the soil and the concentration in plants, and between animal feed
and animal products.

The generic source-term conceptual model in DandD assumes a constant release rate of
radionuclides into the water and air pathways. Release of radionuclides by water is assumed to
be downward and a function of a constant infiltration rate, constant contaminant zone thickness,
constant moisture content, and equilibrium adsorption. DandD assumes that there are no
radioactive gas or vapor releases. Release of radioactive particulates is assumed to be upward,
instantaneous, uniform, and a function of a constant particulate concentration in the air and the
radioactivity within the soil. Radionuclides in the contaminant zone are assumed to be
uniformly distributed in a single soil layer, 15 cm (6 in) thick. No transport is assumed to occur
within the source zone, but radioactive decay is taken into account. In terms of containment,
DandD assumes that there are no containers (or that they have failed), and that there is no cover
over the contaminated zone.

The DandD generic conceptual model for the ground water pathway assumes a single
hydrostratigraphic layer for each of the unsaturated and saturated zones. The unsaturated zone
(vadose zone) can be broken into multiple layers within DandD; however, each layer is assumed
to have the same properties. For radionuclides entering the vadose zone, DandD accounts for
adsorption-limited leaching by considering the vadose zone to behave as a well-mixed chemical
reactor with a constant water inlet and outlet rate set at the infiltration rate. Accordingly, it is
assumed that the vertical saturated hydraulic conductivity of the unsaturated zone is greater than
or equal to the infiltration rate (i.e., there is neither ponding nor runoff on the surface). The
outlet concentration from one unsaturated zone layer to another is assumed to be a function of
the constant infiltration rate, equilibrium partitioning, the thickness of the layer, a constant
moisture content, and radioactive decay. Radionuclides entering the saturated zone are assumed
to be instantaneously and uniformly distributed over a constant volume of water equivalent to the
larger of either the volume of infiltrating water (i.e., the infiltration rate times the contaminated
area) or the sum of the water assumed to be removed for domestic use and irrigation. Based on
the default parameters in DandD, dilution in the ground water pathway is based on the water use.
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No retardation is assumed to occur in the aquifer; however, radioactive decay is taken into
account. A volume of contaminated water equivalent to the irrigation volume is assumed to be
returned annually to the source zone. The concentration of radionuclides in the irrigation water
is assumed to remain constant during the year. Radionuclides deposited on the vegetation are
assumed to be removed at a constant rate. The DandD ground-water model should generally
provide a conservative representation of the ground water system because it allows very little
dilution and nominal attenuation.

The generic surface-water conceptual model in DandD assumes that radionuclides are uniformly
mixed within a finite volume of water representing a pond. Radionuclides are assumed to enter
the pond at the same time and concentration as they enter the ground water. Accordingly, there
is assumed to be no transport of radionuclides through the ground water to the pond and thus no
additional attenuation (besides the initial ground water dilution) is assumed for transport in the
ground water. The surface-water model within DandD should provide a conservative dose
estimate as long as a small volume is assumed for the surface-water pond. Because the
parameters in DandD are selected to provide a conservative dose estimate, the generic
conceptualization of the surface-water pathway should generally provide a conservative
representation of transport of radionuclides through the surface-water pathway. Figure I.3 shows
the generic ground-water and surface-water conceptual model within DandD.

Precipitation/Evaporation

t Irrigation Domestic Use
| = Infiltration
Box 1
Thickness = H, Surface-Soil Ground-Water Well
Layer
Box 2
Thickness = H, Unsattjrated-Son pE
ayer P
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Figure 1.3 DandD Conceptual Model of the Ground-Water and Surface-Water Systems
(from NUREG/CR-5621).
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The generic conceptual model of the air pathway in DandD assumes an equilibrium distribution
between radionuclides in the air and soil. The concentration in air is assumed to be a function of
the soil concentration and a constant dust loading in the air. Accordingly, all radionuclides in

the air are assumed to be in a particulate form. The air pathway model within DandD is very
simple and should generally allow a conservative dose estimate as long as a conservative
particulate concentration is assumed. Because the default parameters in DandD are geared to be
conservative, in general the air pathway in DandD should allow a conservative dose estimate.

In general, the conceptual models within DandD are expected to provide a conservative
representation of site features and conditions. Therefore, for screening analyses, NRC staff
should consider such generic conceptual models to be acceptable provided it is acceptable to
assume that the initial radioactivity is contained in the top layer (building surface or soil) and the
remainder of the unsaturated zone and ground water are initially free of residual radioactivity. In
using DandD for site-specific analyses, it is important to ensure that a more realistic
representation of the site that is consistent with what is known about the site would not lead to
higher doses. Some site features and conditions that may be incompatible with the generic
conceptual models within DandD are listed in Table 1.4. The relative importance of the
incompatibilities varies with the scenario and radionuclides involved. More information on the
assumptions of the model available in the development documentation (e.g., the
NUREG/CR-5512 series).

For any site where it is known that one or more of these conditions or features are present, the
licensee should provide an appropriate rationale on why the use of the DandD should not result
in an underestimation of potential doses at the specific site.
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Table 1.4 Site Features and Conditions that May be Incompatible with Those
Assumed in DandD

 Sites with highly heterogeneous radioactivity

 Sites with wastes other than soils (e.g., slags and equipment)
* Sites that have multiple source areas

 Sites that have contaminated zones thicker than 15 cm (6 in.)

» Sites with chemicals or a chemical environment that could facilitate radionuclide releases
(e.g., colloids)

« Sites with soils that have preferential flow conditions that could lead to enhanced infiltration
 Sites with a perched water table, surface ponding, or no unsaturated zone

 Sites where the ground water discharges to springs or surface seeps

e Sites with existing ground water contamination

* Sites where the potential ground water use is not expected to be located immediately below
the contaminated zone

e Sites with significant transient flow conditions

 Sites with significant heterogeneity in subsurface properties

 Sites with fractured or karst formations

« Sites where the ground water dilution would be less than 2000 m® (70,000 ft°)
 Sites where overland transport of contaminants is of potential concern
 Sites with radionuclides that may generate gases

* Sites with stacks or other features that could transport radionuclides to result in a higher
concentration offsite than onsite

As example, it may be possible to demonstrate the acceptable use of DandD for analyzing sites
that contain H-3 and C-14, although both radionuclides may be occur as a gas. The following
approach can be used to demonstrate the acceptable use of DandD for analyzing sites that
contain either H-3 or C-14 (NRC 1999a): (1) determine the area of the contaminated zone; (2)
run DandD for the site with only H-3 or C-14; (3) read the associated activity ratio factor for the
given area from Figure [.4; and (4) estimate the potential missed dose by multiplying the
inhalation dose calculated from DandD by the activity ratio factor.
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Activity Ratio of Vapor to Particulate
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Figure 1.4 Activity Ratio of Vapor to Particulate as a Function of Contaminated Area.
1.4.3.2 Site-Specific

For site-specific analyses, the intent is to provide a more realistic assessment of doses based on
more site-specific information and/or data. Presumably for such analyses, more is known about
the site from which to develop a conceptual model. For site-specific analyses, the licensee
should provide a schematic or verbal description of the problem that it is attempting to analyze.
Even when using a computer code that has a predefined conceptual model, it is important for the
licensee to identify any site features or conditions that may differ from those assumed in the
code. In developing a site-specific conceptual model or identifying potential limitations with a
predefined conceptual model, the issues listed in Table 1.5 should be considered.

Because conceptual models are developed based on limited data, in most cases more than one
possible interpretation of the site can be justified based on the existing data. This uncertainty
should be addressed by developing multiple alternative conceptual models and proceeding
forward with the conceptual model(s) that provides the most conservative estimate of the dose
and yet is consistent with the available data. Consideration of unrealistic and highly speculative
conceptual models should be avoided. Consistent with the overall dose modeling framework of
starting with simple analyses and progressing to more complex modeling, as warranted, it may
be advisable for the analyst to begin with a simple, conservative analysis that incorporates the
key site features and processes and progress to more complexity only as merited by site data. It
is important to stress that a simple representation, of the site, in itself does not mean that the
analysis is conservative. It is incumbent on the licensee to demonstrate that its simplification is
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justified, based on what is known about the site and the likelihood that alternative
representations of the site would not lead to higher calculated doses.

Table 1.5 Issues To Be Considered in Developing a Site-Specific Conceptual
Model

* Whether a more realistic representation of the site would lead to higher doses

e Whether the conceptual model accounts for the most important physical, chemical, and
biological processes at the site

o Whether the conceptual model adequately represents responses to changes in stresses

» Whether the conceptual model includes consistent and defensible assumptions

In general, there are two primary areas of the dose analysis where the conceptual model is
expected to change from one site to another; these are related to the source term and
environmental transport. Aspects of the analysis related to the exposure pathways in the
biosphere and dosimetry are largely determined by the scenario and the assumed behavior of the
critical group. Accordingly, models related to the exposure pathways in the biosphere and
dosimetry should not change from one site to another unless there is a significant change in the
scenario and associated critical group. The principal environmental transport pathways that
should have to be considered in a dose assessment are ground water (including transport through
the unsaturated zone), surface water, and air.

The conceptual model of the source area should describe the contaminants and how they are
likely to be released into the environment. Specifically, it should describe key features and
processes such as the infiltration of water into the source area, the geometry of the source zone,
the distribution of contaminants, release mechanisms, the physical form of the contaminants,
near-field transport processes, and containment failure. If the contaminants are assumed to be
uniformly distributed, this is an important assumption that needs to be justified because in
general contaminants may not be uniformly distributed (see discussion under Section 1.2 of this
appendix). The source description should clearly identify how the contaminants are assumed to
be released from the media. Common release mechanisms are diffusion, dissolution, surface
release, and gas generation. The source description should also identify key processes and
features that may retain or limit the release of contaminants from the source area (e.g., solubility
and sorption). In addition, the description of near-field transport should state assumptions made
regarding the dimensionality. In general, the assumption of one-dimensional vertical flow
should be appropriate, unless there is some type of barrier present that may hinder flow in the
vertical direction. The description of the source term should also describe failure mechanisms
for any containment (e.g., corrosion, concrete degradation, or cover degradation) if containers or
other forms of containment are present.
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The conceptual model of the ground water pathway should describe how contaminants could
migrate through the unsaturated and saturated zones to potential receptors (e.g., a well, spring, or
surface-water bodies). Essential features that should be included in the conceptual model
include hydrostratigraphic units; information on the geometry of the pathway (i.e., boundaries
and boundary conditions); the physical form of the contaminants (i.e., dissolved, suspended
sediment, gas, etc.); structural features of the geology (i.e., those that influence contaminant
transport such as fractures, faults, and intrusions); and physical and chemical properties.
Important processes that should be characterized include the dimensions and state conditions
(e.g., steady-state) of flow; dimensions and state conditions of transport (e.g., dispersion);
chemical and mass transfer processes (e.g., sorption, precipitation, complexation); and
transformation processes (e.g., radioactive ingrowth and decay). Although contaminant
migration through both the unsaturated and saturated zones is best represented in three
dimensions, it may be appropriate to assume only one or two dimensions, if this provides a more
conservative representation of contaminant migration, and/or if it can be demonstrated that
migration in one or more other directions is not expected to result in exposure to potential
receptors.

The conceptual model of the surface-water pathway should describe potential contaminant
migration through surface-water bodies such as lakes, streams, channels, or ponds to potential
receptors. Essential features that should be included in the conceptual model include: the
geometry of the surface-water body (i.e., boundaries and boundary conditions); the physical form
of the contaminants (e.g., dissolved or solid); and physical and chemical properties. Key
processes that should be described include: the dimensions and state conditions of flow and
transport; chemical and mass transfer processes (e.g., sorption, precipitation, volatization); and
transformation. One key boundary condition that should be described is how the contaminants
are expected to initially mix or interact with the surface water.

The conceptual model of the air pathway should describe potential contaminant migration
through the air to potential receptors. Essential features that should be included in the
conceptual model are similar to those for the other environmental pathways—namely, the
geometry (i.e., boundaries and boundary conditions); form of contaminants (e.g., particulates or
gases); and physical and chemical properties. Key processes that should be described include
the dimensions and state conditions of flow and transport, and transformation processes.

1.4.3.2.1 Site-Specific Computer Codes

Two common computer codes used for site-specific analyses are RESRAD and
RESRAD-BUILD. Both these computer codes have predefined conceptual models. Therefore,
in using these codes, it is important for the licensee to demonstrate that key site features and
conditions are consistent with the modeling assumptions within the codes or, where they are not
consistent, the analysis may not result in an underestimation of potential doses.
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1.4.3.2.1.1 RESRAD-BUILD

The RESRAD-BUILD code can be used to evaluate doses for the building occupancy scenario.

It considers exposure from external radiation at the source and air submersion, inhalation of
airborne material, and inadvertent ingestion of radioactive material. Exposure to direct radiation
at the source is calculated using surface source dose rate factors from Federal Guidance Report
No. 12. RESRAD-BUILD incorporates correction factors to account for a finite area source, for
any offset of the receptor from the axis of the disk of residual radioactivity, and for shielding by
material covering the residual radioactivity. Exposure to external radiation from air submersion
is calculated as an infinite cloud of material using dose rate conversion factors for an infinite
cloud. RESRAD-BUILD models airborne concentration of radionuclides using a dynamic
model that accounts for the kinetic introduction and removal of radioactive material to and from
indoor air. Exposure to incidental ingestion of radioactive material is modeled using a constant
transfer rate.

1.4.3.2.1.2 RESRAD

RESRAD can be used for analyzing the resident farmer scenario. As with the generic conceptual
models used by DandD for analyzing the resident farmer scenario, the conceptual models in
RESRAD (see Figure 1.5) are more complex than those in RESRAD-BUILD. RESRAD models
external exposure from volume soil sources when the person is outside, using volume dose rate
factors from Federal Guidance Report No. 12. Correction factors are used to account for soil
density, areal extent of residual radioactivity, thickness of residual radioactivity, and cover
attenuation. When the person is indoors, exposure from external radiation is modeled in a
similar manner except that additional attenuation is included to account for the building.
Exposure through ingestion of contaminated animal and plant products is modeled simply
through the use of transfer factors.

The generic source-term conceptual model in RESRAD assumes a time-varying release rate of
radionuclides into the water and air pathways. Radionuclides in the contaminant zone are
assumed to be uniformly distributed. No transport is assumed to occur within the source zone,
but radioactive decay is accounted for. In terms of containment, the radioactive material is not
assumed to be contained (or containers are assumed to have failed). RESRAD does allow
inclusion of a cover over the contaminated area. However, the cover is not assumed to limit
infiltration of water, and is assumed to function only in terms of providing shielding from
gamma radiation. Release of radionuclides by water is assumed to be a function of a constant
infiltration rate, time-varying contaminant zone thickness, constant moisture content, and
equilibrium adsorption. The contaminant zone is assumed to decrease over time from a constant
erosion rate. RESRAD assumes a uniform release of tritium and C-14 gases, based on a constant
evasion loss rate. Particulates are assumed to be instantaneously and uniformly released into the
air as a function of the concentration of particulates in the air, based on a constant mass loading
rate.
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Figure I.5 Conceptualization Modeled by RESRAD (from ANL/EAD/LD-2).

The RESRAD generic conceptual ground-water model assumes one or more horizontal
homogeneous strata for the unsaturated zone. Transport in the unsaturated zone is assumed to
result from steady-state, constant vertical flow, with equilibrium adsorption, and decay, but no
dispersion. RESRAD has two different ways of modeling radionuclides once they reach the
saturated zone. In the mass-balance approach, radionuclides entering the saturated zone are
assumed to be instantaneously and uniformly distributed over a constant volume equivalent to
the volume of water removed by the hypothetical well (as long as the pumping rate is larger than
the rate of leachate entering the ground water—if not, no dilution is assumed to occur in the
ground water). For the mass-balance approach, radionuclides are assumed to enter a well
pumping immediately beneath the contamination zone. The mass-balance approach is very
similar to the ground-water modeling approach in DandD. In the nondispersion approach,
transport in the saturated zone is assumed to occur in a single homogeneous stratum, under
steady-state, unidirectional flow, with a constant velocity, equilibrium adsorption, and decay. It
assumes no dispersion; however, radionuclides are assumed to be diluted by clean water as a
function of the assumed capture zone of the hypothetical well, in relation to the width of residual
radioactivity and the depth of residual radioactivity, in relation to the depth of the hypothetical
well. Radioactive decay and equilibrium adsorption are assumed to occur for the nondispersion
approach. Radionuclides are assumed to enter a well located at the immediate downgradient
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edge of the contamination zone. For the nondispersion model, the calculated width of the
effective pumping zone could be a factor of 2 larger than what one would predict from a
steady-state capture zone analysis; this could lead to a slight overestimation in the amount of
dilution (NRC 1999a).

In determining which of these two conceptual models to use, consideration should be given to
where the hypothetical well may be located (i.e., either at the center of the residual radioactivity
or at the edge of the residual radioactivity); the relative half-life of the radioactivity; and the
potential capture zone of the hypothetical well. Use of the nondispersion model will generally
result in lower estimated doses. Both models assume that radionuclides enter the well as soon as
they reach the water table. However, the nondispersion model, unlike the mass-balance model,
calculates the time it takes for the peak concentration to occur after the initial breakthrough.
Accordingly, the nondispersion model accounts for radioactive decay during the interval
between the initial breakthrough and arrival of the peak concentration. Generally, the amount of
decay should be small unless the radionuclides have short half-lives and are retarded. In
addition, unlike with the mass-balance model, for the nondispersion model no assumption is
made that all radionuclides released from the contaminated zone are withdrawn through the well.
Therefore, the nondispersion model may include dilution. The only way that dilution is not
considered is if the expected capture zone of the hypothetical well is small in relation to the
width and thickness of the residual radioactivity. Because the nondispersion model will
generally give a lower estimated dose than the mass-balance model, it is important for the
licensee to justify the use of this model for the specific analysis. Use of the mass-balance
approach should always be acceptable. In Equations I-1 and I-2, use of the nondispersion
model should be acceptable, without additional justification, for modeling long-lived
radionuclides (i.e., where radioactive decay is not important) when either one of the following
conditions are met:
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where U, =  pumpage rate from the well (m’/y);
v = ground-water darcy velocity (m/y);
A = area of residual radioactivity (m?);

dy, = depth of well intake below water table (m);
len = length of residual radioactivity parallel to ground water flow (m); and
1 = infiltration rate (m/y).

As a general rule, use of the nondispersion approach should be acceptable when the area of
residual radioactivity is known to be larger than the assumed capture area of the hypothetical
well. Assuming an essentially flat water table and steady-state conditions, the capture area of the
hypothetical well can be calculated in Equation -3 as follows:

UW
AW =\ I-3)
where 4,, =  area of well capture (m?);
U, = pumpage rate from the well (m’/y); and
I = infiltration rate (m/y).

The generic conceptual model of the surface-water pathway in RESRAD assumes that
radionuclides are uniformly distributed in a finite volume of water within a watershed. For
example, the default watershed area in RESRAD Version 5.91 is 1x10° m? (250 ac).
Radionuclides are assumed to enter the watershed at the same time and concentration as in the
ground water. Accordingly, no additional attenuation is considered as radionuclides are
transported to the watershed. In the surface water, radionuclides are assumed to be diluted as a
function of the size of the contaminated area in relation to the size of the watershed. The
RESRAD surface-water conceptual model assumes that all radionuclides reaching the surface
water are derived from the ground water pathway. Thus, transport of radionuclides overland
from runoff is not considered. In addition, additional dilution from overland runoff is not
considered.

The generic conceptual model of the air pathway in RESRAD uses a constant mass loading
factor and area factor to model radionuclide transport. The area factor, which is used to estimate
the amount of dilution, relates the concentration of radionuclides from a finite area source to the
concentration of radionuclides from an infinite area source. It is calculated as a function of
particle diameter, wind speed, and the side length of a square-area source. The conceptual model
assumes a fixed particle density, constant annual rainfall rate, and constant atmospheric stability.
No radioactive decay is considered. See Chang, et al., (1998) for more detail. Tritium and C-14
gases are assumed to be uniformly mixed in a constant volume of air above the contaminated
zone. RESRAD does not model the transport of tritium and C-14 as particulates in the air.
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1.4.3.2.2 Limitations of Site-Specific Computer Codes

In general, the conceptual models within RESRAD and RESRAD-BUILD are expected to
provide an acceptable generic representation of site features and conditions. Some specific site
features and conditions that may be incompatible with this generic representation are listed in
Table 1.6. At any site where it is known that one or more of these conditions or features are
present, the licensee should provide appropriate justification for use of the computer code.

Table 1.6 Site Features and Conditions that May be Incompatible with the
Assumptions in RESRAD

 Sites with highly heterogeneous radioactivity
* Sites with wastes other than soils (e.g., slags and equipment)
* Sites with multiple source areas

» Sites that have chemicals or a chemical environment that could facilitate radionuclide
releases

* Sites with soils that have preferential flow conditions that could lead to enhanced
infiltration

 Sites where the ground water discharges to springs or surface seeps

 Sites where the potential ground water use is not expected to be located in the immediate
vicinity of the contaminated zone

* Sites with significant transient flow conditions

 Sites with significant heterogeneity in subsurface properties

* Sites with fractured or karst formations

* Sites where overland transport of contaminants is of potential concern

* Sites with stacks or other features that could transport radionuclides off the site at a higher
concentration than onsite

1.4.4 Generic Examples

1.4.4.1 Screening

A hypothetical research and development (R&D) facility is authorized to use radiological
chemicals through an NRC license. Because the R&D facility plans to discontinue its use of
radioactive material, it wants to decommission the facility and terminate its license. A historical
site assessment (HSA) reveals that use of radioactive material were limited to a single building
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within the facility. The floor area of the facility is estimated to be 560 m? (6000 ft*). The wall
area is 430 m* (4600 ft*). In addition, an outside area of roughly 930 m* (10,000 ft*) was used
for dry storage of chemicals. A preliminary characterization program has determined that
approximately 10 % of the building floor area and 5 % of the wall area are contaminated with
Cs-137 and Co-60. Surficial soils covering an area of approximately 2500 m* (27,000 ft*) are
contaminated from windblown dust and runoff from spills in the storage area. The soils are also
contaminated with Cs-137 and Co-60.

The licensee proposes to use a screening analysis, using DandD, to demonstrate compliance with
the LTR. A building occupancy scenario is assumed for the building and a residential farmer
scenario is assumed for the contaminated soils. Based on what is known about the site, the
licensee certifies that the use of the generic conceptual models within DandD is appropriate for
the analysis.

1.4.4.2 Site-Specific

A hypothetical manufacturing facility has a former radioactive waste burial area that may be
decommissioned for unrestricted release. Radioactively contaminated trash was previously
buried in 0.2 cubic meter (55-gallon) drums, in trenches covering an area of roughly 2000 m*
(22,000 ft*). The trenches, which are roughly 0.9 m (3 ft) deep are covered with 1.2 m (4 ft) of
native soil. A review of site operating records show that the radionuclides of concern are natural
uranium, enriched uranium, and natural thorium.

Based on information from the local county agricultural extension office and published reports,
the geology and hydrogeology at the site are described as follows. This description shows that
none of the site features or conditions in Table 1.6 are present at this site.

“The surface geology at the site contains 14 to 27 m (46 to 89 ft) of till consisting primarily
of fine, silty sand to sandy silt with narrow, discontinuous sand lenses. Sandstone bedrock
underlies the unconsolidated till. A shallow unconfined aquifer occurs in the unconsolidated
till. The average depth to the water table ranges between three to four meters below the land
surface. The mean horizontal hydraulic conductivity is roughly 60 m/y (197 ft/y). The
average vertical hydraulic conductivity of the till is estimated to be an order of magnitude
less. The hydraulic gradient is estimated to range between 0.006 to 0.021. The mean
precipitation at the site is roughly 0.8 m/y (30 in/y). The site is located in the reach of a
surface water drainage basin that has a drainage area of approximately 500,000 m* (5.4
million ft%).”

A residential farmer scenario is assumed as a reasonable future land use. The licensee proposes
to use the RESRAD computer code for the dose analysis. Because the contaminated media is
trash, an assumption is made that the trash degrades and becomes indistinguishable from soil. In
addition, the metal drums are assumed to have degraded away. Given the relative short lifespan
for metal drums and the long half-life of the radionuclides, this should be a reasonable
assumption. The cover is also assumed to be breached through the construction of a basement
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for the house. The contaminated soil is assumed to be uniformly mixed with the excavated
cover. Because the trash is assumed to be indistinguishable from soil, it is also assumed that
once the cover is breached the future hypothetical farmer may not recognize the contaminated
material as contaminated. The licensee also assumes that the hypothetical future well is located
at the center of the residual radioactivity because of limited bases for assuming otherwise.

The licensee determines that the other aspects of conceptual models within RESRAD are
acceptable for analyzing the problem.

1.5 Criteria for Selecting Computer Codes/Models

1.5.1 Introduction

Dose assessment commonly involves the execution of numerical model(s) that mathematically
represent the conceptual model of the contaminated site. The numerical models used to
implement the mathematical equations are usually linked via the conceptual model and codified
in a software package known as “the code.” The words “code” and “model” are frequently used
to express the software package, including the embedded numerical models or the specific
models contained in the code. For example, “DandD code” may refer to the software package,
including the associated exposure models (e.g., the water-use model, food-ingestion pathway
model, inhalation-exposure model, etc.) embedded in the code. The “DandD model” may also
refer to DandD software, the DandD conceptual model, or to any of the numerical models, or
the group of models used in the code (e.g., DandD ground water model). Within the context of
this volume, the word “code” will refer to the software package and the associated numerical
models. However, the word “model” will refer to the mathematical representation of the
conceptual model, including representation of the specific exposure scenario and pathways. This
section describes the process and criteria used in selection of codes and models for the dose
assessment.

The codes and models used in the dose assessment can be either generic screening codes/models
or site-specific codes/models. Regardless of the intent of the use of the code/model (e.g., for
screening or site-specific analysis), NRC staff should ensure that the dose assessment
codes/models and the associated databases are properly documented and verified in accordance
with a rigorous QA/QC criteria which is acceptable to NRC staff. Currently, the only acceptable
generic screening code is DandD Version 2. If site-specific models/codes are used, a
justification of the conceptual model should be provided (see Section 1.4.3.2 of this appendix).
NRC staff should also review the source-term model(s), the transport models, the exposure
models, and the overall dose models. NRC staff should assess the QA/QC documentation and
the level of conservatism of any alternate code/model.

This section describes the generic issues associated with the selection of the screening and

site-specific codes/models that NRC staff may encounter, and recommends approaches and
criteria, for NRC staff acceptance of the codes/models. In addition, this section presents as
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generic description of the two common dose assessment codes, DandD Screen and
RESRAD/RESRAD-BUILD. NRC staff developed or modified these codes. In addition, these
codes have been used by NRC staff and licensees for demonstrating compliance with the dose
criteria in Subpart E.

1.5.2 Issues in Selection of Computer Codes/Models

The major issues associated with the selection of computer codes/models include:

1. Generic criteria for the selection of computer codes/models: This issue pertains to NRC
staff’s review criteria of code aspects related to QA/QC requirements, specifications, testing,
verification, documentation, interfacing, and other features related to uncertainty treatment
approaches.

2. Acceptance criteria for selection of site-specific codes/models: This issue pertains to
NRC staff’s review of additional specific requirements for the justification of the use of the
conceptual model, the numerical mathematical models, the source-term model and its
abstraction, and the transport and exposure pathway models.

3. Options for selection of deterministic or probabilistic site-specific codes: This issue
pertains to NRC staff’s review of the justification to support the decision to use either of
these two approaches.

A generic description of the DandD Version 2 is presented below to familiarize users with this
code. Further, the rationale for development of DandD Version 2 and the issue of excessive
conservatism in DandD Version 1 are also addressed. A description of the inherent excessive
conservatism in DandD model and approaches to minimize such excessive conservatism, using
DandD Version 2, site-specific input data, or use of other models/codes is included.

For site-specific analysis, NRC staff should accept any model or code that meets the criteria
described below in “Generic Criteria for Selection of Codes/Models.” However, NRC staff is
expected to conduct a more detailed and thorough review of less common codes/models

(e.g., codes other than DandD, and RESRAD), specifically those developed by licensees. NRC
sponsored development of the probabilistic RESRAD (Version 6) and RESRAD-BUILD
(Version 3) codes for site-specific analysis. These have already been reviewed for QA/QC and
are acceptable.

Selection of appropriate models/codes for complex sites may also present challenges. For
example, sites with multiple source terms, with significant ground water/surface water
contamination, or sites with existing offsite releases, may require more advanced codes/models
than common codes such as DandD or RESRAD. Complex sites may also include sites with
engineered barrier(s), or with complex geological conditions like highly fractured geologic
formations. Because of site complexity and variability, there is no standard dose analysis review
criteria for these sites.
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1.5.3 Recommended Approach

1.5.3.1 Generic Criteria for Selection of Codes/Models

The generic criteria under this subsection pertain to NRC staff review of codes/models other than
commonly used codes, specifically, those developed or modified by NRC staff (i.e., other than
DandD and RESRAD/RESRAD-BUILD). NRC staff should use the generic criteria when the
codes/models have no readily available documentation of testing, verification, and QA/QC
review. In this context, NRC staff should use the following generic criteria in reviewing the
codes/models selected for the dose assessment:

* NRC staff should review the adequacy and completeness of the database available regarding
QA/QC aspects of the code/model. The QA/QC database should be comparable to NRC’s
QA/QC requirements [NUREG/BR-0167 (Douglas 1993) and NUREG-0856 (NRC 1983)].
The QA/QC should include information regarding mathematical formulation, code/model
assumptions, consistency of the pathways with the assumed conceptual model(s) used in the
code, and accuracy of the software to reflect the model’s mathematical formulation and
correct representation of the process or system for which it is intended.

¢ NRC staff should ensure that the software used for the code are in conformance with the
recommendations of IEEE Standard 830-1984, IEEE Guide for Software Requirement
Specifications.

e NRC staff should review the adequacy and appropriateness of the code/model
documentation with regard to: (a) software requirements and intended use; (b) software
design and development; (c) software design verification; (d) software installation and testing;
(e) configuration control; (f) software problems and resolution; and (g) software validation.

e For uncommon codes/models, NRC staff should review code data including: (a) a software
summary form; (b) a software problem/change form; (c) a software release notice form; and
(d) a code/model user’s manual, which covers code technical description, software source
code, functional requirements, and external interface requirements (e.g., user interface,
hardware interface, software interface, and communication interface), if necessary.

* NRC staff should review the conceptual model of the selected code to ensure compatibility
with the specific site conceptual model, including the pathways and the exposure scenario.
The source-term assumptions of the selected code should also be compatible with site-specific
source term. NRC staff may accommodate minor modifications in the source-term conceptual
model, as long as the basic model assumptions are not violated.

e NRC staff should review the selected code to verify that the exposure scenario of the selected
code is compatible with the intended scenario for the site. For example, models/codes
designed for the onsite exposure scenario may not be appropriate for assessment of an offsite
receptor scenario or a scenario to estimate an offsite collective public dose.
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* NRC staff should review the selected model/code formulation to account for radionuclide
decay and progenies. The code should have proper and timely formulation, as well as
linkages of decay products with the receptor location and the transport pathways, via
corresponding environmental media;

e NRC staff should examine documentation of the selected code/model performance;
specifically, test and evaluation, as well as code comparison with commonly used (accepted)
codes and models (e.g., DandD and RESRAD codes). NRC staff should also review
documentation on code/model verification, if available, to support decisions for code
acceptance.

e NRC staff should review code/model features regarding sensitivity/uncertainty analysis to
account for variability in selection of input parameters and uncertainty in the conceptual
model and multiple options for interpretation of the system.

1.5.3.2 Acceptance Criteria for Selection of Site-Specific
Codes/Models

This issue involves NRC staff’s review of additional requirements supporting the justification
for using the conceptual model, the numerical mathematical models, the source-term model and
its abstraction, and the transport- and exposure-pathway models.

CONCEPTUAL MODELS

NRC staff review should compare the conceptual model for the site with the conceptual model(s)
in the selected code, to ensure compatibility with site-specific physical conditions and pathway
assumptions for the critical group receptor.

NUMERICAL MATHEMATICAL MODELS

NRC staff should review the equations used in the code to implement the conceptual model and
the numerical links between mathematical models to ensure correctness and consistency. For
codes developed or modified by NRC staff (e.g., DandD, RESRAD & RESRAD-BUILD), NRC
staff review would be minimal because these codes were revised by NRC staff and examined
early for consistency with NRC’s QA/QC requirements. For less commonly used codes, or
codes developed locally by user(s), NRC staff should verify the numerical mathematical models,
including the numerical links between these models. In this context, NRC staff may examine, if
necessary, each mathematical model used for the specific transport-exposure pathway, to ensure
that the code is designed for its intended use.

I-51 NUREG-1757, Vol. 2, Rev. 1



APPENDIX I

SOURCE-TERM MODELS

NRC staff should review the source-term model(s) used for the specific site. In this context,
NRC staff review should include the following source-term aspects:

e Building Occupancy Scenario Source Term: NRC staff should review the HSA and other
relevant data regarding extent of the source term and its depth [e.g., within 1 to 10 mm
(0.04 to 0.39 in) deep into the building surface or more]. Based on this review, NRC staff
should identify the source term as surficial or volumetric source. In addition, NRC staff
should examine assumptions made for the loose/fixed fractions of the source. Sources of
residual radioactivity on surfaces that are not integral parts of the building (e.g., equipment,
pipes, and sewer lines) should be addressed separately, because the applicable model and
exposure scenario could be different. Therefore, source-term model assumptions for such
surfaces should be reviewed on a case-by-case basis.

NRC staff should also review the source term regarding radionuclide mixture and if a
constant ratio is assumed in the dose analysis. NRC staff should determine if surrogate
radionuclides are used in the source-term model assumption. The latter two situations may
require additional NRC staff verification of the source-term model and review of consistency
with the intended final survey methodology.

NRC staff should also review the use of multiple sources (e.g., multiple rooms). Certain
codes may use advanced source-term assumptions, such as two to three rooms, with
multiple-story buildings. The source term under these conditions allows for source depletion
due open air circulation and common ventilation. For example, the RESRAD-BUILD code
model uses two- or three-room models with two- or three-story buildings, allowing for air
exchange within the rooms, and source-term depletion. The indoor air-quality model

(e.g., building ventilation and infiltration), and the indoor air-concentration model, as well as
the adaptation of the air-quality model in RESRAD-BUILD code should be reviewed, to
ensure consistency with the site-specific condition. Input parameters associated with these
models should be verified. NRC staff may accept such site-specific source-term models after
an assessment of the compatibility of the source-term model with the conceptual model of
the site. NRC staff should also review the physical parameters defining the source term, to
ensure consistency with site-specific conditions, and the occupancy parameters, to ensure
consistency with the exposure scenario.

e Resident Farmer Scenario Source Term: NRC staff should examine the source-term
information to identify the source as surficial or volumetric, to ensure consistency with the
model in the selected code. NRC staff should also review the vertical and horizontal extent
of residual radioactivity, to verify the model assumed for the contaminated zone (CZ), and to
determine if there is subsurface and/or ground water contamination at the site. For surficial
source terms, DandD model and other codes like RESRAD (assuming appropriate thickness)
may be used. For volumetric sources, DandD cannot be used directly before simulation of
the volumetric source into a surficial source. The source-term model should also be
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reviewed, to examine the contaminated area and its shape, to check for possible correction
for the area and/or for geometry of the source. NRC staff should also determine if a cover or
a barrier is assumed at the top of the CZ, and the justification for such an assumption. The
cover and/or barrier issue should be examined within the context of the institutional control
assumptions, if appropriate, and the physical performance of the cover or the barrier within
the compliance period (e.g., 1000 years).

NRC staff should also review the physical and chemical form of the source term to evaluate
the soil leaching model assumption and the two components, sorbed mass and leached mass
of the source. This review should help assess the source mass-balance model and the
transport model within the concerned environmental media. In addition, NRC staff review of
these source-term aspects would help establish consistencies for the selection of relevant
parameters. NRC staff should also review source-term horizontal distribution and
homogeneity, and variation of source concentration with depth. NRC staff should use either
an upper-bounding value for modeling the thickness or an area-weighted approach to
calculate the representative thickness. In certain cases, NRC staff may evaluate the need for
modeling of multiple sources and the need for more advanced subsurface source-term
modeling.

TRANSPORT MODELS

The transport models simulate transport mechanisms of contaminants from the source to the
receptor. NRC staff should review transport models for consistency and compatibility with
respect to (a) the source term; (b) the exposure scenario defined for the critical group receptor;
and (c) the simplified conceptual model, which describes site-specific physical conditions. The
transport models may include diffusive and advective transport of contaminants via air, surface
water, and ground water. The transport models can be overly simplified, using simple
conservative assumptions such that minimal characterization data would be required to execute
the model(s). Transport models can also be very complex, requiring advanced mathematical
derivation and extensive site-specific, or surrogate, data about the site.

For the building occupancy scenario, the associated transport models (e.g., transport models for
ingestion, inhalation, and direct exposure pathways) of DandD code are simple and conservative.
For example, the ingestion pathway depends on the effective transfer rate of the removable
surface residual radioactivity from surfaces to hands and from hands to mouth. The inhalation
transport model depends largely on mechanical disturbance of the contaminated surface,
resuspension of residual radioactivity in the air, and subsequent breathing of contaminated air.
The external dose formulation assumes exposure from a nonuniform source of residual
radioactivity on the walls, ceiling, and floor of a room. This model was found to be comparable
to the infinite plane source for the building occupancy scenario (NRC 1992).

For the resident farmer scenario, the associated DandD transport models include models of

contaminants transport to ground water, to surface water (e.g., three-box model that relies on
transfer of contaminate through leaching), and to air (e.g., through dust mass loading and indoor
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resuspension). Transport models of contaminants via the air include dust loading, resuspension
of contaminated soil, and use of mass loading factor for deposition. Transfer of contaminants
from the soil/water to plants, fish, animals, and animal products are calculated using a water-use
model, along with transfer factors, translocation factors, and bio-accumulation factors. For
carbon and tritium, separate models were used, as described in NUREG/CR-5512, Volumes 1, 2,
and 3. The RESRAD model assumes a volumetric source, with an idealized cylindrical shape of
the contaminated zone, and allows for a cover at the top of the contaminated zone, if appropriate.

In general, NRC staff should conduct a review of the selected code, with respect to transport
models and appropriateness of such models with respect to the site-specific conditions (e.g.,
area, source, unsaturated zone, and aquifer conditions). In addition, NRC staff should review,
for compatibility and consistency, the transport model assumptions and the generic formulation
pertaining to the applicable pathways of the critical group exposure scenario. The extent of
transport model review depends on the familiarity of NRC staff with these models. Because
certain codes/models were commonly used and were developed or modified by NRC staff
(e.g., DandD, RESRAD, and RESRAD-BUILD), NRC staff is more familiar with such common
codes. Therefore, NRC staff review of these common codes/models, would be less than NRC
staff review of a less common codes/model developed by users or other parties. NRC staff
review should also include updated new models or code versions and studies regarding
code/models testing, comparison, and verifications.

RESRAD-BUILD is a more advanced code than DandD, because it employs multiple sources
and more advanced particulate air transport models. In other words, each contaminated location
may be considered a distinct source. Depending on its geometric appearance, the source can be
defined either as a volume, area, or as a point source. RESRAD-BUILD depends on erosion of
the source and transport of part of its mass into the indoor air environment, resulting in airborne
residual radioactivity. The RESRAD-BUILD model differs from DandD because it assumes air
exchange among all compartments of the building. In other words, the model assumes that the
airborne particulates are being loaded into the indoor air of the compartment and then
transported to the indoor air of all compartments of the building. In addition to air exchange
between compartments, the indoor air model also simulates air exchange between compartments
and the outdoor air. Descriptions of models pertaining to indoor air quality, air particulate
deposition, inhalation of airborne dust, and ingestion of removable materials and deposited dust,
were documented in Argonne National Laboratory report “ANL/EAD/LD-3,” (ANL 1994). The
exposure pathways in the RESRAD-BUILD code include (a) the external exposure to radiation
emitted directly from the source and from radioactive particulates deposited on the floors, and
exposure caused by submersion from radioactive particulates; (b) inhalation of airborne
radioactive particulates; and (c) ingestion of contaminated material directly from the source, and
airborne particulates deposited onto the surface of the building.
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EXPOSURE PATHWAY MODELS

The exposure pathway models pertain to the formulation of the links between the radiological
source, the transport of contaminants within environmental media, the critical group receptor
location, and behaviors of the receptor that lead to its exposure to residual radioactivity through
direct exposure, inhalation, and ingestion of contaminated water, soil, plants, crops, fish, meat,
milk, and other dairy products. NRC staff should review the conceptual model(s) that describe
the human behaviors that lead, or control, the amount of receptor exposure. Therefore, the
occupational, behavioral, and metabolic parameters describing these models should be reviewed
and compared with the default model scenarios and associated parameters. NRC staff should
review exposure model(s) and associated parameters to ensure conservatism, consistency, and
comparability with site-specific conditions and scenario assumptions. NUREG/CR-5512,
Volumes 1, 2, and 3 provide detailed information regarding default parameters and approaches
for changing parameters in dose modeling analysis.

INTERNAL AND DIRECT EXPOSURE DOSE CONVERSION FACTORS

In general, NRC staff should review the dose conversion factors for inhalation and ingestion, to
ensure that the factors used are those developed by EPA, published in Federal Guidance Report
No. 11 (EPA, 1988). Similarly, NRC staff review should ensure that EPA’s external dose
factors, although they may correct for actual area, published in Federal Guidance Report No. 12
(EPA, 1993) were used or another appropriate code such as Microshield. These dose factors
were selected to ensure consistency of the dosimetry models used in deriving these factors with
NRC’s regulations in Part 20. The default parameter sets for DandD and the RESRAD family of
codes are based on Federal Guidance Reports No. 11 and No. 12.

Licensees may request an exemption from Part 20 to use the latest dose conversion factors
(e.g., ICRP 72). Scenarios and critical group assumptions should be revisited to look at
age-based considerations. Licensees may not “pick and choose” dosimetry methods for
radionuclides (e.g., Federal Guidance Report No.11 for six radionuclides and current
International dose conversion factors for three radionuclides).

1.5.3.3 Option for Selection of Deterministic or Probabilistic
Site-Specific Codes

Licensees may select either a deterministic analysis approach or a probabilistic approach for
demonstrating compliance with the dose criteria in 10 CFR Part 20, Subpart E. A deterministic
analysis uses single parameter values for every variable in the code. By contrast, a probabilistic
approach assigns parameter ranges to certain variables, and the code randomly selects the values
for each variable from the parameter range each time it calculates the dose. While a
deterministic analysis will calculate the results from a single solution of the equations each time
the user runs the code, a probabilistic analysis will calculate hundreds of solutions to the
equations, using different values for the parameters from the parameter ranges. The
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deterministic analysis gives no indication of the sensitivity to certain parameters or of the
uncertainty in the value of the parameters. Therefore, the deterministic approach may require
more elaborate justification of code input parameter values and may require further analysis of
doses using upper or lower bounding conditions.

NRC-approved data sets for both DandD and RESRAD are for the probabilistic calculation and
not the deterministic mode.

Section 1.7.3.2 of this appendix provides a detailed description of a NRC staff review for
deterministic and probabilistic analysis.

1.5.3.4 Modeling of Subsurface Source-Term Residual
Radioactivity

For subsurface residual radioactivity (residual radioactivity at depths >15-30 cm (6—12 in)),
NRC staff should review existing historical site data (including previous processes or practices)
and site characterization data, to establish an adequate conceptual model of the subsurface
source, specifically the horizontal and vertical extent of residual radioactivity. Section .2.3.1
describes approaches for subsurface source-term abstraction for dose modeling analysis.

1.5.3.5 Generic Description and Development of DandD

Two scenarios are implemented in DandD, the building occupancy and the residential scenario.
The building occupancy scenario relates volume and surface residual radioactivity levels in
existing buildings (presumably released after decommissioning for unrestricted commercial or
light-industrial use) to estimates of the TEDE received during a year of exposure, with the
conditions defined in the scenario. The exposure pathways for this scenario include external
exposure, inhalation exposure, and secondary ingestion pathways.

The more complex and generalized residential scenario is meant to address sites with residual
radioactivity in soils and ground water. The exposure pathways include external exposure,
inhalation, and ingestion of contaminated crops, meat, soil, plants, fish, and drinking water
(NRC 1992). A generic water-use model was developed to permit the evaluation of the annual
TEDE from drinking water from wells and from multiple pathways associated with contaminated
soil. Section 1.4.3.1 describes the three-box water-use model of the DandD code.

.5.3.5.1 Excessive Conservatism in DandD Version 1 Methodology
and Parameters

DandD, Version 1.0, was a deterministic screening code, with a single set of default parameters,
which is an acceptable screening tool to calculate the screening values to demonstrate
compliance with the dose limit in Part 20, Subpart E. NRC staff used this code to develop the
screening numbers published in the Federal Register (see Section 5.1 and Appendix H of this
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volume). NRC staff examined several areas where the DandD code may be overly conservative.
These areas include (a) reevaluation of the resuspension factor (RF); (b) reevaluation of default
parameter selection; (c) model comparison study (NRC 1999a); and (d) ground water model
comparison study (NRC 1998a). A technical basis document for revision of the RF is still under
review and development.

Version 1.0 of the DandD code used a deterministic set of default parameters. These
deterministic values, however, were selected from a range of possible values, rather than by
establishing single bounding values. A probability density function (PDF) was established for
the range of values for each parameter in the DandD code. A single set of default parameters
was selected by probabilistically sampling the PDFs for each of the parameters, to maintain a
90% confidence level that doses would not exceed the dose limit for a combination of all
radionuclides. A detailed discussion of the way the default parameters were selected is
contained in NUREG/CR-5512, Volume 3.

This method of selecting the default parameter set tends to overestimate the dose. That is, if the
default parameter set were selected for a single radionuclide rather than for all radionuclides, the
dose calculated using DandD with the single radionuclide default parameter set would, in most
cases, be lower than with the “all radionuclides” default parameter set in DandD, Version 1.0.
For example, the DCGL,, corresponding to 0.25 mSv/y (25 mrem/y) for Cs-137 using the “all
radionuclide” default parameter set is approximately 37 Bq/kg (1 pCi/g); while the DCGL,,
using the “single radionuclide” default parameter set is approximately 407 Bg/kg (11 pCi/g).
The results from DandD, Version 1.0 using the two default parameter sets are discussed in a
Letter Report from Sandia National Laboratories, dated January 30, 1998. To improve this area,
Version 2 of the code was developed (and replaced Version 1) to calculate a unique default
parameter set based on the specific radionuclides in the source term.

To evaluate the overall conservatism in DandD, a study was conducted to compare the DandD
code with the RESRAD and RESRAD-BUILD codes for both the residential and building
occupancy scenarios, respectively. This comparison is documented in NUREG/CR-5512,
Volume 4 (NRC 1999a). In summary, the models in the DandD codes appeared appropriate for
screening (e.g., simplistic, and defensible with minimal data). The default soil mass loading
factor for foliar deposition for DandD appears to be too high. The soil-to-plant transfer factors,
distribution coefficients, and bio-accumulation factors for certain radionuclides appear to be too
conservative. This conservatism is mainly caused by the DandD Version 1.0 approach for
selection of the solution vector, to generate a single set of default parameters for all
radionuclides. Therefore, the deterministic DandD code in Version 1.0 has been revised as a
probabilistic code, DandD, Version 2. An arithmetic error was also found in the default
parameter value of the S-35 radionuclide. Also, the code did not model tritium and carbon-14
realistically. This could lead to an underestimation of doses where ground water is not a
predominate pathway. It was also determined that RESRAD and RESRAD-BUILD may be
better suited to deal with “hot spots.”
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Another area where NRC staff evaluated the excess conservatism in the DandD code was the
ground water model. The basic conceptual ground water model in DandD was described in
NUREG/CR-5512, Volume 1. This ground water model was compared to two more realistic
ground water models in NUREG/CR-5621 (NRC 1998a). These two models are the STOMP
code, as the realistic vadose zone model, and the CFEST code, as the realistic aquifer
compartment model. The study concluded that the maximum ground water concentration
increased with the number of vadose zone compartments for the DandD model, and that it
exaggerated vadose zone dispersion. The study recommended that the maximum vadose zone
compartment (layer) thickness in the DandD code should be set to 1 m (3.3 ft). This could be a
problem where the vadose zone is thicker than 10 m (33 ft), because the DandD code only allows
10 vadose zone compartments. In general, the study concluded that the DandD model described
realistic and conservative representations, of an aquifer and vadose zone, that are appropriate for
site assessment. However, it was indicated that, for radionuclides with short half-lives compared
to the vadose zone transit time, the DandD model may not be adequate.

1.5.3.5.2 Probabilistic DandD Version 2

Because of the overly conservative approach resulting from the artifact in the way the single
default parameter set was selected in DandD Version 1.0, NRC staff has developed a
probabilistic DandD, Version 2. DandD, Version 2, updates, improves, replaces and
significantly enhances the capabilities of Version 1.0. In particular, Version 2 allows full
probabilistic treatment of dose assessments, whereas Version 1.0 embodied constant default
parameter values and only allowed deterministic analyses. DandD implements the methodology
and information contained in NUREG/CR-5512, Volume 1, as well as the parameter analysis in
Volume 3, that established the probability distribution functions (PDFs) for all of the parameters
associated with the scenarios, exposure pathways, and models embodied in DandD.

Finally, DandD Version 2 includes a sensitivity analysis module that assists licensees and NRC
staff to identify those parameters in the screening analysis that have the greatest impact on the
results of the dose assessment. Armed with this information and the guidance available in
NUREG-1549, licensees are able to make informed decisions regarding the allocation of
resources needed to gather site-specific information related to the sensitive parameters. When
cost and the likelihood of success associated with acquisition of this new knowledge are
considered, licensees are better able to optimize the costs to acquire site data that allow more
realistic dose assessments that, in turn, may lead to demonstrated and defensible compliance
with the dose criteria for license termination.

1.5.3.6 Generic Description of RESRAD/RESRAD-BUILD Codes

The RESRAD and RESRAD-BUILD computer codes were developed by Argonne National
Laboratory under the sponsorship of the U.S. Department of Energy, and other Agencies, such as
NRC. These two codes are pathway analysis models designed to evaluate potential radiological
doses to an average member of the specific critical group. RESRAD code uses a residential
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farmer scenario (ANL 1993a) with nearly identical exposure pathways as the DandD residential
scenario described in NUREG/CR-5512, Volume 1 (NRC 1992). The RESRAD-BUILD code
uses a building occupancy scenario that covers all exposure pathways in the DandD building
occupancy scenario, plus pathways corresponding to external exposures from air submersion and
deposited material, and to ingestion of deposited material. Brief descriptions of RESRAD and
RESRAD-BUILD codes and conceptual models were presented in previous sections (see
Section 1.4.3.2 in this appendix). For detailed descriptions of these two codes, the user is
referred to ANL/EAD/LD-2 (ANL 1993a), ANL/EAD/LD-3 (ANL 1994), and
NUREG/CR-6697 (NRC 2000b). The deterministic versions of these codes were widely used
by NRC staff and licensees, prior to the LTR, to estimate doses from radioactively contaminated
sites and structures. NRC sponsored development of the probabilistic versions (RESRAD
Version 6 and RESRAD-Build Version 3) and their default probabilistic data sets. These two
codes were selected because they possess all three of the following attributes:

1. The software has been widely accepted and there is already a large user base among NRC
staff and licensees.

2. The models in the software were designed, and have been applied successfully, to more
complex physical and residual radioactivity conditions than DandD code.

3. Verification and validation of these two codes are well-documented (Yu 1999; NRC 1998a).

It should be noted that the RESRAD code has been widely used and tested by national and
international agencies and has gone through verification (HNUS 1994), dose model comparison
(NRC 1999a; EPRI 1999) and benchmarking (DOE 1995). Therefore, RESRAD and
RESRAD-BUILD codes are continuously developed and updated with new code versions.
Licensees should strive to use the latest version of the RESRAD and RESRAD-BUILD codes
and should document in their DP the version used.

1.5.4 Use of Codes and Models Other than DandD and RESRAD

NRC staff should provide flexibility for possible use of other codes and models selected by
licensees. However, less common codes, specifically those developed by users, may require
more extensive NRC staff review and verifications. In this context, NRC staff may review the
following pertinent aspects when using other less common codes:

e scope of code application and applicability to the concerned site;

» extensive review of the generic code selection criteria listed previously;

¢ review of the mathematical formulation of the associated models and the selected dose
conversion factors;

e review of the conceptual model, including the source-term model, used in the code, and
compatibility with site conditions;

» review of code performance and comparison with commonly used and verified codes;
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e review of code capability regarding handling of default pathways and consistency in selection
of default parameters (e.g., occupancy, behavioral, and metabolic parameters); and

 detailed review of codes/models documentation and updates for code/model modifications,
including QA/QC reviews.

1.6 Criteria for Selecting or Modifying Input Parameter Values

1.6.1 Introduction

Any analytical approach to dose assessment should involve the selection of appropriate values
for input parameters. Each computer modeling code or other analytical methods that a licensee
may use should have its own suite of input parameters. Also, unless the licensee is performing a
screening analysis, each site should likely have its own defining characteristics that should be
incorporated into the dose assessment through the selection of input parameter values.

This section provides general guidelines for NRC staff to consider in evaluating a licensee’s
selection of values for input parameters. This section addresses three aspects of parameter value
selection:

o selection of parameter values or range of values;

e technical justification to support value selection; and

e evaluation of the impact of parameter selection on dose assessment results.

NUREG/CR-5512, Volume 1, and the deterministic parameter set from DandD, Version 1,
have been superseded by NUREG/CR-5512, Volume 3, and DandD, Version 2, respectively.
Therefore, a licensee should not refer to NUREG/CR-5512, Volume 1, as a primary source
for a default deterministic parameter set. Similarly, DandD Version 1, which did not support
probabilistic analyses, provided a default deterministic input parameter set. DandD Version 2
has replaced Version 1 and the DandD, Version 1 default deterministic parameter set should
not be used as a reference data set for any parameters. This is especially important for the
Version 1 defaults, as all the defaults in the code were selected by a method that made them
highly interdependent. Each single value in the default deterministic data set was selected
based on the values of the other parameters. Thus, if a single parameter is changed in DandD
Version 1, the appropriateness of all of the other parameters in the code may be questionable.

1.6.2 Issues in Modifying Parameters

In addressing the three aspects of parameter value selection identified above, several issues
should be discussed. First is the distinction between screening analysis and site-specific
analysis, with respect to parameter value modification. Second is the appropriateness of
accepting default input parameter values in site-specific analyses. Third is the level of
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justification expected to support the selection of site-specific input parameter values. NRC staff
should consider these issues in evaluating a licensee’s dose assessment.

1.6.2.1 Screening Analyses Versus Site-Specific Analyses

A licensee may perform a screening analysis to demonstrate compliance with the radiological
criteria for license termination specified in Part 20, Subpart E. The screening analysis described
in Chapter 16 of this volume requires that the licensee either (a) refer to radionuclide-specific
screening values listed in the Federal Register (63 FR 64132 and 64 FR 68395) or (b) use the
latest DandD computer code. A licensee pursuing the screening option may find that
implementation of the DandD code is necessary if radionuclides not included in the Federal
Register listings should be considered.

NRC staff should ensure that a licensee performing a screening analysis using the DandD code
limits parameter modification to identifying radionuclides of interest and specifying the
radionuclide concentrations. NRC staff should verify that the licensee has not modified any
other input parameter values. The output file generated by DandD identifies all parameter values
that have been modified. Modifying any input parameter value from a default value will
constitute a site-specific analysis.

1.6.2.2 Default Values Versus Site-Specific Values

DandD and many other computer codes used for dose assessment provide the user with default
values for the input parameters. Often, the user only needs to select radionuclides to execute the
code. This allows the user to quickly obtain results with very little time expended in developing
input data sets. This is basically how DandD, Version 2 was envisioned to be used for screening
analyses.

Codes with default parameters, while developed to be run with little user-input or thought,
require several considerations that should be made and justified to NRC staff. In actuality, they
may be inappropriate for site conditions, scenario, time period, etc. Basically, in using an
off-the-shelf computer code and its default parameters, the user agrees with (a) the conceptual
model used by the computer code, (b) the exposure scenario, and (c) the process used to select
the default parameters so that they are appropriate for the site being modeled.

Users of computer codes should have an understanding of the conceptual and numerical
modeling approaches of the code through the process of developing or justifying data input sets.
If default parameter values are unavailable or inappropriate, the user should address each and
every input parameter by (a) determining what characteristics of the modeled system the
parameter represents and how the parameter is used in the code and (b) developing a value for
the input parameter that is appropriate for both the system being modeled and for the conceptual
and numerical models implemented by the code. In fact, many default data values in the
computer code may be simply “placeholders” for site data.
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NRC staff realizes that the theoretical approach is quite intensive and probably inappropriate,
based on the risk from some sites. Experience has shown that the availability of default values
for input parameters can result in the user performing a “site-specific” analysis to modify values
for parameters for which site data are readily available and accept the default values as
appropriate for the remaining parameters, without an adequate understanding of the parameters
and the implications of accepting the default values. Therefore, for site-specific analyses, NRC
staff requests that the licensee provide justification for using both the model and the default
parameters, along with any justification for site-specific modifications. The level of justification
appropriate for the parameter value is not, necessarily, constant for all parameters. This is why
Section 1.7 of this appendix discusses uncertainty and sensitivity analyses to provide a means to
focus both licensees and NRC staff resources on the important parameters.

NRC staff have reviewed, and considered appropriate for dose assessments using these codes,
default parameter ranges for both DandD, Version 2 and RESRAD, Version 6. This supports
decommissioning by (a) promoting consistency among analyses (where appropriate); (b)
focusing licensee and NRC staff resources on parameters considered significant with respect to
the dose assessment results; and (c) facilitating review of the licensee’s dose assessment by NRC
staff. Therefore, most licensees could use the code and its default parameter ranges with little
justification. If parameters have been modified, the licensee may need to provide some more
justification for default parameters associated with the site-specific parameters. While these are
default data for the associated computer code, that does not mean that they can be transferred to
another computer code for use in it without justification.

To benefit from the advantages while minimizing the disadvantages, NRC staff should ensure
that the licensee employs default parameter values or ranges in a manner consistent with the
guidance provided in this section.

1.6.2.3 Justifying Site-Specific Parameter Values

The NRC reviewer should evaluate whether a licensee submitting a site-specific dose assessment
has demonstrated that all parameter input values are appropriate for the site being modeled.
However, this does not require the licensee to submit a detailed analysis to support the values
selected for each and every input parameter. Instead, the level of justification required should be
based on the parameter classification and should be commensurate with the significance of the
parameter relative to the dose assessment results, as evaluated through sensitivity analyses. The
sensitivity analyses should reflect the relative significance of exposure pathways. Note that the
relative significance of exposure pathways may change as parameters are modified.

Dose assessment input parameters may be generally classified as behavioral, metabolic, or
physical. Behavioral parameters (B) collectively describe the receptor—the exposed individual
for whom the dose received is being assessed. The values selected for these input parameters
should depend on the behavior hypothesized for the exposed individual. Metabolic parameters
(M) also describe the exposed individual, but generally address involuntary characteristics of the
individual. Physical parameters (P) collectively describe the physical characteristics of the site
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being modeled. These would include the geohydrological, geochemical, and meteorological
characteristics of the site. The characteristics of atmospheric and biospheric transport up to, but
not including, uptake by, or exposure of, the dose receptor, would also be considered physical
input parameters.

There is always uncertainty associated with the behavior of a hypothetical receptor. For this
reason, the licensee may accept a generically defined receptor for its analysis. The generically
defined receptor is the “average member of the critical group.” The characteristics of this
exposed individual and the criteria for modifying the characteristics for a site-specific analysis
are discussed in Section 1.3 of this appendix. The licensee may use default values for the
behavioral and metabolic parameters, with limited justification, if the values are consistent with
the generic definition of the average member of the critical group, and the screening group is
reflective of the scenario.

In site-specific analyses, all efforts should be made by the licensee to use site-specific
information for important physical parameters. “Site-specific” in this context includes

(a) information directly related to the site; (b) information, characterizing the region, that is
consistent with site conditions; and (c) generic information that is consistent with the specific
geohydrologic conditions at the site (e.g., consistent with the surface-soil unsaturated-zone soil
classifications). The justification for site-specific physical parameter values should demonstrate
that the site-specific values selected are not inconsistent with the known or expected
characteristics of the physical site being modeled. The level of justification should be based on
the significance of the parameter to the results of the dose assessment. The licensee should
evaluate the significance through sensitivity analyses (see Section 1.7 of this appendix). Because
of the importance of groundwater, NRC staff should verify that the licensee used site-specific
values for all physical parameters (or parameter ranges) related to geohydrologic conditions. Ifa
licensee relies on the DandD default parameter ranges for the physical parameters describing
other geochemical conditions (i.e., partition coefficients) and biosphere transport (e.g., crop
yields, soil-to-plant concentration factors), NRC staff should evaluate whether the default
parameter ranges are inconsistent with known or expected conditions at the site.

1.6.3 Input Parameter Data Sets

1.6.3.1 DandD Default Probabilistic Parameter Set

Probabilistic analyses using the DandD computer code were performed to establish the screening
values for building and surface-soil residual radioactivity that were published in the Federal
Register in November 1998 and December 1999 (63 FR 64132 and 64 FR 68395). In
performing these screening analyses, data were compiled for over 600 input parameters and
reviewed by NRC staff. These data are discussed in great detail in NUREG/CR-5512,

Volume 3, and are directly incorporated into DandD. These data form the reference input
parameter set for probabilistic analyses using DandD. The user is referred to NUREG/CR-5512,
Volume 3, and the current version of the DandD computer code for the current default parameter
ranges and basis.
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The DandD computer code may be used to evaluate radiological doses for two exposure
scenarios: (1) the building occupancy scenario and (2) the residential scenario. These exposure
scenarios and the associated exposure pathways are discussed in detail in NUREG—1549 and
NUREG—-CR/5512, Volume 1.

A licensee may use the default deterministic behavioral and metabolic parameters from
NUREG/CR-5512, Volume 3, or the current version of the DandD computer code, with limited
justification. The justification should examine how the licensee’s scenario is consistent with the
generic scenario from DandD. Similarly, a licensee may use the parameter range for a physical
parameter, provided they justify why the parameter range is consistent with the site conditions.

Note that deterministic physical parameter values may not be used without substantial
justification (including sensitivity and uncertainty analyses).

1.6.3.2 DandD Default Deterministic Parameter Set

Several default parameter sets have been developed to support deterministic analyses with the
DandD code. NUREG/CR—-5512, Volume 1, initially presented the conceptual and mathematical
foundation of the DandD code, and deterministic values for many input parameters were
presented in the document. Volume 3 of NUREG/CR—-5512 incorporated much of the parameter
information from Volume 1 in developing the default probabilistic input parameter set, making
corrections and updating values as necessary. Therefore, a licensee should not refer to
NUREG/CR-5512, Volume 1, as a primary source for a default deterministic parameter set.

Similarly, DandD Version 1, which did not support probabilistic analyses, provided a default
deterministic input parameter set. DandD Version 2 has replaced Version 1, the DandD
Version 1 default parameter set should not be used as a reference data set for any parameters.

Licensees may perform deterministic analyses using DandD (Version 2 or later). This would
require licensees change all parameter distribution types to “constant” and specify a single value
for each parameter. However, NRC staff does not intend to provide a default deterministic input
parameter set to be used in conjunction with DandD. Also, a licensee intending to support
decommissioning activities with deterministic dose assessments should ensure that the
deterministic approach should provide the information necessary to demonstrate compliance
(e.g., support necessary sensitivity analyses, as described in Section 1.7 of this appendix).

1.6.3.3 RESRAD Default Probabilistic Parameter Set

The most recent versions of the RESRAD and RESRAD-BUILD computer codes include the
option to perform probabilistic dose assessments. The RESRAD team at Argonne National

Laboratory worked with NRC staff to develop a default input parameter set that may be used to
perform probabilistic dose assessments with the RESRAD and RESRAD-BUILD codes. These
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default probabilistic input parameter sets are documented in NUREG/CR-6697, “Development
of Probabilistic RESRAD 6.0 and RESRAD-BUILD 3.0 Computer Codes” (NRC 2000b).

1.6.3.4 RESRAD Default Deterministic Parameter Set

Versions of RESRAD (e.g., Versions 5.82, 6.0, 6.1) and RESRAD-BUILD (Version 2.37)
include default parameter values that support the RESRAD and RESRAD-BUILD deterministic
analyses. Many of these default parameters are documented in “Data Collection Handbook to
Support Modeling the Impacts of Radioactive Material in Soil” (ANL 1993b). As a set, these are
not considered to be acceptable default input parameter values for performing dose assessments
in support of decommissioning. Instead, a licensee may use the parameter set described in the
preceding section as a starting point for its analyses. NRC staff should ensure that a licensee
justifies the selected values and that the values are consistent with existing or expected
conditions at the site.

1.6.3.5 Input Data Sets for Other Computer Codes

A licensee may choose to use a computer code or analytical approach other than DandD or
RESRAD/RESRAD-BUILD to perform the dose assessment in support of decommissioning.
Each code or analytical approach should have a unique set of input parameters. However, there
will likely be some input parameters that are also included in the DandD input parameter set.

NRC staff should verify that a licensee provides a listing of all input parameters required in its
analysis. For each parameter, the licensee should provide a discussion similar to that provided in
NUREG/CR-5512, Volume 3, Chapters 5 and 6. The discussion should include the parameter
name, a description of the parameter, a discussion of how the parameter is used in the dose
assessment model, and the licensee’s classification of the input parameter (i.e., behavioral,
metabolic or physical). For the parameters being represented by constant values, the licensee
should provide the range of appropriate values for the parameter, the single value selected for the
parameter, and the basis for the range and selected value, including references. The level of
justification to be provided in the basis should be based on the classification of the parameter
(i.e., behavioral, metabolic or physical) and the relative significance of the parameter in the dose
assessment.

For input parameters classified as “behavioral” or “metabolic,” NRC staff should verify that the
licensee specifies values that are consistent with the default screening values specified for the
DandD behavioral and metabolic parameters, as long as the definition of the critical group has
not been modified. Consistency may depend on the conceptual and numerical models
underlying the code being used and the manner in which the parameters are used in the models.
Using consistent behavioral and metabolic parameter values for the default critical group may
support a relatively standardized definition of the average member of the critical group among
analyses. The basis the licensee provides for these parameters should identify the comparable
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DandD parameters and discuss any adjustments necessary to accommodate differences between
DandD and the code or analytical method being used.

For the input parameters the licensee classifies as physical, other than those related to
geochemical conditions and atmospheric and biospheric transport, NRC staff should verify that
the licensee uses site-specific values whenever available. The licensee should provide the soil
classification for all soil units and specify consistent values for all geohydrologic parameters.
For geochemical parameters, such as partition coefficients, the licensee may rely on DandD
default probabilistic ranges, as long as justification is provided to demonstrate that the ranges are
consistent with geochemical conditions at the site. Site conditions may require that the licensee
modify the default parameters to ensure consistency. Additionally, it is important to note that
the distributions may not be applicable to codes other than DandD. For meteorological
parameters, the licensee should use values that are based on applicable site or regional data. For
physical parameters related to atmospheric and biospheric transport, the licensee may accept
DandD default parameter ranges with minimal justification, using NUREG/CR—-5512, Volume 3,
as a starting reference point. Physical parameters related to biosphere transport would include
parameters such as crop yields, animal ingestion rates, transfer factors, and crop growing times.
NRC staff should evaluate whether the justification provided by the licensee demonstrates that
the default values are consistent with conditions at the site.

1.6.3.6 Internal and Direct Exposure Dose Conversion Factors

NRC staff should review the dose conversion factors for inhalation and ingestion, to ensure that
the factors used are those developed by EPA, published in Federal Guidance Report No. 11
(EPA 1988). Similarly, NRC staff review should ensure that EPA’s external dose factors,
although they may correct for actual area, published in Federal Guidance Report No. 12

(EPA 1993) were used or another appropriate code such as Microshield. These dose factors
were selected to ensure consistency of the dosimetry models used in deriving these factors with
NRC regulations in Part 20.

Licensees may request an exemption from Part 20 to use the latest dose conversion factors.
Scenarios and critical group assumptions should be revisited, and justified, to explore at
age-based considerations. Licensees may not “pick and choose” dosimetry methods for
radionuclides (e.g., Federal Guidance Report No.11 for six radionuclides and current
International dose conversion factors for three radionuclides).

1.6.4 Recommended Approach to Parameter Modification

Any analysis that does not meet the conditions of a screening analysis may be considered a
site-specific analysis. This will include all analyses using the DandD computer code where one
or more input parameters values have been modified from default ranges (or values for
behavioral and metabolic parameters), as well as analyses using analytical methods or computer
codes other than DandD.
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1.6.4.1 Modifying the DandD Default Probabilistic Parameter Set

A reviewer should expect that a licensee who is modifying parameter values for a site-specific
analysis using DandD is cognizant of the following:

» what the parameter represents,
* how the parameter is used in the DandD code,
o the basis for the default parameter value, and

e which parameters are physically or numerically correlated.

NUREG/CR-5512, Volumes 1-3, describes in detail what each parameter is intended to
represent. Volume 1 provides the original parameter definitions but has been superceded by
Volume 3 for parameter values. Volume 1 also provides the mathematical formulations,
underlying the DandD code, that should allow the user to (a) understand how each parameter is
used and the implication of parameter modification on the resulting calculated dose; and

(b) identify numerical correlations among parameters. Volume 2 (the DandD user’s manual)
redefines several of the input parameters and mathematical formulations based on
implementation of the Volume 1 methodology in the DandD computer code. Finally, Volume 3
provides a detailed discussion of most input parameters, allowing the user to fully understand the
basis for the default ranges. Volume 3 provides a parameter description and a discussion of how
parameters are used in the code, a review of the information sources on which the default values
are based, a discussion of uncertainty in the default parameter values, and insight into the
selection of alternative parameter values. The DandD user performing site-specific analyses
with DandD should be cognizant of the information provided in the three volumes of
NUREG/CR-5512.

A licensee may modify DandD behavioral (B) and metabolic (M) input parameter values for the
building occupancy and residential scenarios to reflect the characteristics of the average member
of a site-specific critical group. NUREG/CR-5512, Volume 3, provides the basis for the default
value for each behavioral and metabolic parameter. If the licensee modifies the values for these
parameters, NRC staff should verify that the licensee has defined a site-specific critical group.
The licensee may provide site-specific parameter distributions that reflect the variability of the
behavior of the average member of the site-specific critical group, or the licensee may use the
mean of the site-specific information as a constant-value input for these parameters, consistent
with the concept of the “average member” of the critical group. The level of justification
required to support modification of behavioral and metabolic parameter values should be
consistent with the sensitivity of the parameter.

For the DandD building occupancy scenario, there are only three physical parameters: the
resuspension factor (Rfo*), which is derived from the loose fraction (F1) and the loose
resuspension factor (Rfo). Unless the licensee has site-specific information to indicate that the
default values are inconsistent with the default values, NRC staff should verify that the licensee
has used the default values for these physical parameters in its calculations.
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There are many more physical parameters for the DandD residential scenario. The physical
parameters may be considered in several groups. The following physical parameters address the
geohydrologic conditions:

Unsaturated Zone Thickness (H2)
Soil Classification (SCSST)
Porosity Probability (NDEV)
Permeability Probability (KSDEV)
Parameter “b” Probability (BDEV)
Water Application Rate (AP)
Surface Soil Porosity (N1)
Unsaturated Zone Porosity (N2)
Surface Soil Saturation (F1)
Unsaturated Zone Saturation (F2)
Infiltration Rate (INFIL)

Surface Soil Density (RHO1)
Unsaturated Zone Density (RHO2)
Surface Soil Permeability (Ksatl)
Soil Moisture Content (sh)

For these physical parameters, the licensee should use site-specific distributions and values. [As
stated previously, “site-specific” in this context includes (a) information directly related to the
site; (b) information characterizing the region that is consistent with site conditions; and

(c) generic information that is consistent with the specific geohydrologic conditions at the site
(e.g., consistent with the unsaturated zone soil classification)].

NRC staff should verify that the licensee has provided site-specific information for the thickness
of the unsaturated zone and the soil classification. In addition, the licensee should ensure that
the water application rate is consistent with the irrigation rate (behavioral parameter) if the
licensee modifies the irrigation rate. Alternatively, the licensee may demonstrate, through
sensitivity analyses, that the dose assessment results are insensitive to these parameters, and use
the default ranges.

Values for the derived parameters will be generated internally according to the soil classification
indicated and the uniform distributions defined for the porosity probability (NDEV), the
permeability probability (KSDEV), and the parameter “b” probability (BDEV). NRC staff
should verify that the licensee has not modified the uniform distributions for these three
parameters. If site-specific data are available, the licensee may proceed to modify the derived
geohydrologic parameters, consistent with the information presented in NUREG/CR—-5512,
Volume 3.

The only geochemical parameter used in DandD is the element-specific partition coefficient. As
documented in NUREG/CR-5512, Volume 3, the partition coefficients at a site are generally
dependent on geochemical conditions and are generally independent of soil classification. If the
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licensee has used the default distributions, NRC staff should evaluate whether the defaults are
inconsistent with known or expected conditions at the site.

The following p