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ABSTRACT

The U.S. Nuclear Regulatory Commission (NRC), Office of Nuclear Material Safety and
Safeguards (NMSS), previously consolidated and updated numerous decommissioning

guidance documents into a three-volume NUREG. This NUREG series is intended for use by
the NRC staff, licensees, and others. The three volumes address the following topics:

(1) Decommissioning Process for Materials Licensees

(2) Characterization, Survey, and Determination of Radiological Criteria

(3) Financial Assurance, Recordkeeping, and Timeliness

The staff last updated Volume 2 of the NUREG series, entitled, “Consolidated Decommissioning
Guidance: Characterization, Survey, and Determination of Radiological Criteria,” in September
2006. This volume provides guidance on compliance with the radiological criteria for license
termination (License Termination Rule (LTR)) in Title 10 of the Code of Federal Regulations

(10 CFR) Part 20, “Standards for Protection against Radiation,” Subpart E, “Radiological Criteria
for License Termination.” This guidance takes a risk-informed, performance-based approach to
the demonstration of compliance. This guidance will help identify the information (subject
matter and level of detail) needed to terminate a license and considers the specific
circumstances of the wide range of NRC licensees. Licensees should use this guidance in
preparing decommissioning plans (DPs), license termination plans, final status surveys, and
other technical decommissioning reports for NRC submittal. The NRC staff will use the
guidance in reviewing these documents and related license amendment requests. Volume 2
applies to all licensees subject to the LTR (i.e., fuel cycle, fuel storage, materials, and reactor
licensees).

Changes made to this revision of Volume 2 include the following:

Dose Modeling—adds guidance on model abstraction and simplification, consideration
of elevated areas, use of distribution coefficients in dose modeling, and consideration of
uncertainty.

“As Low As Is Reasonably Achievable (ALARA)” Analysis—updates guidance on
the ALARA analysis review particularly for restricted release based on lessons learned
from proposed restricted release scenarios.

Composite Sampling—adds information on methodologies for incorporating composite
sampling strategies into final status survey plans and details when it would or would not
be appropriate to use composite sampling.

Characterization—updates information in Appendix F on surface water and
groundwater characterization.

Engineered Barrier Analysis—updates and reorganizes Section 3.5 and Appendix P;
includes new information on how ALARA is considered prior to engineered barriers for
restricted release and updates bibliography with new references on evaluation of
engineered performance and degradation.
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Radiological Surveys—provides updated guidance on subsurface radiological surveys,
including surveys associated with excavations and re-use of soils; and provides
additional information on use and implementation of Scenario B.

Lessons Learned—removes Appendix O which contains lessons learned from
RIS-2002-02; and archives questions and answers, and lessons learned in ADAMS
(ADAMS Accession Number (No.) ML20052C815). Future interim guidance will be
placed on the NRC public decommissioning website to allow for more timely updates to
guidance between NUREG revisions. Frequently asked questions can also be found in
NUREG-1628.

Miscellaneous Editorial Changes—corrects typographical and formatting errors; adds
clarity to areas of the guidance.


mailto:Infocollects.Resource@nrc.gov

N

BN
QUOWooNOOUPAhW

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

FOREWORD

The NRC staff suggests that licensees contact the NRC or the appropriate
Agreement State authority to ensure understanding of what actions should be

taken to initiate and complete decommissioning at facilities.

In September 2003, the 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 Title 10 of the Code of Federal Regulations (10 CFR) Part 20, “Standards for Protection
against Radiation,” Subpart E, “Radiological Criteria for License Termination”; complying with
the radiological criteria for license termination; and complying with the requirements for financial
assurance and recordkeeping for decommissioning and timeliness in decommissioning
materials facilities. The staff periodically updates NUREG-1757 to reflect 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,” dated May 2, 2003; and SECY-04-0035,
“Results of the License Termination Rule Analysis of the Use of Intentional Mixing of
Contaminated Soil,” dated March 1, 2004). These issues include restricted use and institutional
controls, onsite disposal of radioactive materials (10 CFR 20.2002, “Method for Obtaining
Approval of Proposed Disposal Procedures”), selection and justification of exposure scenarios
based on reasonably foreseeable future land use (realistic exposure 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 the draft NUREG and prepared responses to these
comments. Stakeholder comments and responses are located in the Agencywide Documents
Access and Management System at Accession Number ML062370521. Comments were
addressed and updated sections from Supplement 1 were placed into the appropriate locations
in revisions of Volumes 1 and 2 of NUREG-1757 (NUREG-1757, Volume 1, Revision 2; and
NUREG-1757, Volume 2, Revision 1). 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.

The NRC has increased the use of risk information in its regulation of nuclear materials and
nuclear waste management, including the decommissioning of nuclear facilities. The 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 the NRC on the more risk-significant aspects of
the decommissioning process and on the elements of the facility and the site that will most
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affect risk to members of the public following decommissioning. This results in a more effective
and efficient regulatory process.

The information used to “risk inform” the decommissioning process typically comes from the
results and findings of risk assessments or dose modeling. A risk assessment is a type of
systematic analysis used to understand what can happen, how likely it is to happen, and the
resulting consequences. Dose modeling is used to estimate potential dose to members of the
public who may use the decommissioned site in the future following license termination. The
end result of such assessments (e.g., the calculation of predicted doses from decommissioned
sites) relates directly or indirectly to public health effects. The NRC staff has developed this
guidance consistent with a risk-informed approach.

The primary decommissioning guidance documents used by licensees and the NRC staff are
NUREG-1757 and NUREG-1700, Revision 2, “Standard Review Plan for Evaluating Nuclear
Power Reactor License Termination Plans,” issued April 2018. NUREG-1537, “Guidelines for
Preparing and Reviewing Applications for the Licensing of Non-Power Reactors,” issued
February 1996, includes a section on decommissioning and license termination for nonpower
reactors. Table 1 below describes the general applicability of these documents.

Since the last revision of this volume in 2006, which addressed comments on draft Supplement
1, the NRC staff and larger decommissioning community has gained experience on a number of
technical issues for which guidance has been developed. Table 2 describes the most significant
changes to the guidance in this volume to include new and updated information based on this
experience.

NUREG-1757, Volume 2, Revision 2, is applicable to all licensees that are subject to the LTR.
NUREG-1757 is intended for use by applicants, licensees, NRC license reviewers, and other
NRC personnel. ltis 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 the 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.

Patricia Holahan, Director
Division of Decommissioning, Uranium Recovery, and Waste Programs
Office of Nuclear Material Safety and Safeguards

Vi



Table 1

Contents and Applicability of Key Decommissioning Guidance Documents

Volume and Status’

Title

Licensees to Which the
Guidance Applies

NUREG-1757, Vol. 1,
Rev. 2; September
2006

Consolidated Decommissioning
Guidance: Decommissioning
Process for Materials Licensees

Fuel cycle, fuel storage, and
materials licensees?; limited
applicability to reactor
licensees (see text below)

NUREG-1757, Vol. 2,
Rev. 2; November
2020 (this revision)

Consolidated Decommissioning
Guidance: Characterization,
Survey, and Determination of
Radiological Criteria

All licensees that are subject
to the LTR (fuel cycle, fuel
storage, materials, and reactor
licensees)

Draft NUREG-1757,
Vol. 3, Rev. 1,
February 2012

Consolidated Decommissioning
Guidance: Financial Assurance,
Recordkeeping, and Timeliness

Volume 3 is intended to apply
only to the decommissioning
of materials facilities licensed
under Title 10 of the Code of
Federal Regulations (10 CFR)
Parts 30, 40, 70, and 72.

NUREG-1700, Rev. 2;
April 2018

Standard Review Plan for

Evaluating Nuclear Power Reactor

License Termination Plans

Power reactor licensees

NUREG-1537,
February 1996

Guidelines for Preparing and
Reviewing Applications for the
Licensing of Non-Power Reactors

Nonpower reactor licensees

Notes:

T Versions listed are current as of the date of publication of this document in 2020. The

NRC'’s Library at http://www.nrc.gov/reading-rm/doc-collections/nuregs contains the most
up-to-date version.

This refers to 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, NUREG-1620, Revision 1, Section 5, should be used for
decommissioning guidance for uranium recovery facilities that are subject to Appendix A,
“Criteria Relating to the Operation of Uranium Mills and the Disposition of Tailings or
Wastes Produced by the Extraction or Concentration of Source Material From Ores
Processed Primarily for Their Source Material Content,” to 10 CFR Part 40, “Domestic
Licensing of Source Material.”

Vii
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1 Table2 Summary of Major Changes to Volume 2, Revision 2

Subject Affected Sections
Updated guidance on review of dose modeling used to Chapters 2, 5,
demonstrate compliance with radiological criteria for license Appendix |

termination including the following topics:
¢ revised and added guidance on technical issues
associated with model abstraction and simplification,
e source term abstraction and development of site-specific
parameters such as distribution coefficients, and
o consideration of elevated areas or “hot spots”.

Updated guidance on engineered barriers to reflect recent Section 3.5 and
research; updated guidance on consideration of ALARA prior to Appendix P
use of engineered barriers to reduce dose for restricted release.

Updated guidance on review of ALARA analysis including Chapter 6 and
experience and lessons learned gained from proposed restricted Appendix N
release scenarios; updated regulatory citations and guidance
related to discounting and the monetary value of collective dose

averted.

Updated guidance on surface water and groundwater Appendix F
characterization.

Added guidance on subsurface investigations, survey of Section 3.6 and
excavations, survey of back-fill soils, data visualization tools, Appendix G

integration of dose modeling and radiological surveys, and
implementation of Scenario B.

Updated guidance and information related to use of screening Appendix H
values and resuspension factors. Cites NUREG/CR-5512, Volume
3 for screening values for additional radionuclides.

Streamlined guidance on consideration of buried radioactivity. Appendix J
Added guidance on intrusion events and exposure scenarios for
large substructures.

Streamlined guidance on site-specific exposure scenarios. Appendix M
Updated guidance on regulatory standards.
Added guidance on use of composite sampling including Appendix O

information on when it would and would not be appropriate to use,
derivation of modified investigation levels, and methods to
incorporate composite sampling into survey designs.

Added guidance on consideration of uncertainty in performance Appendix Q
assessment analyses including issues associated with use of
generic data sets, unrepresentative data, model integration, risk
dilution, and lack of correlation of correlated parameters.

viii
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GLOSSARY

The following terms are defined for the purposes of this volume of the 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 Title 10 of the Code of Federal
Regulations (10 CFR) 20.1003, “Definitions”).

ALARA. The 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 public health and safety, and other
societal and socioeconomic considerations, and in relation to the use 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 certain dose
criteria described in 10 CFR 20.1402, “Radiological Criteria for Restricted Use,” and

10 CFR 20.1403, “Criteria for License Termination under Restricted Conditions,” as allowed in
10 CFR 20.1404, “Alternate Criteria for License Termination.” Alternate criteria must be
approved by the Commission.

Aquifer. A geologic formation, a group of formations, or part of a formation capable of yielding a
significant amount of groundwater 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 the 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. Relevant
requirements are found in 10 CFR Part 33, “Specific Domestic Licenses of Broad Scope for
Byproduct Material.” Examples of broad scope licensees are 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 using special
nuclear material.

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. Underground ore bodies
depleted by these solution extraction operations do not constitute “byproduct material”
within this definition.

3. (i) Any discrete source of radium (Ra)-226 that is produced, extracted, or converted after
extraction, before, on, or after August 8, 2005, for use for a commercial, medical, or
research activity; or
(ii)) Any material that—

a. Has been made radioactive by use of a particle accelerator, and
b. Is produced, extracted, or converted after extraction, before, on, or after
August 8, 2005, for use for a commercial, medical, or research activity.

4. Any discrete source of naturally occurring radioactive material, other than source
material, that—

(i) The Commission, in consultation with the Administrator of the Environmental
Protection Agency, the Secretary of Energy, the Secretary of Homeland Security, and
the head of any other appropriate Federal agency, determines would pose a threat
similar to the threat posed by a discrete source of Ra-226 to public health and safety
or the common defense and security and

(i) Before, on, or after August 8, 2005, is extracted or converted after extraction for use

in a commercial, medical, or research activity (see 10 CFR 20.1003).

Categorical Exclusion. A category of regulatory actions that do not individually or cumulatively
have a significant effect on the human environment and that the Commission has found to have
no such effect, in accordance with procedures set out in 10 CFR 51.22, “Criterion for
Categorical Exclusion; Identification of Licensing and Regulatory Actions Eligible for Categorical
Exclusion or Otherwise Not Requiring Environmental Review,” and for which, therefore, neither
an environmental assessment nor an environmental impact statement is required (see

10 CFR 51.14(a)).

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 the 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 the 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.
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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 the NRC, that addresses compliance with the dose criteria of 10 CFR Part 20,
“Standards for Protection against Radiation,” Subpart E, “Radiological Criteria for License
Termination.” Specifically, DandD embodies the 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. The current version of the code is 2.4, as of
publication of this NUREG.

Data Quality Objectives (DQOs). Qualitative and quantitative statements derived from the Data
Quality Objectives process that clarify study technical and quality objectives, define the
appropriate type of data, and specify tolerable levels of potential decision errors that will be
used as the basis for establishing the quality and quantity of data needed to support decisions.

Data Quality Objectives Process (DQO process): A series of logical steps that guides
managers or staff to plan for the resource-effective acquisition of environmental data. See also
data quality objectives.

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).

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 the NRC’s
regulations and termination of the license, and to demonstrate that the facility meets the 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
(QA) 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 before 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 DCGLw. The DCGL applicable to limited
areas of elevated concentrations within a survey unit is called the DCGLewmc (elevated
measurement comparison).
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Distribution Coefficient or Kq. Ratio of the concentration of an element or chemical associated
with the soil to the concentration in the surrounding aqueous solution when the system is at
equilibrium. The units are typically expressed in L/kg.

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

Durable Institutional Controls. Durable institutional controls are reliable and sustainable for the
time period needed. An institutional control that involves government ownership or control of
the site would be considered a durable institutional control.

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 the National Environmental Policy Act (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 NEPA policies
and goals 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. A document submitted to the NRC by an applicant for a license
amendment request (see 10 CFR 51.14(a)). The NRC staff uses the environmental report to
prepare environmental assessments and environmental impact statements. The requirements
for environmental reports are specified in 10 CFR 51.45-69.

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 potential future land uses, human activities, and
transport of radioactivity in the natural system as it influences 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 (FSS). 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.
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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 the NRC
for review and approval.

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, “Definitions”).

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

General Licenses. Licenses that are effective without filing applications with the NRC or the
issuance of licensing documents to particular persons. The requirements for general licenses
are found in 10 CFR Part 30, “Rules of General Applicability to Domestic Licensing of Byproduct
Material;” 10 CFR Part 31, “General Domestic Licenses for Byproduct Material;” 10 CFR Part
40, “Domestic Licensing of Source Material;” and 10 CFR Part 70, “Domestic Licensing of
Special Nuclear Material.” Examples of items for which general licenses are issued include
tritium exit signs and anti-static devices.

Groundwater. 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 nonimpacted (see
10 CFR 50.2, “Definitions”).

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.

Insignificant Radionuclides and Pathways. Radionuclides and pathways that can be excluded
from further detailed consideration, because they cumulatively contribute no more than 10
percent of the dose standard (e.g., for unrestricted release, no more than 0.025 mSv/y or 2.5
mrem/y). The dose contributions of the insignificant radionuclides and pathways should still be
considered in demonstrating compliance with release criteria. See Chapter 3, Section 3.3 for
additional information on insignificant radionuclides and pathways.

In Situ Recovery (ISR). In situ recovery (ISR) is one of the two primary extraction methods that
are currently used to obtain uranium from underground. ISR facilities recover uranium from low-
grade ores where other mining and milling methods may be too expensive or environmentally
disruptive. The ISR process is as follows:

(1) A solution called lixiviant (typically containing water mixed with oxygen and/or hydrogen
peroxide, as well as sodium carbonate or carbon dioxide) is injected through a series of
wells into the ore body to dissolve the uranium.

(2) The lixiviant is then collected in a series of recovery wells, through which it is pumped to
a processing plant, where the uranium is extracted from the solution through an
ion-exchange process.

(3) The uranium extract is then further purified, concentrated, and dried to produce a
material, which is called "yellowcake" because of its yellowish color.

(4) Finally, the yellowcake is packed in 55-gallon drums to be transported to a uranium
conversion facility, where it is processed through the stages of the nuclear fuel cycle to
produce fuel for use in nuclear power reactors.

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 or license.

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 the
NRC’s regulations and termination of the license, and to demonstrate that the facility meets the
NRC'’s requirements for release. An LTP consists of several interrelated components, including
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(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, “Draft
Finding of No Significant Impact; Distribution,” describing any new information or significant
environmental change associated with the licensee’s proposed termination activities (see

10 CFR 50.82, “Termination of License”).

License Termination Rule (LTR). The License Termination Rule refers to the final rule on
“Radiological Criteria for License Termination,” published by the 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,
whom the NRC could require to obtain a license.

MARSSIM. NUREG-1575, “Multi-Agency Radiation Site Survey and Investigation Manual,” is a
multiagency consensus manual that provides information on planning, conducting, 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, 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 and the NRC have regulations to implement NEPA requirements. The Council’s
regulations are contained in 40 CFR Parts 1500 to 1508, and NRC requirements are provided in
10 CFR Part 51, “Environmental Protection Regulations for Domestic Licensing and Related
Regulatory Functions.”

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 are 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).

+ Alicense issued under the regulations in 10 CFR Parts 30 through 36, 39, 40, 50, 60, 61, 63, 70, or 72 (see
definition in 10 CFR 20.1003).
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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
(e.g., oil, air, water) 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.

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.

Principal Activities. Activities authorized by the license that 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, “Definitions”).

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
exposure scenario occurring.

Quality Assurance Project Plan (QAPP). A planning document that provides comprehensive
details regarding the necessary quality assurance and quality control and other technical
activities that must be implemented to ensure that the results of the work performed will satisfy
stated performance criteria. See Appendix D of this volume for additional information on
QAPPs.

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

Reasonably Foreseeable Land Use. Land use exposure scenarios that are likely within

100 years, considering advice from land use planners and stakeholders on land use plans and
trends.

Receptor Scenario. See Exposure Scenario.

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, “Units of Radiation Dose”).

Remedial Action. See Decontamination.

Remediation. See Decontamination.
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Residual Radioactivity. Radioactivity in structures, materials, soils, groundwater, 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.

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.

RESRAD-OFFSITE Code. A computer code developed by the U.S Department of Energy that
extends the capabilities of the RESRAD (onsite) computer code to estimate the radiological
consequences to a receptor located either onsite or outside the area of primary contamination.

Restricted Area. Any area to which access is limited by a licensee for the purpose of protecting
individuals from 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 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 the release of residual
radioactivity through environmental pathways. The structure is designed so that the radiological
criteria for license termination (10 CFR Part 20, Subpart E) are 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. The NRC staff’'s evaluation of the 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 filled with water under pressure greater than atmospheric.
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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.

Scenario. As specified in draft low-level waste guidance (NUREG-2175, “Guidance for
Conducting Technical Analyses for 10 CFR Part 61, Draft Report for Comment,” issued
March 2015), the term “scenario” refers to the expected (“central scenario”) or potential
(“alternative scenario”) future dynamic evolution of the disposal site, which might include
consideration of disruptive events (e.g., gully erosion, climate change). Typically, detailed
consideration of the future evolution of a decommissioning site is unnecessary. However,
central and alternative scenarios may need to be considered to demonstrate compliance with
the radiological criteria for license termination for some complex decommissioning sites, or sites
with relatively long-lived radionuclides (half-lives comparable to or longer than the compliance
period). In general, the term “scenario” pertains to the “exposure scenario” (or receptor
scenario), when used in NUREG-1757, Volume 2, as defined above.

Screening Analysis/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.

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 Sl 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 before 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 DP.

Site Characterization Survey. See Characterization Survey.

Site Decommissioning Management Plan (SDMP). The program established by the 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, groundwater contamination,
and soil contaminated with low levels of uranium or thorium or other radionuclides.

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

Smear. A radiation survey technique that is used to determine levels of removable surface
contamination. A medium (typically filter paper) is rubbed over a surface (typically of an area
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100 square centimeters), 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 percent) 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. Release rates associated with residual radioactivity at a site or facility. The
source term is related to the inventory, distribution of contamination, and controlling release
mechanisms (e.g., solubility-controlled release, diffusion-limited release, or desorption). Note
that the working definition of source term in this volume is slightly different than the definition of
source term found in the NRC glossary. The definition found in the online NRC glossary, at
https://www.nrc.gov/reading-rm/basic-ref/glossary/source-term.html, is specific to accidents
involving radioactive materials: “types and amounts of radioactive or hazardous material
released to the environment following an accident”.

Special Nuclear Material. (1) Plutonium, uranium (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 of 1954, as amended (AEA), 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).

Specific Licenses. Licenses issued to a named person who has filed an application for the
license under the provisions of 10 CFR Parts 30, 32-36, 39, 40, 61, 70, and 72. Examples of
specific licenses are industrial radiography, medical use, irradiators, and well logging.

Surface Soil. The top layer of soil on a site that supports certain exposure pathways such as
direct exposure, soil ingestion, and resuspension of particles for inhalation. Surface soil has
also been associated with the thickness of soil that can be measured using direct measurement
or scanning techniques. Typically, this layer is often represented as the top 15 centimeters

(6 inches) of soil but will vary depending on the radionuclide, surface characteristics,
measurement technique, and dose modeling assumptions.

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 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.

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

Transmissivity. The rate of flow of water through a vertical strip of aquifer that is one unit wide
and that 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 do the following:

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 the NRC staff on methods and techniques acceptable for
compliance with the license termination criteria.

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

This NUREG provides guidance on decommissioning leading to termination of a license.
Licensees decommissioning their facilities are required to demonstrate to the 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 the NRC’s
requirements for license termination. This volume is also intended to be used in conjunction
with NRC Inspection Manual Chapter 2602, “Decommissioning Oversight and Inspection
Program for Fuel Cycle Facilities and Materials Licensees.” Licensees who are subject to
Subpart E, “Radiological Criteria for License Termination,” of 10 CFR Part 20, “Standards for
Protection against Radiation,” 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. Agreement State licensees should contact the appropriate regulatory
authority. Depending on the State, Agreement State licensees may be able to use this
guidance with the substitution of “Agreement State Authority” for “NRC.”

Additionally, there are several military and former military sites around the country where the
responsible Federal agency (e.g., U.S. Department of the Air Force, U.S. Department of the
Army, or U.S. Department of the Navy) is implementing site reclamation activities to address the
removal or remediation of radiological material under the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), as amended (42 U.S.C. §§ 9601 et
seq.), also known as Superfund. The NRC has received a number of inquiries into its
regulatory jurisdiction at various sites where the responsible Federal agency uses non-Federal
entities (i.e., private service providers) to conduct remediation activities involving regulated
radioactive materials (byproduct, source, or special nuclear materials) (see Atomic Energy Act
of 1954, as amended (AEA), 42 U.S.C. §§ 2011-2297h (2006)) on Federal property located in
an Agreement State. To assist it in making future determinations, the NRC staff has developed
a decision process that is consistent with the procedures in SA-500, “Jurisdiction
Determinations,” dated March 10, 2011; the decision process is found in FSME-14-039,
“Clarification on the Determination of Regulatory Jurisdiction of Non-Federal Entities Conducting
Cleanup activities on Federal Property in Agreement States,” dated April 22, 2014.

This volume of NUREG-1757 is being issued to describe and make available to licensees and
the public (1) guidance on technical aspects of compliance with specific parts of the
Commission’s regulations, (2) methods acceptable to the NRC staff in implementing these
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regulations, and (3) some of the techniques and criteria the NRC staff uses in evaluating DPs
and LTPs. Licensees should use this guidance to prepare DPs, LTPs, final status surveys
(FSSs), and other technical decommissioning reports for NRC submittal. The 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 licensees provide a sufficient basis for the 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 the 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.

Volume 2 does not address the following:

¢ financial assurance for decommissioning

¢ public notification and participation

e recordkeeping and timeliness in decommissioning
o decommissioning of uranium recovery facilities

e disposition of solid materials from licensee control’

1.2 Roadmap to this Volume

The NRC'’s regulations require a licensee to submit a DP to support the decommissioning of its
facility either (1) when it is required by a license condition or (2) when the 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 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 | 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 contact
the appropriate NRC staff to determine the applicability of the guidance to their facility.

1 Although dose modeling guidance in this NUREG volume may be useful for assessing dose to members of the
public from the release of solid materials, unique scenarios and pathways specific to the release of solid materials
are not within the scope of this guidance document.
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Table 1.1 Description and Examples of Each Decommissioning Group

Group General Description Typical Examples
Licensed material was not released into the |Licensees who used only sealed
1 environment, did not cause the activation of |sources, such as radiographers and
adjacent materials, and did not contaminate |irradiators
work areas.
Licensed material was used in a way that Licensees who used only quantities of
2 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., research
demonstrate that the site meets the and development facilities)
screening criteria for unrestricted use.
Licensed material was used in a way that Licensees who may have occasionally
3 could meet the screening criteria, but the released radioactivity within NRC limits
license needs to be amended to modify or (e.g., broad scope)
add procedures to remediate buildings or
sites.
Licensed material was used in a way that Licensees whose sites released loose
resulted in residual radiological or dissolved radioactive material within
4 contamination of building surfaces or soils, or[NRC limits and may have had some
a combination of both (but not groundwater). |operational occurrences that resulted in
The licensee demonstrates that the site releases above NRC limits (e.g., waste
meets unrestricted use levels derived from  [processors)
site-specific dose modeling.
Licensed material was used in a way that Licensees whose sites released,
resulted in residual radiological stored, or disposed of large amounts of
5 contamination of building surfaces, soils, or |loose or dissolved radioactive material
groundwater. The licensee demonstrates onsite (e.g., fuel cycle facilities)
that the site meets unrestricted use levels
derived from site-specific dose modeling.
Licensed material was used in a way that Licensees for whom cleaning their site
resulted in residual radiological to the unrestricted release limit would
6 contamination of building surfaces, soils, or |cause a greater health and safety or
groundwater. The licensee demonstrates environmental impact than could be
that the site meets restricted use levels justified (e.g., facilities where large
derived from site-specific dose modeling. inadvertent release(s) occurred)
Licensed material was used in a way that Licensees for whom cleaning their site
resulted in residual radiological to the restricted release limit would
contamination of building surfaces, soils, or |cause a greater health and safety or
7 groundwater. The licensee demonstrates environmental impact than could be
that the site meets alternate restricted use |justified (e.g., facilities where large
levels derived from site-specific dose inadvertent release(s) occurred)
modeling.
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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 the NRC for approval of decommissioning activities. The types of information required
could vary because of the radionuclides involved, whether 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 groundwater
contamination, can be of either complexity.

Simple Complex
Group 1-3 4 5 6 7

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.

Technically complex sites are generally sites with one or more of the following conditions:

e existing groundwater or surface water contamination

o former burials of radioactive material or highly heterogeneous subsurface soil residual
radioactivity
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o diversified and extensive surface or subsurface residual radioactivity that, because of the
interactions between sources, may require data and modeling of these multiple sources
at the site

o radionuclides that (1) are hard-to-detect (HTD), (2) lack suitable surrogate radionuclides,
or (3) have very low effective derived concentration guideline levels (DCGLs)

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

o planned license termination under restricted conditions (10 CFR 20.1403, “Criteria for
License Termination under Restricted Conditions”)

e physical barriers or vaults

e unusual physical or lithologic properties, such as a highly fractured formation, karst
features, or sinkholes that may significantly affect 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 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 the NRC staff should interact early for information and direction on the
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 demonstrate site conditions
successfully. If the submittal of a DP is not necessary, 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, it should schedule a meeting with the NRC staff to
discuss both the planned decommissioning and the approach that will be used to evaluate the
information submitted to support the decommissioning. The NRC staff and the licensee should
review the licensed operations, types and quantities of radioactive materials used at the facility,
and any other activities (e.g., spills, leaks) that could affect decommissioning operations. The
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). The NRC staff should then discuss the
acceptance criteria for information to be included in the DP. Finally, the 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.
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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 the NRC will use to evaluate the information submitted to support
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 series (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.

14 Iterative Nature of the Compliance Demonstration Process: A Decision-
making Framework

The NRC staff developed an overall framework for dose assessment and decision-making
where the licensee has decided to begin the decommissioning and license termination process
at sites ranging from simple ones to the more complex or contaminated sites. This volume
summarizes information for using the framework to step through the decommissioning and
license termination process; NUREG-1549, “Decision Methods for Dose Assessment to Comply
with Radiological Criteria for License Termination,” issued July 1998, contains a detailed
description. Although the framework was developed for demonstrating compliance using the
characterization and dose assessment approach (see Section 2.5), the concepts may be
extended for use in the DCGL development and the FSS approach.

This framework is designed to assist the licensee, the NRC staff, and other stakeholders in
making decommissioning decisions. By doing so, the process allows the licensee to do the
following:

e 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

e integrate analyses for requirements that are as low as is reasonably achievable (ALARA)

o elicit other stakeholder input at crucial points

1-7
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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
17.7.5 and
Obtaining public advice Appendix M n/a
Dose modeling for restricted use 17.7.6 5
ALARA analysis for restricted use 17.7.3.5 6 and Appendix N
Use of alternate criteria 17.8 n/a
Dose modeling for alternate criteria 17.8 5
Use of engineered barriers 17.7.3 3.5 and Appendix P

The framework is designed to allow the licensee flexibility in the decision-making 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 an 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.
Figure 1.2 (modified from NUREG-1549) illustrates the decision framework, including its steps

and decision points.
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2  Figure 1.2 Decommissioning and License Termination Decision Framework (Modified
3 from NUREG-1549)
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1.4.1 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 decision-making 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, while NUREG-1549 contains
further details:

(1) Generic screening: In this iteration, licensees would demonstrate compliance with the
dose criteria of the License Termination Rule (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:

o The approach provides a process for screening sites and for directing additional data
collection efforts where necessary or where it is 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 the use of site-specific information, as appropriate.

e For the process to work efficiently, the licensee is encouraged to involve the NRC staff
from the very first step through to the end of the decision-making 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, the licensee at
a site with a contained source of residual radioactivity that is obviously simple to remove would
not spend time analyzing large suites of alternative data collection and remediation options. On
the other hand, the licensee at a site with high levels of widely distributed residual radioactivity
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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 Decontamination and
Decommissioning (DandD) and RESidual RADioactive (RESRAD) materials dose assessment
codes. Chapter 5 and Appendices H and | of this volume discuss dose modeling codes,
including specifics on these two dose assessment codes, while NUREG-1549 contains further
details. Figure 1.2 (modified from NUREG-1549) shows 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 for the 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 a screening analysis. However,
licensees should use all readily available information about the site. This step also
includes the definition of the performance objectives for compliance with
decommissioning criteria.

(2) This step involves defining the exposure 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, the NRC has already defined the generic exposure scenarios and
pathways for screening. For a site-specific analysis, DandD and the RESRAD family
of codes (e.g., RESRAD-ONSITE, RESRAD-OFFSITE, RESRAD-BUILD) 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 exposure scenarios are defined and exposure pathways identified, the licensee
develops a basic conceptual understanding of the system, often based on simplifying
assumptions on the nature and behavior of the natural systems. System
conceptualization includes conceptual and mathematical model development and an
assessment of parameter uncertainty. Using DandD for generic screening (and as the
basis for screening concentration tables), the NRC has predefined conceptual models
for the exposure scenarios, along with default parameter distributions (based on
NUREG/CR-5512, “Residual Radiation Contamination from Decommissioning,”
Volumes 1 and 3, issued October 1992). The site-specific analysis can use DandD or
the RESRAD family of codes, after verification that the site conceptual model is
compatible with the conceptual model of the code selected.



_—
O OWoONOOOPAWN -

[ I I I G G
ONO O WDN

19
20
21
22

23
24
25

26
27
28
29
30
31
32
33

34
35
36
37
38
39

40
41
42
43
44
45

(10)

This step involves the dose assessment or consequence analysis, based on the
defined exposure 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 concentrations and configuration, while 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. DandD, and the RESRAD family of codes provide
various plots and reports of the dose distribution using Monte Carlo sampling of the
input distributions.

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 criteria in 10 CFR Part 20, Subpart E. If
the results demonstrate compliance, the licensee proceeds with Steps 6 and 7 to meet
the ALARA requirements in Subpart E. 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 decision-making process.

In this step, the licensee addresses the ALARA criterion of 10 CFR Part 20, Subpart E,
if it has not already done so. If the ALARA requirements are satisfied, then the
licensee initiates the license termination. Note that the DandD and the RESRAD
family of 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, with Volume 1 of this NUREG containing more details on
the specific actions to do so.

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 (i) 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, (ii) reducing actual contamination through remediation actions,

(iiif) reducing exposure to radionuclides through implementation of land use restrictions,
(iv) performing an FSS, or (v) some combination of these options.

All the options identified in Step 8 are analyzed and compared to optimize the
selection of a preferred set of options. This options analysis may consider the cost of
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 or qualitative selection
criteria.

The activities in Steps 8 and 9 provide information for licensees to choose the
preferred decommissioning option based on cost, the likelihood of success, timeliness,
and other considerations. For example, results of sensitivity analyses performed with
DandD, or the RESRAD family of codes, can be used by a licensee to 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
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(12)

parameters found to be important to dose, then the licensee may be able to defend a
new calculated dose that meets the license termination criteria. This step may include
submitting a DP to the NRC, if necessary, to proceed with the preferred option. If the
licensee believes that no viable options exist at this time, the licensee should confer
with the 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 the licensee obtains the data, it revises the affected parameters for the
predefined models, as appropriate. Also, data may support the elimination of one or
more of the exposure pathways in the predefined exposure scenarios. DandD and the
RESRAD family of codes provide very simple and straightforward modifications 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 the remaining options.

In certain limited circumstances, terminating the license may not be feasible. The
licensee should contact the NRC staff for case-specific guidance and for the regulatory
approvals that may be necessary to maintain, rather than terminate, the license.
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2 FLEXIBILITY IN DEMONSTRATING COMPLIANCE WITH
10 CFR PART 20, SUBPART E

The 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.
The agency’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 the NRC staff is to
oversee the process and conclude that there is reasonable assurance that the criteria have
been or will be met and then to terminate or amend licenses, as appropriate.

The dose criteria of 10 CFR Part 20, Subpart E, are performance criteria. In this volume, the
NRC staff has taken a risk-informed, performance-based approach to demonstrations of
compliance with the license termination criteria, using various methods available to licensees.
Regardless of the specific method used, 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.

The NRC staff should evaluate any methodology proposed by licensees. However, the use of
nonstandard methods may require more detailed justification for the 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 summarizes the risk-informed approach to regulatory decision-making. The NRC
staff requirements memorandum (SRM) for SECY-98-144, “White Paper on Risk-Informed and
Performance-Based Regulation,” issued March 1999, contains additional details.

The 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
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).
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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. This approach 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. The staff does not typically use an explicit
consideration of the numerical probability that a scenario would occur (i.e., number 2 of the risk
triplet) 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 (QA) 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 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 (1) allowing explicit
consideration of a broader set of potential challenges to safety, (2) providing a logical means for
prioritizing these challenges based on risk significance, operating experience, and/or
engineering judgment, (3) facilitating consideration of a broader set of resources to defend
against these challenges, (4) explicitly identifying and quantifying sources of uncertainty in the
analysis (although such analyses do not necessarily reflect all important sources of uncertainty),
and (5) 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 (SRM-SECY-98-144).

The 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 the 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 site (or aspects of a
site) have higher risk significance may need to provide a more rigorous demonstration to
support compliance. Furthermore, the 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:

e The NRC has developed and is applying the concept of “decommissioning groups”
based on (1) the nature and the extent of the radioactive material present at a site and
(2) 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
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distribution of radioactive material may pose lower risks (i.e., manageable risks) to
individuals and populations during and following decommissioning (see Section 1.2).

The 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 1.4).

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 allows either a screening approach or a site-specific approach to
demonstrate compliance. 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 the NRC (see Sections 2.6 and 5.1 and
Appendix H).

The NRC staff recommends using the data quality objectives (DQOs) 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).

The NRC provides for an approach to dose assessment that accounts for the
site-specific risk significance of radionuclides and exposure pathways. The 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). The NRC endorses the MARSSIM approach to
FSS design and execution, which 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).

The NRC staff supports a risk-informed approach to site-specific dose modeling for
compliance demonstration in several ways: (1) allowing for the site-specific selection of
risk-significant exposure scenarios, exposure pathways, and critical groups,

(2) expecting selection of conceptual models, numerical models, and computer codes
that incorporate the more risk-significant elements of a site, (3) expecting site-specific
data for the more risk-significant input parameters, and allowing for more generic data
for less risk-significant parameters, and (4) encouraging the use of probabilistic
techniques to evaluate and quantify the magnitude and effect of uncertainties in the risk
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assessment, and the sensitivity of the calculated risks to individual parameters and
modeling assumptions (see Appendix | and Q).

o The NRC allows for early partial release of a portion of a site before completion of
decommissioning for the entire site, based on the risks associated with the early partial
site release (PSR) (see Appendix K).

e The 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

The 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.

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, sufficient to evaluate the acceptability of the
plan

o the planned decommissioning activities

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

o the planned final radiation survey

¢ an updated cost estimate for decommissioning, comparison with decommissioning
funds, and a plan for ensuring the availability of adequate funds to complete
decommissioning

In addition, DCGLs are usually submitted in the DP. Therefore, the typical approach 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 the NRC staff to determine what information should be included in the
DP. For example, for a MARSSIM FSS, the licensee may perform sufficient characterization
surveys to determine the appropriate number of samples to obtain for each survey unit. In this
case, the NRC staff could approve both the survey design and the DP, and the FSS report
(FSSR) may focus primarily on the results of the FSS.

In some cases, not all of the desired information will be available during the DP preparation.
For an FSS, the MARSSIM approach requires that certain information needed for the final
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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 (1) make assumptions about the information or (2) commit to following a specific
methodology to obtain the information. In the first case, assumptions will be considered by the
NRC staff to be commitments to ensure and subsequently demonstrate that the assumption is
true. The licensee would then submit the information 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 thorium (Th)-232 to uranium (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. The 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’s DP commits to following a specific methodology to obtain the
information. For example, a facility may not have sufficient information at the time of the DP
submission to determine the number of samples to be taken from each survey unit for a
MARSSIM FSS. In this case, the licensee may commit to the procedure recommended in
MARSSIM for determining the number of samples in a survey unit and document it in the DP.

The licensee then may determine the number of samples for each survey unit as information is
obtained. An FSSR could describe the FSS design, including the number of samples, which the
NRC staff would evaluate, along with the FSS results.

Depending on the circumstances and the type of information that is not specifically included in
the DP, the NRC staff may consider requiring license conditions to formalize the licensee’s
commitments. This can be accomplished by a specific license condition or by reference to the
approved DP (i.e., in the “tie-down” condition). Licensees should contact the NRC staff for the
details on implementing these types of licensee commitments.

The licensee could take a similar approach to 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 remediation activities will change the fraction. In this case, the licensee
might assume, for its dose assessment, that the measured fraction will remain unchanged. The
NRC staff expects the licensee (1) to make measurements or calculations to demonstrate that
the removable fraction was representative of the conditions when remediation is complete and
(2) to demonstrate that the dose assessment is representative.

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

Cautions on Making Assumptions or Committing to a Methodology

If a licensee finds it reasonable to use the flexible approaches discussed here (e.g., making
assumptions to be verified later or committing to a methodology to be performed later), the
NRC cautions that (1) it may require a more detailed demonstration of compliance and

(2) there may be a greater chance that the staff would not approve the facility’s release. This
is because, NRC staff would be reviewing some of the overall compliance strategy at the end
of the decommissioning process rather than reviewing complete and detailed information
earlier as part of the DP approval process. In addition, the licensee may be required to
resolve the assumptions and commitments to meet license conditions. The licensee should
contact the NRC staff for details on the use of 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.

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 to obtain data 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 being 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.

2.4 Choice of Null Hypothesis for Final Status Survey Statistical Analysis

The default assumption used in the MARSSIM approach to FSSs and followed by the 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 are considered Scenario A. In most all cases, the 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 typically used when the DCGL is
within the range of background variability making it difficult to distinguish between residual
radioactivity and background. This section (and Appendix A and G, Sections A.4.4 and G.6)
provide guidance on Scenario B. NUREG-1505, Revision 1, “A Proposed Nonparametric
Statistical Methodology for the Design and Analysis of Final Status Decommissioning Surveys:
Interim Draft Report for Comment and Use,” issued June 1998, forms the basis for most of the
guidance on Scenario B and can be referred to for additional details. Table 2.1 summarizes the
differences between 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 concentration of residual
radioactivity in the survey unit
exceeds the DCGLs.

The concentration of residual
radioactivity in the survey unit
is indistinguishable from
background.

Scenario emphasis

Compliance with a dose limit.

Indistinguishable from
background.

What is needed to reject
the null hypothesis?

The concentration of residual
radioactivity in the survey unit
is less than the DCGL.

The concentration of residual
radioactivity in the survey unit
is distinguishable from
background.

Rejecting the null
hypothesis means

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
measurement variability.

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

@ 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 issues. In
most cases, when the area-wide DCGL (DCGLw) for the survey unit is large compared to the
measurement variability, Scenario A should be chosen. This is because even residual
radioactivity below the DCGLw should be measurable. In some cases, however, it may be more
appropriate to demonstrate indistinguishability from background. When the DCGLy is small
compared to measurement and/or background variability, Scenario B may be appropriate. This
is because residual radioactivity below the DCGLw 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. Appendix G,
Section G.6 of this volume provides an example of the use of Scenario B to demonstrate
indistinguishability from background when the residual radioactivity consists of radionuclides
that appear in background, and the variability of the background is relatively high (see also
NUREG-1505 for additional details).

As mentioned above, the 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
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considerations for any given facility are expected to be site-specific. Therefore, the staff
recommends that licensees contact the NRC early in the FSS design process to discuss
considerations for their situation.

Cautions on the Use of Scenario B for FSS Statistical Tests

e Scenario B should typically only be used when residual radioactivity in the survey unit
is within the range of background variability, making it difficult to distinguish between
the residual radioactivity and background.

o (Case-by-case evaluation is required.

o Licensees considering the use of Scenario B for compliance with 10 CFR Part 20,
Subpart E, are strongly encouraged to contact the NRC staff early in the planning
process.

¢ Additional information about when it is appropriate to use and potential implementation
methods for Scenario B can be found in NUREG-1505 and Appendix G of this
document.

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 the dose criteria of
10 CFR Part 20, Subpart E. Two major approaches are available, the dose modeling approach
and the DCGL and FSS approach. The dose modeling approach involves characterizing the
site post-remediation, if remediation is necessary, and performing a dose assessment. The
DCGL and FSS approach requires the development of DCGLs and performing a FSS to
demonstrate that the DCGLs have been met. Because the second option is more common,
emphasis is placed on the use of DCGLs and FSSs as the compliance method in this NUREG.
However, the two approaches are not mutually exclusive; a hybrid of both approaches can be
used. In fact, the NRC recommends licensees assess the final estimated dose using data from
the FSS even if the DCGL and FSS approach is used. 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

e more realistic e may still need preliminary

e accounts for time of peak dose cleanup goals or DCGLs to

X . ) design surveys or guide
for mixes of radionuclides 9 .. y 9
Dose remediation

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

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

e can guide remediation activities
and data collection

e could be simpler to implement e by using sum of fractions,

¢ lower likelihood of not showing provides level of conservatism

. . I for radionuclide mix, if peak
compliance with dose criterion dose from individual
after remediation

DCGLs and radionuclides occurs at different
FSSs times

e additional modeling data (i.e., to
modify DCGLs) collected during
decommissioning cannot be
used without license
amendment

2.5.1 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 this 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 exposure 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 requiring the NRC
staff to review 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.
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Another disadvantage of using the dose modeling approach is that cleanup goals or final
concentrations may need to be estimated (1) to provide assurance that the approach will result
in compliance and (2) 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 one
most commonly used for compliance with the LTR and is the one MARSSIM recommends. In
the DCGL and FSS approach, the licensee commits to a single concentration value for each
radionuclide (i.e., DCGLw) that results in a dose equal to the dose criterion. The DCGLw
derivation can use either generic screening criteria or site-specific analysis. The licensee then
uses FSSs 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
disadvantages of this approach include the following:

o 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.

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

2.6 Merits of Screening versus Site-Specific Dose Assessments

The advantage of screening level analyses is that they require minimal justification,
characterization, and NRC staff review. The disadvantages are that (i) only residual
radioactivity associated with buildings surfaces, and surface soils are considered (may not be
appropriate for subsurface residual radioactivity), and (ii) in most cases, screening values are
expected to be more restrictive than DCGLs derived using site-specific dose modeling. While
site-specific analyses allow more flexibility in estimating the risk for a particular site compared to
screening-level analyses, site-specific analyses require site-specific information, and therefore,
resources must be spent on obtaining data or providing support for especially risk-significant
parameter values. Changes in pathways, exposure scenarios, and conceptual models may also
require supporting information. Table 2.3 provides a brief summary of the attributes and merits
of both approaches.

The models, exposure 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 percent of the
screening cases, the derived dose is not underestimated. In performing a screening analysis,
the NRC staff should recognize that the 90th percentile of the dose distribution is used for

1 Licensees provide their strategies and methods for compliance with LTR criteria in their DP or LTP, which typically
include DCGLs and a sum of fractions approach. Once the DP or LTP is approved by NRC, it becomes part of the
license. There have been cases in which the NRC has approved plans where the licensee has asked for specific
criteria that allow certain narrow types of changes without NRC approval (e.g., allowance of higher clean-up levels
or DCGLs under specific conditions) and that the staff found to be acceptable. Otherwise, any change to the
approved DP or LTP would require NRC approval via a license amendment.
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calculating compliance, whereas in the site-specific analysis, the “peak of the mean” dose over
time (e.g., 1,000 years) may be used. Deterministic analyses may also be used with sufficient
support for those parameters that have a significant impact on dose as identified through
sensitivity analysis. An analysis is considered to be site-specific when default parameters in the
DandD code used for deriving screening values are changed, source term conditions are
modified, or different models or codes are used.

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, groundwater, and buried piping has at
least three sources. The DCGLw is equivalent to the concentration of a single radionuclide from
a single source that would provide 0.25 millisieverts per year (mSv/y) (25 millirem (mrem)/y)
total effective dose equivalent (TEDE). The dose from each radionuclide and source should be
calculated and then added together. If a licensee only complied with the DCGLy 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 DCGLw. 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 A 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
Limit A Limit B

(2-1)

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 A and B, but in concentrations of Conc Ap and Conc By, and DCGLs of Limit Ao
and Limit By, the following condition would need to be satisfied to meet Subpart E:

Conc A N Conc B N Conc A, N Conc B, <
Limit A LimitB Limit A, Limit B,

(2-2)
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Table 2.3 Attributes of Screening and Site-Specific Analysis

Attribute

Screening

Site-Specific

Models/Codes

DandD Version 2 or later
versions

Any model/code compatible
with site conditions and
approved by the NRC staff.

Scope of Application

Only for sites that meet the
requirements for screening
analysis.

Any site

Parameters DandD default parameters Site-specific (physical
parameters)?

Exposure DandD default exposure Exposure scenarios/pathways

Scenarios/Pathways scenarios/pathways may be modified, based on site

conditions.

Dose Metric and
Consideration of
Uncertainty

The dose at the 90th percentile
of the peak dose distribution
within 1,000 years

Peak annual dose from a
deterministic analysis or “peak
of the mean” annual dose from
a probabilistic analysis®. In
both cases, adequate support
for risk-significant* parameters
and distributions is needed.
Compliance is evaluated over
a 1,000-year period.

The deterministic parameter set described in NUREG/CR-5512, Volume 1, and implemented in DandD
Version 1 have been superseded by the parameter set described in NUREG/CR-5512, Volume 3, and
implemented in DandD Version 2. DandD Version 1 did not support probabilistic analyses and used a
default deterministic input parameter set.

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 (r):

2 With respect to behavioral and metabolic parameters, default values used in DandD Version 2, and listed in
NUREG/CR-5512, Volume 3, can be used to describe the average member of the critical group with minimal
justification (e.g., when the site-specific exposure scenario is consistent with the screening scenario).

3 The “peak of the mean” should be used with caution if it is significantly different then the “mean of the peaks” and
there is evidence of risk dilution as described in Appendix | and Q.

4 Risk-significant parameters are identified through sensitivity analysis. Appendix | contains additional details.
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— — < 2-3
s=1 2r=1 Limitg, (2-3)

the concentration of radionuclide r in source s, and
the DCGLw value for radionuclide r in source s.

where Concs,
Limits,,

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 keeping the ratio from the groundwater to less than 25 percent of the dose limit.

One major, implicit assumption in using the sum-of-fractions approach is that peak doses for
each radionuclide and source occur simultaneously. Because radionuclides can be transported
through the environment at different rates, and a particular radionuclide may be dominated by a
different pathway compared to another radionuclide, there are many radionuclides and
contaminated media for which peak doses do not occur simultaneously. For example,
radionuclides that result in predominantly external dose and are short-lived, such as cobalt
(Co)-60, usually have a peak dose right after license termination. For radionuclides that result
in peak dose through irrigation or drinking groundwater, the peak dose may not occur until years
after license termination. When peak doses are from different radionuclides or sources occur at
different times, the sum-of-fractions approach tends to overestimate that dose. In some
situations, the overestimate may be significant and affect the compliance demonstration. The
licensee could directly calculate the combined dose using final concentrations from the FSS to
more accurately estimate the risk from the site (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 indicators of potential disruptive processes and engineered barrier performance.
Section 3.5, and Appendix P of this volume and Section 17.7 and Appendix M to Volume 1
describe these approaches.
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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:

e transparency and traceability of compliance demonstrations

e DQO process

¢ insignificant radionuclides and exposure pathways

e considerations for other constraints on allowable levels of residual radioactivity

o the use of engineered barriers

¢ integration of radiological surveys and dose modeling for surface and subsurface soils

Use of the Guidance in this NUREG Report
e The suggestions in this NUREG report are only guidance, not requirements.
¢ Other methods for demonstrating compliance are acceptable.

e As noted in Section 5.3 of Volume 1 of this NUREG report, licensees are encouraged
to have early discussions with the 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 the NRC staff may find unacceptable
and can clarify this guidance and identify areas where modification may be helpful for
the staff’s review.

e This volume refers to a number of other documents for guidance. In some cases, this
volume states that the NRC staff has approved the referenced guidance. In other
cases, the documents are only referenced as potentially relevant information. In these
latter cases, the licensee should contact the NRC staff to determine the specific
applicability to a facility, as appropriate.

3.1 Transparency and Traceability of Compliance Demonstrations

Licensees submit information to justify their conclusions about compliance with 10 CFR Part 20,
Subpart E. Because of insufficient justification, the NRC staff has found a number of licensee
submittals to be inadequate for NRC to conclude it has reasonable assurance that the license
termination rule criteria can be met. This section describes some considerations for improving
the thoroughness of licensee submittals. Transparency refers to arguments or calculations with
descriptions sufficient for an independent reviewer to replicate. Traceability refers to the
sources of information being relatable to the original source. The NRC staff encourages
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licensees to submit compliance demonstrations that are transparent and traceable. This should
result in more efficient and effective staff reviews.

To help ensure transparency and traceability, licensees should include the following in their
justification:

e describe the sources of data
e provide only summary data, if appropriate.

o to the extent that summary data are provided, include references to detailed data and
make them available to the NRC staff for review if requested (e.g., on an inspection)

o clearly describe the data, including units used, in tables and other presentations

o state the assumptions and ensure that the difference between assumptions and justified
data or parameters is clear

e provide justifications for parameters or arguments, especially when employing
nonstandard arguments or nondefault parameters

e describe uncertainties in data and parameters

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. In most cases, the initial assumption used by the
NRC staff is that each survey unit is contaminated above the release criteria until proven
otherwise (Scenario A). The surveys are designed to provide the information needed to reject
this initial assumption. The NRC staff recommends using the Data Life Cycle as a framework
for the planning, implementation, assessment, and decision-making phases of final surveys.
Section 2.3 of MARSSIM discusses the major activities associated with each phase of the Data
Life Cycle.

One aspect of the planning phase of the Data Life Cycle is the DQO process, which 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

(2) identification of the decision

(3) identification of inputs to the decision

(4) definition of the study boundaries

(5) development of a decision rule

(6) specification of limits on decision errors

(7) 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, defined according to
(1) the type of survey being designed and (2) 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 licensees can use more or less intensively as the situation requires.

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

clarifying the study objective

defining the most appropriate type of data to collect

e determining the most appropriate conditions for collecting the data

specifying 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. Chapter 5 contains additional information
on data requirements related to dose modeling and DCGL development. Data of sufficient
quality should be collected to ensure the technical defensibility of the modeling results focusing
on risk-significant parameters. The DQO process should be used to guide data collection and
analysis. 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 the DQO process
is in MARSSIM Section 2.3 and Appendix D and in EPA/600/R-96/055, “Guidance for the Data
Quality Objectives Process,” issued August 2000.

Experience has shown that 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. Licensees have had difficulty developing DQOs, especially during the
optimization step, and have not taken full advantage of the DQO process. Experience has
shown that licensees often rigidly structure the process by relying too much on characterization
data and are not readily open to the possibility of incorporating new information as it becomes
available. This rigid approach makes implementing any changes difficult and is an inefficient
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use of resources that imposes time delays (e.g., the additional time required to determine how
to implement any changes).

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, the NRC staff has determined that it is reasonable to eliminate
radionuclides or pathways that are insignificant contributors to dose from further detailed
consideration, although their dose contributions must be considered in demonstrating
compliance with the radiological criteria for license termination.

The NRC staff considers radionuclides and exposure pathways that contribute no more than

10 percent of the dose criteria, considering uncertainty’, to be insignificant contributors to dose.
Because the dose criteria are performance criteria, this 10-percent limit is an aggregate
limitation only. That is, the sum of the dose contributions from all radionuclides and pathways
considered insignificant should be no more than 10 percent of the dose criteria (e.g., no more
than 0.025 mSv/y (2.5 mrem/y) for the unrestricted release limit of 0.25 mSv/y (25 mrem/y)). No
limitation on either single radionuclides or individual pathways is necessary. In cases of
restricted release, where two dose criteria apply (one for institutional controls in place and one
that considers the possibility of restrictions failing), the 10-percent limitation should be met for
both dose criteria. In making a determination that radionuclides or pathways are insignificant,
licensees should consider both reasonably foreseeable and less likely but plausible exposure
scenarios (see Section 5 for more information). Licensees should also consider the presence of
elevated areas, and potential in-growth of progeny from postulated insignificant radionuclides,
when determining that the radionuclides or pathways contribute no more than 10 percent of the
dose criteria and are, therefore, insignificant.

Typically, licensees would use characterization data to show that certain radionuclides or
pathways are insignificant before remediation or the FSS. However, if remediation is planned,
licensees may also be able to show through analysis that the dose contributions of certain
radionuclides following remediation will contribute no more than 10 percent of the dose criteria.

The approach discussed in the preceding paragraph (accounting for removal of radioactivity
during remediation) is similar to the use of surrogate radionuclides that implicitly considers the
dose contributions of hard-to-detect radionuclides (see Appendix A of this document and
Section 4.3.2 of MARSSIM, Revision 1 for additional information on use of surrogate
radionuclides). However, unlike surrogate radionuclides, the licensee has an additional burden
of showing that the dose contributions of the radionuclides or pathways are insignificant.
Characterization data can be used to define the relative activities of significant and insignificant

1 Uncertainty in exposure scenarios is considered through evaluation of both reasonably foreseeable and less likely
but plausible scenarios. Uncertainty in parameter values can be managed through conservative assumptions
(e.g., selection of parameter values from parameter distributions that tend to lead to higher doses). Chapter 5 and
Appendix | have more information on consideration of uncertainty.

3-4



BN
QUOWONOOOPR,WN -

WWWWWWWWWWNDNNDNNNNNNNN_222 a2 A
OCONOOPWN_OOO0OONOOODAPRWN_LAO0OOONOOOPRWN -

radionuclides to determine the relative dose contributions of the radionuclides present at the
site. Ratios should be conservatively selected so that they do not underestimate the potential
dose contributions of the insignificant radionuclides (e.g., use of minimum detectable
concentrations (MDCs) for undetected radionuclides, and use of the 95th percentile ratios of
insignificant to significant radionuclides). The licensee should also show that the relative dose
contributions of the insignificant radionuclides will not increase following remediation because of
an increase in concentration or redistribution of residual radioactivity. In general, the NRC does
not require post-remediation sampling of the insignificant radionuclides, due to their low risk
significance. However, if there is a valid concern that the dose contributions of the postulated
insignificant radionuclides could be significant following remediation, licensees may choose to
manage this uncertainty as part of the DQO process (e.g., through post-remediation sampling of
the insignificant radionuclides, similar to the approach used for surrogate radionuclides
discussed in MARSSIM Section 4.3.2).

Once a licensee has demonstrated that radionuclides or exposure pathways are insignificant,
then (1) the dose from the insignificant radionuclides and pathways must be accounted for in
demonstrating compliance, but (2) 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 strontium (Sr)-90 at the facility is 0.02 mSv/y

(2 mremly), which is less than 10 percent 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. In some cases, licensees may be able to
show that the dose contributions of the insignificant radionuclides and pathways are much less
than 10 percent of the dose criteria. However, it may be less burdensome on the licensee to
show that the insignificant radionuclides and pathways contribute less than 0.025 mSv/y

(2.5 mrem/y) than it is to show that the insignificant radionuclides and pathways contribute much
less than 0.01 mSv/y (1 mremly), for example. Thus, it may be preferable to round the dose
contributions of the insignificant radionuclides and pathways higher, and thereby provide a
greater safety margin in meeting the dose criteria.

It is important for the licensee to document the radionuclides and pathways that it has
considered insignificant and eliminated from further consideration and for the licensee to justify
the decision to consider them insignificant. However, licensees and the NRC staff should be
aware that remediation techniques (or other activities or processes) may result in an increased
dose from the postulated insignificant radionuclides or pathways, such that the dose
contributions are no longer insignificant. Thus, licensees should also demonstrate that the dose
contributions of insignificant radionuclides and pathways deemed insignificant will not increase
(or were not underestimated) as a result of other activities.

3-5



N —

Summary of Determining Insignificant Radionuclides and Exposure Pathways

e 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 percent of applicable dose criteria.

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

e There is no additional limit on single radionuclides or pathways.

e Licensees should also address the potential for dose from postulated insignificant
radionuclides or pathways to increase during remediation activities.

3.4 Considerations for Other Constraints on Allowable Residual Radioactivity

Situations or standards other than the dose criteria and ALARA requirements of Subpart E may
constrain the final dose below 0.25 mSv/y (25 mrem/y). Two main causes for constraining the
Subpart E dose limit are (1) a PSR and (2) other standards or regulations.

A PSR occurs when a licensee releases a portion of its site for unrestricted use before
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 has met the appropriate release criteria.
Appendix K of this volume discusses dose modeling considerations for PSR. In general, the
comments below are also applicable to PSRs.

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, the staff
should review a DP for compliance only with NRC requirements, including 10 CFR Part 20,
Subpart D, which incorporates, where applicable, the requirements of 40 CFR Part 190,
“‘Environmental Radiation Protection Standards for Nuclear Power Operations.” For example, in
reviewing the appropriateness of proposed DCGLs or the number of samples per survey unit for
an unrestricted site, the 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 also
be based on compliance with the limit of 0.25 mSv/y (25 mrem/y). Licensees should note that
use of a lower dose standard does not necessarily lead to a lower clean-up level because of
differences in assessment approaches including differences in exposure scenarios, models and
parameters used by different agencies setting the dose standards.

3-6



3.5 Use of Engineered Barriers

This section, and the details provided in Appendix P, provide guidance to licensees considering
the use of engineered barriers (e.g., engineered covers, including those designed for erosion
protection, stabilizing cementitious materials, and reactive walls) to demonstrate compliance
with radiological criteria for license termination. Section 3.5 and Appendix P also support
Section 17.7.3 of Volume 1 by giving guidance on the information expected to be submitted in a
DP for the engineered barrier analysis and the technical basis for engineered barrier
performance.

In the Commission’s view, engineered barriers are distinct and separate from institutional
controls (see Decommissioning Criteria for the West Valley Demonstration Project (M-32) at the
West Valley Site: Final Policy Statement (67 FR 5003)). Generally, institutional controls are
designed to restrict access, whereas engineered barriers are usually designed to inhibit water
from contacting waste, limit releases, or mitigate doses to intruders.

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 and releasing radionuclides to groundwater, thereby
reducing exposure from ingestion of contaminated water. Engineered surface barriers may also
slow erosion or otherwise decrease the likelihood of the waste being exposed at the surface
through human or biotic activity, thereby reducing dose from inadvertent intrusion and direct
exposure to the waste. In some cases, engineered barriers may also be used to passively limit
access of critical groups to residual radioactivity (e.g., a durable rock barrier that decreases the
likelihood of excavation or drilling into residual radioactivity). 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.

On the other hand, institutional controls are active controls that limit access to the site, and the
use of it, to minimize disturbances to engineered barriers and 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 physical controls (e.g., signs, markers,
landscaping, and fences) to prevent unauthorized access to the site and minimize disturbances
to engineered barriers. Institutional controls may require financial assurance to ensure
adequate control and maintenance of the site, legal enforceability, and an entity with the
capability, authority, and willingness to enforce the controls.

The licensee determines the functionality and robustness of barriers using the risk-informed
graded approach described in Appendix P and evaluated on a site-specific basis for each
license 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. Appendix P 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

2 In some cases, for restricted-use sites, a licensee can propose active monitoring and maintenance of the
engineered barrier; this would be considered an institutional control and could be used to enhance the assumed
level of performance or longevity of the engineered barrier beyond its passive performance.
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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 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 engineered barrier performance should consider reasonably foreseeable, as
well as less likely but plausible, disruptive conditions from human activities and from natural
events and processes. Results of reasonably foreseeable exposure scenarios should be strictly
considered when demonstrating compliance with radiological criteria for license termination,
while less likely but plausible exposure scenarios should also be considered to help risk-inform
the decision-making process.

Proposals to use engineered barriers for unrestricted use sites should be part of an overall plan
for decontaminating and decommissioning a site, as presented in a licensee’s DP or LTP. The
licensee should demonstrate that, at the time of license termination, the site meets LTR criteria,
including the criterion to reduce residual radioactivity to ALARA levels. Therefore, licensees
should consider whether the following would be consistent with ALARA requirements in the
absence of engineered barriers: (1) removal and disposal of contaminated components and
equipment, (2) decontamination (and demolition, if appropriate) of buildings, (3) removal and
disposal of waste streams remaining on site from past operations, and (4) excavation and
removal of large areas of soil contamination as waste. Therefore, while engineered barriers
may be proposed to assist with meeting the LTR criteria, source removal must first be
considered in demonstrating that residual radioactivity has been removed to ALARA levels.
Chapter 6 and Appendix N contain additional information.

Similarly, for restricted use sites, under 10 CFR 20.1403(a) the licensee must show that further
removal of residual radioactivity would result in net public or environmental harm or that leaving
the residual radioactivity in place is ALARA. Licensees should also include other considerations
(e.g., distance to disposal facility, efficient use of available disposal capacity at the offsite
facility, unavailability of required treatment options, lack of disposal options other than leaving
the contaminated materials on site, and the need to use funds to remediate nonradioactive
hazards at the same site), if applicable and appropriate, in its determination of whether
additional removal of residual radioactivity is reasonably achievable.? In their proposal to use
engineered barriers, licensees should include all relevant information concerning the risks of
using the proposed approach versus other remediation alternatives.

Because of the wide range of licensed decommissioning sites, the LTR and the 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 the performance-based criteria of 10 CFR 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 it has considered site-
specific conditions (e.g., site-specific resources, climate, degradation mechanisms) in its
engineered barrier designs and monitoring and maintenance program.

3 “Reasonably achievable” is judged by considering the state of technology and the economics of improvements in
relation to all the benefits of these improvements. See Section N.1 for additional information.
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Appendix P provides the detailed framework for applying engineered barriers to achieve
decommissioning at a site, and an example of a graded approach to erosion covers. A
summary of existing guidance and reference information on the application of engineered
barriers at decommissioning sites is also listed in Appendix P.

In summary, the following points should be considered when applying engineered barriers to
achieve decommissioning at a site:

e Engineered barriers are distinct and separate from institutional controls.

e Only the passive performance of engineered barriers (i.e., no monitoring and
maintenance) can be relied on at unrestricted use sites.

o Passive performance and (when institutional controls are assumed to be in place) active
monitoring and maintenance of engineered barriers can be relied on at restricted use
sites. Active monitoring and maintenance are considered institutional controls and may
enhance the level of performance assumed for an engineered barrier beyond what is
assumed for a barrier’s passive performance. For most cover systems, long-term,
passive performance is not well understood.

o For licensees pursuing unrestricted use of their site, residual radioactivity has been
reduced to levels that are ALARA before reliance on engineered barriers to meet LTR
criteria. Furthermore, for licensees pursuing restricted use of their site, a demonstration
is required to show that additional removal of residual radioactivity to meet unrestricted
use criteria would result in net public or environmental harm or that further reductions
are not being made because levels that meet restricted use conditions are ALARA.

e Engineered barrier evaluation are reviewed on a case-by-case basis using a risk-
informed approach.

3.6 Surveying and Considering Risk Associated with Surface and Subsurface
Soils

Attempts have been made to define “surface soils,” based on the capability of relatively low-cost
scan instrumentation to detect residual radioactivity near the surface of buildings and in soils.*
MARSSIM survey protocols, discussed in more detail in Chapter 4 and Appendices A-G,
assume that residual radioactivity is present on the surfaces of buildings and soils. Likewise,
certain dose modeling codes such as DandD, discussed in more detail in Chapter 5 and
Appendices H and |, also make assumptions about the depth of residual radioactivity that could
be important for assessing dose to potential receptors. For example, surface soils are important
for assessing dose from certain exposure pathways such as direct radiation exposure, incidental
soil ingestion, and inhalation. While surface soils could also support other important exposure
pathways, such as plant growth and consumption, contaminated subsurface soils could also
contribute significantly to radionuclide uptake and dose dependent on the plant type and
radionuclide. Thus, if subsurface residual radioactivity is ignored, the dose could be significantly
underestimated.

4 For example, surface soil has been associated with the top 15 cm of soil that can typically be measured using scan
instrumentation.
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Human activities could cause subsurface soils to become surface soils from mixing or
redistribution after license termination. For example, tilling soil to promote crop growth or
excavating soil for home construction or well drilling could lead to the redistribution of
subsurface soils to the surface (see Appendix J). Before license termination, remediation of the
site and sorting of relatively contaminated and uncontaminated soils could lead to the
redistribution or reuse of contaminated subsurface soils on the surface (see Appendix G). While
the definition of surface soil is an important consideration when it comes to surveying and
assessing the dose impacts associated with residual radioactivity remaining at a site at the time
of license termination, there is no clear line of demarcation of surface and subsurface soils; the
final distribution of residual radioactivity should be considered in dose modeling and the final
status survey design. Potential redistribution of radioactivity following license termination must
also be considered when deriving subsurface soil DCGLs or when performing dose modeling to
assess the impact of subsurface residual radioactivity (Appendix J).

Despite the linkages to scan instrument capability and dose modeling discussed above, the
depth of residual radioactivity in surface and subsurface soils assumed for the purpose of the
FSS design should not be arbitrarily selected based on dose modeling assumptions or scan
capability. Rather, the expected horizontal and vertical extent of residual radioactivity informed
by characterization surveys should be considered in the FSS design and in assessing dose.
Significant heterogeneity in residual radioactivity concentrations should also be considered
when designing the FSS and assessing dose. Chapters 4 and Appendices A—G, provide
guidance on for performing radiological surveys for surface and subsurface soils; building
materials; and surface water and groundwater (Appendix F); Chapter 5, and Appendices | and J
have guidance on evaluating the dose impacts associated with surface, subsurface, and
heterogeneous residual radioactivity in soils and building surfaces.

If subsurface residual radioactivity is present, soil sampling will likely be necessary to
supplement scan surveys to adequately characterize the full vertical extent of residual
radioactivity. Depth discrete sampling of soils may also be needed if there is significant vertical
heterogeneity, and representation of the vertical heterogeneity is important in assessing dose.
DCGLs derived from dose modeling should be consistent with the actual vertical extent of the
residual radioactivity and significant vertical heterogeneity considered. For example, it may be
important to differentiate soil layers based on vertical heterogeneity and derive more than one
set of DCGLs (e.g., derive surface and subsurface soil DCGLSs), if vertical heterogeneity is found
to be important to dose. Alternatively, dose modeling could be used to confirm that radiological
criteria for license termination are met based on the final configuration of residual radioactivity in
soils, as measured in FSSs. Chapter 5 and Appendix | contain additional information on the
dose modeling approach. Appendix J contains information on scenarios that should be
considered for buried residual radioactivity. Appendix I, Section 1.2 specifically contains
additional information on source term abstraction for heterogenous distributions.
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4 FACILITY RADIATION SURVEYS

4.1 Radiation Survey and Site Investigation Process

As a framework for collecting the information required for demonstrating compliance identified
using the DQO process (see Section 3.2 of this volume), the NRC staff recommends using a
series of surveys. The 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 Principle 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, Revision 1
Historical Site Assessment Section 4.1.1 of this volume
Section 2.4 and Chapter 3 of MARSSIM, Revision 1
Scoping and Characterization Section 4.2 of this volume
Survey Sections 2.4, 5.2 and 5.3 of MARSSIM, Revision 1
Remedial Action Support Survey | Section 4.3 of this volume
Sections 2.4 and 5.4 of MARSSIM, Revision 1
Final Status Survey Section 4.4 of this volume
Sections 2.4 and 5.5 of MARSSIM, Revision 1

Note: As of the date of publication of this NUREG, MARSSIM, Revision 2, is in the process of being
published. Because MARSSIM, Revision 2, has not yet been published, references to sections of
MARSSIM in this volume are with respect to MARSSIM, Revision 1 (i.e., section numbers may be
different in Revision 2). NRC staff plans to incorporate MARSSIM, Revision 2, into a future revision of
this volume.

4.1.1 Historical Site Assessment

The RSSI process uses a graded approach that starts with Site Identification and the HSA and
is later followed by other surveys that lead to the FSS. In most cases, the radiological status of
a site will already be known based on its prior use and the presence of radioactive material
although a records review could identify areas of use, disposal, or spills that have been
overlooked. The HSA collects existing information describing a site’s complete history from the
start of site activities to the present. The necessity for detailed information and the amount of
effort to conduct an HSA depend 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 (see Section 2.3). This screening process can provide a site disposition
recommendation or propose additional surveys. Because much of the data collected during
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HSA activities are qualitative or are analytical data of unknown quality, many decisions on a site
are the result of professional judgment.

The primary objectives of the HSA include the following:
¢ identify potential sources of residual radioactivity
e determine if sites pose a threat to human health and the environment
o differentiate impacted from nonimpacted areas
e provide input to scoping and characterization survey designs

e assess the likelihood of residual radioactivity migration

identify additional potential radiation sites related to the site being investigated

The HSA typically consists of three phases: (1) preliminary investigation of the facility or site,

(2) site visits or inspections, and (3) an evaluation of the site based on the information collected.
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. Appendix G of this volume includes
information on special survey situations. Section 2.4.2 and Chapter 3 of MARSSIM contain
additional guidance on the HSA.

4.1.2 Summary of Survey Types

The NRC'’s regulations (10 CFR 20.1501(a)) require a licensee to make or cause to be made
surveys that may be necessary for the licensee to comply with the regulations in Part 20,
including the radiological criteria for license termination found in 10 CFR Part 20, Subpart E.
The licensee would demonstrate compliance with this requirement by performing a FSS. The
FSS will demonstrate that the licensee’s site or facility, or both, can meet the radiological criteria
for license termination.

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

The NRC endorses the FSS 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 surveys supporting decommissioning
and FSSs, in particular. The following text refers to specific sections of MARSSIM, Revision 1,
when applicable.

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 a different
emphasis while at the same time, sharing common elements. The sections below summarize
six survey types.
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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 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
contains guidance on background surveys.

Scoping Survey—This survey, performed to augment the HSA, provides sufficient information
(1) to determine if residual radioactivity is present that warrants further evaluation and (2) to
make 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. Sections 2.4 and 5.2 of MARSSIM and

Section 4.2 of this volume contain additional guidance on the scoping survey.

Characterization Survey—This survey determines the type and extent of residual radioactivity
on or in structures 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.
Section 4.2 of this volume contains additional guidance on characterization surveys.

Remedial Action Support Survey—This survey, which could be repetitive in nature, 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 can be assessed as they
progress. 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." Section 4.3 of this
volume contains additional guidance on remedial action support surveys.

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. Section 4.4 of this volume contains additional guidance on FSSs.

Confirmatory Survey—The regulator performs this survey to obtain 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 contains
additional information on confirmatory surveys.

These types of surveys are performed at various stages of the decommissioning process. Early
on, where known residual radioactivity exists, the simplest of measurement approaches can be
used to document the need to clean up a specific building surface or parcel of land. In practice,
the simpler methods would generally be applicable to the scoping and remedial action support
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

1 In certain cases, it may be prudent to collect data of sufficient quality during the remedial action support survey to
support the final status survey during remediation as discussed in Sections 4.3 and G.3.2.
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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 methods that can be applied to meet the
requirements of the FSS, although they can be applied to other survey work as well. In
performing decommissioning surveys, licensees should be cognizant of the survey
methodologies and their limitations, especially where newer technologies are employed such as
in situ gamma spectroscopy. Some information on the capabilities of this technology to detect
discrete particles in soil can be found in the NRC sponsored study/report by the Oak Ridge
Institute for Science and Education (ORISE) titled “Spatially-Dependent Measurements of
Surface and Near-Surface Radioactive Material Using In situ Gamma Ray Spectrometry
(ISGRS) For Final Status Surveys” (Chapman et al., 2006).

NRC released the final version of the Multi-Agency Radiological Laboratory Analytical Protocols
manual (MARLAP) in 2004. The MARSSIM and the MARLAP manual are complementary
guidance documents in support of cleanup and decommissioning activities. The MARSSIM
document contains 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. The MARLAP manual 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.

The MARLAP manual 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, the NRC and licensees have determined
that side-by-side surveys (with subsequent PSRs) are more efficient than waiting for a final
sitewide confirmatory survey. The NRC and licensees should plan ahead and coordinate their
schedules to implement efficient side-by-side confirmatory surveys. Appendix D contains more
details on MARLAP and how it can enhance radiation monitoring.

Appendix D of this volume includes information on survey data quality and reporting, Chapter 5
of MARSSIM provides survey checklists, Appendix E contains information on survey
measurements, and Appendix G has information on special survey issues.

4.1.3 Areas of Review

The NRC staff should review the results of the radiological characterization survey to determine
whether it contains 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.

The purpose of the NRC staff review is to verify that the FSS design is adequate to demonstrate
compliance with the radiological criteria for license termination.
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The FSS review should determine whether the results demonstrate that the site, area, or
building meets the radiological criteria for license termination.

The 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 should submit information on facility radiation surveys in one of two ways, as
summarized below. Section 2.2 of this volume provides additional relevant guidance.

Method 1:

The licensee or responsible party may submit the information contained in Sections 4.1—4.3
of this volume as part of the DP, along with a commitment to use the MARSSIM approach in
developing the final status survey. The licensee or responsible party would then submit the
information discussed in Section 4.4 at the completion of remediation or design
development for the final status survey for the site. The licensee or responsible party will
submit the FSSR (Section 4.5) after performing the final status survey.

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 status survey, in accordance with the procedure described in MARSSIM.
The licensee or responsible party would then submit the FSSR (Section 4.5) after
performing the final status 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.

4.1.3.1 Acceptance Review

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

4.1.3.2 Safety Evaluation

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

4.1.4 Release Criteria
The NRC staff review is to verify that the licensee has provided appropriate release criteria,
referred to as the DCGLs. Generally, the licensee should provide the DCGLw, for the survey

unit average concentrations, and the applicable DCGLenc (elevated measurement comparison)
for small areas of elevated concentrations, for all affected media.
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4.1.4.1 Acceptance Criteria
4.1.4.1.1 Regulatory Requirements

10 CFR 20.1402, 20.1403, and 20.1404
4.1.4.1.2 Regulatory Guidance

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

4.1.4.1.3 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 the following:

e asummary table or list of the DCGLw for each radionuclide and affected medium of
concern

e the DCGLewmc (or areas factor derived from dose modeling) for each radionuclide and
media of concern if Class 1 survey units are present (Appendix A.2 of this volume
discusses classification of site areas)

o the appropriate DCGLw for the survey method to be used if multiple radionuclides are
present

The 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).

4.1.4.2 Evaluation Criteria

The NRC staff should verify that, for each radionuclide and affected media of concern, the
licensee has provided a DCGLw and, if Class 1 survey units are present, a table of DCGLgmcs
(or area factors). The NRC staff should verify that the values presented are consistent with the
values developed pursuant to 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

4.21 Scoping Surveys

Early in the decommissioning process, the licensee identifies the potential residual radioactivity
present at the site, the relative ratios of radionuclides, 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 it with actual survey data. Therefore, the
licensee shall perform a scoping survey typically consisting of limited direct measurements
(exposure rates and surface activity levels) and samples (smears, soil, water, and material with
induced activity) obtained (1) from site locations considered to be the most likely to contain
residual activity and (2) from other site locations, including those immediately adjacent to the
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radioactive materials use areas. This survey provides a preliminary assessment of site
conditions, relative to guideline values. The scoping survey forms 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 do not need to be as
comprehensive or be performed to the same sensitivity level as will be required for the
characterization survey or FSS. However, when planning and conducting the scoping survey,
the licensee should remember that some of the data, particularly from locations not affected by
site operations, may be used as final survey 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.

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
e support classification of all or part of the site as a Class 3 area

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

o perform radiological status surveys
e provide data to address the requirements of other applicable regulations
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 licensee may classify the area as Class 3 and
conduct a Class 3 FSS. If the scoping survey locates residual radioactivity, the licensee may
consider the area to be Class 1 (or Class 2) for the FSS and typically conduct a characterization
survey, collecting sufficient information to identify situations that require immediate radiological
attention. Licensees should be aware that requirements of other applicable regulations

(e.g., non-radiological constituents) may differ from NRC requirements. Appendix F to
MARSSIM contains a comparison of MARSSIM guidance to other requirements.

4.2.2 Characterization Surveys

After identifying the affected locations, the licensee conducts a characterization survey to more
precisely define the extent and magnitude of residual radioactivity. The survey should be
sufficiently detailed to provide data for planning the remediation effort, including the remediation
techniques, schedules, costs, and waste volumes, as well as 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 ensure
the appropriate decision about the true radiological conditions. In addition, one category of
radiological data (e.qg., soil radionuclide concentration or total surface activity) may be sufficient
to determine if there is residual radioactivity, and other measurements (e.g., exposure rates or
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1 removable residual radioactivity levels) may, therefore, not need to be performed during
2  characterization. As the scoping survey example demonstrates, the choice of survey technique
3  should be commensurate with the intended use of the data, including considerations for
4  possible future use of the results to supplement the FSS data.
5
6 Licensees typically submit site characterization summary information as part of their DP. If
7  submitted site characterization information is insufficient to reasonably identify the extent and
8 nature of residual radioactivity, the NRC may decline to accept and review the DP until such
9 information is provided. The NRC may ask the licensee to submit site characterization plans or
10  other site characterization information before submitting the DP, or the NRC may elect to meet
11 with the licensee before or during site characterization work. However, licensees are not
12  required to submit a separate site characterization or site characterization report unless required
13 by alicense condition. Rather, site characterization information is required as a component of
14  the DP. Therefore, the NRC staff will only request site characterization and reports separate
15  from the DP submittal when necessary to provide assurance the extent and nature of residual
16  radioactivity are reasonably identified.
17
18  The characterization survey is generally the most comprehensive of all the survey types and
19  generates the most data. This includes preparing a reference grid, systematic as well as
20 judgment measurements, and surveys of different media to include surface soils and interior
21 and exterior surfaces of buildings. Additionally, the characterization survey should identify all
22  activated materials (typically Decommissioning Groups 4-7) and hard-to-detect radionuclides
23  throughout the site. The decision as to which media will be surveyed is a site-specific decision
24  addressed throughout the RSSI process (see MARSSIM).
25
26  Characterization surveys may be performed to satisfy a number of specific objectives.
27
28 Examples include the following:
29
30 e determining the nature and extent of residual radioactivity
31 e evaluating remediation alternatives (e.g., unrestricted use, restricted use, onsite
32 disposal, offsite disposal)
33 e developing input to pathway analysis and dose or risk assessment models for
34 determining site-specific DCGLs in becquerel/kilogram (Bg/kg), picocuries/gram (pCi/g),
35 becquerel/square meter (Bgq/m?), or disintegrations per minute/100 square centimeters
36 (dpm/100 cm?), as applicable
37 e estimating the occupational and public health and safety impacts during
38 decommissioning
39 e evaluating remediation technologies
40 o developing input to the FSS design
41 e complying with requirements of other applicable regulations

42  This volume does not include detailed discussions of characterization survey design for each of
43  these objectives; the user should consult other references for specific characterization survey
44  objectives not covered. For example, DOE’s “Decommissioning Handbook,” issued
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March 1994, is a good reference for characterization objectives for evaluating remediation
technologies or unrestricted or restricted use alternatives. Additionally, ANSI N13.59:2008,
“Characterization in Support of Decommissioning Using the Data Quality Objectives Process” is
a useful document which presents characterization strategies based on the DQO process. The
licensee should consult other references (EPA, “Guidance for Conducting Remedial
Investigations and Feasibility Studies Under CERCLA,” issued October 1988; EPA, “Superfund
Removal Procedures,” 1988; “EPA, Federal Radiation Protection Guidance for Exposure of the
General Public,” dated December 23, 1994; NUREG-1501, “Background as a Residual
Radioactivity Criterion for Decommissioning—Draft Report,” issued August 1994) for planning
decommissioning actions (e.g., remediation techniques, projected schedules, costs, and waste
volumes) and health and safety considerations during remediation. Also, the specific modeling
code documentation should determine the types of characterization data needed to support risk
or dose modeling.

4.2.3 Areas of Review

The purpose of the 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 nonimpacted areas at the site have not been adversely affected

by decommissioning operations and that the characterization survey data are of sufficient scope
and detail to meet the “Information to Be Submitted” guidance for a final survey.

4.2.3.1 Acceptance Criteria
4.2.3.1.1 Regulatory Requirements

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

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

4.2.3.1.3 Information to Be Submitted

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

e adescription and justification of the survey measurements for affected media (for

example, building surfaces, building materials (volumetric contamination) contamination,
surface soil, subsurface soil, surface water, groundwater, sediments, as appropriate)
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e adescription of the field instruments and methods that were used for measuring
concentrations and the sensitivities of those instruments and methods

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

o the survey results, including tables or charts of the concentrations of residual
radioactivity measured

e maps or drawings of the site, area, or building showing areas classified as nonimpacted
or impacted and visually summarizing residual radioactivity concentrations in impacted
areas

e ajustification for classifying areas as nonimpacted

e 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

e adiscussion of how areas or surfaces in a survey unit were surveyed or why they did not
need to be surveyed if considered to be inaccessible or not readily accessible

o 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)

The 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).

Licensees should note that, if they elect to dispose of buildings and structures rather than leave
them 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. Section G.2.1 of Appendix G of this
volume provides additional guidance on the offsite disposition of materials.

4.2.3.2 Evaluation Criteria

The 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 that 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.
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The NRC staff should verify that the 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:

e Section 5.3 of MARSSIM for the characterization survey (the NRC staff may use the
“Example Characterization Survey Checklist” in Section 5.3 of MARSSIM for evaluating
the licensee’s submittal)

o MARSSIM Chapter 6 and Appendix E for instrument capabilities and sensitivities

¢ MARSSIM Section 4.8.4 for preparing areas for survey

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 ensures 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 surfaces and soils or other bulk
materials only if the radionuclides of concern are detectable by field survey techniques. For
radionuclides and media that cannot be evaluated at guideline values by field procedures,
samples are to be collected and analyzed to evaluate the effectiveness of remediation efforts.
For large projects, the use of mobile field laboratories can provide more timely decisions on the
effectiveness of remedial actions. Examples of situations for which remedial action support
surveys would not be practicable are (1) when soil contains pure alpha or beta emitting
radionuclides and (2) when very low energy beta emitters such as tritium are present on
surfaces.

Licensees conduct remedial action support surveys to do the following:

e support remediation activities

e determine when a site or survey unit is ready for the FSS

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 reestablished
following remediation. Obtaining updated values for these critical parameters should be
considered when planning a remedial action support survey. In some cases, where
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concentrations of some radionuclides after remediation may be very low, it may be useful for
licensees to show that certain radionuclides can be considered insignificant; in that 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 DCGLs and is an interim step in the compliance demonstration process. The FSS will
then survey in detail areas that are likely to satisfy the DCGLs on the basis of the remedial
action support survey. Alternatively, the remedial action support survey can be designed to
meet the objectives of an FSS.2 DCGLs may be recalculated, based on the results of the
remediation process, although a license amendment may be needed to change (increase)
previously approved DCGLs in a DP or LTP.

4.3.1 Areas of Review

Staff review of the description of the remedial action support surveys should verify that the
licensee has designed these surveys appropriately and to assist in determining when remedial
actions have been successful, so that it may begin the FSS. 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.

4.3.1.1 Acceptance Criteria

4.3.1.1.1 Regulatory Requirements

10 CFR 30.36(g)(4)(ii), 40.42(g)(4)(ii), and 70.38(g)(4)(ii),

4.3.1.1.2 Regulatory Guidance

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

4.3.1.1.3 Information to Be Submitted

The NRC staff should verify the licensee’s or responsible party’s description of the
support survey includes the following information:

e adescription of field screening methods and instrumentation

e ademonstration that field screening should be capable of detecting residual radioactivity
at the DCGLw

The 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).

2 In certain cases, it may be prudent to collect data of sufficient quality during remediation to support the final status
survey during remediation. For example, for large subsurface soil excavations, it may be more practical to collect
samples at the bottom and sides of the excavation and/or perform scanning prior to filling in the excavation. See
Section G.3.2 for additional details.
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4.3.1.1.4 Evaluation Criteria

The NRC staff should verify that the description of the remedial action support surveys meets
(1) the criteria in MARSSIM Section 5.4 for performing remedial action support surveys and

(2) the criteria in the applicable MARSSIM chapters listed in this volume for evaluating 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 uses a systematic approach to sampling. Systematic sampling is
based on rules that try to achieve the representativeness assumed by the statistical tests.

The licensee uses the FSS to demonstrate compliance with regulations. The primary objectives
of the FSS are to do the following:

o verify survey unit classification

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

¢ 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.

4.41 Areas of Review

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

4.4.1.1 Acceptance Criteria
4.4.1.1.1 Regulatory Requirements

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

4.4.1.1.2 Regulatory Guidance
o Draft NUREG-1505, Rev. 1, “A Nonparametric Statistical Methodology for the Design
and Analysis of Final Status Decommissioning Surveys — Interim Draft Report for

Comment and Use”

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

o NUREG-1507, “Minimum Detectable Concentrations with Typical Survey Instruments for
Various Contaminants and Field Conditions”
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4.4.1.1.3 Information to Be Submitted

The information supplied by the licensee should be sufficient to allow the NRC staff to determine
whether 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

a description and map or drawing of affected 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)

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

a summary of the statistical and other tests that will be used to evaluate the survey
results, including the elevated measurement comparison (EMC), if Class 1 survey units
are present; a justification for any test methods not included in MARSSIM; and the
values for the decision errors (a and ) with a justification for a and 8 values greater than
0.05 for Scenario A and B, respectively

a description 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 (noting that if a licensee uses an
advanced technology (e.g., in situ gamma spectroscopy), it must be shown to perform
with sensitivities that allow detection of residual radioactivity at an appropriate fraction of
the DCGL and corresponding investigation levels (ILs))

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

a description of how the samples to be analyzed in the laboratory will be collected,
controlled, and handled

a description of the FSS ILs and how they were determined

The 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). Appendix A provides
additional information about demonstrating the appropriate selection of survey instrumentation.

4.4.1.2

Evaluation Criteria

The 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:
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¢ Appendix A to this volume, for general guidance on implementing the MARSSIM
approach for conducting FSSs

e Appendix B to this volume, for guidance on alternative methods of FSS for simple
situations

o 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

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

¢ MARSSIM Section 5.5.2 for statistical tests
o Appendix A to this volume, Section A.8.2, for decision errors

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

¢ MARSSIM Section 6.7 for methods to determine measurement sensitivity; NUREG-1507
for instrument sensitivity information

o MARSSIM Sections 5.5.2.4,5.5.2.5,5.5.3, 7.5, and 7.6 for scanning and sampling

o MARSSIM Section 7.7 for sample analytical methods (Table 7.2 in Section 7.7 for
acceptable analytical procedural references)

¢ MARSSIM Sections 7.5 and 7.6 for methods for sample collection
¢ MARSSIM Section 5.5.2.6 for survey ILs
e Appendix G to 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.

4.5.1 Areas of Review
The purpose of the 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 under
Section 4.5.1.1 (Acceptance Criteria). A licensee who has not submitted a DP should contact
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the NRC staff to ensure its FSSR includes not only the information below but also any other
relevant information the staff needs to carry out its review.

4.5.1.1

4.5.1.1.

4.5.1.1.2

4.5.1.1.3

1

Acceptance Criteria
Regulatory Requirements

10 CFR 20.1402, 20.1403, 20.1501, 30.36(j)(2), 40.42()(2), 70.38(j)(2), and
72.54(1)(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
whether the site, area, or building meets the radiological criteria for license termination. The
information should include the following:

an overview of the results of the FSS

a summary of the DCGLs for the facility (if DCGLs are used)

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

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

the survey results for each survey unit, including the following:

(0]

(0]

the number of samples taken for the survey unit

a description of the survey unit, including (1) 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, (2) a discussion of remedial actions and unique features, and

(3) areas scanned for Class 2 and 3 survey units

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
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0 adiscussion of anomalous data, including any areas of elevated direct radiation
detected during scanning that exceeded the IL or any measurement locations in
excess of DCGLw

0 a statement that a given survey unit satisfied the DCGLw and the EMC if any sample
points exceeded the DCGLw

¢ adescription 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 adescription of how ALARA practices were employed to achieve final activity levels

The 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).

4.5.1.2 Review Procedures

After review of the FSSR, the NRC reviewer should have reasonable assurance that the FSSR
demonstrates 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.

Section 4.5.1.1.3 describes the minimum information to be submitted in each FSSR. Additional
information about the recommended level of documentation is in Appendix D of this volume. At
individual facilities, the NRC reviewer many need additional information on site-specific issues
and complex technical topics to evaluate the FSSR. In addition, the NRC reviewer may need to
obtain previous NRC-generated reports on the FSS, including but not necessarily limited to
inspections, confirmatory surveys, and any safety evaluation reports that may have addressed
the FSS plan.

4.5.1.2.1 Minimal Technical Review
The NRC reviewer should review all of the following:

o the results of previously conducted in-process inspections and confirmatory surveys to
verify that the licensee has properly implemented the FSSP and associated procedures

¢ the licensee’s QA/QC program, if it has not been previously reviewed

o changes made to the DP or LTP, if not previously reviewed, to confirm that the changes
are not significant and are technically correct

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

e issues (1) identified by interveners and stakeholders and (2) raised in allegations, to
ensure such issues have been satisfactorily resolved
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o descriptions of the survey units, to determine if any special survey situations are present
(see Appendix G of this volume for examples)

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

o 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:

o the FSSs 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 using 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

¢ inadequacies in the FSS design or implementation were corrected (e.g., 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

4.5.1.2.2 Detailed Technical Review

Along with the minimal review described, the NRC reviewer may perform detailed reviews for a
number of survey units. The number 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
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.

4.5.1.2.3 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
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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:
o size different from recommended size
o multiple areas now combined as one larger Class 1 survey unit
o0 Class 3 survey units that are bordered by Class 1 units
O survey units bordered by PSR areas
0 gerrymandered survey unit boundaries

e 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:

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

o type of survey instrumentation
o0 sample collection method
o0 laboratory analytical methods

0 any survey unit where the scan coverage is less than 100 percent for Class 1 areas
or less than the minimum commitment for Class 2 or 3 areas

0 number of samples per survey unit
e survey units that were remediated

e 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 DCGLW (e.g., greater
than 75 percent) or any Class 3 survey unit with significant residual radioactivity
(e.g., concentrations greater than 10-25 percent of the DCGLW)

e any survey unit that was downgraded in classification (i.e., from Class 1 to 2, Class 2
to 3, or Class 1 to 3, or from impacted to nonimpacted)

e units surveyed before resolution of QA/QC concerns
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¢ 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 or that were not previously
reviewed

o reclassification schemes not approved by the NRC staff

o 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

e survey units that combine, for demonstrating compliance, the results of random start or

systematic sampling patterns with biased or judgmental survey results

e asurvey unit that involves surveying or sampling of media other than building surfaces
and surface soils (e.g., groundwater, surface water, sediments, or deep subsurface

soils)

e survey units with areas that are hard to access or have abnormal geometries

e any survey unit that combines survey results with a dose assessment or area factors to

demonstrate compliance (mixed approaches are used)

o the use of composite sampling to establish compliance with release criteria (i.e.,

DCGLs). Additional information on composite sampling can be found in Appendix O of

this volume.
4.5.1.2.4 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:

o Does the FSSR adequately address the issues previously discussed under the selection
criteria for detailed reviews, immediately above? For example, if a survey technique was

changed from the approved technique, did the FSSR adequately justify the new
technique?

o Are the probabilities of Type | and Type Il errors acceptable?

o Does the licensee’s analysis rely on a large number of results expressed at minimum

detectable activity or MDC values?

o 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?

o 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, the
media measured, and the DCGLs?

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

4.5.1.3 Evaluation Criteria

The NRC review should determine whether the FSSR is adequate to demonstrate compliance
with the radiological criteria for license termination. The 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 following criteria:

¢ MARSSIM Section 5.5.2 for the acceptable number of samples

o Appendix D of this volume for information on survey data quality and reporting

e Section A.10 from Appendix A of this volume for information on determining compliance

¢ 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 FSSs 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 DCGLSs.
MARSSIM can be applied to surveys performed at vicinity properties—those not under licensee
control—but the decision to apply MARSSIM at vicinity properties is outside the scope of
MARSSIM. MARSSIM does not address other media (e.g., subsurface soil, volumetrically
contaminated building materials, groundwater, surface water, sediments) containing residual
radioactivity. Nor does it 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 (1) residual radioactivity is limited to these media for many sites
following remediation, (2) 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 sources associated with surface
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soils or building surfaces, and (3) MARSSIM was written in support of cleanup rulemaking
efforts for which supporting data are mostly limited to residual radioactivity in surface soils 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.

This volume contains guidance for some topics beyond the scope of MARSSIM. Appendix F
has guidance specific to the characterization of groundwater, surface water, and sediments.
Chapter 5 and Appendices H, |, J, K, L, M, and Q contain other guidance pertaining to dose
modeling. 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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1 Table 4.2 Scope of MARSSIM

Within Scope of MARSSIM Beyond Scope of MARSSIM
Guidance MARSSIM provides technical guidance on Regulation MARSSIM does not establish new
conducting radiation surveys and site investigations. regulations or address nontechnical issues (e.g., legal

or policy) for site cleanup. Release criteria will be
provided rather than calculated using MARSSIM.

Tool Box MARSSIM can be thought of as an extensive Tool Box Many topics are beyond the scope of
tool box with many components—some within the text of MARSSIM, including public participation programs,
MARSSIM, others by reference. packaging and transportation of wastes for disposal,

remediation and stabilization techniques, and training.

Measurement The guidance given in MARSSIM is Procedure The approaches suggested in MARSSIM
performance-based and directed toward acquiring site- vary depending on the various site data needs—there
specific data. are no set procedures for sample collection,

measurement techniques, storage, or disposal
established in MARSSIM.

Modeling The interface between environmental pathway Modeling Environmental pathway modeling and

modeling and MARSSIM is an important survey design ecological endpoints in modeling are beyond the
consideration addressed in MARSSIM. scope of MARSSIM.

Soil and Buildings The two main media of interest in Other Media MARSSIM does not cover other media,
MARSSIM are surface soil and building surfaces with including subsurface soil, surface or subsurface water,
residual radioactivity. 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.2.1, of this volume).

Final Status Survey (FSS) The focus of MARSSIM is on Other Survey Types Although not the focus,
the FSS, as this is the deciding factor in judging if the site | MARSSIM provides less detailed information on

meets the release criterion. scoping, characterization, and remedial action support
surveys.

Radiation MARSSIM only considers radiation-derived Chemicals MARSSIM does not cover any hazards

hazards. posed by chemical contamination.

Remediation Method MARSSIM assists in determining Remediation Method MARSSIM does not discuss
when sites are ready for an FSS and provides guidance selection and evaluation of remedial alternatives,
on how to determine if remediation was successful. public involvement, legal considerations, or policy
decisions related to planning.

DQO Process MARSSIM presents a systemized DQO Process MARSSIM does not provide
approach for designing surveys to collect data needed for | prescriptive or default values of DQOs.
making decisions such as whether to release a site.

DQA MARSSIM provides a set of statistical tests for DQA MARSSIM does not prescribe a statistical test
evaluating data and lists alternative tests that may be for use at all sites.
applicable at specific sites.
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5 DOSE MODELING EVALUATIONS

5.1 Introduction

Decommissioning plans typically include 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. The discussion on decommissioning groups in
Volume 1 of this NUREG series provides guidance on information to be submitted.

Dose modeling information is typically submitted as part of a DP or LTP, although in some
cases it may be submitted separately or as part of a FSSR or other document. This chapter
usually refers to DPs, although other types of reports are implied, if appropriate. The 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 lookup 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, the NRC staff should review the ALARA analyses, which are 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:

e The licensee can commit to the exposure 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.

e 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. The NRC staff review of dose modeling consists of evaluations in four general areas:

e the source and source release assumptions

e an exposure scenario considering the site environment

¢ the mathematical model/computational method used

o the parameter values and a measure of their uncertainty

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
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and do not need to provide information on dose modeling iterations that are not the final dose
analyses.

In some cases, 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 groundwater contamination but does not currently
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 groundwater as
part of the overall dose analyses. For the purposes of this example, the NRC could require the
licensee, through a license condition (or other mechanism), to continue to characterize its
groundwater. If the information confirms that the area affected by the groundwater
contamination is the same or smaller than the assumed area, the licensee can proceed 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 FSSP, the dose modeling, and any other area of the DP affected by the
new assumed groundwater contamination-affected area (e.g., adding or subtracting survey units
from the list that would consider groundwater contributions in complying with Subpart E)."

As described by Figure 1.2 and the preceding example, the areas of dose modeling, site
characterization, and FSSP are interdependent. This is an advantage as judicious use of dose
modeling can help guide site characterization. In addition, both site characterization and FSSP
can guide development of reasonable exposure 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.

This chapter and the associated appendices use different terms describing exposure scenarios.
Table 5.1 includes a description and comparison of these exposure scenario terms.

1 Licensees should also consider how groundwater transport may affect other survey units or environmental media
(e.g., surface water) and appropriately consider uncertainty in the temporal and spatial distribution of radioactivity
in the environment. Source remediation may be an option to reduce future downgradient impacts if the future
impacts are found to be unacceptable. Because dispersion and dilution are expected to lead to a decrease in
peak concentrations away from the source, calculations performed for the source area, if they capture the peak
concentrations, may be used to bound the impacts associated with other areas of the site.

5-2



1
2

o, w

Table 5.1 Comparison and Description of Exposure Scenario Terms Used in this

Guidance

Compliance Exposure Scenarios (Results Compared to Dose Standards)?

Screening

A predetermined exposure scenario that can be
used with very high confidence, for most
facilities, to demonstrate compliance with the
radiological criteria for license termination
without further analysis. It generally includes
assumptions about land use or human behaviors
that attempt to err on the side of higher doses.
The screening exposure scenario for residual
radioactivity on building surfaces is the building
occupancy, and the screening exposure
scenario for residual radioactivity in surface soils
is the residential farmer.

Bounding

An exposure scenario with a calculated dose
that bounds the doses from other likely exposure
scenarios. The building occupancy and
residential farmer screening exposure scenarios
would represent bounding exposure scenarios
for most site-specific analyses.

Plausible Exposure Scenarios

Reasonably Foreseeable

Land use exposure scenarios that are likely
within the next 100 years, considering current
area land-use plans and trends. These
exposure scenarios are site-specific.

Other Exposure Scenarios

(Results Used to Inform Decisions)

Less Likely but Plausible

Land use exposure scenarios that are possible,
based on historical uses or trends, but are not
likely within the next 100 years, considering
current area land use plans and trends. These
exposure scenarios are usually site-specific.

2 Any or all of the compliance scenarios can be used to demonstrate compliance with the radiological criteria for
license termination. In general, greater support is needed to demonstrate compliance when using reasonably
foreseeable exposure scenarios that have limited pathways, consumption rates, or occupancy times compared to

the screening scenarios .
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5.2 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 section
should give both licensees and reviewers a high-level understanding of the “big picture” review
of the dose assessment evaluation. Section 5.3 provides additional details regarding the
information that should be submitted with a DP or LTP request, Section 5.4 provides additional
detail regarding the acceptance review performed by NRC staff upon receipt of the request,
Section 5.5 provides details related to the safety evaluation review, Section 5.6 summarizes
review criteria, and Section 5.7 provides a list of additional guidance documents for use in the
preparation of the request by the licensee as well as in the review by NRC staff’s review.

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 expected final source
configuration3. 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 is a uniform layer of residual radioactivity over the site. If the site information shows
significant variability in residual radioactivity concentration, then the licensee may conceptualize
the site as two or more sources of residual radioactivity:

e one or more “hot spot” sources that represent the area(s) of elevated concentration

e a source that represents the larger area of residual radioactivity, which contains residual
radioactivity at a lower concentration compared to the elevated area

After the source configuration has been determined, 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:

e How does the residual radioactivity move through the environment?

o Where can humans be exposed to the environmental concentrations?

3 Source configuration refers to the geometry of the source (e.g., shape, including thickness), as well as the
distribution of residual radioactivity (e.g., homogenous versus nonhomogeneous).

4 The source term characterizes the release rate of radionuclides from the source zone. The source term is a
function of the inventory and the release mechanism (e.g., solubility controlled, desorption, or diffusion).
RESRAD-ONSITE, RESRAD-BUILD, and DandD have built-in release mechanisms and models, while RESRAD-
OFFSITE offers several options to define the “source term.” Section 5.5 contains more information. Note that the
definition of source term in this volume is slightly different than the definition of source term found in the NRC
glossary. The definition found in the online NRC glossary, at https://www.nrc.gov/reading-rm/basic-
ref/glossary/source-term.html, is specific to accidents involving radioactive materials: “types and amounts of
radioactive or hazardous material released to the environment following an accident”.
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e What is/are the likely land use(s) in the future for these areas?

¢ What are the exposure group’s habits that will determine exposure? (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 exposure scenarios in which 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
exposure scenarios; its focus is on the dose to members of the critical group for the compliance
exposure scenario. The critical group is defined (at 10 CFR 20.1003, “Definitions”) as “the
group of individuals reasonably expected to receive the greatest exposure to residual
radioactivity for any applicable set of circumstances.” The compliance exposure scenario is the
exposure scenario that leads to the largest peak dose to the average member of the critical
group from the mixture of radionuclides. It may be based on a bounding exposure scenario, a
screening exposure scenario, another exposure scenario using conservative assumptions about
land uses or behaviors, or a scenario considering reasonably foreseeable future land uses for
the area.

If the licensee bases its compliance exposure scenario on reasonably foreseeable land use
scenarios which are not clearly bounding, the licensee should also identify less likely but
plausible land use scenarios. These are scenarios that could lead to higher doses compared to
the reasonably foreseeable land use scenario used to demonstrate compliance with the LTR
criteria. The evaluation of less likely but plausible exposure scenarios ensures that, if land uses
other than the reasonably foreseeable land use were to occur in the future, unacceptably high
risks would not result.

By combining knowledge about the sources of residual radioactivity and the exposure scenario
questions, the analyst can develop exposure pathways. Exposure pathways are the routes that
residual radioactivity may take in traveling from the source, through the environment, to the
receptor or human. Exposure routes can be fairly simple and direct (e.g., residual radioactivity
in surface soil emits gamma radiation, which results in direct exposure of an individual standing
on the soil), or exposure routes can be fairly complex and indirect (e.g., residual radioactivity in
the surface soil leaches to unsaturated soil layers and is transported to the underlying aquifer
and water from the aquifer is extracted for use as drinking water, which results in exposure to
individuals ingesting groundwater). Exposure pathways typically fall into three principal
categories identified by the manner in which the exposed individual interacts with residual
radioactivity present in environmental media: ingestion, inhalation, and external radiation
exposure.

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 scenario could bound the gardener exposure scenario because the exposure
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pathways and specific parameter values associated with the gardener scenario are bounded by
the considerations for the resident farmer.®

As required by 10 CFR 20.1402, “Radiological criteria for unrestricted use,” expected doses are
evaluated for the average member of the critical group, whose characteristics differ from those
of 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 (e.g., through monitoring, time-studies, distance from
the facility), identifying the specific individual who should receive the highest dose some time
(up to 1,000 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 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 exposure scenario and
could 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. The critical group is a relatively small group of individuals who, due
to their habits, actions, and characteristics, 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 unlikely that any individual would actually receive doses
in excess of those 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.

The definitions in 10 CFR Part 20 should be used when calculating dose to demonstrate
compliance with the requirements of Subpart E. The intake-to-dose conversion factors from
Federal Guidance Report No. 11, “Limiting Values of Radionuclide Intake and Air Concentration
and Dose Conversion Factors for Inhalation, Submersion, and Ingestion,” issued September
1988 (EPA 520/1-88-020) (EPA, 1988b), which are based primarily on adults, should be used
when calculating internal exposures. As stated in EPA’s “Federal Radiation Protection
Guidance for Exposure of the General Public,” dated December 23, 1994, implementing age
and sex dependent limits for the general public would be difficult. Not only would the
uncertainty associated with the impact of age and sex be significant, but the detailed

consideration of age and sex is not generally necessary.

5 The statement that the resident farmer scenario bounds the resident gardener scenario is true with respect to plant
and animal ingestion or consumption rates and pathways; however, it may not be true with respect to the drinking
water or irrigation pathways. For example, higher groundwater pumping rates assumed for the resident farmer
may, in certain models, lead to a decrease in groundwater concentrations extracted from a well, due to greater
dilution from additional clean water being pulled into the well. Therefore, in certain circumstances, the residential
farmer scenario may not bound the residential gardener scenario.
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Since age-based dose conversion factors are not being used, the same dose conversion factors
are applied to all individuals. Only in rare exposure 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 were 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. Therefore, for most multiple pathway exposure 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 exposure scenario, the behavior and dietary habits of children may become important. In
such cases, the licensees should contact the NRC staff for guidance.

By integrating the exposure scenario, source configuration, 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. Abstraction is commonly necessary to translate the concepts of a conceptual
model into mathematical terms. Not only is model abstraction necessary, it can be useful to an
analyst in explaining complex system behavior by reducing the system to its major components,
thereby facilitating communication on the most important components of the system being
simulated.

The extent of the details provided in the conceptual model can impact the extent to which the
features and processes described in the conceptual model can be translated into mathematical
terms. In particular, mathematical modeling of groundwater transport can be challenging for a
variety of reasons. The characteristics and features that introduce challenges include, but are
not limited to, the following:

¢ limited availability of site-specific data to describe important features, events, and
processes for a specific groundwater system

¢ limited availability of site-specific data on the source term
e natural heterogeneity of the site and changes in site characteristics over time

e complex interactions of the hydrologic, geologic, physical, and chemical processes
associated with the system

Model abstraction for hydrogeological systems may require the expertise of a qualified
specialist. In some cases, the geology of an area may initially appear to be very complicated;
however, after analysis, it may be determined that most of the geological detail need not be
abstracted. For example, a bedrock aquifer layer may include smaller faults that could
potentially serve as preferred pathways. If characterization studies indicate that the faults are
filled with low permeable minerals and the intermittent nature of the faults prevents flow from
being slowed or diverted, these faults may not need to be included in the conceptual model(s)
and represented in the mathematical model. If, on the other hand, site characterization shows
that the faults transport water more quickly than the rock matrix, flow through the faults should
be represented in the mathematical model (e.g., the hydraulic conductivity of the matrix could be
increased to represent the impact of small faults).
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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 on precisely predicting 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.

The selection of parameter values (or ranges) for the features, events, and processes of a
specific site depends not only on the site conditions and the exposure scenario(s) 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 sitewide effective soil density value or as complex as converting resuspension factor data into
resuspension rates. The NRC has already factored these issues into the data used in the
screening analyses, but licensees using site-specific information should justify their values.

The conversion of data into parameter values for use in these analyses requires consideration
of uncertainty. In the past, the most common computer codes were deterministic and did not
explicitly consider parameter uncertainty. Although it is not always necessary 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 and understand the most
important factors influencing site-specific parameter values to ensure that there is sufficient
information to support the results of the analysis. It should be noted that the type of uncertainty
of prime interest to the NRC staff is uncertainty in the physical parameters (e.g., default
behavioral and metabolic parameters found in NUREG/CR-5512, Volume 3, can be used with
limited justification). Appendix Q includes additional guidance on considering uncertainty in
dose modeling.

Licensees using probabilistic dose modeling should use the “peak of the mean” dose for
demonstrating compliance with 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. Use of “mean of the peaks” is also acceptable for demonstrating
compliance. If the “mean of the peaks” dose is significantly higher than the “peak of the mean”
dose, then “risk dilution” may be an issue in the probabilistic model. Appendix Q contains more
information on risk dilution. If the licensee intends to use any probabilistic approach to calculate
DCGlLs, it should discuss its planned approach with the NRC staff.

5.3 Information to be Submitted

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 information
should include the licensee’s assessment of the potential doses resulting from the residual
radioactivity remaining at the end of the decommissioning process, as well as a comparison of
the potential doses against radiological criteria for license termination found in 10 CFR Part 20,
Subpart E. Information needed for performing reviews of DPs varies depending on the
decommissioning group. For certain cases, such as screening analyses using default values or
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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. On the other hand, site-specific dose modeling
associated with Decommissioning Groups 4 — 7 may require extensive details regarding the
source term, exposure scenarios, analytical methods, and other details related to the proposed
action.

The 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).

5.3.1 Decommissioning Groups 1 — 3 (Unrestricted Release Using Screening Criteria)

For DPs for sites associated with Decommissioning Groups 1 — 3, the licensee should provide a
description of the exposure scenarios proposed to show compliance with the regulations. The
licensee’s dose modeling for building surfaces or surface soil using the default screening criteria
should include the general conceptual model (for both the radiological contaminants of concern
and the building or outside environment) of the site and a summary of the screening method
used (i.e., running DandD® or using the lookup tables [see Appendix H]).

The information to be submitted is also included as part of the DP Checklist provided in this
NUREG report (see Checklist Section V.a.1. (Building Surface Residual Radioactivity) or V.a.2.
(“Surface Soil Residual Radioactivity”) from Appendix D of Volume 1).

5.3.2 Decommissioning Groups 4 — 5 (Unrestricted Release Using Site-Specific
Information)

In addition to providing information on the exposure scenarios, the licensee should also provide
information on the parameters used in the site-specific analysis. “Site-specific” is used in a
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 from the default values in the DandD
computer code to licensees using exposure scenarios, models, and parameter values that are
only applicable at the licensee’s site. The information submitted should include the following:

e site-specific source term information, including nuclides of interest, configuration of the
source, areal variability of the source, release mechanisms, and so forth

o adescription of the compliance exposure scenario, including a description of the critical
group

e adescription of any other reasonably foreseeable or less likely but plausible exposure
scenarios considered

¢ adescription of the conceptual model for the specific site, including the source term, the
physical features important to modeling the transport pathways, and the critical group

6 Decommissioning codes such as DandD can be obtained from NRC’s RAMP (Radiation Protection Computer
Code Analysis and Maintenance Program).
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¢ identification, description, and justification of the computer code(s) and/or mathematical
model(s) used (e.g., hand calculations, DandD Version 2 (or later version), RESRAD
family of codes)

e a description of the parameters and the basis for the parameter values used in the
analysis

e adiscussion about the effect of uncertainty on the results

input and output files or printouts, if a computer program was used

The 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).

5.3.3 Decommissioning Group 6 (Restricted Release)

The majority of the information needed for Decommissioning Group 6 is the same as what
would be needed for Decommissioning Groups 4 — 5. In addition to the information listed above
for Decommissioning Groups 4 — 5, details related to potential impacts associated with a loss of
institutional controls and an ALARA analyses should be included.

The 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).

5.3.4 Decommissioning Group 7 (Alternate Release Criteria)

The same information provided for restricted release should also be provided for release using
alternate criteria (see Section 5.3.3). Additionally, the licensee should provide information on
the basis for alternative criteria, including an ALARA analysis. The types of information
provided are included in NUREG-1757, Volume 1, Chapter 17.8 and Appendix M, as well as
SECY-03-0069 and Regulatory Issue Summary 2004-08.

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

5.4 Acceptance Review

Upon receipt of a DP, NRC staff should perform a high-level review of the contents of the
submittal in an effort to organize the review and evaluation process. The NRC staff should
organize the review by first looking at the overall scope of the dose modeling provided (possibly
for several decommissioning options or critical groups, or both). This review should determine
which decommissioning group and corresponding review criteria should be used and which
specific dose modeling sections are applicable for the given DP.

One acceptable way to organize this initial review is (1) to identify and confirm the principal
sources of residual radioactivity (before and after remediation) and (2) to identify the
decommissioning goal of the DP. Coupling these two sets of information, the NRC staff should
have a good indication of what sections of the guidance apply. For decommissioning goals
involving unrestricted release, the NRC staff should quickly evaluate the appropriate
decommissioning group to which the licensee belongs (i.e., Decommissioning Groups 1-5).
Sections 5.4 and 5.5 are organized by review step with subheadings in each section organized
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by decommissioning group. Therefore, it is important to determine the appropriate
decommissioning group to effectively use the guidance in this chapter.

The NRC staff should confirm that conditions at the site are consistent with the approach
chosen by the licensee and the decommissioning group’s requirements (e.g., whether the
conditions of the site are consistent with the modeling assumptions inherent in the screening
analysis approach). A screening approach is generally inappropriate for sites exhibiting any of
the following conditions (excluding those caused by sources of background radiation):

e subsurface soil residual radioactivity (screening analyses assume only surface soil
residual radioactivity)

¢ radionuclide residual radioactivity present in an aquifer
e buildings with volumetrically contaminated material
¢ radionuclide concentrations in surface water sediments

o 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 infiltrating
into the ground)

These conditions are inappropriate because they are inconsistent with the conceptual models
used in developing the screening values. In other words, the conceptual model, parameters,
and exposure scenarios used by the DandD computer code to conduct screening analyses and
develop the screening tables presented in Appendix H, are generally incompatible with such
conditions. Situations do exist where licensees may still use the screening analyses even if one
or more of the conditions listed in the bulleted list above is applicable. For example, by
conservatively assuming buried radioactive material is excavated and spread across the
surface, the screening criteria may be applicable for use at the site. However, if exceptions are
made, it is important to understand the underlying assumptions used to develop the screening
values to ensure that the risk is not underestimated (e.g., if screening values are used for buried
residual radioactivity it is important to consider the thickness of residual radioactivity and other
factors to ensure that the use of surface soil screening values based on 15 cm of residual
radioactivity adequately or conservatively represents the risk from the buried residual
radioactivity).

As part of the acceptance review, NRC staff should review the DP to ensure that the licensee or
responsible party has included the necessary information and determine if the level of detail
appears to be adequate for a detailed technical review. This acceptance review should include
a general review of the DP table of contents and the individual sections of the submittal. NRC
staff should also review the dose modeling portion of the DP but does not need to assess the
technical accuracy or completeness of the information contained therein, which should be
determined during the detailed technical review if the DP is accepted for review. The 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 reasonable assurance that the decommissioning option will comply with regulations.

Specific considerations for acceptance reviews vary based on the decommissioning group
associated with the site and the proposed path forward. The following subsections provide
specific details regarding what should be considered based on whether NRC staff will be
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performing a review for a site using screening criteria, a review for sites using site-specific
information and seeking unrestricted release, a review for sites using site-specific information
and seeking restricted release or a review for sites using site-specific information and seeking to
use alternate criteria.

5.4.1 Decommissioning Groups 1 — 3 (Unrestricted Release Using Screening Criteria)

Decommissioning sites included in Decommissioning Groups 1 — 3 can be evaluated using
screening criteria. Decommissioning Group 1 includes sites in which licensed material was
used in a way that precluded the release of radioactivity into the environment and would not be
expected to have contaminated areas above the screening criteria. These sites generally
include licensees that possessed and used sealed sources. These sites do not require a
decommissioning plan and dose modeling is not performed. Decommissioning Groups 2 and 3
include sites where residual radioactive contamination is present on building surfaces and in
soils, and licensees are typically able to demonstrate that their facilities meet the provisions of
10 CFR 20.1402 (“Radiological criteria for unrestricted use”) using a screening approach.
Decommissioning Group 2 sites do not need to submit a DP since specific cleanup activities
and procedures consistent with remediating the facility are already included in their current
license. Decommissioning Group 3 sites require amendments to their license to incorporate
necessary remediation procedures needed to decommission the site. Specific details related to
these groups are included in NUREG-1757, Volume 1.

When evaluating a DP for a site in Decommissioning Groups 1 — 3, NRC staff should review the
DP to ensure that, at a minimum, it contains the information needed to make conclusions
regarding the DP’s compliance with 10 CFR 20.1402. For residual radioactivity on surface soils,
the residential farmer scenario is considered, while for residual radioactivity on building
surfaces, the building occupancy exposure scenario is considered. For screening analyses, the
licensee should provide information for NRC staff to evaluate the appropriateness of use of a
screening approach (e.g., information on the expected source configuration should be provided
to allow staff to evaluate whether screening assumptions related to the source are met). The
staff should also perform a high-level review of the dose modeling portion of the DP without
assessing the technical accuracy and completeness of the information contained therein.
Specific details will be evaluated during the more detailed technical review.

5.4.2 Decommissioning Groups 4 — 5 (Unrestricted Release Using Site-Specific
Information)

Decommissioning Groups 4 — 5 include sites that are being considered for unrestricted release
using site-specific dose analyses. Decommissioning Group 4 includes sites that are not found
to include groundwater contamination while Decommissioning Group 5 sites include
groundwater contamination. Additional details on these decommissioning groups are included
in NUREG-1757, Volume 1.

Considerations when assessing the path forward for decommissioning actions with a goal of
terminating the license under the unrestricted release requirements of 10 CFR 20.1402, include
the primary exposure scenarios for the individuals exposed on the site. Exposure scenarios
should be consistent with reasonably foreseeable land uses over the next decades, or use a
bounding exposure scenario, such as a resident farmer. The residential farmer scenario is
typically a bounding exposure scenario for residual radioactivity in the environment because this
group includes a nearly comprehensive number of exposure pathways (footnote 13 explains
how, in certain cases, a residential gardener scenario may lead to higher doses than a
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residential farmer scenario). In addition to pathways that may be limited by land use
assumptions, site conditions, such as soil type or groundwater quality, may remove potential
exposure pathways from consideration with the appropriate level of justification by the licensee.
In rare instances, an exposure scenario involving offsite use of residual radioactivity may be the
critical exposure scenario (e.g., buried contamination that is transported offsite via surface water
where a critical group with unique exposure pathways or subsistence land use could be
exposed).

When performing an acceptance review on a DP for a site in Decommissioning Groups 4 and 5,
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 to allow the NRC staff to make conclusions
regarding the ability of the licensee to comply with 10 CFR 20.1402. The NRC staff may also
perform a high-level review of the 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.

5.4.3 Decommissioning Group 6 (Restricted Release)

Decommissioning Group 6 sites are considered for restricted release and therefore conclusions
are made regarding the ability of the site to comply with 10 CFR 20.1403 at the time of license
termination based on the information provided in the DP. In addition to the information listed
above for Decommissioning Groups 4 — 5, the DP should consider, at a minimum, two different
sets of exposure scenarios. One set of exposure scenarios should evaluate the dependence on
the proposed institutional controls or restrictions by assuming the institutional controls are
effective. 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
set of exposure scenarios should assume that institutional controls are “no longer in effect” in
accordance with 10 CFR 20.1403(e) (i.e., institutional controls put in place by the licensee have
failed to work properly, or effectively, and that the site will be used without knowledge of the
presence of residual radioactivity). Although various times can be evaluated in sensitivity
analyses, institutional controls should be assumed to be ineffective immediately after license
termination.

Chapter 6 of NUREG-1200, “Standard Review Plan for the Review of a License Application for a
Low-Level Radioactive Waste Disposal Facility,” Revision 3, issued in April 1994, can be used
as a guideline on the development of site-specific acceptance review criteria for restricted
release as applicable (e.g., radioactive release and transport, intruder protection, erosion
protection during the post-closure phase, which may be applicable for restricted release
scenarios involving offsite receptors or use of engineered barriers). Additionally, Appendix J of
this document contains information for use when considering intrusion scenarios for buried
radioactivity.

Similar to the acceptance review for Decommissioning Groups 4 — 5, 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. The NRC staff may also perform a high-level review of the assumptions regarding the

7 The source term characterizes the release rate of radionuclides from the source zone. The source term is a
function of the inventory and the release mechanism (e.g., solubility-controlled, desorption, or diffusion-limited
release). RESRAD-ONSITE, RESRAD-BUILD, and DandD have built-in release models, while RESRAD-
OFFSITE offers several options to define the “source term.” Appendix |, Section 2, provides more information.
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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 analyses and
their uncertainty.

5.4.4 Decommissioning Group 7 (Alternate Release Criteria)

Decommissioning Group 7 sites are evaluated using a licensee’s proposed alternate criteria.
Section 5.4.3 for Decommissioning Group 6 and Chapter 6 of NUREG-1200, “Standard Review
Plan for the Review of a License Application for a Low-Level Radioactive Waste Disposal
Facility,” Revision 3, issued in April 1994, may be used as guidelines on the development of
site-specific acceptance review criteria for alternate decommissioning criteria, as applicable.

When evaluating sites in Decommissioning Group 7 NRC staff should review the dose modeling
information provided in the DP pertaining to the licensee’s proposed alternate criteria. It should
use the findings and conclusions of the review under this section to evaluate the DP’s
compliance with 10 CFR 20.1404, “Alternate Criteria for License Termination.” The 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. The NRC staff may also
perform a high-level review of the 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. The NRC staff
should also review the public health and safety and protection of the environment as the basis
for the alternate criteria.

5.5 Safety Evaluation Criteria and Review

When performing a safety evaluation, NRC staff should review the technical content of 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. The
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 to allow NRC staff to decide whether it has reasonable assurance that the decommissioning
option will comply with license termination regulations in 10 CFR Part 20, Subpart E. A general
outline and template for the development of a safety evaluation report is provided in NUREG-
1757, Volume 1, Appendix G.

Specific considerations for the safety evaluation vary based on the decommissioning group
associated with the site and the proposed path forward. The following subsections provide
specific details regarding what should be considered based on whether NRC staff will be
performing a screening review, a site-specific review resulting in the release of a site for
unrestricted use, a site-specific review resulting in the release of a site for restricted use, or the
release of a site using alternate criteria.

5.5.1 Screening Safety Review Evaluation Criteria

Evaluation considerations will vary depending on whether the submittal uses only default
screening methods and parameters, or if the licensee proposes the use of site-specific
parameter values. When performing a safety evaluation of a licensee’s submittal proposing the
use of a screening criteria NRC staff should determine if the screening criteria were used
correctly by the licensee and whether the calculations provide reasonable assurance that
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potential doses would not exceed dose limits. If site-specific parameters are used, the analysis
is not considered a screening analysis and Sections 5.5.2 through 5.5.4 should be consulted.

When licensees use the default screening methods and parameters inherent in the DandD code
by either running the computer code or using lookup tables (see Appendix H), the NRC staff will
have already reviewed and accepted nearly all areas of the analysis in developing the screening
tool and should only need to review the source concentrations and distribution of residual
radioactivity and the overall applicability of using the screening method with the associated
residual radioactivity.

Specific considerations associated with the evaluation of surface soils and building surfaces,
discussed below, also need to be reviewed. If the licensee did not directly calculate the dose
from residual radioactivity but instead derived, or proposed to use, lookup tables to derive
DCGLs, the licensee should provide the basis or some discussion for their use. In cases where
sufficient support is provided for a proposed approach, NRC staff would only need to review the
information on the configuration of the residual radioactivity and the appropriate screening
criteria section, below. For licensees who plan to use screening criteria, residual radioactivity
should be reasonably represented by a homogeneous source (i.e., the source should not be
overly heterogeneous). In general, there should be no elevated areas of residual radioactivity
(e.g., “hot spots”) above the screening values. DandD is limited in its capability to consider the
sensitivity of dose with respect to the area of residual radioactivity. However, if one or more
elevated areas or “hot spots” of residual radioactivity are expected to be present at the site
following decommissioning, these areas will also need to be considered in demonstrating
compliance with radiological criteria for license termination. Appendix I, Sections 1.2.3 and
1.3.3.3, contain additional guidance on considering elevated areas of residual radioactivity. If
DCGLs are developed for the site, it is possible to consider elevated areas of residual
radioactivity through use of DCGLemcs and address these areas during the FSS. Because it is
more difficult to develop DCGLeucs when screening approaches are used, it is important for the
licensee to engage NRC staff as early as possible on acceptable approaches for deriving these
DCGLs or considering elevated areas.

When reviewing a screening analysis for building surfaces and surface soils NRC staff should
use the following criteria:

e Source Configuration

The NRC staff should confirm that the actual measurements, facility history, and planned
remedial action(s) support the source configuration used in the modeling by reviewing
the portions of the DP on facility history, radiological status, and planned remedial
action(s).

When evaluating building surfaces the NRC reviewer should verify both the areal extent
of residual radioactivity and the depth of penetration of the residual radioactivity into the
building surfaces. The NRC reviewer should also 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.

Similarly, when evaluating surface soils NRC staff should review both the areal extent of

residual radioactivity and the depth of penetration of the residual radioactivity into the
soil. The reviewer should determine if the physical configuration of the residual

5-15



(206 I NN M) N —

~

10
11

12
13
14
15
16
17
18
19

20

21
22
23
24
25
26
27
28

29
30
31
32
33
34
35

36

radioactivity can adequately be assumed to be a layer of surface soil containing residual
radioactivity (i.e., no subsurface radioactivity).

If, during the review, it is determined that the residual radioactivity is not limited to the
building surfaces or the surface soil then use of the default screening criteria is not
warranted without additional justification. The NRC reviewer should reclassify the
licensee as Group 4 and evaluate the modeling using Section 5.5.2.

Residual Radioactivity Spatial Variability

The NRC staff should review the licensee’s information on conditions before and those
projected after the decommissioning alternative is complete. Based on this information,
the NRC should determine whether it is appropriate to assume homogeneity (1) for the
whole facility or (2) for subsections of the facility when evaluating building surfaces.

Similarly, for surface soils, NRC staff should review the licensee’s information to
determine whether it is appropriate to assume homogeneity (1) for the entire affected
area or (2) for major subsections of the site. The 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 representing the source(s). For elevated
areas, the reviewer could use the general concepts related to DCGLemcs and the more
detailed guidance on considering elevated areas of residual radioactivity discussed in
Sections 1.2.3 and 1.3.3.3 of Appendix |.

Conceptual Models

A detailed review of the conceptual model is not necessary as the NRC staff addressed
these topics when it established the default screening methods. However, the reviewer
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 would include those
where the source is not predominantly on building surfaces (i.e., volumetric source) or
use of the building could lead to higher predicted doses compared to the building
occupancy exposure scenario. A list of screening values for beta and gamma emitters
can be found in Appendix H, Table H.1.

In the case of surface soil evaluations, situations that would not allow use of the DandD
code as a screening tool would include those where the source is not predominantly
present in the surface soil, residual radioactivity is 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). Alternatively, additional information could be provided to
support a determination that the results tend to overestimate the dose. A list of
screening values can be found in Appendix H, Table H.2.

Execution of the DandD Computer Code Dose Calculations
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If the licensee has used the DandD computer code to calculate the dose based on either
current concentrations or projected final concentrations, the NRC staff should verify the
following items, as applicable:

0 The residual radioactivity is limited to building surfaces or surface soil.
0 The total dose calculated includes all sources of residual radioactivity.

0 The output reports verify that no parameters (other than source concentrations) were
modified.

0 The licensee has used the 90th percentile (or higher percentile) of the dose
distribution to compare with the dose limit.

o If the appropriate annual peak dose is greater than 0.025 mSv (2.5 mrem), the
removable fraction of the residual radioactivity is 10 percent or less at the time of
license termination, or the removable fraction has been adjusted, as explained in
footnote a in Table H.1. Note: This item only applies to residual radioactivity on
building surfaces.

e DCGLs from the DandD Code or Lookup Tables

The licensee may use either the DandD computer code or the published lookup tables
for building surfaces in Appendix H, Table H.1, or for surface soils in Appendix H, Table
H.2, to establish radionuclide-specific DCGLs equivalent to 0.25 mSv/y (25 mremly). If
the licensee proposes to use radionuclide-specific DCGLs, the NRC staff should verify
that the following conditions are true, as applicable:

(1) The residual radioactivity is limited to building surfaces or surface soil.

(2) If more than one radionuclide is involved, there is reasonable assurance that the sum
of fractions (concentrations divided by DCGLSs) (see Section 2.7) is no greater
than 1.

(3) For building surfaces, if the residual radioactivity is greater than 10 percent of the
respective screening DCGLs (Table H.1 from Appendix H of this volume), the
removable fraction is 10 percent or less at license termination, or the removable
fraction has been adjusted, as explained in footnote a in Table H.1.2 Note: This item
only applies to residual radioactivity on building surfaces.

If the licensee has used the DandD computer code to calculate the radionuclide-specific
DCGLs, the 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.

8 The DandD default scenario assumes that only 10 percent of the building surface residual radioactivity is
removable and available for resuspension. Only at greater than 10 percent of the dose limit does the assumption
become important because, in the extreme case of a 100 percent removable fraction for radionuclides whose dose
is dominated by the inhalation pathway, the result could only be at most 10 times higher which corresponds to the
dose limit of 0.25 mSvly (25 mremly).
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(2) The licensee has used the 90th percentile (or higher percentile) of the dose
distribution to derive the DCGLs.

¢ Compliance with Regulatory Criteria

The licensee’s projections of compliance with regulatory criteria are acceptable provided
that the NRC staff has reasonable assurance that at least one of the following is true:

(1) 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.

(2) The planned DCGLs are equal to or less than those provided by the screening
criteria, and the licensee has committed to ensuring the sum of fractions is no
greater than 1, if applicable.

5.5.2 Evaluation Criteria for Decommissioning Groups 4 — 5 (Unrestricted Release
Using Site-Specific Information)

The NRC staff should determine the acceptability of the licensee’s projections of radiological
impacts from residual radioactivity on the average member of the critical group during the
compliance period. 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 configuration,
applicable transport pathways) and possible doses to the average member of the critical group.

The NRC staff should review the following information, as necessary, for each dose assessment
of residual radioactivity that the licensee has submitted for the various decommissioning
options.

e Source Configuration and Release

The NRC staff should review the licensee’s dose modeling source term assumptions and
compare them with the current site information and planned remedial activities. The
model should be an appropriate abstraction (or simplification) of this information. Four
key areas of review for the source term assumptions are (1) source configuration,

(2) residual radioactivity spatial variability, (3) release mechanisms, and (4) chemical
form(s). Section I.2 from Appendix | of this volume provides additional guidance.

(1) Source Configuration

The NRC staff should confirm that the actual measurements, facility history, and
planned remedial action(s) support the source 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 review should include both the areal
extent of residual radioactivity and the depth (for soil or buildings) or volume (for
groundwater or buried material) of the residual radioactivity. The NRC reviewer
should also determine if the information provided supports the configuration
assumptions used in the exposure scenario(s) as well as the computer and
mathematical model(s) (e.g., a thin layer of residual radioactivity on the building
surfaces).
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(2) Residual Radioactivity Spatial Variability

The NRC staff should review the licensee’s residual radioactivity concentration
values 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, the NRC staff
should determine whether it is reasonable to assume homogeneity for each source
for either (1) the whole site or (2) specific subsections of the site. The 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 dose model.
For elevated areas, the reviewer could use the general concepts related to
DCGLemcs and more detailed guidance on considering the elevated areas of residual
radioactivity discussed in Sections 1.2.3 and 1.3.3.3 from Appendix | of this volume.

If the licensee used dose modeling to develop DCGLs instead of estimating final
concentrations and if spatial variability is a concern, then the licensee should develop
DCGLemcs and provide this information in the DP or FSS. The NRC staff should
verify that spatial variability is adequately considered in DCGL development and
cleanup criteria are compatible with the assumptions made for dose modeling.

(3) Release Mechanisms

The NRC staff should review the licensee’s assumptions on mechanisms controlling
release of radioactivity from the source. Commonly used decommissioning dose
modeling codes such as DandD and the RESRAD family of codes contain built-in
release models. RESRAD-OFFSITE offers additional source release models that
are not available in DandD and RESRAD-ONSITE. For additional information, see
Section |.2.

(4) Chemical Form

The NRC staff should review the licensee’s assumptions about the adequacy of the
chemical form of the residual radioactivity and 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, 1988b)). The licensee should provide an acceptable rationale for
other assumptions. Some acceptable rationales for using other chemical forms are
(1) chemical forms that would degrade quickly in the environment (e.g., uranium
hexafluoride (UFs)) or (2) the unavailability of an element or conditions to realistically
form that molecule (e.g., strontium titanate or high-fired uranium dioxide (UO5)?).

o Critical Groups, Exposure Scenarios, Pathways, Identification, and Selection

In its review, the NRC staff should confirm that the licensee has identified and quantified
the most significant exposure scenarios based on available site- or facility-specific
information, as well as the basis and justification for the licensee’s selected critical
group. For exposure scenarios in which possible environmental pathways have been

o Strontium titanate and high-fired UO: are relatively insoluble and, therefore, these chemical forms would be
expected to be retained in the pulmonary region for longer periods of time, delivering a greater dose to the lung
compared to other chemical forms. However, high-fired uranium dioxide is only expected to be created under
extremely high temperatures, above 800 degrees Celsius (C), and strontium titanate is considered to be artificially
created, although strontium titanate has been found naturally in remote areas of the world.
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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 that describe how the residual radioactivity would incur
dose in humans. The licensee should provide justification for the exposure
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. The licensee
should also justify its selection of a compliance exposure scenario from the possible
exposure scenarios derived from the current and projected land uses. The
compliance exposure scenario should result in the greatest exposure to the average
member of the critical group for all exposure scenarios given the mixture of
radionuclides. A licensee may choose to make a bounding assumption for land use
to derive the exposure scenario (e.g., assuming a rural land use for an urban
location) or base the exposure scenario on the reasonably foreseeable land use that
results in the highest dose. The other, less likely but plausible exposure scenarios
are considered to better risk inform the decision.

If the compliance exposure scenario is based on the reasonably foreseeable land
use, the licensee should justify the exposure scenario based on discussions with
land planners, meetings with local stakeholders, trending analyses of land use for the
region, or comparisons with land use in similar alternative locations. The time period
of interest for possible land use changes is 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 1,000-year time period specified in the LTR.
The licensee should also identify what land uses are less likely but plausible and
evaluate exposure scenarios consistent with these less likely but plausible land uses.
If use of reasonably foreseeable land use exposure scenarios results in eliminating a
significant number of exposure pathways, the licensee may need to evaluate offsite
exposure scenarios to ensure they do not result in greater exposures, when
demonstrating compliance with the radiological criteria for license termination.

The licensee should provide a quantitative analysis or a qualitative argument
discounting the need to analyze all exposure scenarios generated from the
reasonably foreseeable land uses. The level of detail can vary between exposure
scenarios, and the licensee is expected to use simple analyses to limit the number of
detailed exposure scenarios. The licensee may use screening or generic analyses
to assist in determining the critical exposure scenario for compliance. With a mixture
of radionuclides, more than one compliance exposure scenario may be needed. The
peak dose from the exposure scenario(s) with the highest dose should be used to
demonstrate compliance.

Similarly, the licensee may provide either a quantitative analysis or a qualitative
argument discounting the need to analyze all exposure scenarios considering less
likely but plausible land uses. The staff will use the results of these analyses to
evaluate the degree of sensitivity of dose to overall exposure scenario assumptions
(and the associated parameter assumptions). The reviewer will consider both the
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magnitude and time of the peak dose from these exposure scenarios. If peak doses
from the less likely but plausible land use exposure scenarios are significantly above
the dose standard, the licensee would need to provide greater assurance that the
exposure scenario is less likely to occur, especially during the period of unacceptably
high dose.

The screening exposure 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 exposure scenarios (i.e., the
licensee changes parameter values or mathematical method but does not change
the general exposure scenario) are acceptable if the exposure scenario is
appropriate for the situation. In DPs where the licensee eliminates certain pathways,
with justification, but still maintains the same general exposure scenario category,
the NRC staff should find the exposure scenario identification to be acceptable. For
example, a licensee may eliminate the use of groundwater because the near surface
aquifer has total dissolved solids of 30,000 milligrams per liter (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 exposure
scenario of a residential farmer is maintained.

Critical Group Determination

In general, critical groups exposed to multiple exposure pathways result in higher
doses than groups that have more limited interaction with residual radioactivity.
NUREG-1549 and the NUREG/CR-5512 series detail the critical group assumptions
for the screening exposure scenarios. In DPs where the licensee has used the
screening exposure scenarios, the reviewer should verify that the proposed critical
group satisfies the assumptions 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, as well as for the
critical exposure scenario for less likely but plausible exposure 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 exposure
scenarios and critical groups without modification. If the licensee has chosen to
modify the screening exposure 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 exposure scenario. The
exposure pathways should therefore be consistent with the land use assumptions,
exposure group behavior, and physical site conditions.

For example, acceptable justifications for removing the groundwater pathway include
the following: (1) the near surface groundwater is neither potable nor allowed to be
used for irrigation, (2) the aquifer volume is insufficient to provide the necessary
yields, and (3) there are current (and informed consideration of future) land use
patterns that would support elimination of the groundwater pathway (e.g., only short-
lived radionuclides are present at the site, which is currently located in an industrial
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section of an urban area with restrictions on groundwater 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 but not a viable source of drinking water, the licensee
can eliminate (i.e., does not need to consider) the drinking water pathway (and the
fish pathway—depending on the exposure scenario). The licensee would still
maintain the irrigation and meat and 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 exposure
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 would not be large enough to allow one to grow grain or
raise animals for meat or milk.

Conceptual Models

The NRC staff should review the adequacy of the conceptual model(s) used by the
licensee.

The conceptual model should qualitatively describe the following:

o the relative location and activities of the critical group
o both the hydrologic and environmental transport processes important at the site

o the dimensions, location, and spatial variability of the source represented in the
model

o the major assumptions made by the licensee in developing the conceptual model

The NRC reviewer should verify that the licensee adequately addressed the site
conditions in the conceptual model and simplifying assumptions. Section |.4 has
additional guidance on these subjects.

Calculations and Input Parameters
In its review, the NRC staff will confirm that the licensee has used a mathematical model

that is an adequate representation of the proposed conceptual model and the exposure
scenario. Section 1.5 contains additional guidance on this subject.

(1) Execution of DandD Computer Code

If the licensee uses the DandD computer code in its analysis, the NRC staff should
verify the following points:

0 The residual radioactivity is limited to the surface (either building or near surface
soil, as appropriate).

0 The total dose calculated includes all sources of residual radioactivity.

0 The site conceptual model is adequately represented by DandD’s inherent
conceptual model.
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0 For residual radioactivity present on building surfaces, the licensee has modified

the resuspension factor, as necessary, to account for the removable fraction
expected to be present at the time of decommissioning. The default removable
fraction assumed in DandD is 10 percent. If the removable fraction is expected
to be greater than 10 percent, the licensee should account for higher removable
fractions that might increase the resuspension factor.'® If site conditions are
consistent with assumptions in NUREG-1720, “Re-evaluation of the Indoor
Resuspension Factor for the Screening Analysis of the Building Occupancy
Scenario for NRC’s License Termination Rule,” with respect to activities and
exposure scenarios, ventilation conditions, and low removable fractions at the
time of decommissioning, the NUREG-1720 recommended resuspension factor
value or parameter distribution may be used with minimal justification.

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 groundwater pathways, the
licensee should set the drinking water rate, irrigation rate, and pond volume
parameter values to zero.

The licensee has provided adequate support for site-specific parameter values or
ranges, has not defaulted to default values, and has appropriately considered
parameter correlations.

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, it has
used the “peak of the mean” or “mean of the peaks” dose to calculate the dose or
derive the DCGLs.

(2) Other Mathematical Methods

If the licensee uses other mathematical methods or codes, the NRC reviewer should
verify the following:

o0 The mathematical conceptual model is compatible with the site’s conceptual

model (e.g., RESRAD-ONSITE 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
licensee should base the changes on acceptable changes in the critical group
and use the mean value (or full range) of the behavior.

If the inhalation dose can be significant (e.g., due to the presence of
alpha-emitting radionuclides such as uranium or thorium), the NRC staff should
review the resuspension factor or rate and the assumptions about the degree of
removable residual radioactivity.

10 The default removable fraction is multiplied by the loose resuspension factor in DandD to derive the resuspension
factor. Either the removable fraction or the resuspension factor can be adjusted to account for removable fractions
greater than the default value of 10 percent.
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0 Ifthe licensee is performing a probabilistic analysis, it has used the “peak of the
mean” or “mean of the peaks” dose to either calculate the dose or derive the
DCGLs.

Uncertainty Analysis

The 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. Reviewers should expect
that the degree of uncertainty analysis 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. Section |.7 of Appendix | and Appendix Q contain
additional guidance on these subjects.

If the licensee evaluated exposure scenarios based on reasonably foreseeable land
uses, it should provide either a quantitative analysis of or a qualitative argument
discounting the need to analyze all exposure scenarios generated from the less likely but
plausible land uses. The staff will use the results of these analyses to evaluate the
degree of sensitivity of the dose to overall exposure scenario assumptions (and the
associated parameter assumptions). The reviewer will consider both the magnitude and
time of the peak dose from these exposure scenarios. If peak doses from the less likely
but plausible land use exposure scenarios are significantly above the dose standards,
the licensee would need to provide greater assurance that the exposure scenarios are
unlikely to occur, especially during the period of unacceptably high dose.

Compliance with Regulatory Criteria

The licensee’s projections of compliance with regulatory criteria are acceptable, provided
that the NRC staff has reasonable assurance of the following:

(1) The licensee has adequately characterized the source and applied a technically
defensible source term.

(2) The licensee has analyzed the appropriate exposure scenario(s) and found that the
exposure group(s) adequately represents a critical group.

(3) The mathematical method and parameters used are appropriate for the exposure
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 DCGLy.

(5) For probabilistic analyses, the “peak of the mean” or “mean of the peaks” 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
DCGLw.

(6) Either one of the following:

0 The licensee has committed to using a specific exposure scenario, model, and
set of parameters with the final survey results to show final compliance with the
dose limit.
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0 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.

5.5.3 Safety Evaluation Criteria for Decommissioning Group 6 (Restricted Release)

As discussed previously, sites in Decommissioning Group 6 are being considered for restricted
release using site-specific dose analyses. Specific details describing the types of sites that can
be considered for Decommissioning Group 6 are included in NUREG-1757, Volume 1.

The majority of the criteria used by the NRC staff to assess the acceptability of a site for
restricted release are the same as criteria used for approving Decommissioning Groups 4 — 5.
This includes specific areas of consideration, including the source configuration, release
mechanisms, and chemical form of the waste. Similarly, likely exposure scenarios and
corresponding exposure pathways as well as the modeling approach and possible uncertainty
issues are also evaluated. Specific differences that need to be considered when assessing
whether the DP is in compliance with 10 CFR 20.1403 include the following:

o When assessing whether the licensee has identified and quantified the most significant
exposure scenarios based on available site- and facility-specific information, dose
considerations will need to be made for a minimum of two sets of exposure scenarios.
One set of exposure scenarios addresses the situation when institutional controls are in
place and working properly. The other set of exposure scenarios addresses the possible
doses that may occur if institutional controls are assumed to no longer be in effect. For
purposes of the evaluation, the licensee should assume the institutional controls fail at
time = 0 years. The NRC staff should review the basis and justification for the licensee’s
selected critical group for each exposure scenario. Section 1.3 of Appendix | and
Appendix M contain additional guidance on these specific areas.

e As discussed in the previous section for Decommissioning Groups 4 — 5, evaluations of
the compliance exposure scenarios proposed by the licensee includes consideration of
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 that describe how the residual radioactivity
would incur dose in humans. When considering restricted releases associated with
Decommissioning Group 6, potential limitations for the use of a specific compliance
exposure scenario should also consider limitations based on the established institutional
controls associated with restricted release. This is to ensure that if land uses other than
the reasonably foreseeable land use was to occur in the future, significant exposures
would not result.

o When establishing exposure scenarios, the licensee may use proposed restrictions as a
basis for eliminating or changing specific exposure pathways. For example, for
Decommissioning Groups 4 — 5, acceptable justifications for removing the groundwater
pathway include the following: (1) the near surface groundwater is neither potable nor
allowed to be used for irrigation, (2) the aquifer volume is insufficient to provide the
necessary yields, and (3) there are current (and informed consideration of future) land
use patterns that would support elimination of the groundwater pathway. For
Decommissioning Group 6, specific site restrictions precluding groundwater use (e.g.,
permits, regulations, etc.) could also be justification for the removal of the groundwater
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pathway from consideration. However, it is important to note that in the case that
institutional controls are assumed to no longer be in effect, it may be necessary to
evaluate the exposure scenarios and pathways eliminated for the case when institutional
controls are assumed to be effective.

5.5.4 Safety Evaluation Criteria — Decommissioning Group 7 (Alternate Release Criteria)

Decommissioning Group 7 sites are evaluated using alternate criteria proposed by the licensee.
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) for baseline conditions with restrictions in place. However, for
restricted release sites and specifically for the case where institutional controls are assumed to
no longer be in effect, the dose may not exceed the values in 10 CFR 20.1403(e). Furthermore,
the other provisions of 10 CFR 20.1403 must also be met.

The material to be reviewed by NRC staff should ensure that the licensee used defensible
assumptions and models to establish and demonstrate compliance with the proposed alternate
criteria. The staff should also verify that the licensee provided (1) enough information to allow
an independent evaluation of the assessment resulting from the residual radioactivity after
license termination and (2) reasonable assurance that the proposed decommissioning option
complies with regulations. Each evaluation should be performed on a case-by-case basis.

5.6 Summary Review Criteria

A summary of the review criteria listed in this chapter is provided in Table 5.2 and Table 5.3.
Table 5.2 provides information on review criteria for residual radioactivity found in soils. Table
5.3 provides information on review criteria for residual radioactivity associated with buildings.
Both Tables 5.2 and 5.3 provide information for screening (column 1) versus site-specific
reviews (column 2); and unrestricted (top) versus restricted (bottom) release scenarios. Staff
should review the information provided by the licensee to ensure an adequate basis is provided
to support the modeling assumptions and parameters selected commensurate with their risk-
significance as determined through sensitivity and uncertainty analysis. Data of sufficient
quality should be collected to ensure the technical defensibility of the modeling results and
DCGLs. The DQO process should be used to guide data collection and analysis. Staff should
review the DQOs, including QA/QC requirements, to ensure DQOs are met during the DCGL
development and the FSS used to demonstrate compliance with release criteria.
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Table 5.2

Dose Modeling Review Criteria for Residual Radioactivity in Soils

Screening (Soils)

| Site-Specific (Soils)

Unrestricted Release

Review source assumptions

e Nuclide(s) of interest

e Only surface soil residual radioactivity is
present (residual radioactivity is present in
approximately the top 30 cm of soil)

e Extent of heterogeneity of residual
radioactivity (i.e., survey units should be
relatively homogeneous)

¢ Method of determining average
concentration

Review modeling assumptions related to the

source term

¢ Nuclide(s) of interest

e Area of residual radioactivity

e Thickness of residual radioactivity

o Extent of heterogeneity of residual
radioactivity

e Method of determining average
concentration

e Treatment of elevated areas (and
development of DCGLewmcs), as appropriate

e Chemical form of the radionuclide (to
ensure dose conversion factors do not
underestimate dose; bounding values could
be used if information on chemical form is
lacking)

Review exposure scenario assumptions

e Evaluate whether default critical group
(resident farmer) is appropriate for the site
and whether there are any other critical
groups which could incur higher doses.

Review exposure scenario assumptions

o Assess whether the exposure scenario(s)
and critical group(s) used to demonstrate
compliance are appropriate for the site.

o Assess whether reasonably foreseeable
exposure scenarios are considered based
on land use and other data, as well as
stakeholder input.

o Assess the adequacy of information
provided to support elimination of or
reduction in dose associated with various
pathways of exposure.

o Ensure that less likely but plausible
scenarios are identified and considered, as
appropriate.

o If subsurface residual radioactivity is
present, whether DCGLs are derived for
multiple layers and whether excavation
scenarios which would bring the material to
the surface are considered.

Review conceptual site model assumptions
o Check to make sure site conditions are
consistent with the built-in conceptual
model in the DandD screening code (see
Appendix I, Table 1.5)
0 groundwater initially free of residual
radioactivity
o surface water sediments initially free of
residual radioactivity

Review conceptual site model assumptions

o Check to make sure site conditions are
consistent with the built-in conceptual
model in RESRAD (see Appendix I, Tables
1.6 and 1.7)

e Evaluate the relative location and activities
of the critical group.

e Evaluate the distribution of residual
radioactivity in the environment (is residual
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Table 5.2

Dose Modeling Review Criteria for Residual Radioactivity in Soils (cont.)

o infiltration rate is greater than the
vertical saturated hydraulic conductivity

radioactivity initially present in the
subsurface or in groundwater?)

Evaluate the hydrogeological conceptual
model developed for the site (e.g., depth to
groundwater, subsurface layers or
materials, aquifer thickness).

Evaluate important environmental transport
processes.

Review screening method

Evaluate whether screening or look-up
values (see Appendix H) are being used.

If screening values are being used and
multiple radionuclides are present, check to
make sure that the sum of fractions value
(concentrations divided by screening
values) is not greater than 1.

The final concentration should result in a
peak annual dose of less than 0.25 mSv
(25 mrem/)

Review mathematical models

Evaluate the mathematical models used to
assess dose (guidance in this volume
focuses on use of DandD and probabilistic
RESRAD, which were sponsored by the
NRC for use in decommissioning) and
compatibility with the site conceptual model.
If custom models or non-traditional codes
are used, evaluate whether the
mathematical models are appropriate and
compatible with the conceptual site model
and have proper QA/QC (see Appendix |,
Section 1.5).

Review Parameter Assumptions

Ensure that the default parameters
developed for DandD (see NUREG/CR-
5512, Volume 3) are used.

The only parameters that require user input
are the list of radionuclides and their
associated concentrations.

Review Parameter Assumptions

Review appropriateness of physical
parameters developed for the site
(licensees may use DandD default
behavioral and metabolic parameters)

If changes are made to DandD default
behavioral and metabolic parameters,
ensure that the changes are well supported
for the exposure scenario and average
member of the critical group.

Evaluate whether sensitivity and/or
uncertainty analysis are performed to
identify the most risk-significant parameters
affecting dose.

Ensure that an adequate level of support is
provided for the most risk-significant
parameters.

Consideration of Uncertainty

If modeling is performed to develop
screening values, ensure that DandD and
the 90t percentile of the dose distribution is
used.

Consideration of Uncertainty

Evaluate parameter ranges to ensure that
parameter uncertainty is appropriately
considered in the dose modeling. Default
parameter distributions are available in
RESRAD and can be used to assist with
performance of probabilistic sensitivity
analysis.

If a deterministic analysis is used, ensure
that the values selected for risk-significant
parameters are sufficiently conservative.
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Table 5.2 Dose Modeling Review Criteria for Residual Radioactivity in Soils (cont.)

e If a probabilistic approach is used, ensure
that the parameter ranges are adequately
supported particularly for risk-significant
parameters and that overly broad
distributions do not lead to risk dilution for
parameters that primarily affect the timing
of peak dose.

e Evaluate the dose metric used (peak of the
mean or mean of the peak)

¢ The final concentrations should result in a
peak annual dose of less than 0.25 mSv
(25 mrem/)

Restricted Release

Not applicable

All of the above review criteria apply for
restricted release. Additional review criteria are
listed below.

Evaluate two sets of exposure scenarios for the

case when

¢ Institutional controls are in effect

¢ Institutional controls are no longer in effect
(at time=0 years)

Evaluate whether the licensee has
appropriately considered off-site receptors and
identified the critical group in the case where
restrictions are in place.

In the case of loss of institutional controls,
evaluate whether the licensee considers
degradation of engineered barriers and only the
passive performance of the barriers assuming
no active maintenance.

Evaluate the use of dose modeling information
to support ALARA evaluations.
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1 Figure 5.3 Dose Modeling Review Criteria for Residual Radioactivity in Buildings

Screening (Building)

| Site-Specific (Building)

Unrestricted Release

Review source assumptions
Residual radioactivity is present on building

surfaces (no volumetrically contaminated
building materials)

Extent of heterogeneity of residual
radioactivity

Method of determining average
concentration

Review source assumptions

Nuclide(s) of interest

Area of residual radioactivity
Thickness of residual radioactivity (thin
surface or volumetric building
contamination)

Extent of heterogeneity of residual
radioactivity

Method of determining average
concentration

Treatment of elevated areas (and
development of DCGLgwmcs), as
appropriate

Chemical form of the radionuclide (to
ensure dose conversion factors do not
underestimate dose; bounding values
could be used if information on chemical
form is lacking)

Review exposure scenario assumptions

Evaluate whether default critical group

(building occupancy) is appropriate for the

site and whether there any other critical
groups which could incur higher doses.

Review exposure scenario assumptions

Assess whether the exposure
scenario(s) and critical group(s) used to
demonstrate compliance are appropriate
for site conditions.

If volumetric contamination is present, an
evaluation of whether the building
renovation scenario is more limiting and
should be considered.

Review conceptual site model assumptions

Check to make sure site conditions are

consistent with the conceptual model built-

in the DandD screening code

0 only building surface residual
radioactivity is present and

0 loose contamination is 10 percent or

less or the removable fraction has been

adjusted

Review conceptual site model assumptions

Evaluate the relative location and
activities of the critical group.

Evaluate the distribution of residual
radioactivity in the building (surface
versus volumetric; floors, walls, ceiling,
equipment, piping, or sewer lines).
Evaluate representation of the building in
the model (geometry and building
ventilation of rooms, building materials).

Review mathematical models and screening
method

Evaluate whether screening or look-up
values (see Appendix H) are being used.
If screening values are being used and

multiple radionuclides are present, check to

make sure that the sum of fractions
(concentrations divided by screening
values) is no greater than 1.

Review mathematical models

Evaluate the mathematical models used
to assess dose (guidance in this volume
focuses on use of DandD and RESRAD-
BUILD, which were sponsored by the
NRC for use in decommissioning) and
compatibility with the site conceptual
model.
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Figure 5.3 Dose Modeling Review Criteria for Residual Radioactivity in Buildings (cont.)

If modeling is performed to develop
screening values, ensure that DandD is
used.

If custom models or non-traditional
codes are used, evaluate whether the
mathematical models are appropriate
and compatible with the conceptual site
model and have proper QA/QC (see
Appendix |, Section 1.5).

Review Parameter Assumptions

Ensure that the default parameters
developed for DandD (see NUREG/CR-
5512, Volume 3) are used.

The only parameters that require user input
are the list of radionuclides and their
associated concentrations.

Review Parameter Assumptions

Review appropriateness of parameters
developed for the site (licensees may
use DandD default behavioral and
metabolic parameters).

Evaluate whether sensitivity and/or
uncertainty analysis are performed to
identify the most risk-significant
parameters affecting dose.

Ensure that an adequate level of support
is provided for the most risk-significant
parameters.

Consideration of Uncertainty

If modeling is performed to develop
screening values, ensure that DandD and
the 90t percentile of the dose distribution is
used.

Consideration of Uncertainty

Evaluate parameter ranges to ensure
that parameter uncertainty is
appropriately considered in the dose
modeling. Default parameter
distributions are available in RESRAD
BUILD and can be used to assist with
performance of probabilistic sensitivity
analysis.

If a deterministic analysis is used, ensure
that the values selected for risk-
significant parameters are sufficiently
conservative.

If a probabilistic approach is used,
ensure that the parameter ranges are
adequately supported.

Evaluate the dose metric used (peak of
the mean or mean of the peak)

Restricted

Release

Not applicable

All of the above review criteria apply for
restricted release. Additional review criteria
are listed below.

Evaluate two sets of exposure scenarios for
the case when

Institutional controls are in effect
Institutional controls are no longer in

effect (at time=0 years)
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5.7

Additional Requlatory Guidance

In addition to the information provided above, there are numerous other references that the
licensee or the NRC reviewer can refer to when developing and reviewing the dose modeling
portions of DPs. Some of these references are listed below.

5.71

5.7.3

Regulatory Guidance Related to Decommissioning Groups 1 — 3 (Unrestricted
Release Using Screening Criteria)

Appendix H to this NUREG report

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

Regulatory Guidance Related to Decommissioning Groups 4 — 5 (Unrestricted
Release Using Site-Specific Information)

Appendix | to this NUREG report

NUREG-1549, “Decision Methods for Dose Assessment to Comply with Radiological
Criteria for License Termination”

NUREG/CR-5512, Volume 1, “Residual Radioactive Contamination from
Decommissioning: Technical Basis for Translating Contamination Levels to Annual
Total Effective Dose Equivalent”

NUREG/CR-5512, Volume 2, “Residual Radioactive Contamination from
Decommissioning: User’s Manual, DandD Version 2.1”

Draft NUREG/CR-5512, Volume 3, “Residual Radioactive Contamination from
Decommissioning: Parameter Analysis”

EPA, Federal Guidance Report Number 11, “Limiting Values of Radionuclide Intake and
Air Concentration and Dose Conversion Factors for Inhalation, Submersion, and
Ingestion,” September 1988

EPA, Federal Guidance Report Number 12, “External Exposure to Radionuclides in Air,
Water, and Soil,” September 1993

Regulatory Guidance Related to Decommissioning Group 6 (Restricted Release)

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”

Draft NUREG-2175, “Guidance for Conducting Technical Analyses for 10 CFR Part 61”
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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
Section 6.3.

6.1 Safety Evaluation Review Procedures

6.1.1 Areas of Review

The 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 ALARA. Information submitted should include (1) a cost-benefit analysis
(or qualitative arguments) demonstrating that the applicable ALARA requirement(s) for the
licensee’s preferred decommissioning option will be met and (2) a description of the licensee’s
preferred method for showing compliance with the ALARA requirement at the time of
decommissioning. If the licensee proposes to use engineered barriers or intentional mixing to
meet the LTR criteria for unrestricted use, it should complete an appropriate ALARA analysis,
as described in Section 3.5 of this volume (for engineered barriers) or Section 15.13 of

Volume 1 (for intentional mixing). Additionally, an ALARA evaluation for restricted use should
follow guidance described in Appendix N of this NUREG-1757, Volume 2. The licensee should
also follow the guidance in Appendix N of this volume when evaluating the eligibility tests for
restricted use (10 CFR 20.1403(a), ALARA test, or test of net public or environmental harm) and
use of a higher dose limit for restricted use with institutional controls not in place

(10 CFR 20.1403(e)(2)(i), test for prohibitively expensive, or test for net public or environmental
harm).

6.1.2 Review Procedures
6.1.2.1 Acceptance Review

The NRC staff should review the DP to ensure that, at a minimum, it contains the information
summarized under the above “Areas of Review.” The NRC staff should review the ALARA
portion of the DP without assessing the technical accuracy or completeness of the information
contained therein, which it should determine during the detailed technical review. The NRC
staff should review the DP table of contents and the individual descriptions under “Areas of
Review” (1) to ensure that the licensee or responsible party has included this information in the
DP and (2) determine if the level of detail of the information appears to be adequate for a
detailed technical review.

6.1.2.2 Safety Evaluation

The material supporting the ALARA portion of the DP to be reviewed is technical in nature and
specific detailed technical analysis may be necessary. The NRC staff should evaluate the
licensee’s dose estimates for various alternatives using the appropriate guidance in Chapter 5
of this volume and should evaluate the licensee’s cost estimates using the guidance in
Section 4.1 from NUREG-1757, Volume 3.
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6.2 Acceptance Criteria

6.2.1 Regulatory Requirements

10 CFR 20.1101(b), 20.1402, 20.1403(a), 20.1403(b), 20.1403(e), and 20.1404(a)(3)
6.2.2 Regulatory Guidance

Appendix N of Volume 2 of this NUREG report
6.2.3 Information to be Submitted
The information supplied by the licensee should be sufficient to allow the NRC staff to fully
understand the basis for the licensee’s conclusion that projected dose or residual radioactivity
concentrations and quantity (hereafter, the decommissioning goal) are ALARA. The
decommissioning goal should be established at the point where the incremental benefits equal
the incremental costs. The NRC staff review should verify that the following information is

included in the description of the development of the decommissioning goal:

e adescription of how the licensee will achieve a decommissioning goal that meets the
dose limit and ALARA requirement

e a quantitative cost-benefit analysis
e adescription of how costs were estimated
¢ ademonstration that the doses to the average member of the critical group are ALARA

The 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

6.3.1 Evaluation of Good Practice Efforts

For ALARA during decommissioning, all licensees should use typical good practice, such as
floor and wall washing, removal of readily removable radioactivity in buildings or in soil areas,
and other good housekeeping practices. In addition, the FSSR should describe how the
licensee employed these practices to achieve the final activity levels.

6.3.2 Evaluation of Cost-Benefit ALARA Analyses

The NRC staff review should verify that the qualitative descriptions provide reasonable
assurance that the activities and decommissioning goal should result in doses to the average
member of the critical group that are ALARA. For those situations in which a licensee prepares
cost-benefit analyses, the NRC staff should ensure that the analyses are developed using the
methodology described in Appendix N and are applied as described in the following text.
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6.3.3 When Cost-Benefit Analyses are Unnecessary

In the following circumstances, the results of an ALARA analysis are known on a generic basis
and the NRC staff considers that an analysis is not necessary (see Appendix N of this volume
for more details):

e unrestricted use where excavated soil would be shipped to a LLW disposal facility for
disposal

e soil removal at a site to meet the unrestricted use dose criteria of 25 mrem/y

¢ remediation of building surfaces or surface soil to the NRC default screening levels (see
Appendix H for information about the screening levels)

¢ that no residual radioactivity distinguishable from background will remain at the site at
termination

¢ that loose residual radioactivity on building surfaces has been or will be removed
6.3.4 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. The licensee can make a qualitative analysis of the benéefits,
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,
the NRC staff should ensure that the licensee has calculated the benefits correctly by using the
correct population density, area, and averted dose. This may require a technical analysis of the
dose modeling, and the reviewer should use Chapter 5 for these cases. If the licensee has
used discounting, the NRC staff should ensure that the proper rates were used. The licensee is
not required to discount because the discount reduces the benefits of averting dose in later time
periods.

One acceptable method of compliance with 10 CFR 20.1403(a) 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, such as site control and maintenance costs, as well as an estimate of the
additional regulatory costs associated with termination of a restricted site (e.g., development of
an environmental impact statement, public meetings). Appendix N of this volume contains more
details on compliance with ALARA requirements for restricted use.

The 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
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governmental assessors (e.g., county, State) or real estate agents familiar with the local area
and the issues involved.

6.3.5 Calculation of Costs

The 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, the 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):

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.

e The cost estimate does take credit for (1) any salvage value that might be realized from
the sale of potential assets during or after decommissioning or (2) any tax reduction that
might result from paying decommissioning costs or site control and maintenance costs.

¢ 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 alternative options may be negative (i.e., the alternative may cost
less than the preferred option).

6.3.6 Compliance Methods at the Time of Decommissioning

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 advantages and disadvantages. The
licensee establishes the compliance method, with the staff reviewing the applicability, given the
site-specific information.

6.3.6.1 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 that 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.

6.3.6.2 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:
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e The preferred option, based on valid assumptions, would result in reducing residual
activity to ALARA levels, as described above.

e The licensee has established decommissioning guidelines (either dose or
concentrations) based on the DP’s analysis.

e The licensee has a documented method to review the effectiveness of the remediation
activities. This method should include all of the following:

0 an ALARA committee or radiation safety officer for small licensees, similar to
operations requirements

0 an appropriate review frequency established

0 an acceptable set of criteria on the scope of activities or commitments that the
ALARA committee can change

o0 acommitment to prepare acceptable documentation of ALARA findings that result in
the licensee changing its remediation activities or decommissioning guidelines

o acommitment to provide the NRC annually with 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.

o Any deviation from the decommissioning goal presented in the DP is properly justified by
the ALARA committee findings.

The NRC license reviewer or inspection staff should review long-term projects annually.

6-5






—

NoO ar,wiN

(oo}

10
11
12

13
14
15

16
17

18
19

20
21

22
23

24
25

26
27

28
29
30

7 BIBLIOGRAPHY AND SUPERSEDED DOCUMENTS

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

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 the NRC staff. However, in some
cases, the documents are only referenced for information, and, if so, the licensee should
contact the NRC staff to determine the specific applicability to a facility, as appropriate.
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7.4 Documents Superseded by this Volume

This volume supersedes the guidance documents listed in Table 7.4, and the superseded
documents should no longer be used.

Table 7.1 Documents Superseded by this Report

Position

Wastes from Past Operations

Document Title Date
NRC Memorandum | Draft Staff Guidance for Dose Modeling of Proposed 09/2001
Partial Site Releases
NUREG-1727 NMSS Decommissioning Standard Review Plan 09/2000
NUREG/BR-0241 NMSS Handbook for Decommissioning Fuel Cycle and | 03/1997
Materials Licensees
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 Draft Branch Technical Position on Site 11/1994
Position Characterization for Decommissioning
NUREG-1500 Working Draft Regulatory Guide on Release Criteria for | 08/1994
Decommissioning: NRC Staff's Draft for Comment
NUREG/CR-5849 Manual for Conducting Radiological Surveys in Support | 06/1992
of License Termination
Branch Technical Disposal of Onsite Storage of Thorium or Uranium 10/1981
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This Volume 2 of this NUREG report also incorporates and updates numerous portions of
NUREG-1727, “NMSS Decommissioning Standard Review Plan” (SRP), issued

September 2000, specifically Chapters 5, 7, and 14; and Appendices C, D, and E of
NUREG-1727 on dose modeling, ALARA, and facility radiation surveys. The NUREG-1727
chapters and appendices that have been incorporated into this NUREG are superseded. This
three-volume NUREG series (i.e., NUREG-1757, Volumes 1, 2, and 3) supersedes both
NUREG/BR-0241, “NMSS Handbook for Decommissioning Fuel Cycle and Materials
Licensees,” issued March 1997, and NUREG-1727 in their entirety.
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A.1 Introduction
This appendix is applicable to Decommissioning Groups 2—7.

Regulations of the NRC in Title 10 of the Code of Federal Regulations (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 10 CFR Part 20, “Standards for Protection against Radiation.”

The 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 HSA and the characterization survey perform that function.

The NRC endorses the FSS method described in NUREG-1575, “Multi-Agency Radiological
Survey and Site Investigation Manual” (MARSSIM), Revision 1, issued August 2000, and
references to MARSSIM sections within this appendix are specifically referring to MARSSIM
Revision 1 (NRC, 2000)." This appendix (1) provides an overview of the MARSSIM approach
for conducting a final radiological survey, (2) includes additional specific guidance on acceptable
values for use in the MARSSIM method, (3) explains how to use the MARSSIM method in a way
that is consistent with the dose modeling, (4) describes how to use the MARSSIM method to
meet the NRC’s regulations, and (5) demonstrates 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
MARSSIM, and licensees and reviewers should refer to, and use, 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.

Chapter 5 of MARSSIM contains survey checklists. These checklists are useful in implementing
the steps of the RSSI process (Decommissioning Groups 3—7). These checklists are 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 RSSI process, such as
Decommissioning Groups 1 and 2, should also find these checklists or parts of these checklists
useful.

A.2 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
the NRC staff. Its essential features are described below.

The licensee should first classify site areas as impacted or nonimpacted. Impacted areas are
areas that may have residual radioactivity from the licensed activities. Nonimpacted areas are

1 As of the publication of this guidance document MARSSIM, Revision 1, is the current version. MARSSIM,
Revision 2, is being developed but is not reflected in this guidance. The decommissioning website should be
consulted for issuance of technical reports providing guidance and a listing of any lessons learned between
guidance revisions.
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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 nonimpacted areas. The licensee
should classify impacted areas into one of the three classes, listed below, based on levels of
residual radioactivity.

(1) Class 1 Areas: Class 1 areas are impacted areas that are expected to have
concentrations of residual radioactivity that exceed the derived concentration guideline
level or DCGLw (average concentrations over a wide area).

(2) Class 2 Areas: Class 2 areas are impacted areas that are not likely to have
concentrations of residual radioactivity that exceed the DCGLw.

(3) 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 basis 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.

The NRC staff recognizes that a licensee may need to reclassify Class 1 areas to Class 2, when
insufficient information is 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, Revision 1; 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, it should include in the DP the criteria and
methodology it plans to use for reclassification. In addition, a licensee contemplating the use of
reclassification is encouraged to contact NRC staff.

For Class 1 and 2 soils, the licensee should determine whether a significant amount of
subsurface residual radioactivity is present, based on the HSA and site characterization. In this
context “significant 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 percent
of the dose criteria (see Section 3.3).

The presence of subsurface soils is important, because subsurface soils cannot typically be
measured by scan instrumentation and, therefore, scan surveys are not expected to be
adequate for the purposes of an FSS. Although surface soils have been associated with the top
15 centimeters (cm) of soil, which can typically be measured by scan instrumentation, the exact
depth of residual radioactivity for which scan survey instrumentation can adequately detect
residual radioactivity varies, based on several factors (e.g., survey instrument, radionuclide, and
soil characteristics).

Determining whether there is a significant amount of subsurface residual radioactivity should not
require a complex set of characterization measurements. In most cases, there will be either
significant amounts of residual radioactivity or only traces (such as in occasional small pockets
or from leaching from surface layers by rainwater). When there is an insignificant amount of
subsurface residual radioactivity, the MARSSIM survey methods for surface measurements are
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acceptable. When there is a significant amount of subsurface residual radioactivity, the licensee
should modify the dose modeling and survey methods to account for it.

The HSA usually determines the presence of subsurface residual radioactivity (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.

The NRC staff's experience has shown that submittal of the DP should occur only after
sufficient site characterization has occurred. The staff suggests that the DP provide sufficient
information demonstrating the characterization of the radiological conditions of site structures,
facilities, surface and subsurface soils, and groundwater. The 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 evaluate the rationale for the proposed classification of survey units. The 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

o reclassification of survey units

o completeness of characterization survey design and results

Regulatory Issue Summary 2002-02, “Lessons Learned Related to Recently Submitted
Decommissioning Plans and License Termination Plans,” issued January 2002, provides a
detailed discussion of this issue.

A.3 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 licensee should give the entire survey unit the same area
classification. Section 4.6 of MARSSIM contains a method acceptable to the 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 one or two
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 normal size (100 square meters (m?) 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.
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For sail, 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.

Table A.1 contains suggested survey unit areas from MARSSIM. These areas are suggested in
MARSSIM, because they give a reasonable sampling density and 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, Rev. 1, Roadmap, Table 1
[NRC, 2000])

Suggested Survey Unit Area
Class Structures Land
1 up to 100 m? up to 2,000 m?
2 100 to 1,000 m? 2,000 to 10,000 m?
3 no limit no limit

A.4 Selection of Background Reference Areas and Materials

A.4.1 Need for Background Reference Areas

Background reference areas are not needed when radionuclide-specific measurements will be
used for concentrations of a radionuclide that is not present in background. Background
reference areas are needed for the MARSSIM method if (1) the residual radioactivity contains a
radionuclide that occurs in background, or (2) the sample measurements to be made are not
radionuclide specific. However, a licensee may find it cost beneficial 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 (Ra)-226 as a surrogate
for background uranium when the contaminant is processed uranium. Section 4.3.2 of
MARSSIM contains more information on the use of surrogate radionuclides.

The licensee may use multiple reference areas if the reference areas have significantly different
background levels because of the variability in background between areas (see Section A.4.4
below and Section 13.2 of NUREG-1505, “A Proposed Nonparametric Statistical Methodology
for the Design and Analysis of Final Status Decommissioning Surveys—Interim Draft Report for
Comment and Use,” issued June 1998). The licensee may use a derived reference area 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.
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A.4.2 Characteristics of Soil Reference Areas

The objective is to select nonimpacted background reference areas where the distribution of
measurements should be the same as would be expected in the survey unit if that survey unit
had never been contaminated. Section 4.5 of MARSSIM contains an acceptable method for
selecting background areas, as briefly described below.

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, to include the full potential spatial variability in background
concentrations. Reference areas may be off site or on site, as long as they are nonimpacted.
NUREG-1506, “Measurement Methods for Radiological Surveys in Support of New
Decommissioning Criteria, Draft Report for Comment,” issued August 1995, provides additional
information on reference area selection. Licensees should contact the NRC staff when they are
unable to find a reference area that satisfies the above criteria.

A.4.3 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 nonimpacted 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
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 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. Chapter 12 of NUREG-1505 describes, in detail, an
acceptable method to do this.

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 nonimpacted 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
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should make a good faith effort to find the most similar materials readily available or use
appropriate published estimates.

A.4.4 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 DCGLw. When there may be a significant difference in backgrounds between different
areas, the licensee can conduct a Kruskal-Wallis test, as described in Chapter 13 of
NUREG-1505, 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, information
on the power of the F-test (parametric complement to the nonparametric Kruskal-Wallis test) is
provided in Table 13.5 of NUREG-1505 to assist with the selection of the number of reference
areas and measurements per reference area, as part of the DQO process. For example, Table
13.5 of NUREG-1505 indicates that 4 reference areas and 10 to 20 measurements per
reference area should generally be adequate. Also, NUREG-1505 states that if four reference
areas are selected, an alpha error of 0.1 would be a reasonable default, and in some
circumstances larger alpha error values could be considered. NUREG-1505 notes that different
alpha and beta error values may be justified based on risk considerations. For example, a lower
beta error value than alpha error value would reduce the risk of not detecting background
variations that are actually present.

If there are significant differences in backgrounds among reference areas, a value of three times
the standard deviation of the mean of the reference area background values could be added to
the mean of the reference area background to define a concentration that is distinguishable
from background. 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. This value can be used as the LBGR in a two-sample test (WRS test) (see
Appendix A and G, Sections A.5 and Section G.6) to test whether the survey unit meets the
radiological criteria for license termination. Chapters 6 and 13 of NUREG-1505 describes this
method in detail.

A.4.5 Background Survey Design

This survey measures nonimpacted areas on and surrounding the site 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 survey should avoid areas such as roads, parking lots, and other large paved
surfaces that may have been impacted or disturbed by site-related activities. The background
survey takes on added importance, since the licensee may decide to use a statistical test that
compares impacted areas to offsite or onsite reference areas to demonstrate compliance with
the release criteria in 10 CFR Part 20, Subpart E, “Radiological Criteria for License
Termination.” 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.
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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.

A.5 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 DCGLw. If the radionuclide is not present in background,
and the measurement technique is radionuclide-specific so that a comparison with a reference
area is not necessary, the licensee should use a one-sample test, the Sign test. Section 8.3 of
MARSSIM describes this test.

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 comparing the survey unit to a reference area, the licensee should use a two-
sample test, the WRS test. Section 8.4 of MARSSIM describes this test.

A.5.1 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 (Cs)-137,
for example, because the levels in the environment are often so much less than the DCGLw that
background concentrations may be ignored.

A.5.2 Elevated Measurements Comparison

Class 1 survey units that pass the Sign test or WRS test but have small areas with
concentrations exceeding the DCGLy 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 licensee first determines the size of the area in the survey unit with a
concentration greater than the DCGLw, then determines the DCGLewmc for an area of that size.
(The DCGLEeumc is the concentration permitted in a limited area of a survey unit; see

Section A.8.6.) The average concentration in the area is calculated for comparison against the
DCGLenc. The EMC is acceptable if the following condition is met, as shown in Equation A-1
(modified from MARSSIM Equation 8-2):

o) average concentration in the elevated area— 8§ <1 At
DCGLy, DCGLEMC (A1)
Where & = the average residual radioactivity concentration for all sample points in

the survey unit only.



OO WN -

© 0o N

10

11
12
13

14
15
16
17

18

19
20
21
22
23
24
25
26
27
28
29
30

31
32
33
34
35
36
37
38

39
40

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 licensee can calculate the dose
from the actual distribution of residual radioactivity, if an appropriate exposure pathway model is
available.

A.6 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.6.1 Calculation of Minimum Detectable Concentrations

The licensee should determine the MDC for the instruments and techniques to be used. The
MDC is the concentration that a specific instrument and technique can be expected to detect
95 percent of the time under actual conditions of use.

For scanning building surfaces for beta and gamma emitters, the MDCscan should be determined
from the following equation (obtained by combining MARSSIM Equations 6-8, 6-9, and 6-10 and
using a value recommended in this appendix for the index of sensitivity d' of 1.38, which is for
95 percent detection of a concentration equal to MDCscan With a 60 percent false-positive rate).

270,000 x 138 VB

\/Bgi g, At

where MDCescan = minimum detectable concentration for scanning building surfaces in
picocuries per square meter (pCi/m?)

MDC_,,, (building surfaces) = (A-2)

270,000 = conversion factor to convert to pCi/m?

1.38 = index of sensitivity d'

B = number of background counts in time interval ¢
p = surveyor efficiency

€ = instrument efficiency for the emitted radiation
€s = source efficiency in emissions/disintegrations
A = probe’s sensitive area in cm?

t time interval of the observation while the probe passes over the source,

in seconds

Based on the measurements described in NUREG/CR-6364, “Human Performance in
Radiological Survey Scanning,” issued August 2000, 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 to determine the value. NUREG-1507, “Minimum Detectable
Concentrations with Typical Radiation Survey Instruments for Various Contaminants and Field
Conditions,” issued June 1998, contains additional information on the interpretation of results
reported in NUREG/CR-6364.

For scanning soil with a sodium iodide gamma detector, the MDCscan values given in Table 6.7
of MARSSIM provide an acceptable estimate of MDCscan.
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For static measurements of surface concentrations, the MDCs.iic may be calculated using the
following equation (from Equation 3-10 in NUREG-1507).

3+4.65VB

MDCstgtic = Kt

(A-3)

where MDCegtatic minimum detectable concentration in pCi/m? or pCi/gram (g)

B = background counts during measurement time interval ¢
t = counting time in seconds
K = a calibration constant (best estimate) to convert counts/second to

pCi/m? or pCi/g, discussed further in NUREG-1507

Section 6.7.1 of MARSSIM shows an example using this equation.

The instruments used for sample measurements at the specific sample locations should have
an MDCsiaiic less than 50 percent of the DCGLy, as recommended in Section 4.7.1 of
MARSSIM. There is no specific recommendation for the MDCscan, but the MDCgcan Will
determine the number of samples needed, as discussed in Section A.8.6 of this appendix.

The licensee should record all numerical values measured, even values below the “MDC” 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 percent
nondetects.

A.6.2 Instrument Calibration and Response Checks

NRC regulations at 10 CFR 20.1501(c) 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 (1) use a test bed with radioactive sources distributed appropriately or (2) 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 the licensee
periodically performs instrument response checks 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 NRC
inspection.

A.6.3 Instrument Response Checks

Licensees should check the response of survey instruments with a check source each day
before use to confirm constancy in instrument response and establish criteria for acceptable
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response. If the response is not acceptable, the licensee should consider the instrument as not
responding properly and should not use it 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.

A.7 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 ILs for investigating significantly elevated concentrations of residual
radioactivity. Table A.2 shows acceptable scanning coverage fractions and scanning ILs for
buildings and land areas. 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 percent scanning coverage would be appropriate when there is high confidence that
all locations would be below the DCGLy. A coverage of 25 percent to 50 percent would be
appropriate when there may be locations with concentrations near the DCGLy. A coverage of
100 percent 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 percent. If any location exceeds the scanning IL, scanning coverage in
the vicinity of that location should be increased to delineate the elevated area.

A-10



1

O~NOOOAAPRWN

11
12
13

14
15
16

17

18
19
20
21
22
23
24
25

26
27
28
29

Table A.2 Scanning Coverage Fractions and Scanning Investigation Levels

Class Scanning Coverage Fraction Scanning Investigation Levels
1 100 % >DCGLemc
2 10 to 100 % for soil and for floors and >DCGLw or >MDCscap if MDCgcan is
lower walls of buildings, 10 to 50 % for greater than DCGLw

upper walls and ceilings of buildings,
systematic and judgmental

greater than DCGLw

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.

A.8 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.8.1 Determination of the Relative Shift
The required number of samples 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/os. The relative shift, A/os, is defined in Section 5.5.2.2 of MARSSIM as:

y _ DCGL, - LBGR
O, o

S

(A4)

where DCGLw derived concentration guideline

LBGR concentration at the lower bound of the gray region. The LBGR is the
concentration to which the survey unit must be cleaned to have an
acceptable probability of passing the test (i.e., 1-3).

Os = 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

A-11



NOoO g~ w N =

(o0}

10
11
12
13
14

15
16
17
18
19
20

21

22
23
24

25

26
27
28
29
30
31
32
33
34
35

36
37
38
39
40

of the standard deviation in the survey unit, s, 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 on the survey unit,
the LBGR may be initially set equal to 0.5 DCGLw, as recommended by MARSSIM. If the
relative shift, A/os, exceeds 3, the LBGR should be increased until A/os is equal to 3. The
licensee may refer to Section 5.5.2.2 of MARSSIM for additional details and information.

A.8.2 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 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 where the actual concentration
exceeds the release criterion. A decision error a of 0.05 is acceptable under the more favorable
conditions when the relative shift, A/os, is large (about 3 or greater). Larger values of a 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 where the actual concentration is equal
to LBGR. Any value of 8 is acceptable to the NRC.

A.8.3 Number of Samples Needed for the Wilcoxon Rank Sum 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):

2
. :lx(zla +zlﬂ)2
2 3P -05)

(A-5)

where N = the number of samples in the survey unit
Ziq = the percentile represented by the decision error a
Zig = the percentile represented by the decision error 8
P = the probability that a random measurement from the survey unit exceeds a

random measurement from the background reference area by less than the
DCGLw when the survey unit median is equal to the LBGR concentration
above background

2 = a factor added to MARSSIM Equation 5-1 because N is always defined in this
guide as the number of samples in the survey unit

Tables 5.1 and 5.2 of MARSSIM contain values of P,, Z1-4, and Zs-5. 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 Nis 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 percent) to protect against the possibility of lost or unusable data. Fewer samples increase
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the probability of an acceptable survey unit failing to demonstrate compliance with the
radiological criteria for release.

A.8.4 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..+2.,)

= 2 (A-6)
4(Signp-0.5)
where N = number of samples needed in a survey unit
Zi-a = percentile represented by the decision error a
Z1-g = percentile represented by the decision error 3

Sign p = estimated probability that a random measurement for the survey unit will be
less than the DCGLw when the survey unit median concentration is actually
at the LBGR.

Tables 5.2 and 5.4 of MARSSIM contain the values of Z;-4, Z1-5, and Sign p. In addition, the
licensee should consider taking some additional samples (MARSSIM recommends 20 percent)
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.8.5 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. Appendix C of this volume contains information on the
use of two-stage or double sampling.

A.8.6 Additional Samples for Elevated Measurement Comparison in Class 1 Areas

Additional samples may be needed when the concentration that can be detected by scanning,
MDCscan, is larger than the DCGLw. The licensee should determine whether additional samples
are needed in Class 1 survey units for the EMC when the concentration that can be detected by
scanning, MDCscan, is larger than the DCGLw. The method in Section 5.5.2.4 of MARSSIM to
determine whether additional samples are needed is acceptable to the NRC staff and is
described here.

The area factor is the multiple of the DCGLw that is permitted in a limited portion of the survey
unit. In Equation A-7, the ratio of the MDCscan to the DCGL establishes the area factor (the
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multiple of the DCGLw) that can be detected by scanning (adapted from MARSSIM
Equation 5-4):

MDC
area factor = — (A-7)
DC

GL,

Using the methods in NUREG-1549, “Decision Methods for Dose Assessment To Comply with
Radiological Criteria for License Termination, Draft Report for Comment,” issued July 1998, the
licensee can determine the size of the area corresponding to the area factor, Aec. The number
of sample points that may be needed to detect this area of elevated measurement
concentration, Neumc, in a survey unit is:

A
N EMC — T, (A-8)
AEC
where A = the area of the survey unit
Aec = the area of concentration greater than DCGLw

If Nemc is 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 Nemc. The licensee can use the HSA and site
characterization to determine how many additional samples may be needed. 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 Asc 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, the licensee could use the knowledge of how the
residual radioactivity would be likely to spread or diffuse after deposition to determine an area
Agc for Equation A-8.

Figure D-7 of Appendix D to MARSSIM and Section 3.7.2 of NUREG-1505 show that a
triangular grid is slightly more effective in locating areas of elevated concentrations. Therefore,
a triangular grid generally should be used if Nemc 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.

A.9 Determining Sample Locations

For the impacted areas, the licensee should establish a reference coordinate system, which 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.

A-14



—

b~ w

10
11
12

13
14

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

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 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).

/ A ) )
L= |——— for atriangle grid A-9
0.866 N gie g (A-9)

A .
L= ‘/W for a square grid (A-10)
where A = 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.

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. MARSSIM Figure 5.5 contains an example illustrating the
triangular grid pattern.

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.
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A.10 Determining 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 the 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. MARSSIM Section 8.4 describes the WRS test, while MARSSIM Section 8.3
describes the Sign test and MARSSIM Section 8.5 describes the EMC. The elevated
measurement is applied to all sample measurements and all scanning results that exceed the
DCGLw.

In some cases, licensees may choose to use scanning or fixed measurement techniques that
assess 100 percent 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 DCGLw, without the need to perform statistical tests. Guidance has not yet been
developed for using such techniques without performing statistical tests; therefore, licensees
should discuss such techniques with the NRC staff on a case-by-case basis.

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 DCGLy. | criterion.

Difference between survey unit average concentration and Survey unit fails.
reference area average concentration is greater than
DCGLw.

Difference between any survey unit concentration and any Conduct WRS test and EMC.
reference area concentration is greater than DCGLw and the
difference of survey unit average concentration and
reference area average concentration is less than DCGLy.
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Table A.4 Interpretation of Sample Measurements when no Reference Area is Used

Measurement Results Conclusion

All concentrations are less than DCGLy,. Survey unit meets release
criterion.

Average concentration is greater than DCGLw. Survey unit fails.

Any concentration is greater than DCGLw and average Conduct Sign test and EMC.

concentration less than DCGLw.

Some facilities may have residual radioactivity composed of more than one radionuclide. When
there are multiple radionuclides rather than a single radionuclide, the licensee should consider
the dose contribution from each radionuclide. Section 2.7 of this volume contains 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 DCGLw 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 DCGLw (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.

When there is no fixed ratio among the concentrations of the nuclides, the licensee must
evaluate the concentration of each nuclide via sampling. Compliance with the radiological
criteria for license termination is then demonstrated by considering the sum of the concentration
of each nuclide relative to its DCGLy, followed by an evaluation of all radionuclides of concern
via the unity rule. Chapter 11 of NUREG-1505 describes an acceptable method for performing
the evaluation. When there is no fixed ratio among the concentrations of the nuclides, and a
large number of discrete samples are required, it may be possible to utilize a composite
sampling strategy to increase the probability of elevated area detection and as a means to
reduce analytical cost. However, this approach requires an evaluation of the exposure scenario
related to the hard-to-detect radionuclide and should be performed on a case-by-case basis
along with discussions with the regulator. Additional information on composite sampling can be
found in Appendix O of this volume.

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
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concentrations, but almost all of the dose would come from just one or two of the nuclides.
Section 3.3 of this volume contains guidance on elimination of radionuclides or pathways from
consideration.

If a survey unit fails, the licensee should evaluate the measurement results and determine why it
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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B.1 Introduction

A large number of licensees may use a simplified method to demonstrate regulatory compliance
for decommissioning, and thereby avoid complex FSSs. For Decommissioning Groups 1-3,
licensees may use the simplified FSS method described in Appendix B to NUREG-1575, “Multi-
Agency Radiological Survey and Site Investigation Manual” (MARSSIM), Revision 1, issued
August 2000, or the alternative protocol described in this appendix (Section B.3 below).

B.2 MARSSIM Simplified Method

The simplified method in Appendix B of MARSSIM may be used by Decommissioning Group 1
and some Decommissioning Group 2 licensees. These are sites where radioactive materials
have been used or stored only in the form of (1) nonleaking, sealed sources, (2) short half-life
radioactive materials (e.g., T12 <120 days) that have since decayed to insignificant quantities,
(3) small quantities exempted or not requiring a specific license, or (4) a combination of the
above. MARSSIM, Revision 1, Appendix B gives the details of this simplified method.

B.3 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 screening values are applicable and being used to demonstrate compliance with release
criteria (i.e., site meets underlying assumptions in screening analyses discussed in more
detail in Appendix H)

e removable residual radioactivity on building surfaces 10 percent or less; or adjusted to
account for higher removable fractions as discussed in Appendix H of this volume

e no sources requiring complex or special surveys are present (e.g., no (i) volumetric
building structure residual radioactivity, (ii) duct work, (iii) embedded piping, (iv)
groundwater residual radioactivity, (v) subsurface soil residual radioactivity, (vi) buried
conduit, (vii) sewer pipes, or (viii) prior onsite disposals)

¢ not to be applied to land areas where soil has been previously remediated

¢ minimum detectable concentrations between 10 and 50 percent of the DCGLy for scans,
static or direct measurements, and sampling and analysis (using guidance in
NUREG-1507, “Minimum Detectable Concentrations with Typical Radiation Survey
Instruments for Various Contaminants and Field Conditions”)"

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 Sijze is limited to 2000 m? for land areas and 100 m?2 for structures.

' Revision 1 of NUREG-1507 was issued in August 2020.
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e Scanning and sampling are to be performed as follows:
0 100-percent scan
o 30 samples
e The hot spot criterion is three times the DCGLw, applied to any sampling location.

¢ A quality control program ensures results are accurate and sources of uncertainty are
identified and controlled.

e The average concentration for the survey unit is compared to the DCGLw.

o Statistical tests that may be used include the parametric Student’s t-test, or non-
parametric WRS test when the radionuclide(s) of concern are in background, or the non-
parametric Sign test when the radionuclide(s) of concern are not in background
assuming an alpha (a) or false positive error of 5 percent. No statistical tests are
needed if all measurements are less than the DCGLw. MARSSIM (NUREG-1575) can
be consulted for additional information on the statistical tests.

The 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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C.1 Introduction

This appendix contains information on the assessment of survey data when double or two-stage
sampling in a survey unit is used to determine compliance. These sampling strategies utilize
the initial sample data and a second round of supplemental sampling. This approach may be
desirable when a survey unit fails the hypothesis test (i.e., the decision is made that the survey
unit does not meet the release criterion) due to insufficient power as described in more detail
below,' but the mean of the measured data is below the release criterion. Further information
on survey unit failures and possible remedies using the DQO process are discussed in Chapter
8 of NUREG-1575, “Multi-Agency Radiological Survey and Site Investigation Manual”
(MARSSIM), Revision 1, issued August 2000.

In this appendix two-stage sampling denotes survey designs specifically intended to be
conducted in two stages, whereas double sampling refers to one-stage survey designs that
allow for the collection of a second set of samples if the retrospective power of the test using the
first set of samples does not meet the design objectives. Double or two -stage sampling may be
acceptable if it is incorporated into the final status survey design. Thus, before the initial round
of sampling occurs, allowances for these sampling approaches should be discussed in the
DQOs for the final status survey.

In general, adequate initial sampling to achieve the desired statistical power and error rates, or
data collection in two stages, are both preferable to double sampling. As discussed in the next
sections of this appendix, there are several factors to consider when additional random samples
are collected. For example, double sampling is also generally not appropriate for Class 1
survey units having confirmed areas of elevated activity, or Class 2 or Class 3 survey units
because the need for a second set of samples raises the issue of survey unit misclassification.

C.2 Double Sampling

As noted in the preceding section C.1, situations can occur where a survey unit might have
passed the final status statistical test, had the initial sampling design been powerful enough to
reject the null hypotheses in Scenario A. That is, a retrospective examination of the power of
the statistical tests 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. In these situations, it
might be desirable to take additional samples in the survey unit to improve the power of the
statistical test.

Draft NUREG/CR-5849, “Manual for Conducting Radiological Surveys in Support of License
Termination,” issued June 1992, allowed the licensee to take additional samples in a survey unit
if, after the first sampling, the mean was less than the DCGLw, and the desired upper

' Power is the probability of rejecting the null hypothesis when it is false (i.e., in Scenario A, concluding that the site
is clean when it is clean). The power is equal to one minus the Type |l (false negative) error rate (i.e., (1-8)). The
power of the sampling design is important to decision making and can be determined prospectively when planning
the survey and retrospectively when interpreting survey results. Additional information on prospective and
retrospective power analyses is provided in Chapter 8 and Appendix | of MARSSIM, Revision 1.
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confidence level on the mean was greater than the DCGLw. Because a 95-percent confidence
interval is constructed using Student’s t-statistic rather than using a hypothesis test, the survey
design does not consider Type |l errors. The second set of samples was taken so that a
Student’s t-test on the combined set of samples would have 90-percent 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 performed only once.

Increasing the probability that a clean survey unit passes (power in Scenario A) using 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 | error rate is expected to be less than a
factor of two based on the analysis in the following paragraphs of this appendix. The potential
increase in the Type | error rate should be considered when designing the survey and
determining acceptable error rates as part of the DQO process.

Two-stage or double sampling is not usually expected (nor is it encouraged) when the DQO
process is used, as in MARSSIM, Revision 1. This is because the Type Il 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. As discussed above, 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.

For planning purposes, it is important to understand the circumstances under which it is
appropriate to combine this data with additional sample data to be used in the test of the final
status survey. Consider the Sign test, as indicated in NUREG-1505, “A Proposed
Nonparametric Statistical Methodology for the Design and Analysis of Final Status
Decommissioning Surveys—Interim Draft Report for Comment and Use,” issued June 1998.
Suppose N1 samples are taken. For the Sign test in Scenario A, the test statistic, Sy, is equal to
the number of survey unit measurements below the DCGLy. If S1 exceeds the critical value ki,
then the null hypothesis that the median concentration in the survey unit exceeds the DCGLw 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

_ (DCGLy 1 (DCGLy =9 /DCGLy-C
p(C) = [_ f(x)dx—maf_oo e 202 dx = CID(T) (C-1)

C is the true, but unknown, mean concentration in the survey unit. Assuming the data are
normally distributed, when C = DCGLw, then p = 0.5. More generally, if C is the true, but
unknown, median concentration in the survey unit, p is also equal to 0.5.

The probability that more than ky of the N1 survey unit measurements fall below the DCGLy is
simply the following binomial probability:
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t=k+ 1\ { o\l

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 median concentration in the survey unit is at
the DCGLw, this probability is just the Type | error rate, a. When C=DCGLw, p =(1- p) = 0.5,
SO

@ = Bt ()05 Q05N = (0.5)M B2y () (©-3)

t=k1+1

Suppose it is decided to allow the licensee to take a second set of samples of size N.. The test
statistic, S, is equal to the number of the total of N = N1 + N> survey unit measurements below
the DCGLw. If S exceeds the critical value k, then the null hypothesis that the median
concentration in the survey unit exceeds the DCGLw is rejected (i.e., the survey unit passes this
test). In this case, the overall probability that the null hypothesis is rejected (i.e., the survey unit
passes) is equal to the sum of the probabilities of the two events, labeled (Event 1) and (Event
2) below, that are mutually exclusive:

(Event 1) the probability that more than ki of the N1 survey unit measurements fall below
the DCGLy, and

(Event 2) the probability that fewer than k1 of the first N1 survey unit measurements fall
below the DCGLw but that more than k of the N total survey unit measurements fall below
the DCGLw.

The test statistic, S, is then equal to the sum of Sy and Sy, (S = St + Sz), where S; is the number
of the second set of N> survey unit measurements that fall below the DCGLy. Sy and Sz are
independent, but S1and S = Sy + Sz are not.

The covariance of Sy and S using E(:) to denote expected values, is
Cov(S,.S) = E(S,.8) - E(S))E(S)
= E(SI(SI + Sz)) - E(Sl)E(S)

=E(S))+E(S,S,) - E(5)E(S) (C-4)
:(N12 p(l_ p)+ I\|12 p2)+ N1N2 p2 - Nlp(Nl + Nz)p
=N,p(l1-p)

C-3
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Therefore, the correlation coefficient between S1and S is

N,p(1-p)
S.,S) = 1
p(S1S) JN1p(1—p)(N1+Nz)p(1-p)

_ N,

B VN;(N1+N3)

Ny
(Ny + N,

Ny

N

(C-5)

To calculate the overall probability that the survey unit passes, one requires the joint probability
of Sy and S,

N N (C-6)
1 2 s N-s
= 1—
(Sl ) (S—Slj P ( p)
Therefore, the overall probability that the survey unit passes is
Pr(S, >k or$ >k)=Pr(S, >k )+ Pr(S, <k and $ > k)
N, N
= 2 ( Jp (1=p)"
s =k; +1 s1
(C-7)

N, \( N
1

s <k; s, >k-s; 2

The first term is equal to (or slightly less than) the Type | error rate a specified during the DQO
process. The second term is the additional probability of a Type | error introduced by allowing
double sampling.
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N Kk N1 N2

SZpS(l—p)“SZ(S j{k 5] (C-8)
s>k 5,=0\_°1 !
. S N-s N _

=> p*(-p) (sj—Pr(S>k)£a

s>k

Thus, the Type | error rate would be at most doubled when double sampling is allowed.

For example, if a survey is designed so that N1 = 30, and a = 0.05, then the critical value for the
Sign test is k1 = 19. Suppose the first survey results in 19 or fewer measurements that are less
than the DCGLw. In addition, suppose the survey unit is sampled again, taking an additional
N> = 30 samples. Then the total number of samples is N = N1 + N, = 60. The critical value for
the Sign test with a = 0.05 and N =60 is kK = 36. When the survey unit concentration is equal to
the DCGLw, p = 0.5, one has

Pr(S,>190r$>36)=Pr (S, >19)+ Pr(S,<19and S>36)

30 s
= i( j(o.s)s‘ (1-05)""
5 =20\,
30 30 30+30)-(s; +s
7). (oo

s-0\S, /J 5-(37-5)\S,

(C-9)

=0.049+0.027 =0.076

Thus, the total Type | error rate is about 50 percent greater than originally specified.

In conclusion, double sampling should not be used as a substitute for adequate planning. If it is
to be used, it should be considered 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 | 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 | error rate is considerably more complex and is not discussed in this appendix.

Finally, double sampling should never be necessary for Class 2 or Class 3 surveys, which are
not expected to have concentrations above the DCGLw. These classes of survey unit should
always pass after the first set of samples, because every measurement should be below the
DCGLw. The 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.
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In lieu of double sampling, a preferred approach 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.3 Two-Stage Sequential Sampling

In some cases, two-stage sampling may be used instead of a single-stage sample design. For
example, if there are a large number of survey units of a similar type to be tested, 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.

An example of a two-stage sampling design using the Sign test is summarized here. In this
example, N is the size of the first set of samples taken, and S is the number of these samples
that are less than the DCGLw. Similarly, Nz is the size of the second set of samples taken, and
S, is the number of these samples that are less than the DCGLy. Let N = Ny + N, and let

S =81+ S,. The procedure is as follows:

o If S4 > uy then the survey unit passes (reject Ho).
e If S4 < then the survey unit fails.
o If /1 =84 < uqs then the second set of samples is taken.

o IfS=S1+ S,> u; after the second set of samples is analyzed, then the survey unit
passes.

An advantage of two-stage sampling is that it can reduce the total number of samples if there
are many similar survey units of similar design. For given error rates a and 3, the number of
samples, Ny, taken in the survey unit during the first stage of sampling will be less than the
number, Ny, required in the MARSSIM, Revision 1, tables. Unless the result is “too close to
call,” this will be the only sampling needed. When the result is “too close to call,” /1y < S1 < uy, a
second sample of size N- is taken, and the test statistic S, is computed using the combined data
set, Ny + N>. While the size of the combined set, N = N+ N., will generally be larger than the
number, Ny, from the MARSSIM, Revision 1, tables, the expected sample size over many
survey units will still be lower. Thus, a two-stage sampling scheme will be especially useful
when there are many similar survey units for which the FSS design is essentially the same.
Two-stage sampling may be used whether or not a reference area is needed (i.e., it may be
used with either the Sign or the WRS test).

The remaining major issue is how to choose the critical values /1, u1, 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 a, 1-, and 0.5 are
generally well enough separated to ensure a good match over the entire range of
potential survey unit concentrations.

(2) Maximize the power at the LBGR for given values of a and average sample size.

(3) Minimize the sample size for given values of a, and 1-.
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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 final status survey 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 the two-stage power curve
to the one-stage power curve at three points: the first at a values of either 0.05 or 0.01; the
second in the gray region where power is equal to 0.5; and the third at the lower bound of the
gray region with a 3 value of 0.1 and power (1-f value) of 0.9. Table C.1 shows the values of I,
u+1, and u, obtained for six different sets of sample sizes, N1/No, No/Ny, expressed as fractions of
the sample size, Ny, which would be required for the one-stage test with equivalent power. The
term E(N)/No, is the maximum expected combined sample size for the two-stage test relative to
the sample size, Ny, which would be required for the 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 DCGLw. Clearly, if the concentration is over the DCGLw, the survey unit
is likely to fail on the first set of samples. If the concentration is much lower than the DCGLu,
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 FSS 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 DCGLw.

The power to distinguish clean from dirty survey units is relatively low when the true
concentration is in the gray region because the power falls from 1-f3 at the LBGR to a at the
DCGLw. Thus, when the true concentration is in the gray region, a larger number of cases will
require a second set of samples. 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
DCGLw, 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 and WRS tests. The procedure depends on
an extension of the Central Limit Theorem to the joint distribution of the test statistics S1and S =
S1 + 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

o _S N2

1 C-10
N 4 ( )

where S} is the usual Sign test statistic (i.e., the number of measurements less than the
DCGLw).

Using Table C.1,

o if S1 > u1 then reject the null hypothesis (the survey unit passes),
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o if S1 < /i then do not reject the null hypothesis (the survey unit fails),
e if /1 £ S1 < uy then take the second set of samples.

If a second set of samples is taken, then compute

S_(Sl++ S;)—(N,+N,)/2 S"—N/2

J(N,+N,)/4 N/4

(C-11)

Using Table C.1,
o if S> u, then reject the null hypothesis (the survey unit passes),
o if S < up 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 Syand S is bivariate standard normal with
correlation coefficient

p(S,8) = |2 (C-12)

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
N1/No = 0.2 and N2/Np = 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 N1/Ny = 0.4 and
No/Np = 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)/Ny from 0.999 to 0.907 by
taking more samples in the first set.

If the gray region has been expanded 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)/Ny even further).

Scan sensitivity will also affect the ability to use two-stage designs in Class 1 survey units. It

would have to be determined if the DCGLeuc can be detected when only Ny samples are taken.
If not, the sample size would have to be increased until the MDCscan is lower than the DCGLewc.
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In this situation, the choice of Ny, and the average savings possible with two-stage sampling
may be severely limited.

Table C.1 Critical Points for Two-Stage Test of Normal Mean for a One-Sided Alternative

a=0.05 a=0.01

N1/N0 Nz/No U1 |1 U2 Max U4 |1 U2 Max
E(N)/No E(N)/No

1 0.6 0.6 1.886 | 0.71 1.783 | 0.866 | 2.499 | 1.259 | 2493 | 0.879

2| 04 0.8 1.984 | 0.179 | 1.782 | 0.907 | 2.558 | 0.635 | 2.496 | 0.931

3 0.2 1 2.073 | -0.482 | 1.784 | 0.999 26 | -0.146 | 2.502 1.03

4 | 0.55 0.55 2.05 | 0.438 | 1.716 | 0.869 | 2.635 | 0.966 | 2.411 0.878

5| 0.66 066 |1.781| 095 | 1868 | 0.882 | 2415 | 1.52 2.6 0.897

6| 0.7 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, ny and ny, and in the reference area m1 and mo, relative to the number required for the
one-stage test no = mo = No/2 specified in Table 5.3 of MARSSIM, Revision 1. There is an
additional requirement that ni/n, = m1/m,, which should be satisfied with sufficient accuracy for
most MARSSIM, Revision 1 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 affect the
results.

One now computes
s W -m(n,+m +1)/2
L Jnym(n+m +1)/12

(C-13)

where W{ is the usual WRS test statistic (i.e., the sum of the ranks of the adjusted reference
area measurements).
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Using Table C.1,
e if S1 > u1 then reject the null hypothesis (the survey unit passes),
o if S1 < /s then do not reject the null hypothesis (the survey unit fails),
e if /4 £ S1 = uq then take the second set of samples.
If a second set of samples is taken, then compute the following.
(W +W, )= (m +m)(m +m, +n +n,+1)/2  W* —m(m+n+1)/2
Jm +m)(n +n) (m +m, +n +n, +1)/12 - Jmn(m+n+1)/12

(C-14)

Using Table C.1,
o if S> u, then reject the null hypothesis (the survey unit passes),
e if S < uythen 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 Syand S is bivariate standard normal with
correlation coefficient

A(S,.S)=4/(m +n,)/(m+n) (C-15)

Some simulation studies would be needed to determine some quantitative bounds on the
accuracy of this approximation.

C.4 An Alternative Two-Stage, Two-Sample Median Test

A different approach to this testing problem has been suggested by Wolfe (1977). In this
procedure, a specific number of sample measurements are made in a reference area, and the
median, M, is calculated and the DCGLw added. Survey unit samples are then analyzed until r
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 r are chosen to
meet the DQOs for the Type | error rate. In each survey unit, r 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. As stated previously, if a licensee
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is considering the use of approaches discussed in this appendix, contact with the NRC staff is
strongly encouraged early in the planning process.
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D.1 INTRODUCTION

The MARSSIM and the MARLAP manual are complementary guidance documents in support of
cleanup and decommissioning activities. The MARSSIM document 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. Chapter 4 and
Appendix A provide more details on MARSSIM. The MARLAP manual 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, affecting 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.

The MARLAP manual was developed to provide guidance and a 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. The MARLAP manual 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
NUREG-1576 and U.S. Environmental Protection Agency (EPA) document

EPA 402-B-04-001A-C) is issued in three volumes (printed version and CD-ROM) and is found
on the Internet at: http://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr1576.

The NRC staff encourages licensees to follow the recommendations in MARLAP.

D.2 An Overview of MARLAP

The MARLAP manual is divided into two main parts. Part | provides guidance on using a
performance-based approach for the three phases of radioanalytical projects, including (1) the
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 D.1 provides an overview of the three main phases, the
processes associated with each phase, and the anticipated outputs for each process.

Figure D.1 illustrates an overview of MARLAP terms and processes and interactions of the
radioanalytical project manager with the laboratory performing the analysis. The MARLAP
manual processes and terms described in Table D.1 and Figure D.1 are consistent with
standard practices of the American Society for Testing of Materials (ASTM) for the generation of
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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 D.1;
however, these processes are believed to be flexible and scientifically rigorous to be applied for
the generation of radioanalytical data of the desired quality for the intended use.

Part Il of MARLAP provides technical information on the laboratory analysis of radionuclides.
Specifically, Part Il 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 Il does not provide step-by-step instructions on how to perform certain
laboratory procedures or tasks. However, Part Il provides guidance to assist laboratory
personnel in selecting 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 particular
sample characteristics and project needs. Part |l presents detailed technical information on

(1) field and sampling issues 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 technical details on specific topics outlined in Parts | and II.
Appendices A through E support Part | 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 and Quantification
Capability”; Appendix D, “Content of Project Plan Documents”; and Appendix E, “Contracting
Laboratory Services”. Appendix F supports Part |l for the specific topic on laboratory
subsampling, and Appendix G provides a compilation of statistical tables.

D.3 Use of MARLAP in Decommissioning and Cleanup Projects

MARLAP presents a useful approach and methodology applicable to radioanalytical 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.3.1 The Planning Phase

As illustrated in Table D.1 and Figure D.2, planning documents could include Quality Assurance
Project Plans (or QAPPs), Work Plans, Sampling and Analysis Plans, Data Validation Plans,
and Data Quality Assessment Plans. Different organizations may use different terms for these
documents but typically the set of documents include common elements. As provided in
ANSI/ASQC E-4, QAPPs or other planning documents should detail the QA, QC, and other
technical requirements that must be implemented to ensure that the results of the work will meet
stated performance criteria. MARLAP selected EPA’s QAPP as a model for project plan
documents because (i) it is closely associated with the DQO planning process, and (ii) widely
accepted guidance on content (EPA, 2004; EPA, 2002). Chapter 4 and Appendix D of MARLAP
contain additional information on the scope and content of planning documents.
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The directed planning process for cleanup and decommissioning typically involves the following
radioanalytical aspects:

e Stating the cleanup problem: Identify the analytes of concern, matrix of concern,
regulatory requirements, sampling constraints, primary decisionmakers, available
resources, and existing data and their reliability.

¢ Identifying the cleanup decision: Assess different analytical protocols, identify items
of the analytical protocol specifications, 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.

o Defining the decision boundaries: Identify background and temporal and spatial
trends of data and determine limitations of current analytical protocols.

o 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 Bg/g, then an action would be taken to remove the soil
from the site.” Estimates should be made of uncertainties in the data considering action
levels and/or derived concentration guidelines.

o Specifying limits on decision error rates: Evaluate the range of possible parameter
values and the allowable difference between the action level and the actual value.

¢ 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 developing analytical protocols specifications and establishing
performance measures of the MQOs.

D.3.2 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
specific procedures or methods and are performed in succession, depending on the particular
analytical process. Using a performance-based approach, a number of alternative protocols
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 analytical
uncertainty, analytical error, precision, bias, and accuracy of the method used.

D.3.3 The Assessment Phase
The assessment phase focuses on three major steps:

(1) Data verification: This step ensures that the laboratory conditions and operations are
in compliance with the statement of work and the project’'s QA project plan. The
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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.

(2) Data validation: This step addresses the reliability 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 DQOs and MQOs.

(3) Data quality assessment (DQA): This step represents the scientific and statistical data

D.4

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.

Benefits of Using MARLAP in Decommissioning and Cleanup Projects

MARLAP is an extensive document that presents 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 respects:

MARLAP ensures the generation of radioanalytical data of acceptable quality for the
intended use.

MARLAP minimizes time and effort expended in generating unacceptable data.

MARLAP enhances public trust in the radioanalytical data generated by licensees and
regulators.

MARLAP minimizes efforts applied to justifying data and may limit any litigation costs.

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 decisionmakers, the project manager, shareholders, concerned team members, and
the analyst (see Figure D.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 selecting the appropriate analytical method, using a
performance-based approach that considers the DQOs, the MQOs, and the available
resources.

MARLAP enhances regulatory reviews of radioanalytical data and saves time and effort
for site characterization, environmental monitoring, decommissioning, and remediation.

D-4



1

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

0] Plan Documents Project Plan Documents, including Quality
% Assurance Project Plan (QAPP), Work Plan,
> or Sampling and Analysis Plan, Data
ﬂ Validation Plan, Data Quality Assessment
o Plan

Contracting Services Statement of Work and Other Contractual

Documents
(Z) Sampling Laboratory Samples
=
<
|_
zZ
'-'EJ Analysis Laboratory Analysis, including QC Samples
L and Complete Data Package
[
=
— Verification Verified Data and Data Verification Report
i
% Validation Validated Data and Data Validation Report
(0
é DQA Assessment Report
Data of Known Quality Appropriate for the Intended Use
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Figure D.2 Typical Components of the Radioanalytical Process

D-7




N o O A WN

©

10
11
12

13
14

15
16

17
18
19
20
21

22
23
24

25
26

27
28

D.5 References

American Society for Quality Control (ANSI/ASQC) E-4. “Specifications and Guidelines for
Quality Systems for Environmental Data Collection and Environmental Technology Programs.”
American Society for Quality Control: Milwaukee, Wisconsin. 1995.

American Society for Testing and Materials (ASTM). “Standard Practice for Generation of
Environmental Data Related to Waste Management Activities: Development of Data Quality
Objectives,” ASTM D5792. 1995.

————— . “Standard Guide for Data Assessment for Environmental Waste Management
Activities,” ASTM D6233. 1998.

Environmental Protection Agency (EPA). “Guidance for Data Quality Assessment: Practical
Methods for Data Analysis,” (EPA QA/G-9). EPA/600/R-96/084. EPA: Washington, DC.
2000a.

————— . “Guidance for the Data Quality Objective Process (EPA QA/G-4),”
EPA/600/R-96/055. EPA: Washington, DC. 2000b.

————— . “Guidance for Quality Assurance Project Plans. EPA QA/G-5,”
EPA/240/R-02/009. EPA: Office of Environmental Information. Washington, DC. 2002.

————— . U.S. Department of Defense, U.S. Department of Energy, U.S. Department of
Homeland Security, U.S. Nuclear Regulatory Commission, U.S. Food and Drug Administration,
U.S. Geological Survey, and National Institute of Standards and Technology. “Multi-Agency
Radiological Laboratory Analytical Protocols (MARLAP),” NUREG-1576, EPA402-B-04-001A,
NTIS PB2004-105421, Vol. I, Il, and Ill and Supp. 1. Washington, DC. 2004.

International Organization for Standardization (ISO)/International Electrotechnical Commission
(IEC). “International Vocabulary of Basic and General Terms in Metrology.” ISO/IEC Guide
99:2007. 1SO: Geneva, Switzerland. 2007.

————— . “Guide to the Expression of Uncertainty in Measurement.” ISO:
Geneva, Switzerland. 1995.

Nuclear Regulatory Commission (U.S.) (NRC). “Multi-Agency Radiation Survey and Site
Investigation Manual,” (MARSSIM), NUREG-1575. NRC: Washington, DC. August 2000.

D-8



APPENDIX E

MEASUREMENTS FOR FACILITY RADIATION SURVEYS






-_—
QOO ~NOOPWN

11
12
13
14
15
16

17
18
19
20
21
22
23
24
25
26
27
28
29

30
31
32
33
34

35
36
37
38
39
40

E.A Introduction

This appendix is applicable to all decommissioning groups. All surveys, whether simple or
complex FSSs, require information on the reasons 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 the MARSSIM (NRC, 2000)", 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 are 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, the licensee may have to measure both alpha and beta radiation. In
addition to assessing the average radiological conditions, the licensee should identify small
areas with elevated levels of residual radioactivity and determine their extent and activities.
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, the licensee will use some combination of these
modes to obtain data, although the exact mix would be expected to vary according to the
application.

In practice, the licensee uses the DQO process 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 other measurement methods may not detect. Direct measurements are
analogous to collecting and analyzing samples to determine the average activity in a survey
unit.

1 Itis important to note that as of the date of publication of this draft volume, MARSSIM, Revision 1, is the current
version of MARSSIM, while MARSSIM, Revision 2, is currently being drafted. Any changes to MARSSIM guidance
in the future that affects the guidance in this volume will be reflected in future revisions to this volume. The
decommissioning website should be consulted for issuance of interim guidance and lessons learned between
guidance revisions.
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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 selection of the type of
instrument and method of performing the direct measurement depends on 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 to identify 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). Licensees should document all direct measurement locations and
results.

If the equipment and methodology used for scanning are 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.
Similarly, the usage of in situ measurement instrumentation may be possible if sufficient data
quality can be achieved. In both cases, proposed approaches should be developed using the
DQO process and should be communicated to NRC staff. 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.

Chapter 6 of MARSSIM includes 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 describes 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 useful in locating radiation anomalies indicating residual gross activity
that might 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, the licensee typically performs them
before direct measurements or sampling. This avoids spending time fully evaluating an area
that may quickly prove to contain residual radioactivity above the IL during the scanning
process. Based on the HSA, surfaces to be surveyed, and survey design objectives, licensees
conduct scans that would indicate all radionuclides potentially present, using surrogate
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measurements where appropriate. Documenting scanning results and observations from the
field is very important. For example, licensees should document a scan that identified relatively
sharp increases in instrument response or identified the boundary of an area of increased
instrument response. This information is useful when interpreting survey results.

Chapter 6 of MARSSIM includes 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, the licensee
should collect samples of the medium under investigation (e.g., soil) and then analyze them 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 that 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 is paid 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 removing a section of the flooring. Coring, using a
commercially available unit, is a common approach to accessing the subfloor soil. After
removing the core (where the 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.

Coring is also useful for collecting samples of construction material that 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 dist