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ABSTRACT

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

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

(3) “Financial Assurance, Recordkeeping, and Timeliness.”
This NUREG series is intended for use by NRC staff, licensees, and others.

Volume 2 of the NUREG series provides guidance on compliance with the radiological criteria
for license termination. Specifically, Volume 2 provides guidance relevant to demonstrating
compliance with 10 CFR Part 20, Subpart E. This guidance takes a risk-informed,
performance-based approach to the demonstration of compliance. Licensees should use this
guidance in preparing decommissioning plans, license termination plans, final status surveys, and
other technical decommissioning reports for NRC submittal. NRC staff will use the guidance in
reviewing these documents and related license amendment requests. This three-volume guidance
replaces NUREG-1727 (NMSS Decommissioning Standard Review Plan) and
NUREG/BR-0241 (NMSS Handbook for Decommissioning Fuel Cycle and Materials
Licensees).

PAPERWORK REDUCTION ACT STATEMENT

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

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

PUBLIC PROTECTION NOTIFICATION

If a means used to impose an information collection does not display a currently valid OMB
control number, NRC may not conduct or sponsor, and a person is not required to respond to, the
information collection.

il NUREG-1757, Vol. 2






CONTENTS

FN 13 12 7N A iii
0] 2 A0 ) 21 ) J xiii
ACKNOWLEDGMENTS ..t tttttttttt ettt ettt ettt ettt e et ie et eenennenn XV
ABBREVIATIONS .. etttttntttt ettt et ee et e ettt et ettt eie e eeneans xvii
GLOSSARY .. tttttttte ettt ettt et ettt et et e e e e e et ettt e et xxiii
1 PURPOSE, APPLICABILITY, AND ROADMAP .......cuuiinninntenneineneenneennennnns 1-1
1.1  PURPOSE AND APPLICABILITY OF THIS VOLUME . ........uiunireieieaneannn.. 1-1
1.2 RELATIONSHIP TO THE NMSS DECOMMISSIONING STANDARD REVIEW PLAN .. ..... 1-2
1.3 ROADMAP TO THIS VOLUME . ...\ttt et 1-5
1.4 ROADMAP FOR GUIDANCE ON RESTRICTED USE, ALTERNATE CRITERIA, AND
USE OF ENGINEERED BARRIERS . .. .o oottt et e e e e 1-10
1.5 ITERATIVE NATURE OF THE COMPLIANCE DEMONSTRATION PROCESS:
A DECISIONMAKING FRAMEWORK ... ...ttt 1-11
1.5.1 CONTENTS AND GENERAL CONCEPTS OF
THE ITERATIVE APPROACH IN USING THE DECISION FRAMEWORK ... .... 1-14
1.5.2 STEPS OF THE DECISION FRAMEWORK ... ....oooiteee e, 1-15
1.6 BIBLIOGRAPHY AND SUPERSEDED DOCUMENTS . ...ttt 1-17
1.6.1 NRC DECOMMISSIONING DOCUMENTS REFERENCED IN THIS VOLUME ... 1-18
1.6.2 OTHER NRC DOCUMENTS REFERENCED IN THIS VOLUME . ............... 1-19
1.6.3 OTHER DOCUMENTS REFERENCED IN THIS VOLUME .................... 1-20
1.6.4 DOCUMENTS SUPERSEDED BY THIS VOLUME .. ......oouoiiienan. 1-21
1.6.5 REQUEST COPIES OF DOCUMENTS . . . . .ottt e, 1-21

2 FLEXIBILITY IN DEMONSTRATING COMPLIANCE WITH 10 CFR PART 20, SUBPARTE .. 2-1
2.1  RISK-INFORMED APPROACH TO COMPLIANCE DEMONSTRATIONS AND REVIEWS ... 2-2

2.2 FLEXIBILITY IN SUBMISSIONS ... ..ottt 2-4
2.3 USE OF CHARACTERIZATION DATA FOR FINAL STATUS SURVEYS .................. 2-7
2.4 CHOICE OF NULL HYPOTHESIS FOR
FINAL STATUS SURVEY STATISTICAL ANALYSIS . ....oouiaieiaieaeeen .. 2-7
2.5 DEMONSTRATING COMPLIANCE USING DOSE ASSESSMENT METHODS VERSUS
DERIVED CONCENTRATION GUIDELINE LEVELS AND FINAL STATUS SURVEYS ... ... 29
2.5.1 DOSE MODELING APPROACH .. ...ttt 2-10
2.5.2 DCGL AND FSS APPROACH . ... .ottt 2-11
2.6 MERITS OF SCREENING VERSUS SITE-SPECIFIC DOSE ASSESSMENT .. .............. 2-11
2.7 SUMOF FRACTIONS .. ..ot e e 2-13
3 CROSS-CUTTING ISSUES ...ttt ittt ettt et et e e e eeeeans 3-1
3.1 TRANSPARENCY AND TRACEABILITY OF COMPLIANCE DEMONSTRATIONS .. ....... 3-1
3.2 DATA QUALITY OBJECTIVES PROCESS . . .. .ottt et e e 32
3.3 INSIGNIFICANT RADIONUCLIDES AND EXPOSURE PATHWAYS . .......ovvnernnan... 3-4

A NUREG-1757, Vol. 2



CONTENTS

3.4 CONSIDERATIONS FOR OTHER CONSTRAINTS ON

ALLOWABLE RESIDUAL RADIOACTIVITY ... .. e 3-5
3.5 USE OF ENGINEERED BARRIERS . ... ... . i 3-6
4 FACILITY RADIATION SURVEY S .ttt it ittt itetantasenrnneanannnns 4-1
4.1 RELEASE CRITERIA . ... e e 4-6
4.2 CHARACTERIZATION SURVEY S .. e 4-7
43 REMEDIAL ACTION SUPPORT SURVEYS ... ... 4-12
44 FINAL STATUS SURVEY DESIGN . .. ... e 4-14
4.5 FINAL STATUS SURVEY REPORT ... ... e 4-17
4.5.1 AREAS OF REVIEW ..o e 4-17
4.5.2 ACCEPTANCE CRITERIA . ... . 4-17
453 REVIEW PROCEDURES . ... ... i 4-18
4.5.4 EVALUATION CRITERIA .. ... e 4-23
4.6 ISSUES NOT COVERED IN MARSSIM .. ... e 4-23
5 DOSEMODELING EVALUATIONS . ..ttt iiiiiiiittanteanreaseeassoaseonssanneans 5-1
5.1  UNRESTRICTED RELEASE USING SCREENING CRITERIA
(DECOMMISSIONING GROUPS 1-3) ..o e e 5-8
5.1.1 BUILDING SURFACE EVALUATION CRITERIA .. ......... .. .. .. .. .. ... 5-10
5.1.2 SURFACE SOIL EVALUATION CRITERIA ........... ... .. ... .. .. .. .. ... 5-12
5.2 UNRESTRICTED RELEASE USING SITE-SPECIFIC INFORMATION
(DECOMMIISSIONING GROUPS 4-5) . . oot e e e e 5-14
5.3 RESTRICTED RELEASE (DECOMMISSIONING GROUP6) ......... ... ... ... ... ... 5-22
54 RELEASE INVOLVING ALTERNATE CRITERIA (DECOMMISSIONING GROUP 7) ....... 5-31
6 ALARA ANALYSES & it ittt iittiitteteeteeneaseseesesnessoscencansns 6-1
6.1 SAFETY EVALUATION REVIEW PROCEDURES ...... ... .. ... .. ... .. .. . . ... 6-1
6.2 ACCEPTANCE CRITERIA . ... e 6-2
6.3 EVALUATION CRITERIA . .. e e 6-2

NUREG-1757, Vol. 2 vi



CONTENTS

FIGURES

1.1
1.2

F.1
I.1
1.2
I3

1.4
L5
I.6
L7
1.8
J.1
J2
J3
M.1
M.2
M.3
M4
M.5
M.6
M.7
M.8
M.9
M.10
M.11
M.12

Continuum of Site COMPIeXity . ... ... ..ottt e et 1-8
Decommissioning and License Termination Decision Framework

(modified from NUREG—1549) . . ... .. e et 1-13
General Monitoring Well Cross-Section ... ............o ittt F-4
Conceptual Model Development .. .......... ... 1-28
Decommissioning Decision Framework .......... .. ... .. .. .. .. . 1-29
DandD Conceptual Model of the Ground-Water and Surface-Water Systems

(from NUREG/CR=5621) ..ottt e e e e e e e e e 1-33
Activity Ratio of Vapor to Particulate as a Function of Contaminated Area .................. 1-35
Conceptualization Modeled by RESRAD (from ANL/EAD/LD-2) ...............coou.... 1-39
Treatment of Parameter Uncertainty in DandD Version 1 .......... ... .. ... ... .. ... ..... I-73
Treatment of Parameter Uncertainty in DandD Version2 ............... ... ... ... ... ..... 1-74
Application of “Peak of the Mean” Dose . .......... ...t I-76
Conceptual Figure of Soil atthe Site . .......... ... . . i J-1
Alternative Conceptual Disposal .. ... ... e J-3
Conceptual Disposal Problem . ........ ... .. . J3
Panel 1: Beginning the Process .. ........... M-5
Panel 2: Land Use Data . . ...t e e M-6
Panel 3: Start with Resident Farmer — Ground Water Availability .. ...................... M-9
Panel 4: Agriculture —No Pond . ....... ... . .. . .. M-10
Panel 5: Aquatic Life . ... ... .. M-11
Panel 6: Agriculture —NoPond ......... ... .. . . . . . . M-14
Panel 7: Agriculture — All Pathways . ........ . i M-15
Panel 8: Potability — No Pond . ...... ... .. . M-16
Panel 9: Potability — All Pathways . ......... ... .. . . M-19
Panel 10: Topography and Soil —NoPond ......... .. .. ... . . .. i M-20
Panel 11: Topography and Soil — All Pathways ............... ... .. ... ... M-21
Panel 12: Urban Resident and Industrial Uses . .......... ... ... o i, M-23

vii NUREG-1757, Vol. 2



CONTENTS

TABLES

1.1
1.2
1.3
1.4
1.5
1.6
2.1
2.2
23
4.1
4.2
Al
A2
A3
A4
C.1
H.1

H.2

I.1
1.2
I3
1.4
L5
I.6
1.7
L.1
M.1
M.2
M.3
M4
M.5
M.6
M.7
M.8
M.9
M.10
M.11
M.12

Origin of Guidance inthis Volume . ......... ... .. ... . .. . . . . . . 1-2
Description and Examples of Each Decommissioning Group . .................ooouienao... 1-6
Applicability of Volume 2 to Decommissioning Groups . . .. ...........ueueineenennenaen . 1-7
Cross-References for Restricted Release, Alternate Criteria, and Use of Engineered Barriers . ... 1-11
Documents Superseded by this Report . ........ ... .. .. . 1-21
NRC OffICS . . v e ettt e 1-21
Comparison of FSS Statistical Test Scenarios .. ......... ..., 2-8
Comparison of Dose Modeling to DCGL and FSS Approaches to Compliance ............... 2-10
Attributes of Screening and Site-Specific Analysis ............ .. ... i 2-12
Cross-References for Principal Steps in the Radiation Survey and Site Investigation Process . . . .. 4-1
Scope of MAR S SIM . ..o 4-24
Suggested Survey Unit Areas (MARSSIM, Roadmap Table 1) ............................ A-4
Scanning Coverage Fractions and Scanning Investigation Levels .......................... A-12
Interpretation of Sample Measurements when a Reference Areais Used .................... A-19
Interpretation of Sample Measurements when No Reference Areais Used .................. A-19
Critical Points for Two-Stage Test of Normal Mean for a One-Sided Alternative .............. C-9
Acceptable License Termination Screening Values of

Common Radionuclides for Building-Surface Contamination ............................. H-7
Screening Values (pCi/g) of

Common Radionuclides for Soil Surface Contamination Levels . ............. ... ... ... ... H-8
Summary of Source-Term Abstraction Approaches Based on Dose-Modeling Objective . ....... I-9
Pathways for Generic SCenarios . ...............uiutnmeen it I-17
Potential Scenarios for Use in Dose ASSESSMENtS . .. ... .ottt I-20
Site Features and Conditions that May be Incompatible with Those Assumed in DandD ....... 1-34
Issues To Be Considered in Developing a Site-Specific Conceptual Model ... ............... 1-36
Site Features and Conditions that May be Incompatible with the Assumptions in RESRAD ... .. 1-42
Maximum Entropy Probability Distributions (Adapted from Harr 1987) .................... 1-79
Example of Summary Format . ........ ... .. . L-12
State Web SItes . . ..ottt M-28
Land Use Information Types . ..........o oot et M-29
Federal Sites Containing Data Relevantto Land Use ............. ... .. .. .. .. ... .... M-29
State Sites Containing Data Relevantto Land Use ......... ... .. ... ... .. ... ... ..... M-30
EPA Standards for Surface Waters to Support Freshwater Aquatic Life ................... M-38
Recommended Limits for Components in Drinking Water for Livestock and Poultry ......... M-39
Effects of Salinity of Drinking Water on Livestock ........... ... ... .. .. .. .. .. .... M-40
National Primary Drinking Water Regulations for Inorganic Chemicals ................... M-42
National Primary Drinking Water Regulations for Radionculides . . ....................... M-42
National Primary Drinking Water Regulations for Microorganisms ....................... M-42
National Primary Drinking Water Regulations for Organic Chemicals ..................... M-43
National Secondary Drinking Water Regulations ............. ... .. ... .. ... ... ... ... M-44

NUREG-1757, Vol. 2 viii



N.1
N.2
0.1
P.1
P2

P3

P4
P.5

P.6

P.7

P.8

CONTENTS

Possible Benefits and Costs Related to Decommissioning . ............................... N-4
Acceptable Parameter Values for Use in ALARA Analyses . ...............ccooiiiuiin. .. N-10
Example Radionuclide Profile ... ... ... . .. . . 0-2
Comments Provided by the Nuclear Energy Institute, Dated December 23,2002 .............. P-1
Comments Provided by the State of Illinois, Department of Nuclear Safety

(Now Part of the Illinois Emergency Management Agency), Dated December 23,2002 ........ P-15
Comments Provided by Connecticut Yankee Atomic Power Company,

Dated December 23, 2002 . .. ..o P-19
Comments Provided by Detroit Edison, Dated December 17,2002 ........................ P-20
Comments Provided by the State of Washington, Department of Health,

Dated December 23, 2002 . . ... i P-21
Comments Provided by the State of New Jersey, Department of Environmental Protection,

Dated December 20, 2002 . . . ... . e P-22
Comments Provided by the Nuclear Information and Resource Service,

Dated December 23, 2002 . .. ... P-24

Comments Provided by Paul Frame, Oak Ridge Associated Universities, Dated April 8, 2003 ... P-29

ix NUREG-1757, Vol. 2



CONTENTS

APPENDICES

A Implementing the MARSSIM Approach for Conducting Final Radiological Surveys .................. A-1
A.1 Classification of Areas by Residual Radioactivity Levels . ............ ... ... ... ... ... .... A-2
A2 Selection and Size of Survey Units ... ... ... ... A-4
A.3  Selection of Background Reference Areas and Background Reference Materials ............... A-5
A4 Methods to Evaluate Survey Results . ... . A-7
A.5 Instrument Selection and Calibration . . .. ......... .. . it A-9
A.6  Scanning Coverage Fractions and Investigation Levels ... ......... ... ... ... ... ... ...... A-11
A.7 Determining the Number of Samples Needed ........... ... .. ... ... A-12
A.8 Determining Sample Locations .. ... .. ... ..ttt e A-17
A.9 Determination of Compliance . ... ... ... ... .t A-18
ALTO References . ... ..ot e A-20
B Simple Approaches for Conducting Final Radiological Surveys . ........... ... .. ... ... B-1
B.1  MARSSIM Simplified Method . .......... . . . B-1
B.2  Alternative Simplified Method . ... ... ... .. B-1
B3 References .. ... ...t B-2
C  Use of Two-Stage or Double Sampling for Final Status Surveys ........... ... .. .. ... .. C-1
C.1  Double Sampling . .. ... ...ttt e C-1
C.2  Two-Stage Sequential Sampling .. ... ... ...t C-6
C.3  An Alternative Two-Stage, Two-Sample Median Test ......... ... ... .. ... .. ... ........ C-10
Cid REfOICNCES . .o .ottt ettt e e e e C-11
D Survey Data Quality and Reporting .. .......... ..t D-1
D1 Data Quality . . ...t e e D-1
D2 RePOTLING . .ottt et e e e e e e e D-2
D3 REfEINCES . .o .ottt e e e D-4
E Measurements for Facility Radiation Surveys .. ........... .. E-1
E.1  Introduction ... ... ... ... E-1
E.2  Direct Measurements (Fixed Measurements) .. ............ouoritieninenenenananananannn. E-2
E.3  Scanning Measurements . . . . ... .o.vtt ettt et ettt e e E-2
E.d4  Sampling ... ... e E-3
E.5 Minimum Detectable Concentrations . . . ... ......... oottt E-4
E.6  Survey MDCS . ..o E-5
E.7  Survey Instrument Calibration . ... ......... ... ittt E-7
E.8  Laboratory Measurements . . ... ... .....uutntntnen e et e ettt E-9
E.9  References ... ... ... E-10
F  Ground and Surface Water Characterization .. ... ........... ... ittt F-1
F.1  Planning for Surface Water and Ground Water Characterization ............................. F-1
F.2  Ground Water Characterization . . ... ... .. ... ...u.uuien et F-2
F.3  Indicators for Potential Ground Water Contamination . .....................iiuiineenann... F-5
F.4  Monitoring Practices and Procedures . ........... ... .. ... F-7
F.5 Sampling Frequencies .. ... ... ...ttt et F-7

NUREG-1757, Vol. 2 X



CONTENTS

F.6  Surface Water and Sediments ... ... ...... ...ttt e F-8
F.7  Geochemical Conditions . ... ... ... ...ttt e e F-9
F.8  Surface Water and Ground Water Models . . ... ... ... .. . i F-10
FLO  References . ... ...ttt e e F-10
Special Characterization and Survey ISSUES . . . .. ... . it G-1
G.1  Surveys for Special Situations in Buildings . .. ....... ... .. . G-1
G.2  Surveys for Special Situationson Land . ...... ... .. . . G-3
G.3  REfEICNCES . .o .ottt e e G-5
Criteria for Conducting Screening Dose Modeling Evaluations ............... ... ... ... ........ H-1
H.l  Introduction . ... ... ... H-1
H.2  Issues in Performing Screening Analysis .. ... .........c.iiiiint e H-2
Technical Basis for Site-Specific Dose Modeling Evaluations .................................... I-1
L1 Introduction ... ... ... ..o I-1
I.1.1 Background . .. ... ... I3
I.1.2 Brief Description and SCOPe ... .. ...t 14
[.2  Source-Term AbBSLraction . . ... ... ...ttt e I-5
1.2.1 Introduction . .. ... ... I-5
1.2.2 Issues Associated with Source-Term Abstraction . ..................c.coiiuiin ... 1-7
1.2.3 Approach to Source-Term Abstraction ............ ... ... I-8
.3 Criteria for Selecting and Modifying Scenarios, Pathways, and Critical Groups ................ I-14
1.3.1 Introduction . ........ .. e I-14
1.3.2 Issues in Selecting and Modifying Scenarios, Pathways, and Critical Groups ......... I-16
1.33 Recommended Approaches . .......... ...t I-16
1.3.4 Generic Examples . ... ... I-25
.4 Criteria to Establish Conceptual Models .......... ... .. e 1-27
141 Introduction . ... ... ... . 1-27
1.4.2 ISSUES . .o I-30
143 Recommended Approach ........... .. . . e I-30
14.4 Generic Examples . ... ... 1-43
I.5  Criteria for Selecting Computer Codes/Models .. ........ ... .. 1-44
151 Introduction . ... ... ... . 1-45
5.2 Issues in Selection of Computer Codes/Models ................................ 1-46
5.3 Recommended Approach ........ ... .. . . e 1-47
1.5.4 Use of Codes and Models Other than DandD and RESRAD ................... ... I-56
[.6  Criteria for Selecting or Modifying Input Parameter Values .. .......... ... .. ... .. ... ...... 1-57
1.6.1 Introduction . . ... ... I-57
1.6.2 Issues in Modifying Parameters ... ............. ottt I-58
1.6.3 Input Parameter Data Sets . ......... ... i e I-61
1.6.4 Recommended Approach to Parameter Modification ......................... ... 1-64
.7 Uncertainty/Sensitivity ANalySes . .. ... ...ttt et e I-71
1.7.1 Introduction . .. ... ... I-71
1.7.2 Issues in Uncertainty/Sensitivity AnalySes . .............oouiiniineinennennen . 1-72

xi NUREG-1757, Vol. 2



CONTENTS

L7.3 Recommended Approach . ......... ... . e I-73
1.7.4 Input Parameter Distributions for Monte Carlo Analysis ......................... 1-77
1.7.5 Sensitivity Analysis . . ... ...t 1-79
1.7.6 CONCIUSIONS . . ettt ettt e e e e e e e e 1-84
L8 RefOIenCes . . ...ttt e I-85
J Assessment Strategy for Buried Material . . ... ... .. J-1
J.1  Generic Description of STtuation .. ... ... .. ... e J-1
J.2 Scenario, Exposure Pathways, and Critical Group ............. ... ..t .. J-2
J.3 Analyses with DandD .. .. ... .. J-4
J4  Analyses with RESRAD ... .. J-11
J.5  Derivation of Equations J-4 through J-8 ... ... ... . .. . . . . J-14
Ji6 ReEfCICNCES . . ..ottt e e J-18
K Dose Modeling for Partial Site Release . . ............ i K-1
K.1 Dose Modeling Considerations for Partial Site Release ............ ... ... ... ... ... ...... K-1
K.2 Partial Site Release Technical Basis for Dose Modeling .. .......... .. .. ... .. ... ......... K-7
K.3  Hypothetical Examples ... ......... ... e K-18
L  Worksheet for Identifying Potential Pathways for Partial Site Release . ............................. L-1
L.1  Screening Sources (Yes/NO) . ...ttt e e e e L-1
L.2  Screening Transport Processes (Yes/NO) . . . ..ottt e e e L-3
L.3  Exposure Pathways ... ... ... .. .. L-10
M Process for Developing Alternate Scenarios at NRC Sites Involved in DandD and License Termination .. M-1
M.1  IntrodUuction . . ... ... e e M-2
M.2  Process SChematiC . .. ... ... ...ttt e e e e e M-3
M.3  Initial Computation . ... ... ... ... ..ttt M-24
M.4  Sensitivity ANaLYSiS . . . ..ottt M-26
M.5 Introducing Site-Specific Information . .......... ... . .. . .. M-26
MO SUMMATY . .ottt et e e e e e M-46
M.T7  REfEIENCES . . o .ottt et e e e e M-47
N ALARA ANalySeS . ..ottt e e e e N-1
N.1 Benefits and Costs for ALARA Analyses . ...........ouuionmimne e, N-3
N.2  Determination of “Net Public or Environmental Harm” . .......... ... .. ... ... ... ....... N-14
N.3  Demonstration of “Not Technically Achievable” .......... ... .. ... .. ... ... ... .. N-14
N.4 Demonstration of “Prohibitively Expensive” .. ........ .. ... i N-15
N.5 Derivation of Main Equations to Calculate ALARA Concentrations . ....................... N-15
O Lessons Learned and Questions and Answers to Clarify License Termination Guidance and Plans ....... O-1
0.1 Nuclear Energy Institute Questions and Answers to Clarify License Termination Guidance . ...... 0-1
0.2 Lessons Learned Related to Recently Submitted Decommissioning Plans and
License Termination Plans . . . ... ... ... 0-9
0.3 Lessons Learned During Decommissioning Final Status Survey In-Process Inspections and
Confirmatory SUIVEYS . . ...ttt et et e e e e e e e e e e 0-22
P Comments on Draft .. ... ... P-1

NUREG-1757, Vol. 2 xii



FOREWORD

Contact NRC or the appropriate Agreement State authority to assure that you
understand what actions should be taken to initiate and complete decommissioning at
your facility.

In response to the U.S. Nuclear Regulatory Commission (NRC) Office of Nuclear Material
Safety and Safeguards (NMSS) performance goals in NRC’s Strategic Plan of (a) making NRC
activities and decisions more effective, efficient, and realistic and (b) reducing unnecessary
regulatory burden on stakeholders, NMSS implemented a project to consolidate and update the
policies and guidance of its decommissioning program. The product is a three-volume NUREG
report grouped into the functional categories of (1) Decommissioning Process for Materials
Licensees; (2) Characterization, Survey, and Determination of Radiological Criteria; and

(3) Financial Assurance, Recordkeeping, and Timeliness.

A team composed of NRC staff from Headquarters, Regional Offices, and representatives of
States prepared this document, drawing on their collective experience in site decommissioning
and license termination. NRC used the Business Process Redesign techniques to consolidate and
update existing decommissioning guidance documents into a NUREG series of reports, using an
expedited writing and review process. Below is a list of volumes included in NUREG—-1757:

Vol. No. | Vol. Title Status
1 Consolidated NMSS Decommissioning Guidance: Revision 1, issued
Decommissioning Process for Materials Licensees September 2003
2 Consolidated NMSS Decommissioning Guidance: Final version, issued
Characterization, Survey, and Determination of September 2003

Radiological Criteria

3 Consolidated NMSS Decommissioning Guidance: Final version, issued
Financial Assurance, Recordkeeping, and Timeliness September 2003

The current document, NUREG-1757, Volume 2, “Consolidated NMSS Decommissioning
Guidance: Characterization, Survey, and Determination of Radiological Criteria,” is the second
of three volumes on decommissioning guidance. It is intended for use by applicants, licensees,
NRC license reviewers, other NRC personnel, and Agreement State staff. This document,
Volume 2, addresses compliance with the license termination criteria regulations in the Code of
Federal Regulations (CFR), Title 10, Part 20, Subpart E, for materials and reactor licensees. This
document updates and builds upon the risk-informed approach used in the NMSS
Decommissioning Standard Review Plan (NUREG-1727, September 2000), and, in whole or in
part, incorporates the parts of NUREG-1727 that provide guidance for demonstrating compliance
with Subpart E. Volume 1 of this NUREG report describes the regulatory aspects of the
decommissioning process, and identifies the information (subject matter and level of detail)
needed to terminate a license by considering the specific circumstances of the wide range of
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radioactive materials users licensed by NRC. Volume 3 addresses financial assurance for
decommissioning, recordkeeping for decommissioning, and timeliness requirements for
decommissioning facilities. This three-volume guidance replaces NUREG—1727. The specific
sections of NUREG-1727 that have been incorporated into this volume are listed in Section 1.4.
This volume identifies issues related to demonstrating compliance with the license termination
criteria, provides guidance on addressing these issues, and describes methods and approaches
that are acceptable to NRC staff.

The NRC staff reviewed and considered approximately 80 documents (see 66 FR 21793) related
to decommissioning for consolidation into this NUREG report. Those documents that have been
superseded by Volume 2 of this NUREG report, and the specific sections of the SRP that have
been incorporated into this document are set forth in Sections 1.2 and 1.4. A final list of
consolidated documents is provided in Volume 3. The approaches to decommissioning as
described in this NUREG report help to identify the information (subject matter and level of
detail) needed to terminate a license by considering the wide range of radioactive materials users
licensed by NRC. This report also incorporates the risk-informed and performance-based
alternatives of NRC’s License Termination Rule (10 CFR Part 20, Subpart E). This volume was
initially published as a draft for public comment; comments received and NRC staff responses to
the comments are provided in Appendix P of this volume. This NUREG is available on the
Internet at the following address: <http://www.nrc.gov>.

This NUREG is not a substitute for NRC regulations, and compliance with this document is not
required. However, it does describe an approach acceptable to NRC.

AT e e
/4

John T. Greeves, Director
Division of Waste Management
Office of Nuclear Material Safety and Safeguards
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ABBREVIATIONS

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

ADAMS
AEC

ALARA
ANSI
APF
ASME
ASTM
Bq
BRT
BTP
CAM
CATX
CEDE
CEQ
CFR
Ci
cpm
DCB
DCGLs
DFP
DOE
DOT
DP
dpm
DQA
DQO

Agencywide Documents Access and Management System

U.S. Atomic Energy Commission (became Energy Resource Development

Agency and Nuclear Regulatory Commission)

As low as is reasonably achievable
American National Standards Institute
Assigned Protection Factors

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

Bankruptcy Review Team

Branch Technical Position

Continuous Air Monitor

Categorical Exclusion

Committed Effective Dose Equivalent
Council on Environmental Quality
Code of Federal Regulations

curie

counts per minute

Decommissioning Branch

Derived Concentration Guideline Levels
Decommissioning Funding Plan

U.S. Department of Energy

U.S. Department of Transportation
Decommissioning Plan

disintegrations per minute

Data Quality Assessment

Data Quality Objective
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DWM
EA
EIS
EMC
EML

EPA
EPAB

EPA/NRC MOU

ER
FEP
FFIEC
FHLM
FNMA
FONSI
FR
FSS
FSSP
FSSR
GEIS
GNMA
GPO
HSA
IC
ICRP
IMC
IMNS

IP

NUREG-1757, Vol. 2

Division of Waste Management (Nuclear Regulatory Commission)
Environmental Assessment

Environmental Impact Statement

Elevated Measurement Comparison

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

U.S. Environmental Protection Agency

Environmental and Performance Assessment Branch (Nuclear Regulatory
Commission)

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

Environmental Report

Feature, Event, and/or Process

Federal Financial Institutions Examination Council
Federal Home Loan Mortgage Corporation

Federal National Mortgage Association

Finding of No Significant Impact

Federal Register

Final Status Survey

Final Status Survey Plan

Final Status Survey Report

Generic Environmental Impact Statement
Government National Mortgage Association
Government Printing Office

Historical Site Assessment

Institutional Control

International Commission on Radiological Protection
Inspection Manual Chapter

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

Inspection Procedure
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IROFS
ISA
ISCORS
ISFSI

ISO

LA
LBGR
LPDR
LTP

LTR
MARLAP
MARRSIM

mCi
MCL
MDA
MDC
MIP
mrem
mSv
NAIC
NAS
NCRP
NCS
NCSA
NEPA
NIST
NMMSS
NMSS

ABBREVIATIONS

Items Relied on for Safety

Integrated Safety Analysis

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

License Amendment

Lower Bound [of the] Gray Region

Local Public Document Room

License Termination Plan

License Termination Rule

Multi-Agency Radiological Laboratory Analytical Protocols Manual

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

millicurie

Maximum Contaminant Level

Minimum Detectable Activity

Minimum Detectable Concentration

Master Inspection Plan

millirem

millisievert

National Association of Insurance Commissioners
National Academy of Sciences

National Council on Radiation Protection and Measurements
Nuclear Criticality Safety

Nuclear Criticality Safety Analysis

National Environmental Policy Act

National Institute of Standards and Technology
Nuclear Materials Management and Safeguards System

Office of Nuclear Material Safety and Safeguards (Nuclear Regulatory
Commission)
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NOAA National Oceanic and Atmospheric Administration
NORM Naturally Occurring Radioactive Material

NRC U.S. Nuclear Regulatory Commission

oC Office of Controller

ocCcC Office of the Comptroller of the Currency

OE Office of Enforcement (Nuclear Regulatory Commission)
0GC Office of General Counsel (Nuclear Regulatory Commission)
OSHA U.S. Occupational Safety and Health Administration
PCBs Polychlorinated Biphenyls

pCi picocurie

PDF Probability Density Function

PDR Public Document Room

P&GD Policy and Guidance Directive

PM Project Manager

PSR Partial Site Release

QA Quality Assurance

QAPP Quality Assurance Project Plan

QA/QC Quality Assurance and Quality Control

RAI Request for Additional Information

REMP Radiological Environmental Monitoring Program
RF Resuspension Factor

RG Regulatory Guide (also known as Reg Guide)

RIS Regulatory Issue Summary

RSO Radiation Safety Officer

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

SDMP Site Decommissioning Management Plan

SDWA Safe Drinking Water Act

SER Safety Evaluation Report
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SOPs
SRP
STP

Sv

TAR
TDS
TEDE
TENORM
TI

TLD
TOC
TODE
TRU
USACE
U.S.C.
USGS
WRS

Standard Operating Procedures

ABBREVIATIONS

[NMSS Decommissioning] Standard Review Plan (NUREG-1727)

[Office of] State and Tribal Programs (Nuclear Regulatory Commission)

sievert

Technical Assistance Request
Total Dissolved Solids

Total Effective Dose Equivalent

Technologically Enhanced Naturally Occurring Radioactive Material

Transport Index
Thermoluminescent Dosimeter
Total Organic Carbon

Total Organ Dose Equivalent
Transuranic(s) [radionuclides]
U.S. Army Corps of Engineers
U.S. Code

U.S. Geological Survey
Wilcoxon Rank Sum [test]
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The following terms are defined for the purposes of this three-volume NUREG report.

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

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

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

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

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

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

Broad Scope Licenses. A type of specific license authorizing receipt, acquisition, ownership,
possession, use, and transfer of any chemical or physical form of the byproduct material specified
in the license, but not exceeding quantities specified in the license. The requirements for specific
domestic licenses of broad scope for byproduct material are found in 10 CFR Part 33. Examples
of broad scope licensees are facilities such as large universities and large research and
development facilities.
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Byproduct Material. (1) Any radioactive material (except special nuclear material) yielded in, or
made radioactive by, exposure to the radiation incident to the process of producing or utilizing
special nuclear material; and (2) the tailings or wastes produced by the extraction or
concentration of uranium or thorium from ore processed primarily for its source material content,
including discrete surface wastes resulting from uranium solution extraction processes (see

10 CFR 20.1003).

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

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

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

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

Cleanup. See decontamination.

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

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

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

DandD code. The Decontamination and Decommissioning (DandD) software package,
developed by NRC, that addresses compliance with the dose criteria of 10 CFR Part 20,

Subpart E. Specifically, DandD embodies NRC’s guidance on screening dose assessments to
allow licensees to perform simple estimates of the annual dose from residual radioactivity in soils
and on building surfaces.
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Decommission. To remove a facility or site safely from service and reduce residual radioactivity
to a level that permits (1) release of the property for unrestricted use and termination of the
license or (2) release of the property under restricted conditions and termination of the license
(see 10 CFR 20.1003).

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

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

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

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

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

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

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

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
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prepare an environmental impact statement or a finding of no significant impact, (2) aid the
Commission’s compliance with NEPA when no environmental impact statement is necessary,
and (3) facilitate preparation of an environmental impact statement when one is necessary (see
10 CFR 51.14(a)).

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

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

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

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

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

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

Final Status Survey (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.

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

Final Status Survey Report (FSSR). The results of the final status survey conducted by a licensee
to demonstrate the radiological status of its facility. The FSSR is submitted to NRC for review
and approval.

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.
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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).

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

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

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

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

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

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

Impacted Areas. The areas with some reasonable potential for residual radioactivity in excess of
natural background or fallout levels (see 10 CFR 50.2).

Inactive Outdoor Area. The outdoor portion of a site not used for licensed activities or materials
for 24 months or more.

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

atmosphere) by evaporation or transpiration.

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

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

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

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

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

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

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

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

Monitoring. Monitoring (radiation monitoring, radiation protection monitoring) is the
measurement of radiation levels, concentrations, surface area concentrations, or quantities of
radioactive material and the use of the results of these measurements to evaluate potential
exposures and doses (see 10 CFR 20.1003).
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mrem/y (millirem per year). One one-thousandth (0.001) of a rem per year. (See also sievert.)

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

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

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

Pathway. See exposure pathway.

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

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

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

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

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

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

XXIX NUREG-1757, Vol. 2



GLOSSARY

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

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

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

Remedial Action. See decontamination.
Remediation. See decontamination.

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

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

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

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

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

Risk-Based Approach. Regulatory decisionmaking 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 decisionmaking that represents a philosophy whereby risk
insights are considered together with other factors to establish requirements that better focus
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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.

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

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

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

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

(e.g., use of the DandD code) that meets the radiological decommissioning criteria without
further analysis, to simplify decommissioning in cases where low levels of residual radioactivity
are achievable.

Sealed Source. Any special nuclear material or byproduct material encased in a capsule designed
to prevent leakage or escape of the material.

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

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

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

Site Characterization Survey. See characterization survey.

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

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

Source Material. Uranium or thorium, or any combination of uranium and thorium, in any
physical or chemical form, or ores that contain by weight one-twentieth of one percent

(0.05 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. A conceptual representation of the residual radioactivity at a site or facility.

Special Nuclear Material. (1) Plutonium, uranium-233 (U-233), uranium enriched in the

isotope 233 or in the isotope 235, and any other material that the Commission, pursuant to the
provisions of Section 51 of the Atomic Energy Act, determines to be special nuclear material, but
does not include source material; or (2) any material artificially enriched by any of the foregoing
but does not include source material (see 10 CFR 20.1003).

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

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

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

Technologically Enhanced Naturally Occurring Radioactive Material (TENORM). Naturally
occurring radioactive material with radionuclide concentrations increased by or as a result of past
or present human practices. TENORM does not include background radioactive material or the
natural radioactivity of rocks and soils. TENORM does not include uranium or thorium in
source material.
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Timeliness. Specific time periods stated in NRC regulations for decommissioning unused
portions of operating nuclear materials facilities and for decommissioning the entire site upon
termination of operations.

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

10 CFR 20.1003).

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

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

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

known as the vadose zone.

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

1.1 PURPOSE AND APPLICABILITY OF THIS VOLUME

The purpose of this volume is to

» 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.

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

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

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

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

 Financial assurance for decommissioning

» Public notification and participation

e Recordkeeping and timeliness in decommissioning

¢ Decommissioning of uranium recovery facilities

» Disposition of solid materials from licensee control

1.2  RELATIONSHIP TO THE NMSS DECOMMISSIONING
STANDARD REVIEW PLAN

As shown in Table 1.1, the information in Chapters 4—-6 and many of the appendices of this
volume is taken directly from the NMSS Decommissioning Standard Review Plan (SRP)
(NUREG-1727). These sections have been edited to remove redundancies and to use consistent
terminology in this document, but the essential information is the same. The difference in
writing styles between sections of this document is because of different objectives and different
authors for the documents. While there is some difference in writing style, this was the most
efficient means to capture the contents of the SRP, which was recently finalized after significant
public comment.

Table 1.1 Origin of Guidance in this Volume

Section of
Section of this Volume SRP
1.0 Purpose, Applicability, and Roadmap new
1.1 Purpose and Applicability of this Volume new
1.2 Relationship to the NMSS Decommissioning Standard Review Plan new
1.3 Roadmap to this Volume new and from
Appendix C,
Section 1.3
1.4 Roadmap for Guidance on Restricted Use, Alternate Criteria, and Use of new
Engineered Barriers
1.5 Iterative Nature of the Compliance Demonstration Process: A Decisionmaking new
Framework
1.6 Bibliography and Superseded Documents new

NUREG-1757, Vol. 2 1-2



PURPOSE, APPLICABILITY, AND ROADMAP

Table 1.1 Origin of Guidance in this Volume (continued)

Section of

Section of this Volume SRP

2.0 Flexibility in Demonstrating Compliance with 10 CFR Part 20, Subpart E new

2.1 Risk-Informed Approach to Compliance Demonstrations and Reviews new

2.2 Flexibility in Submissions part of 14.0

23 Use of Characterization Data for Final Status Surveys new

24 Choice of Null Hypothesis for Final Status Survey Statistical Analysis new

2.5 Demonstrating Compliance Using Dose Assessment Methods Versus Derived new

Concentration Guideline Levels and Final Status Survey

2.6 Merits of Screening Versus Site-Specific Assessment Appendix C,
Section 2.1

2.7 Sum of Fractions new

3.0 Cross-Cutting Issues new

3.1 Transparency and Traceability of Compliance Demonstrations new

32 Data Quality Objectives Process new

3.3 Insignificant Radionuclides and Exposure Pathways Appendix E,
Section 9.0

34 Considerations for Other Constraints on Allowable Residual Radioactivity new

3.5 Use of Engineered Barriers new

4.0 Facility Radiation Surveys 14.0

4.1 Release Criteria 14.1

4.2 Characterization Surveys 14.2

43 Remedial Action Support Surveys 14.3

4.4 Final Status Survey Design 14.4

4.5 Final Status Survey Report 14.5

4.6 Issues Not Covered in MARSSIM new

1-3 NUREG-1757, Vol. 2




PURPOSE, APPLICABILITY, AND ROADMAP

Table 1.1 Origin of Guidance in this Volume (continued)

Section of

Section of this Volume SRP

5.0 Dose Modeling Evaluations 5.0

5.1 Unrestricted Release Using Screening Criteria (Decommissioning Groups 1-3) 5.1

52 Unrestricted Release Using Site-Specific Information (Decommissioning 52

Groups 4-5)

53 Restricted Release Using Site-Specific Information (Decommissioning Groups 6) | 5.3

54 Release Involving Alternate Criteria (Decommissioning Group 7) 54

6.0 ALARA Analyses 7.0

Appendix A [ Implementing the MARSSIM Approach for Conducting Final Radiological Appendix E,

Surveys Sections 1.0—

9.0

Appendix B Simple Approaches for Conducting Final Radiological Surveys new

Appendix C Use of Two-Stage or Double Sampling for Final Status Surveys new

Appendix D Survey Data Quality and Reporting new

Appendix E Measurements for Facility Radiation Surveys new

Appendix F Ground and Surface Water Characterization new

Appendix G [ Special Characterization and Survey Issues Appendix E,
Sections 10.0
and 11.0

Appendix H Criteria for Conducting Screening Dose Modeling Evaluations Appendix C,
Section 2.0

Appendix | Technical Basis for Site-Specific Dose Modeling Evaluations Appendix C,
Sections 1.0
and 3.0-8.0

Appendix J Assessment Strategy for Buried Materials new

Appendix K | Dose Modeling for Partial Site Release new

Appendix L Worksheet for Identifying Potential Pathways for Partial Site Release new
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Table 1.1 Origin of Guidance in this Volume (continued)

Section of
Section of this Volume SRP

Appendix M | Process for Developing Alternate Scenarios at NRC Sites Involved in DandD and | new
License Termination

Appendix N | ALARA Analyses Appendix D
Appendix O  [Lessons Learned and Questions and Answers on License Termination Guidance |new

and Plans
Appendix P Comments on Draft new

This volume addresses the SRP topics of characterization, surveys, dose modeling, and as low as
is reasonably achievable (ALARA). The SRP topics concerning site description, radiological
condition, the decommissioning process, and changes after submission of a DP are found in
Volume 1 of this NUREG report. The SRP topic concerning financial assurance can be found in
Volume 3 of this NUREG report. The National Environmental Policy Act (NEPA) guidance
found in the SRP is superseded by Volume 1 of this NUREG report and NUREG-1748.

1.3 ROADMAP TO THIS VOLUME

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

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

Volume 1 of this NUREG described the categorization of facilities into Decommissioning
Groups 1-7, based on the amount of residual radioactivity, the location of that material, and the
complexity of the activities needed to decommission the site. Table 1.2 provides a summary
description and examples of each decommissioning group (see Part I of Volume 1 of this
NUREG series for more details). Table 1.3 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 1.3. Licensees are
encouraged to consult with the appropriate NRC staff to better determine the applicability of the
guidance to their facility.
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Table 1.2 Description and Examples of Each Decommissioning Group

Group General Description Typical Examples

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

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

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

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

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

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

7 Licensed material was used in a way that resulted in | Licensees whose sites would cause more health
residual radiological contamination of building and safety or environmental impact than could
surfaces, and/or soils, and possibly ground water. be justified when cleaning up to the restricted
The licensee demonstrates that the site meets alternate | release limit (e.g., facilities where large
restricted use levels derived from site-specific dose inadvertent release(s) occurred)
modeling.
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Table 1.3

Applicability of Volume 2 to Decommissioning Groups

(Section 6.2)

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7
Dose Assessment N/A Screening criteria (Section 5.1, Site-specific assessment Site-specific Site-specific
Method Appendix H) (Section 5.2, Appendices I and assessment assessment
M) (Section 5.3, (Section 5.4,
Appendices | Appendices |
and M) and M)
Dose Assessment No Yes, for licensees electing partial site releases (Appendices K and L)
for Partial Site
Release
Site No Yes (Section 4.2, Appendix E) Yes (Section 4.2, Appendices E, F, and G)
Characterization
Remedial Action No Yes, if remediation is required (Section 4.3, Appendix E)
Support Surveys
Final Status No Yes (Sections 4.4 and 4.5, Yes (Sections 4.4 and 4.5, Appendices A, D, and E)
Survey (FSS) Appendices A, B, D, and E)
Complex Survey No Yes (Section 4.6, Appendix G)
Situations (Not
Addressed in
MARSSIM)
Ground Water No Yes, surface Yes (Appendix F)
Characterization water only
(Appendix F)
ALARA Analysis No Yes, good housekeeping only Yes (Chapter 6, Appendix N)
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Because of the variability in the amounts, forms, and types of radioactive material used by each
decommissioning group, licensees may need to submit a broad range of information types and
details to NRC for approval of decommissioning activities. The types of information required
could vary because of the radionuclides involved, whether or not remediation is required, or the
complexity of the site. The amount of detail discussed in this volume is based on the needs of
complicated sites. The NRC staff does not suggest that all licensees should provide the same
level of detail. Rather, the amount of detail provided on a specific issue should be commensurate
with the complexity of the issue for the facility. Thus, licensees and NRC reviewers should
generally determine the level of detail and appropriate methods based on the complexity of the
facility as related to a compliance demonstration. Licensees are encouraged to discuss with their
NRC license reviewer the appropriate level of detail to be included in the DP, using the
checklists of Appendix D of Volume 1 of this NUREG report.

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

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

Simple Complex
Groups 1-3 4 5 6 7

decom-022.ppt
031102

Figure 1.1 Continuum of Site Complexity.

Simple sites are generally easy to assess, because site characterization information, survey
methods, and models with NRC—reviewed default parameter sets are readily available. These
sites have residual radioactivity generally limited to building surfaces or surface soil at a site with
simple geological and hydrological characteristics.
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Technically complex sites are generally sites with one or more of the following conditions:

¢ existing ground water or surface water contamination;

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

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

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

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

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

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

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

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

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

If the licensee is required to submit a DP, NRC staff should schedule a meeting with the licensee
to discuss both the planned decommissioning and the approach that will be used to evaluate the

1-9 NUREG-1757, Vol. 2



PURPOSE, APPLICABILITY, AND ROADMAP

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

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

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

Table 1.4 provides cross-references to sections of Volume 1 and this volume for guidance on
aspects of restricted release, use of alternate criteria, and use of engineered barriers.
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Table 1.4 Cross-References for Restricted Release, Alternate Criteria, and Use
of Engineered Barriers

Applicable Sections of this Report
Issue Volume 1 Volume 2
Institutional controls for restricted release 17.7.3.2 n/a
Site maintenance/long-term stewardship 17.7.3.3 n/a
Obtaining public advice on institutional controls 17.7.3.4 and 17.8 n/a
Dose modeling for restricted release 17.7.3.5 53
ALARA analysis for restricted release 17.7.3.5 6
Use of alternate criteria 17.7.4 n/a
Dose modeling for alternate criteria 17.7.4 54
Use of engineered barriers n/a 3.5
Note:
Volume 3 has no applicable sections on engineered barriers.

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

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

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

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

e optimize cost decisions related to site characterization, remediation, and land-use restrictions;
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¢ integrate analyses for ALARA requirements; and

o elicit other stakeholders’ input at crucial points.

The framework is designed to allow the licensee flexibility in the decisionmaking process for
demonstrating compliance. As such, the framework provides one method that may be useful for
licensees in developing the compliance strategy.

The steps and decision points of the decision framework support assessment of the entire range
of dose modeling options from which a licensee may choose, whether it involves using generic
screening parameters, changing parameters, or modifying pathways or models. The decision
framework, including its steps and decision points, is illustrated in Figure 1.2 (modified from
NUREG-1549).
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Figure 1.2 Decommissioning and License Termination Decision Framework (modified from
NUREG-1549).
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1.5.1 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 decisionmaking for license termination. An iterative approach is helpful
because of the very wide range of levels of residual radioactivity, complexity of analysis, and
potential remediation necessary at NRC—licensed sites. The iterative approach consists of using
existing information for generic screening and using site-specific information as appropriate.
This approach provides assurance that obtaining additional site-specific information is
worthwhile because it ensures that a more realistic dose assessment will generally result in an
estimated dose no greater than that estimated using screening. These two phases of the
compliance assessment are summarized in broad terms below (more details are provided in
NUREG-1549):

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

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

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

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

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

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

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

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

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

1.5.2 STEPS OF THE DECISION FRAMEWORK

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

BIBLIOGRAPHY AND SUPERSEDED DOCUMENTS

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

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

1.6.1 NRC DECOMMISSIONING DOCUMENTS REFERENCED IN
THIS VOLUME

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

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

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

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

°- —— . NUREG-1496, “Generic Environmental Impact Statement in Support of
Rulemaking on Radiological Criteria for License Termination of NRC—Licensed Nuclear
Facilities.” NRC: Washington, DC. July 1997.

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

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

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

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

*- - . NUREG-1549, “Decision Methods for Dose Assessment to Comply with
Radiological Criteria for License Termination, Draft Report for Comment.” NRC:
Washington, DC. July 1998.
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- - . NUREG-1575, Rev. 1, “Multi-Agency Radiation Survey and Site
Investigation Manual (MARSSIM).” EPA 402-R-97-016, Rev. 1, DOE/EH-0624, Rev. 1.
U.S. Department of Defense, U.S. Department of Energy, U.S. Environmental Protection
Agency, and NRC: Washington, DC. August 2000. Corrected pages for MARSSIM,
Revision 1 (August 2000) with the June 2001 updates, are available at the EPA Web site:
<http://www.epa.gov/radiation/marssim>.

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

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

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

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

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

*- - . NUREG/CR-5849, “Manual for Conducting Radiological Surveys in Support
of License Termination, Draft Report for Comment.” NRC: Washington, DC. June 1992.

1.6.2 OTHER NRC DOCUMENTS REFERENCED IN THIS VOLUME

* Code of Federal Regulations. 10 CFR Part 20, “Standards for Protection Against Radiation.”
Sections 10 CFR 20.1001-2402.

°- - —— . 10 CFR Part 30, “Rules of General Applicability To Domestic Licensing of
Byproduct Material.” Sections 10 CFR 30.1-72.

- - . 10 CFR Part 40, “Domestic Licensing of Source Material.”
Sections 10 CFR 40.1-82.

°- - —— . 10 CFR Part 50, “Domestic Licensing of Production And Utilization
Facilities.” Sections 10 CFR 50.1-120.

*- - . 10 CFR Part 70, “Domestic Licensing of Special Nuclear Material.”

Sections 10 CFR 70.1-92.

°- - —— . 10 CFR Part 72, “Licensing Requirements for the Independent Storage of
Spent Nuclear Fuel And High-Level Radioactive Waste.” Sections 10 CFR 72.1-248.
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¢ Nuclear Regulatory Commission (U.S.) (NRC). NUREG-1200, Rev. 3, “Standard Review
Plan for the review of a license application for a Low-Level Radioactive Waste Disposal
Facility.” NRC: Washington, DC. April 1994.

°- —— . NUREG-1573, “A Performance Assessment Method for Low-Level Waste
Disposal Facilities: Recommendations of NRC’s Performance Assessment Working Group.”
NRC: Washington, DC. October 2000.

- — . NUREG-1620, Rev. 1, “Standard Review Plan for the Review of a
Reclamation Plan for Mill Tailings Sites Under Title II of the Uranium Mill Tailings
Radiation Control Act, Draft.” NRC: Washington, DC. January 2002.

°- - —— . NUREG-1623, “Design of Erosion Protection for Long-Term Stabilization,
Draft Report for Comment.” NRC: Washington, DC. February 1999.

- - . NUREG-1748, “Environmental Review Guidance for Licensing Actions
Associated with NMSS Programs.” NRC: Washington, DC. September 2001.
°- - —— . Staff Requirements Memorandum, SECY—-98-144, “White Paper on

Risk-Informed and Performance-Based Regulation.” NRC: Washington, DC. March 1999.
1.6.3 OTHER DOCUMENTS REFERENCED IN THIS VOLUME

e Environmental Protection Agency (U.S.) (EPA), Washington, DC. “Federal Radiation
Protection Draft Guidance for Exposure of the General Public.” Federal Register: Vol. 59,
p. 66414. December 23, 1994.

- — . EPA 402-R-93-081, “External Exposure to Radionuclides in Air, Water,
and Soil: Federal Guidance Report No. 12.” EPA: Washington, DC. September 1993.
°- - . EPA 520/1-88-020, “Limiting Values of Radionuclide Intake and Air

Concentration and Dose Conversion Factors for Inhalation, Submersion, and Ingestion:
Federal Guidance Report No. 11.” EPA: Washington, DC. September 1988.

- - . EPA/540/G-89/004, “Guidance for Conducting Remedial Investigations and
Feasibility Studies Under CERCLA.” EPA: Washington, DC. October 1988(b).

¢ —— . EPA/600/R—96/055, “Guidance for the Data Quality Objectives Process, EPA
QA/G—4.” EPA: Washington, DC. August 2000.

- - . OSWER Directive 9360.0-03B, “Superfund Removal Procedures.” EPA:

Washington, DC. 1988(c).

e Department of Energy (U.S.) (DOE). DOE/EM-0142P, “Decommissioning Handbook.”
DOE: Washington, DC. March 1994.
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1.6.4 DOCUMENTS SUPERSEDED BY THIS VOLUME

This volume supersedes the guidance documents listed in Table 1.5, and the superseded
documents should no longer be used.

Table 1.5 Documents Superseded by this Report

Document Title Date

NRC Draft Staff Guidance for Dose Modeling of 09/28/2001
memorandum Proposed Partial Site Releases

Branch Technical | Draft Branch Technical Position on Site 11/1994
Position Characterization for Decommissioning

NUREG-1500 Working Draft Regulatory Guide on Release 08/1994

Criteria for Decommissioning: NRC Staftf’s
Draft for Comment

NUREG/CR-5849 | Manual for Conducting Radiological Surveys in 06/1992
Support of License Termination

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

1.6.5 REQUEST COPIES OF DOCUMENTS

To request single copies of NRC documents from NRC’s Offices, see Table 1.6 for addresses and
telephone numbers.

Table 1.6 NRC Offices

Location Address Phone Number(s)
Headquarters Washington, DC. 20555-0001 301-415-7000,
1-800-368-5642
Region I 475 Allendale Road 610-337-5000,
King of Prussia, PA 19406-1415 1-800—432-1156
Region I1 61 Forsyth Street, SW, Suite 23T85 404-562-4400,
Atlanta, GA 30303 1-800-577-8510
Region 111 801 Warrenville Road 630-829-9500,
Lisle, IL 605324351 1-800-522-3025
Region IV 611 Ryan Plaza Drive, Suite 400 817-860-8100,
Arlington, TX 76011-8064 1-800-952-9677
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Note that NRC publishes amendments to its regulations in the Federal Register. Documents may
be obtained by contacting NRC’s Public Document Room (PDR), through the following
methods:

Telephone: 1-800-397—4209 or 301-415-4737

TDD (for the hearing impaired): 1-800—635-4512

Facsimile: 301-415-3548

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

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

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

(e.g., <http://www.nrc.gov>). Applicants and licensees who have Internet access may use the
referenced address to find more information on a topic, the referenced document, or information
on obtaining the referenced document.

NUREG-1757, Vol. 2 1-22



2 FLEXIBILITY IN DEMONSTRATING COMPLIANCE WITH
10 CFR PART 20, SUBPART E

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

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

Some of the guidance in this chapter was taken from the SRP (NUREG-1727). Section 2.2,
“Flexibility in Submissions,” was expanded from a part of Chapter 14 of the SRP. Section 2.6,
“Merits of Screening Versus Site-Specific Approaches,” was taken from a part of Section 2.1 of
Appendix C of the SRP.

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

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

This section provides a summary of the risk-informed approach to regulatory decisionmaking.
Additional details can be found in the NRC Staff Requirements Memorandum, SECY-08-144
(NRC 1999).

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

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

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

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

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

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

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

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

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

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

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

¢ NRC endorses the MARSSIM approach to FSS design and execution. The MARSSIM
approach results in a site-specific FSS design that is commensurate with potential risks
associated with a site, in terms of the likelihood of exceeding the DCGLs at the site (see
Section 4.4).

¢ NRC staff supports a risk-informed approach to site-specific dose modeling for compliance
demonstration in several ways: (a) allowing for site-specific selection of risk-significant
exposure scenarios, exposure pathways, and critical groups; (b) expecting selection of
conceptual models, numerical models and computer codes that incorporate the more
risk-significant elements of a site; (c) expecting site-specific data for the more risk-significant
input parameters, and allowing for more generic data for less risk-significant parameters; and
(d) encouraging the use of probabilistic techniques to evaluate and quantify the magnitude and
effect of uncertainties in the risk assessment, and the sensitivity of the calculated risks to
individual parameters and modeling assumptions (see Appendix I).

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

2.2  FLEXIBILITY IN SUBMISSIONS

NRC staff expects that certain information will be included in licensees’ DPs, including the FSS
design (if an FSS will be performed) and a description of the development of DCGLs or the dose
assessment, as applicable. Volume 1 of this NUREG provides additional details on the expected
content in these submittals. For guidance on lessons learned regarding flexibility related to
recently submitted decommissioning plans, refer to Section O.2 from Appendix O of this
volume.
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Some information is required by regulations (e.g., 10 CFR 30.36(g)(4)) and must be provided in
the DP; the DP must include all of the following:

 the conditions of the site, building, or area, are sufficient to evaluate the acceptability of the
plan;

« the planned decommissioning activities;

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

« the planned final radiation survey; and

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

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

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

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

In this case, the licensee may commit to the procedure recommended in MARSSIM for
determining the number of samples in a survey unit. This commitment to the MARSSIM
methodology would be documented in the DP. The licensee then may determine the number of
samples for each survey unit as information is obtained. The FSS design, including the number
of samples, could be described as part of an FSSR, which would be evaluated by NRC staff along
with the FSS results.

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

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

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

Cautions on Making Assumptions or Committing to a Methodology

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

(b) there may be a greater chance that the facility release would not be approved by NRC staff,
because some of the overall compliance strategy would be reviewed by NRC staff only at the
end of the decommissioning process. In addition, the licensee may be required to resolve the
assumptions and commitments to meet license conditions. The licensee should consult with
NRC staff regarding details of implementing these flexible approaches.
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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 such that the data obtained will be of
sufficient quality to serve as or to supplement the FSS. The DQO process may be applied to all
phases of the RSSI, with DQOs developed that will be as robust as those typically developed for
the FSS. This approach may result in more costly characterization or remedial action support
surveys (to support the more stringent DQOs), which may be balanced against the elimination of
a separate FSS. For guidance on lessons learned regarding the use of characterization data for
FSSes related to recently submitted decommissioning plans, refer to Section O.2 from

Appendix O of this volume.

2.4 CHOICE OF NULL HYPOTHESIS FOR FINAL STATUS SURVEY
STATISTICAL ANALYSIS

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

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

Comparison of FSS Statistical Test Scenarios

Characteristic

Scenario A

Scenario B

Assumption for statistical test

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

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

Null hypothesis

The concentrations of residual
radioactivity exceed the DCGLs.

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

Scenario emphasis

Compliance with a dose limit.

Indistinguishable from the
background.

What is needed to reject the null
hypothesis?

The measured average concentration
in the survey unit must be
statistically less than the DCGL.

The measured average concentration
in the survey unit must be
statistically greater than the
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 the
measurement variability.

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

Note:

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

Deciding which scenario to use and the process to make that decision are difficult questions. In
most cases, when the DCGL, is fairly large compared to the measurement variability, Scenario
A should be chosen. This is because even residual radioactivity below the DCGL,, should be
measurable. In some cases, however, it may be more appropriate to demonstrate
indistinguishability from the background. When the DCGL,, is small compared to measurement
and/or background variability, Scenario B may be appropriate. This is because residual
radioactivity below the DCGL,, may be difficult to measure. Background variability may be
considered high when differences in estimated mean concentrations measured in potential
reference areas are comparable to screening level DCGLs. NUREG—-1505 provides an example
of the use of Scenario B to demonstrate indistinguishability from the background when the
residual radioactivity consists of radionuclides that appear in background, and the variability of
the background is relatively high.
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As mentioned above, NRC staff’s default assumption is that the use of Scenario A is appropriate.
The use of Scenario B is expected only for a small number of facilities, and the considerations
for any given facility are expected to be site-specific. Therefore, NRC staff recommends that
licensees contact NRC early in the licensee’s FSS design process to discuss considerations for
their situation.

Cautions on the Use of Scenario B for FSS Statistical Tests
o C(Case-by-case evaluation is required.

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

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

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

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

Approach Advantages Disadvantages

Dose Modeling | ¢ more realistic e may still need preliminary
cleanup goals or DCGLs to
design surveys or guide
remediation

 accounts for time of peak dose for
mixes of radionuclides

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

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

 can guide remediation activities
and data collection

DCGLs and e simpler to implement e using sum of fractions provides

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

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

 potential conflict with “peak of
the mean” approach

251 DOSE MODELING APPROACH

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

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

data should be sufficient for use as an FSS.

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

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

2.5.2 DCGL AND FSS APPROACH

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

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

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

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

2.6 MERITS OF SCREENING VERSUS SITE-SPECIFIC DOSE
ASSESSMENT

The advantages of selecting a screening dose assessment approach, where it is applicable, are that
minimal justification, characterization, and NRC staff review are required. Its disadvantages are
that only two potential sources of radiation (i.e., buildings surfaces and soil) are covered and that
the results are more conservative than could be arrived at by site-specific modeling. On the other
hand, the advantages and disadvantages for site-specific analysis are based on the same principle:
flexibility. Site-specific analyses allow a licensee to tailor the analysis to their site conditions, as
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long as proper justification is available. Site-specific analyses would require the licensee to
provide justifications and site-specific information, as necessary, to support changes in
parameters or changes of codes/models and default assumptions. Table 2.3 provides a brief
summary of attributes and merits of each screening and site-specific analysis approach.

The models, scenarios, and parameters used in screening are intended to be conservative, because
the lack of information about a site warrants the use of conservative models and default
conditions to ensure that the derived dose is not underestimated. The screening analysis is
intended to overestimate the dose, to ensure that, for 90 percent of the screening cases, the
derived dose is not underestimated. In performing screening analysis, NRC staff should
recognize that in the screening analysis, the 90" percentile of the dose distribution is used for
calculating compliance, whereas in the site-specific analysis, the “peak of the mean” dose over
time (e.g., 1000 years) may be used. As soon as default parameters are changed, source term
conditions are modified, or different models or codes are used, a transition from screening to
site-specific analysis would be indicated.

Table 2.3  Attributes of Screening and Site-Specific Analysis

Attribute Screening Site-Specific
Models/Codes DandD Version 2 Any model/code compatible with the
(Others may be accepted.) site and approved by NRC staff
Scope of Application Only for sites qualified for screening Any site
Parameters DandD default parameters Site-specific and/or surrogates with
justification
Scenarios/Pathways DandD default scenarios/pathways Scenarios/pathways may be modified,
based on site condition.
Basis of Dose Selection & The dose at the 90™ percentile of the “Peak of the mean” annual doses
Uncertainty peak dose distribution within within 1000 years
1000 years

NUREG/CR-5512, Volume 1, and the deterministic parameter set from DandD Version 1
have been superseded by NUREG/CR-5512, Volume 3, and DandD Version 2, respectively.
Therefore, a licensee should not refer to NUREG/CR-5512, Volume 1, as a primary source for
a default deterministic parameter set. Similarly, DandD Version 1, which did not support
probabilistic analyses, provided a default deterministic input parameter set. DandD Version 2
has replaced Version 1, and the DandD Version 1 default deterministic parameter set should
not be used as a reference data set for any parameters. This is especially important for the
Version 1 defaults, as all the defaults in the code were selected by a method that made them
highly interdependent. Each single value in the default deterministic data set was selected
based on the values of the other parameters. Thus, if a single parameter is changed in DandD
Version 1, the appropriateness of every other parameter in the code may be questionable.

NUREG-1757, Vol. 2 2-12



FLEXIBILITY IN DEMONSTRATING COMPLIANCE WITH 10 CFR PART 20, SUBPART E

2.7 SUM OF FRACTIONS

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

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

Conc A Conc B
+ <1
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 4 and B, but in concentrations of Conc A, and Conc B,, and DCGLs of Limit 4,
and Limit B, the following relationship would need to exist to meet Subpart E:

Conc A N Conc B N Conc Ao N Conc B <
Limit A Limit B Limit Av  Limit Bo

1 (2-2)
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In the general form, the relationship of the ratios, commonly known as the “sum of the fractions”
or the “unity rule,” would be for M sources (s) and N radionuclides (7):

M N
ZZ% <1 2-3)

where:
Conc,, = the concentration of radionuclide  in source s, and
Limit,, = the DCGL,, value for radionuclide r in source s.

For sites with a number of radionuclides and sources, it may be easier to partition the acceptable
fraction between various sources or radionuclides. For example, a licensee could commit to keep
the ratio from the ground water to less than 25 percent of the dose limit. For guidance on lessons
learned regarding use of the unity rule related to confirmatory and FSSes, refer to Section 0.3.4.2
from Appendix O of this volume.

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

¢ Data Quality Objectives (DQO) process;

e insignificant radionuclides and exposure pathways;

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

o the use of engineered barriers.

Some of the guidance in this chapter was taken from the SRP (NUREG-1727). Section 3.3,

“Insignificant Radionuclides and Exposure Pathways,” was expanded and clarified from a
discussion in Section 9 of Appendix E of the SRP.

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

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

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

3.1 TRANSPARENCY AND TRACEABILITY OF COMPLIANCE
DEMONSTRATIONS

Licensees submit various information to justify their conclusions regarding compliance with

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

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

o Sources of data should be described.

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

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

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

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

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

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

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

1. statement of the problem;

2 identification of the decision;

3. identification of inputs to the decision;
4 definition of the study boundaries;

5 development of a decision rule;
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6. specification of limits on decision errors; and

7. optimization of the design for obtaining data.

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

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

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

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

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

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

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

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

3.3 INSIGNIFICANT RADIONUCLIDES AND EXPOSURE PATHWAYS

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

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

NRC staff considers radionuclides and exposure pathways that contribute no greater than

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

Once a licensee has demonstrated that radionuclides or exposure pathways are insignificant, then
(a) the dose from the insignificant radionuclides and pathways must be accounted for in
demonstrating compliance, but (b) the insignificant radionuclides and pathways may be
eliminated from further detailed evaluations. For example, after sufficient site characterization,
suppose a licensee shows that the dose from Sr-90 at the facility is 0.02 mSv/y (2 mrem/y),
which is less than 10 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.
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It is important that the licensee documents the radionuclides and pathways that have been
considered insignificant and eliminated from further consideration and that the licensee justifies
the decision to consider them insignificant. However, licensees and NRC staff should be aware
that remediation techniques (or other activities or processes) may increase concentrations above
those previously deemed insignificant. Thus, licensees should also demonstrate that the
concentrations deemed insignificant will not increase from other activities. Refer to Section O.1
from Appendix O and Questions 1 and 2, all of this volume, for guidance on which radionuclides
can be considered and deselected from further consideration, respectively.

Summary of Determining Insignificant Radionuclides and Exposure Pathways

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

¢ Insignificant means no greater than 10 percent of applicable dose criterion.

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

¢ No additional limit on single radionuclides or pathways.

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

3.4 CONSIDERATIONS FOR OTHER CONSTRAINTS ON
ALLOWABLE RESIDUAL RADIOACTIVITY

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

(2) other standards or regulations.

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

Demonstrating compliance with the Subpart E dose limit does not eliminate the licensee’s

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

3.5 USE OF ENGINEERED BARRIERS

Because of the wide range of residual radioactivity encountered at decommissioning sites
licensed by NRC, the LTR and NRC’s decommissioning guidance are not prescriptive as to the
criteria for, or acceptability of, site-specific engineered barriers. The “Statement of
Considerations” for the LTR might be read to conclude that engineered barriers are included
within institutional controls. However, neither term is defined. In the Commission’s view,
“engineered barriers,” referred to in the Statement of Considerations for the LTR, are distinct and
separate from institutional controls (NRC 2002). Used in the general sense, an engineered
barrier could be one of a broad range of barriers with varying degrees of durability, robustness,
and isolation capability. Thus, NRC distinguishes institutional controls from physical controls
and engineered barriers. Institutional controls are used to limit inadvertent intruder access to,
and/or use of, the site to ensure that the exposure from the residual radioactivity does not exceed
the established criteria. Institutional controls include administrative mechanisms (e.g., land use
restrictions) and may include, but are not limited to, physical controls (e.g., signs, markers,
landscaping, and fences) to control access to the site and minimize disturbances to engineered
barriers. There must be sufficient financial assurance to ensure adequate control and
maintenance of the site. Institutional controls must be legally enforceable, and the entity charged
with their enforcement should have the capability, authority, and willingness to enforce the
controls.

Generally, engineered barriers are passive, man-made structures or devices intended to facilitate
a facility’s ability to meet a site’s performance objectives. Institutional controls are designed to
restrict access, whereas engineered barriers are usually designed to inhibit water from contacting
waste, to limit releases, or to mitigate doses for inadvertent intruders. The isolation capability,
durability, and robustness of barriers would be evaluated on a case-by-case basis for each
licensee application. The dose analysis for a site with engineered barriers should take into
consideration the reasonableness of a breach by an inadvertent intruder and the potential
degradation of the barriers over time.

Guidance on dose modeling for the use of engineered barriers for compliance with the LTR is
limited. For guidance on how to incorporate or assess the contributions to dose assessments from
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engineered barriers (e.g., engineered covers, designed disposal cells, grouting, accounting for
degraded conditions), see NUREG-1573, draft NUREG-1620, and Chapter 6 of NUREG-1200.

Early contact with NRC staff is encouraged to discuss which portions of these referenced
NUREG reports may be appropriate for the site and for the intended purpose of the engineered
barriers.

The assumption in modeling of a degraded barrier is generally more realistic than assumption of
the absence of a barrier, and actually may lead to higher doses in some situations; for example,
partial failure of a cover or partial failure of a grout wall system can focus water flow and can
create a “bathtub” effect. Thus, as a general rule, simple on-off analyses (i.e., where the barrier is
either assumed completely present or completely absent) may be inappropriate to evaluate most
barriers.

Guidance for design of engineered disposal cells for uranium mill tailings sites is provided in
NUREG-1620 and NUREG-1623. For sites considering engineered disposal cells, this guidance
may be somewhat useful. However, the standards in 10 CFR Part 40, Appendix A, applicable to
uranium mills are more prescriptive than the performance-based dose criteria of Part 20,

Subpart E. Licensees using the uranium mill guidance should also consider how the guidance
can be adapted for applicability to compliance with Subpart E. Compliance with Subpart E
should include, but not be limited to, an evaluation of the following:

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

« the contribution of engineered barriers towards compliance with the criteria of
10 CFR 20.1403 assuming loss of institutional controls (including loss of maintenance) such
that the barrier degrades over time;

 the need for durable engineered barriers that remain effective over the compliance time period,
especially for long-lived radionuclides;

« the need for designs that simplify long-term care and minimize the extent of routine
maintenance and associated costs, especially for sites with long-lived radionuclides;

 the need for robust designs that mitigate potential future failures of the engineered barrier over
the compliance time period and the resulting need for and high cost of major repairs or
replacement of major portions of the engineered barrier (in particular, for sites with long-lived
radionuclides, natural events such as erosion and biointrusion should be evaluated over the
compliance time period to determine the design of the engineered barrier and the plans for
maintenance);

 adequate financial assurance that considers the cost of both routine maintenance and need for
potential major repairs of the engineered barrier over the time period of compliance;
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» the reasonableness of a breach of a barrier by an inadvertent intruder that adversely impacts
the effectiveness of the barrier; and

o the extent and impact of a barrier’s degradation over time.

Because the licensee has flexibility in the method used to demonstrate compliance with
performance-based criteria of Part 20 Subpart E and because engineered barrier designs are
site-specific, there are no specific requirements in the LTR for engineered barriers. It is very
important for the licensee to clearly and completely document how the licensee has designed the
engineered barriers and the need for maintenance for the site-specific conditions to maintain
effective long-term performance of the engineered barriers. In regard to barrier degradation, the
licensee should address the two cases where maintenance is either in place or lost, because the
assumption for loss of institutional controls includes the loss of maintenance of engineered
barriers and physical controls such as fences or signs. It should be noted, however, that for those
cases where an erosion control cover is designed in accordance with the uranium mill tailings
guidance in NUREG-1623, a case might be made for a durable, long-lived engineered barrier
that does not rely upon ongoing active maintenance (i.e., maintenance needed to assure that the
design will meet specified longevity requirements) and associated future costs. NRC staff will
evaluate the use of engineered barriers and the need for maintenance for the barriers.

Table 1.4 of this volume provides cross-references to guidance that may need to be considered on
other aspects of engineered barriers, institutional controls, and restricted release.
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The information in this chapter is taken directly from Chapter 14 of the SRP (NUREG-1727).
There has been some minor editing, and additional descriptive information has been inserted.
Section 4.6, a new section, has been added to discuss specific facility radiation survey issues
which are not addressed in MARSSIM. However, the essential information in this chapter is the
same as Chapter 14 of the SRP. This chapter is applicable, either in total or in part, to
Decommissioning Groups 2—7.

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), 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 Principal Steps in the Radiation Survey and
Site Investigation Process

Principal Step Applicable Guidance

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

Historical Site Assessment Section 4.0 of this volume

Sections 2.4 and Chapter 3 of MARSSIM

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

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

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

HISTORICAL SITE ASSESSMENT

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

The primary objectives of the HSA include the following:

identify potential sources of residual radioactivity,

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

 provide input to scoping and characterization survey designs,

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

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

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

SUMMARY OF SURVEY TYPES

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

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

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

NRC endorses the final status survey methodology described in MARSSIM. The guidance in

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

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

Background Survey

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

Scoping Survey

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

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

Characterization Survey

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

Remedial Action Support Survey

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

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

Confirmatory Survey

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

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

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

Refer to Appendix D of this volume for information on survey data quality and reporting,
Chapter 5 of MARSSIM for survey checklists, Appendix E for information on survey
measurements, and Appendix G for information on special survey issues. Also refer to
Appendix O for related information on lessons learned from recently submitted DPs and
questions and answers to clarify existing license termination guidance.
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AREAS OF REVIEW

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

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

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

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

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

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

Acceptance Review
NRC staff should ensure that the licensee’s submittal contains the information summarized under

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

Safety Evaluation

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

4.1 RELEASE CRITERIA

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

ACCEPTANCE CRITERIA

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

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

Information to be Submitted

The licensee should list the DCGL(s) that will be used to design the surveys and to demonstrate
compliance with the radiological criteria for release, including:
e asummary table or list of the DCGL,;, for each radionuclide and impacted medium of concern;

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

e the DCGLy,, for each radionuclide and medium of concern if Class 1 survey units are
present; and

o the appropriate DCGL,, for the survey method to be used if multiple radionuclides are present.
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This information to be submitted is also included as part of the master DP Checklist provided in
this NUREG report (see Section XIV.a from Appendix D of Volume 1).

EVALUATION CRITERIA

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

42 CHARACTERIZATION SURVEYS

SCOPING SURVEYS

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

Measurements and sampling in known areas of residual radioactivity need not be as
comprehensive or be performed to the same sensitivity level as will be required for the
characterization or FSSes. However, when planning and conducting this scoping survey, the
licensee should remember that some of the data, particularly that from locations not affected by
site operations, may be used as final status results or to supplement the characterization or final
survey results, or both. Similar measuring and sampling techniques as used for those categories
of surveys therefore may be warranted.

Scoping surveys provide site-specific information based on limited measurements. The
following are the primary objectives of a scoping survey:

¢ perform a preliminary hazard assessment,

» support classification of all or part of the site as a Class 3 area,
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¢ cvaluate whether the survey plan can be optimized for use in either the characterization or
final stage,

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

e provide input to the characterization survey design if necessary.

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

CHARACTERIZATION SURVEYS

After locations that are impacted have been identified, a characterization survey is performed to
more precisely define the extent and magnitude of residual radioactivity. The characterization
survey should be in sufficient detail to provide data for planning the remediation effort, including
the remediation techniques, schedules, costs, and waste volumes and necessary health and safety
considerations during remediation. The type of information obtained from a characterization
survey is often limited to that which is necessary to differentiate a surface or area as containing or
not containing residual radioactivity. A high degree of accuracy may not be required for such a
decision when the data indicate levels well above the guidelines. On the other hand, when data
are near the guideline values, a higher degree of accuracy is usually necessary to assure the
appropriate decision regarding the true radiological conditions. In addition, one category of
radiological data, to include soil radionuclide concentration or total surface activity, may be
sufficient to determine the status as containing residual radioactivity, and other measurements
(e.g., exposure rates or removable residual radioactivity levels) may therefore not be performed
during characterization. As the scoping survey example demonstrates, the choice of survey
technique should be commensurate with the intended use of the data, including considerations for
possible future use of the results to supplement the FSS data.

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

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

¢ determining the nature and extent of residual radioactivity;

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

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

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

¢ complying with requirements of other applicable regulations.

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

AREAS OF REVIEW

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

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

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

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

Information to be Submitted

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

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

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

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

« the survey results including tables or charts of the concentrations of residual radioactivity
measured;

¢ maps or drawings of the site, area, or building showing areas classified as non-impacted or
impacted and visually summarizing residual radioactivity concentrations in impacted areas;

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

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

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

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

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

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

EVALUATION CRITERIA

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

NRC staff should verify that the characterization survey design and results demonstrate that the
licensee or responsible party has adequately characterized the site. The characterization survey is
adequate if it meets the criteria in the following guidance:

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

 MARSSIM Chapter 6 and Appendix E for instrument capabilities and sensitivities; and
¢ MARSSIM Section 4.8.4 for the preparation of areas for surveys.
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4.3 REMEDIAL ACTION SUPPORT SURVEYS

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

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

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

Remedial action support surveys are conducted to:

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

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

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

AREAS OF REVIEW

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

ACCEPTANCE CRITERIA

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

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

Information to be Submitted

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

¢ adescription of field screening methods and instrumentation, and

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

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

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

44  FINAL STATUS SURVEY DESIGN

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

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

 verify survey unit classification,

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

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

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

AREAS OF REVIEW

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

ACCEPTANCE CRITERIA

Regulatory Requirements

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

e Draft NUREG-1505, “A Nonparametric Statistical Methodology for the Design and Analysis
of Final Status Decommissioning Surveys”

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

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

Information to be Submitted

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

¢ a brief overview describing the FSS design;

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

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

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

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

 adescription 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;

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

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

» adescription of the FSS investigation levels and how they were determined.
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This information to be submitted is also included as part of the DP Checklist provided in this
NUREG report (see Section XIV.d from Appendix D of Volume 1). For additional information
about demonstrating appropriate selection of survey instrumentation, refer to Question 5 from
Section O.1 of Appendix O.

EVALUATION CRITERIA

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

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

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

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

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

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

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

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

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

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

¢ Appendix G of this volume for surveys for special structural or land situations.
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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.

451 AREAS OF REVIEW

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

4.5.2 ACCEPTANCE CRITERIA

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

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

Information to be Submitted

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

e An overview of the results of the FSS.

o 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.
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¢ 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:
— the number of samples taken for the survey unit;

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

(b) discussion of remedial actions and unique features, and (c) areas scanned for Class 2
and 3 survey units;

— 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;

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

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

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

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

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

4.5.3 REVIEW PROCEDURES

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

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

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

4.5.3.1 MINIMAL TECHNICAL REVIEW

The NRC reviewer should review all of the following:

 the results of previously conducted inprocess inspections and confirmatory surveys to confirm
that the licensee has properly implemented the final status survey plan (FSSP) and associated
procedures;

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

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

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

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

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

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

« the results of the appropriate statistical tests (e.g., Wilcoxon Rank Sum (WRS) and sign tests),

to confirm that results indicate compliance.

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

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

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

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

¢ Inadequacies in the FSS design or implementation were corrected. For example, the licensee
improved the overall FSS design and implementation, using information from survey units for
which the release criteria were not initially met and resurvey or further remediation was
needed.
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¢ Results of confirmatory surveys, including split samples or independent measurements, are
consistent with results of licensee surveys.

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

4.5.3.2 DETAILED TECHNICAL REVIEW

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

SELECTING SURVEY UNITS FOR DETAILED REVIEWS

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

These factors include any of the following:

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

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

— use of surface and detector efficiencies that do not match survey methods, surface features,
and instrumentation used;
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— type of survey instrumentation;
— sample collection method;
— laboratory analytical methods;

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

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

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

Any Class 2 survey unit with final measurement results near the DCGLy, (e.g., >75 percent) or
any Class 3 survey unit with significant residual radioactivity (e.g., concentrations
>10-25 percent of the DCGLy,).

Any survey unit which was downgraded in classification (i.e., from Class 1 to 2, Class 2 to 3,
or Class 1 to 3, or from impacted to non-impacted).

Units surveyed prior to resolution of QA/QC concerns.

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

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

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

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

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

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

Any survey unit that combines survey results with a dose assessment or area factors to
demonstrate compliance with an EMC test.
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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 Are the issues previously discussed under the selection criteria for detailed reviews,
immediately above, adequately addressed in the FSSR? For example, if a survey technique
was changed from the approved technique, was adequate justification of the new technique
provided?

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

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

e Are all of the static measurement or sampling locations for a survey unit taken from a single
random-start sampling set, without substitution (e.g., in cases where additional remediation
was performed)?

¢ s there a discernible trend in results within and among survey units (e.g., when comparing
survey methods, locations, or media matrices)?

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

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

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

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

The detailed review of the initially selected survey units may indicate issues that are prevalent

across a large number of survey units instead of isolated cases. In this case, the reviewer may
decide to evaluate additional survey units in detail.
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454 EVALUATION CRITERIA

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

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

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

4.6 ISSUES NOT COVERED IN MARSSIM

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

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

Within Scope of MARSSIM

Beyond Scope of MARSSIM

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

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

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

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

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

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

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

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

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

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

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

Section G.1.1 of this volume).

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

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

Radiation MARSSIM only considers
radiation-derived hazards.

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

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

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

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

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

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

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

The following chapter is taken directly from Chapter 5 of the SRP (NUREG—-1727). There has
been some minor editing to remove redundancy and to use consistent terminology in this
document, but the essential information is the same. The scoping review has been revised to take
into account the decommissioning groups.

INTRODUCTION

Nearly every licensee that submits a DP should provide NRC with estimates of the potential
future dose that could be caused by the residual radioactivity remaining on the site after
decommissioning activities are completed. The use of a dose limit 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. This part has been written to maintain this flexibility. It includes the evaluation
findings and supporting detailed technical guidance necessary to review the licensee’s dose and
ALARA analyses. Guidance on information to be submitted is provided by decommissioning
group in Volume 1 of this NUREG series.

NRC staff should review all of the dose modeling information submitted by the licensee. For
certain cases, such as screening analyses using default values or a look-up table, most of the
review has already been completed in developing these tools and, therefore, the licensee need
only submit minimal site information and justification in using these models, parameters, and
exposure scenarios. In addition, NRC staff should review the ALARA analyses, which is based,
in part, on the dose modeling. Two general approaches exist to provide reasonable assurance that
the final concentrations should meet the requirements of Subpart E:

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

2. The licensee can derive and commit to 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 the licensees with guidance on how to perform iterative dose
analysis. NRC staff review divides dose modeling into four general parts:

1. the source term assumptions,

2. an exposure scenario considering the site environment,

3. the mathematical model/computational method used, and

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

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

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

As described by Figure 1.2 and the preceding example, the areas of dose modeling, site
characterization, and FSSes are interdependent. This is an advantage, as judicious use of dose
modeling can help guide site characterization. In addition, both site characterization and FSS can
guide development of reasonable scenarios or modeling approaches. For example, the
appropriate survey techniques may require more advanced modeling in some areas to make them
cost effective to implement. Refer to Question 4 from Section O.1 of Appendix O of this
volume, for information to clarify the development and use of input modeling values and to
Section O.2.2 for lessons learned regarding dose modeling related to recently submitted
decommissioning plans.

GENERAL APPROACH FOR DOSE MODELING

The following section discusses the basic components that are involved in a dose modeling
assessment. It is meant to provide an overview of how the pieces fit together. This discussion
should provide both licensees and reviewers with an understanding of the “big picture,” while the
review components in the following sections focus more on NRC staff reviewing details of each
part of the dose assessment.
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Chapter 4 of this volume addresses characterization of the residual radioactivity currently present
at the site and radiological surveys. The information is based on measurements and knowledge
of the site history. To perform dose modeling, the licensee should use the site information on
residual radioactivity expected to be present at the completion of decommissioning, to develop a
generalized view of the site’s source term. In developing the source term model, the licensee
should consider the site measurements, the intended remedial actions, and the needs of both the
conceptual model and the FSS.

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

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

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

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

e How does the residual radioactivity move through the environment?
¢ Where can humans be exposed to the environmental concentrations?

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

In most situations, there are numerous possible scenarios of how future human exposure groups
could interact with residual radioactivity. The compliance criteria in 10 CFR Part 20 for
decommissioning does not require an investigation of all (or many) possible scenarios; its focus
is on the dose to members of the critical group. The critical group is defined (at

10 CFR 20.1003) as “the group of individuals reasonably expected to receive the greatest
exposure to residual radioactivity for any applicable set of circumstances.”

By combining knowledge about the sources of residual radioactivity and the scenario questions,

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

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

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

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

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

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

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

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

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

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

In the past, the most common computer codes were deterministic and did not explicitly calculate
parameter uncertainty. Although it is not always necessary for a licensee to use a probabilistic
code to evaluate parameter uncertainty for site-specific analyses, licensees should provide some
discussion of the level of uncertainty in the results. It should be noted that the type of uncertainty
of prime interest to NRC staff is uncertainty in the physical parameters.

Licensees using probabilistic dose modeling should use the “peak of the mean” dose
distribution for demonstrating compliance with the 10 CFR Part 20, Subpart E. Similar to all
regulatory guidance, this NUREG report contains one approach for determining compliance
with the regulations using probabilistic analyses. Other probabilistic approaches, such as
“mean of the peaks” or other methods, if justified, may also be acceptable for demonstrating
compliance. If the licensee intends to use any probabilistic approach to calculate DCGLs, the
licensee should discuss their planned approach with NRC staff.
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SCOPING REVIEW

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

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

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

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

¢ buildings with volumetrically contaminated material,

« radionuclide concentrations in surface water sediments, and

 sites that have an infiltration rate that is greater than the vertical saturated hydraulic
conductivity (i.e., resulting in the water running off the surface rather than purely seeping into
the ground).

These are limitations caused by the conceptual models used in developing the screening analysis.
In other words, the conceptual model, parameters, and scenarios in the DandD computer code are
generally incompatible with such conditions. Situations do exist where you can still utilize the
analyses using scenario assumptions to modify the source term. For example, by assuming
buried radioactive material is excavated and spread across the surface, the screening criteria may
be applicable for use at the site.
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When evaluating any decommissioning option that has a goal of terminating the license under the
unrestricted release requirements of 10 CFR 20.1402, the primary scenarios generally involve
individuals exposed on the site. The default exposure scenario for residual radioactivity in the
environment (versus building surfaces) is usually some sort of residential farmer, because this
group usually includes a nearly comprehensive number of exposure pathways. Site conditions,
such as soil type, or ground water quality or other use scenarios, may remove potential exposure
pathways from consideration with the appropriate level of justification by the licensee.

A decommissioning option that results in the license being terminated under the restricted use
provisions of 10 CFR 20.1403 will require, at a minimum, two different exposure scenarios. One
scenario should evaluate the performance of the proposed restrictions by assuming these
restrictions never fail. Depending on where the residual radioactivity is and what the proposed
restrictions are, the exposure location(s) for the critical group could be either onsite or offsite.
The second scenario should be performed similarly to the analyses for unrestricted release, in
which it assumes that the restrictions put in place by the licensee have failed to work properly (or
effectively), and the site will be used without knowledge of the presence of residual radioactivity.

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

NRC staff should review the information provided in the DP pertaining to the licensee’s
assessment of the potential doses resulting from the residual radioactivity remaining at the end of
the decommissioning process. The findings and conclusions of the review under this chapter
should be used to evaluate the compliance with the dose limit specified in Subpart E. This
chapter addresses decommissioning options involving unrestricted release using the default
screening models or derived tables. These will be licensees from Decommissioning Groups 1-3.
Decommissioning Groups 4—7 may utilize the screening criteria described here as part of their
dose modeling.

The evaluation criteria in this section on screening analyses have been divided into two
categories based on the location of the residual radioactivity:
e Building Surface Evaluation Criteria and

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

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

Regulatory Requirements
10 CFR 20.1402
Regulatory Guidance

» Appendix H of this NUREG report

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

Information to be Submitted

NRC staff should organize this review by first looking at the overall scope of the dose modeling
contained in the DP (possibly for several decommissioning options and/or critical groups). This
scoping review, discussed in Chapter 5, should help the reviewers identify which review sections
are applicable for a given DP. After the scoping review, NRC staff should review each of the
scenarios that the licensee is using to show compliance with the regulations using the appropriate
review section.

The licensee’s dose modeling for building surfaces or surface soil using the default screening
criteria should include both of the following:

 the general conceptual model (for both the source term and the building or outside
environment) of the site; and

¢ asummary of the screening method (i.e., running DandD or using the look-up tables) used in
the DP.

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

EVALUATION CRITERIA

When licensees use the default screening methods and parameters inherent in the DandD code by
either running the computer code or using look-up tables, the review and acceptance of nearly all
areas of the analysis have already been done by NRC staff in developing the screening tool and
reviewers should only need to review the source term model and the overall applicability of using
the screening method with the associated residual radioactivity.
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NRC staff will determine the acceptability of the licensee’s projections of (a) radiological
impacts on future individuals from residual radioactivity and (b) compliance with regulatory
criteria. The information in the DP may be considered acceptable if it is sufficient to ensure a
reasonable assessment of the possible future impacts from the residual radioactivity on building
surfaces or surface soil. The information should allow an independent staff evaluation of the
justifications and assumptions used.

NRC staff should review the information identified in Sections 5.1.1 and 5.1.2, as necessary, for
each dose assessment of residual radioactivity on building surfaces or surface soil that the
licensee has submitted in the various decommissioning options. If the licensee did not directly
calculate the dose from residual radioactivity, but instead derived, or proposed to use, unit
concentration values, NRC staff may need only to review the information on the configuration of
the residual radioactivity and the appropriate screening criteria section, below. Review of the
spatial variability should be performed as part of the final survey. Detailed guidance is in
Appendix H.

5.1.1 BUILDING SURFACE EVALUATION CRITERIA

¢ Source Term Configuration

NRC staff should confirm that the actual measurements, facility history, and planned remedial
action(s) support the source term configuration used in the modeling by reviewing the
information in the facility history, radiological status, and planned remedial action(s) portions
of the DP. The NRC reviewer should review both the areal extent of residual radioactivity
and the depth of penetration of the residual radioactivity into the building surfaces. The NRC
reviewer should determine if the physical configuration of the residual radioactivity can
adequately be assumed to be a thin layer of residual radioactivity on the building surfaces. If
the residual radioactivity is not limited to the building surfaces, then use of the default
screening criteria are not warranted without additional justification. The NRC reviewer
should reclassify the licensee as a Group 4 licensee and evaluate the modeling using

Section 5.2.

¢ Residual Radioactivity Spatial Variability

NRC staff should review the information provided by the licensee for conditions both before
and those projected after the decommissioning alternative. Based on this information, NRC
staff should determine whether it is appropriate to make an assumption of homogeneity (a) for
the whole facility or (b) for subsections of the facility. NRC staff should then review the
adequacy of the licensee’s determination of a representative value (or range of values) for the
residual radioactivity concentration in the source term modeled. To evaluate the final survey,
as a general guideline, NRC staff could use the concepts related to area factors included in
MARSSIM and in Section 1.3.3.3.5 of Appendix L
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¢ Execution of the DandD Computer Code Dose Calculations

If the licensee has used the DandD computer code to calculate the dose based on either current
concentrations or projected final concentrations, NRC staff should verify that:

1. The residual radioactivity is limited to building surfaces.

2. If the appropriate annual peak dose is greater than 0.025 mSv (2.5 mrem), the removable
fraction of the residual radioactivity is 10 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.!

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

4. The licensee has used the 90" percentile of the dose distribution to compare with the dose
limit.
¢ DCGLs from the DandD Code or Look-up Tables

The licensee may use either the DandD computer code or the published look-up table for beta
and gamma emitters (see Appendix H) to establish radionuclide-specific DCGLs equivalent to
0.25 mSv/y (25 mrem/y).

If the licensee is proposing to use radionuclide-specific DCGLs, NRC staff should verify that
the following three conditions are true:

1. The residual radioactivity is limited to building surfaces.

2. If the residual radioactivity is greater than 10 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.

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

If the licensee has used the DandD Version 2 computer code to calculate the
radionuclide-specific DCGLs, NRC staft should also verify that the following two conditions
are true:

1. The output reports verify that no parameters (other than entering unit concentrations)
were modified.

2. The licensee has used the 90™ percentile of the dose distribution to derive the
concentrations.

The DandD default scenario assumes that only 10 percent of the surface residual radioactivity is removable and
available for resuspension. Only at 10 percent of the dose limit does the assumption begin to become important
because in the extreme case of 100 percent removable, for radionuclides that produce the majority of dose from
the inhalation pathway, the code result may be underestimating the result by a factor as great as 10.
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¢ Compliance with Regulatory Criteria

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

1. The only residual radioactivity is on building surfaces, and the level of removable
residual radioactivity does not violate the assumptions in the model.

2. The final concentrations result in a peak annual dose of less than 0.25 mSv (25 mrem)
and the licensee has committed to calculating the annual dose using a screening analysis
at license termination.

3. The planned DCGLs are equal to or less than those provided by the screening criteria, and
the licensee has committed to maintaining the sum of fractions, if applicable.

5.1.2 SURFACE SOIL EVALUATION CRITERIA

¢ Source Term Configuration

NRC staff should confirm that the actual measurements, facility history, and planned remedial
action(s) support the source term configuration used in the modeling by reviewing the
information in the facility history, radiological status, and planned remedial action(s) portions
of the DP. The NRC reviewer should review both the areal extent of residual radioactivity
and the depth of penetration of the residual radioactivity into the soil. The NRC reviewer
should determine if the physical configuration of the residual radioactivity can adequately be
assumed to be a layer of surface soil containing residual radioactivity without overlying
surface layers. If the residual radioactivity is not limited to the surface soil, then use of the
default screening criteria are not warranted without additional justification. The NRC
reviewer should reclassify the licensee as a Group 4 licensee and evaluate the modeling using
Section 5.2.

¢ Residual Radioactivity Spatial Variability

NRC staff should review the information provided by the licensee for conditions both before
and those projected after the decommissioning alternative is complete. Based on this
information, NRC staff should determine whether it is appropriate to make an assumption of
homogeneity (a) for the entire affected area or (b) for major subsections of the site. NRC staff
should then review the adequacy of the licensee’s determination of a representative value (or
range of values) for the residual radioactivity concentration in the source term model. At the
time of the final survey, as a general guideline, NRC staff can use the concepts related to area
factors included in the MARSSIM and in Section 1.3.3.3.5 of Appendix I.

¢ Conceptual Models

Detailed NRC staff review of the information is not necessary as these topics were previously
addressed by NRC staff establishing the default screening methods. NRC staff should verify
that the site and DandD’s conceptual models are compatible. Situations that would not allow
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the use of the DandD code as a screening tool for environmental concentrations of
radionuclides would include those where the source is not predominantly present in the
surface soil, residual radioactivity in the aquifer, or sites with infiltration rates higher than the
vertical saturated hydraulic conductivity (i.e., resulting in surface runoff or a bathtub effect)
without additional justification showing that the results would still calculate a conservative
dose estimate. A complete list of screening values can be found in Appendix H.

Execution of DandD Computer Code for Dose Calculations

If the licensee has used the DandD computer code, NRC staff should verify that all of the
following is true:

1. The residual radioactivity is limited to surface soil.
2. The total dose calculated includes all sources of residual radioactivity.

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

4. The licensee has used the 90™ percentile of the dose distribution to compare with the dose
limit.

DCGLs from the DandD Code or Look-up Tables

The licensee may use either the DandD computer code or the published look-up table (see

Appendix H) to establish nuclide-specific DCGLs equivalent to 0.25 mSv/y (25 mrem/y). If

the licensee is proposing to use radionuclide-specific DCGLs, NRC staff should verify that
both of the following conditions are true:

1. The residual radioactivity (for the action under review) is limited to surface soil.

2. If more than one radionuclide is involved, there is reasonable assurance that the sum of
fractions (see Section 2.7) will be maintained.

If the licensee has used the DandD Version 2 computer code to calculate the
radionuclide-specific DCGLs, NRC staff should also verify that both of the following
conditions are true:

1. The output reports verify that no parameters (other than entering unit concentrations)
were modified.

2. The licensee has used the 90™ percentile of the dose distribution to derive the
concentrations.

Compliance with Regulatory Criteria

The licensee’s projections of compliance with regulatory criteria (if the decommissioning
option is pursued) are acceptable, if NRC staff has reasonable assurance of all the following:

1. The licensee has applied an appropriate source term.

2. The only residual radioactivity is surface soil.
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The final concentrations result in a peak annual dose of less than 0.25 mSv (25 mrem) and the
licensee has committed to calculating the annual dose using a screening analysis at license
termination, or the planned DCGLs are equal to or less than those provided by the screening
criteria, and the licensee has committed to maintaining the sum of fractions, if applicable.

5.2 UNRESTRICTED RELEASE USING SITE-SPECIFIC
INFORMATION (DECOMMISSIONING GROUPS 4-5)

The following guidance is for reviewing DPs submitted by licensees from Decommissioning
Groups 4 and 5.

AREAS OF REVIEW

NRC staff should review the information provided in the DP pertaining to the licensee’s
assessment of the potential doses resulting from exposure to residual radioactivity remaining at
the end of the decommissioning process. The findings and conclusions of the review under this
section should be used to evaluate the DP’s compliance with 10 CFR 20.1402. NRC staff should
ensure that, at a minimum, information on the source term, exposure scenario(s), conceptual
model(s), numerical analyses (e.g., hand calculations or computer models), and uncertainty have
been included. NRC staff should review the abstraction and assumptions regarding the source
term, the conceptual model of the site or building as appropriate, the exposure scenario(s), the
mathematical method employed, and the parameters used in the analysis and their uncertainty.

The amount of information provided by the licensee and the depth of the reviewer’s investigation
of that information will depend on the complexity of the case and the amount of site-specific
information (versus default assumptions) being used by the licensee. This section has been
written for review of the most complex analyses; most analyses should not need in-depth review
of all parts of the evaluation criteria.

REVIEW PROCEDURES

Acceptance Review

NRC staff should review the DP to ensure that, at a minimum, the DP contains the information
summarized under “Areas of Review,” above. NRC staff should review the dose modeling
portion of the DP without assessing the technical accuracy or completeness of the information
contained therein. The adequacy of the information should be assessed during the detailed
technical review. NRC staff should review the DP table of contents and the individual
descriptions under “Areas of Review” as shown above (a) to ensure that the licensee or
responsible party has included this information in the DP and (b) to determine if the level of
detail of the information appears to be adequate for NRC staff to perform a detailed technical
review.
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Safety Evaluation

The material to be reviewed is technical in nature, and NRC staff should review the information
provided by the licensee to ensure that the licensee used defensible assumptions and models to
calculate the potential dose to the average member of the critical group. NRC staff should also
verify that the licensee provided (a) enough information to allow an independent evaluation of
the potential dose resulting from the residual radioactivity after license termination and

(b) reasonable assurance that the decommissioning option will comply with regulations.

ACCEPTANCE CRITERIA

Regulatory Requirements
10 CFR 20.1402
Regulatory Guidance

¢ Appendix I of this NUREG report

e 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”

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

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

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

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

Information to be Submitted

NRC staff should organize this review by first looking at the overall scope of the dose modeling
contained in the DP (possibly for several decommissioning options and/or critical groups). This
scoping review, discussed in Chapter 5, should help the reviewers identify which section is
applicable for a given dose assessment. After the scoping review, NRC staff should review each
of the scenarios that the licensee is using to show compliance with the regulations.
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In describing the licensee’s dose modeling analysis methods, “site-specific” is used in a very
general sense to describe all dose analyses except those based only on the default screening tools.
This may be as simple as a few parameter changes, in the DandD computer code from their
default ranges, to licensees using scenarios, models, and parameter ranges that are only
applicable at the licensee’s site. The information submitted should include the following:

¢ the source term information including nuclides of interest, configuration of the source, areal
variability of the source, and so forth;
 adescription of the exposure scenario including a description of the critical group;

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

« the identification, description and justification of the mathematical model used (e.g., hand
calculations, DandD v2.1, RESRAD v6.1);

¢ adescription of the parameters used in the analysis;

 adiscussion about the effect of uncertainty on the results; and

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

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

EVALUATION CRITERIA

NRC staff should determine the acceptability of the licensee’s projections of radiological impacts
on the average member of the critical group during the compliance period from residual
radioactivity. The information in the DP is acceptable if it is sufficient to ensure a defensible
assessment of the possible future impacts from the residual radioactivity. The licensee’s
assessment can be either realistic or prudently conservative. The information should allow an
independent NRC staff evaluation of the assumptions used (e.g., source term configuration,
applicable transport pathways) and possible doses to the average member of the critical group.

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

NRC staff should review the assumptions used by the licensee to characterize the facility’s
source term of residual radioactivity for dose modeling purposes. NRC staff should compare
the assumptions with the current site information and the decommissioning alternative’s goal.
The model should be an appropriate generalization of this information. Three key areas of
review for the source term assumptions are the (1) configuration, (2) residual radioactivity
spatial variability, and (3) chemical form(s). For additional guidance, refer to Section 1.2 from
Appendix I of this volume.

1.

Configuration

NRC staff should confirm that the actual measurements, facility history, and planned
remedial action(s) support the source term configuration used in the modeling by
reviewing the information in the facility history, radiological status, and planned remedial
action(s) portions of the DP. NRC staff should review the provided information for both
the areal extent of residual radioactivity and the depth (for soil or buildings) or volume
(for ground water or buried material) of the residual radioactivity. The NRC reviewer
should determine if the information provided supports the configuration assumptions
used in the exposure scenario and mathematical model (e.g., a thin layer of residual
radioactivity on the building surfaces).

Residual Radioactivity Spatial Variability

NRC staff should review residual radioactivity concentration values provided by the
licensee for conditions both before, and projected after, the decommissioning alternative
is complete. For this subsection, NRC staff should review the spatial extent and the
degree of heterogeneity in the values. Based on this information, NRC staff should
determine whether it is reasonable to make an assumption of homogeneity for each source
for either (a) the whole site or (b) subsections of the site. NRC staff should then review
the adequacy of the licensee’s determination of a representative value (or range of values)
for the residual radioactivity concentration in the source term model. At the time of final
survey, as a general guideline, NRC staff could use the concepts related to area factors
included in the MARSSIM and in Section 1.3.3.3.5 from Appendix I of this volume.

If the licensee has DCGLs as a result of dose modeling, instead of estimating final
concentrations and then, entering them into the code, the licensee need not specifically
address the spatial variability acceptance criteria at this time. The licensee should
provide this information in the FSS for NRC staff review. NRC staff should verify that
the spatial variability is compatible with the assumptions made for dose modeling.

Chemical Form

The licensee’s assumptions regarding the chemical form of the residual radioactivity
should be reviewed for its adequacy by NRC staff. NRC staff should determine whether
the licensee has considered possible chemical changes that may occur during the time
period of interest. Without any justification of possible chemical forms, the analysis
should use the bounding chemical form(s) (e.g., the chemical form(s) that give the
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individual the highest dose per unit intake as described in Federal Guidance Report
Number 11 (EPA 1988)). Acceptable rationale for other assumptions should be provided
by the licensee. Some acceptable rationales for using other chemical forms are (a)
chemical forms that would degrade quickly in the environment (e.g., UF,) or (b) the
unavailability of an element or conditions to realistically form that molecule (e.g., SrTiO,
or high-fired UO,).

« Critical Groups, Scenarios, Pathways, Identification and Selection

In its review, NRC staff should confirm that the licensee has identified and quantified the
most significant scenarios based on available site- or facility-specific information. NRC staff
should review the basis and justification for the licensee’s selected critical group. For
scenarios in which possible environmental pathways have been modified or eliminated, NRC
staff should review the justifications provided by the licensee. For additional guidance on
these subjects, refer to Section 1.3 from Appendix I of this volume.

1.

Scenario Identification

The exposure scenario is based on the location and type of source (e.g., contaminated
walls), the general characteristics and habits of the critical group (e.g., an adult light
industry worker) and the possible pathways which describe how the residual radioactivity
would incur dose in humans. The licensee should provide justification on the scenario(s)
evaluated.

The default scenarios for building surface residual radioactivity and soil residual
radioactivity are described in NUREG-1549 and NUREG/CR-5512, Volumes 1, 2 and 3.
Dose evaluations that use these scenarios (i.e., the licensee changes parameter values or
mathematical method but does not change the general scenario) are acceptable, if the
scenario is appropriate for the situation. In DPs where the licensee eliminates certain
pathways, with justification, but still maintains the same general scenario category, NRC
staff should find the scenario identification to be acceptable. For example, a licensee may
eliminate the use of ground water because the near surface aquifer has total dissolved
solids of 30,000 mg/L. The licensee still evaluates the impacts from crops grown in the
residual radioactivity but irrigation is provided by a noncontaminated source and
therefore, the default scenario, a residential farmer, is maintained.

Under certain situations, the default scenarios will not be appropriate for the site
conditions. The licensee should provide justification for alternate scenarios. In
evaluating the appropriateness of the overall scenario in these cases, NRC reviewers first
should evaluate the appropriateness of the critical group selection and the exposure
pathways.

Critical Group Determination

In general, critical groups that are exposed to multiple exposure pathways result in higher
doses than groups with more limited interaction with the residual radioactivity.
NUREG-1549 and the NUREG/CR-5512 series, details the critical group assumptions
for the default scenarios. In DPs where the licensee has used the default scenarios, the
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reviewer should verify that the critical group is the same as listed in NUREG—1549 and
the NUREG/CR-5512 series.

Possible reasons for changing critical group assumptions include (a) the available
exposure pathways have changed from those in default scenarios and (b) the default
scenario is inappropriate based on assumptions regarding current (and informed
consideration of future) land use practices in the area (e.g., a small site in a heavily
urbanized area). For situations where the licensee has eliminated or modified certain
pathways and wishes to use the default critical group definition, the licensee should
justify why the exposure group definition does not change from the default assumptions.

3. 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 default scenarios and critical groups
without modification. The changes should be justified for cases where the licensee has
modified or eliminated exposure pathways. In general, the justification should be based
on physical limitations or situations that would not allow individuals to be exposed as
described in the scenario.

For example, acceptable justifications for removing the ground water pathway include
(a) the near surface ground water is neither potable nor allowed to be used for irrigation;
(b) aquifer volume is insufficient to provide the necessary yields; and (c) there is current
(and informed consideration of future) land use patterns that would preclude ground
water use, coupled with relatively short half-life material (e.g., the peak exposures would
occur within 100 years and the site is currently in an industrial section of an urban area).
Justification of water quality and quantity of the saturated zone should be based on the
classification systems used by EPA or the State, as appropriate. In cases where the
aquifer is classified as not being a source of drinking water but is considered adequate for
stock watering and irrigation, the licensee can eliminate (i.e., does not need to consider)
the drinking water pathway (and the fish pathway—depending on the model), but the
licensee should still maintain the irrigation and meat/milk pathways.

Another example would be a site with a relatively small discrete outdoor area of residual
radioactivity (compared to the area assumed in the default scenarios). In this situation, it
may be appropriate, based on the area of residual radioactivity, that gardening of some
vegetables and fruits would still be an assumption, but the area is not large enough to
allow one to grow grain or raise animals for meat or milk.

¢ Conceptual Models

NRC staff should review the adequacy of the conceptual model used by the licensee. For
additional guidance on these subjects, refer to Section 1.4 from Appendix I of this volume.

The conceptual model should qualitatively describe the following:
1. the relative location and activities of the critical group;

2. both the hydrologic and environmental transport processes important at the site;
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3. the dimensions, location and spatial variability of the source term used in the model; and

4. the major assumptions made by the licensee in developing the conceptual model
(e.g., recharge of the aquifer is limited to the infiltration through the site’s footprint).

The NRC reviewer should verify that the site conditions are adequately addressed in the
conceptual model and simplifying assumptions.

e Calculations and Input Parameters

In its review, NRC staff will confirm that the licensee has used a mathematical model that is an
adequate representation of the conceptual model and the exposure scenario. For additional
guidance on these subjects, refer to Sections I.5 and 1.6 from Appendix I of this volume.

1. Execution of DandD Computer Code

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

a.

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

The site conceptual model is adequately represented by DandD’s inherent
conceptual model.

For building surfaces, if the total dose is greater than 10 percent of the dose limit,
the licensee has modified the resuspension factor to account for the removable
fraction to be present at the time of decommissioning.

For sites eliminating pathways, the licensee has used the appropriate parameters in
the DandD code as “switches” to turn off the pathways without unintentionally
removing others. For example, to remove the ground water pathways, the licensee
should set the drinking water rate, irrigation rate, and pond volume to zero.

For each parameter modified, the licensee has adequately justified the new
parameter value or range and has evaluated the effect on other parameters.

For modifications of behavioral parameters, the changes should be based on
acceptable changes in the critical group, and the mean values of the behavioral
parameters should be used, although use of the ranges is also acceptable.

If the licensee has randomly sampled the parameter ranges in DandD, the licensee
has used the “peak of the mean” dose distribution to either calculate the dose or
derive the DCGLs.

2. Other Mathematical Methods

The NRC reviewer should verify the following:

a.

The mathematical method’s conceptual model is compatible with the site’s
conceptual model (e.g., RESRAD v. 6.0 would not be an acceptable mathematical
method for sites with building surface residual radioactivity).

NUREG-1757, Vol. 2 5-20



DOSE MODELING EVALUATIONS

b. For each parameter or parameter set, the licensee has adequately justified the
parameter value or range. For modifications of behavioral parameters, the
changes should be based on acceptable changes in the critical group, and the mean
value (or full range) of the behavior should be used.

c. For residual radioactivity resulting in alpha decay (e.g., uranium or thorium) and
present on building surfaces, NRC staff should review the resuspension factor/rate
and the assumptions regarding the degree of removable residual radioactivity. For
example, if the licensee has assumed that 10 percent of the residual radioactivity
will be removable at the time of unrestricted release, the model’s parameters
should either implicitly or explicitly include this assumption (see
NUREG/CR-5512, Volume 3, on how it has been done for the DandD code).

d. If the licensee has randomly sampled the parameter ranges, the licensee has used
the “peak of the mean” dose distribution to either calculate the dose or derive the
DCGLs.

e Uncertainty Analysis

NRC staff should review the licensee’s discussion of the uncertainty resulting from the
physical parameter values used in the analysis. The review should focus on the uncertainty
analysis for the critical pathways or parameters. NRC reviewers should expect that the degree
of uncertainty analysis should depend on the level of complexity of the modeling

(e.g., generally qualitative discussions for simple modeling to quantitative for more complex
sites). The overall acceptability of the uncertainty analysis should be evaluated on a case by
case basis. For additional guidance on these subjects, refer to Section 1.7 from Appendix I of
this volume.

e Compliance with Regulatory Criteria

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

1. The licensee has adequately characterized and applied its source term.

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

3. The mathematical method and parameters used are appropriate for the scenario and
parameter uncertainty has been adequately addressed.

4. For deterministic analyses, the peak annual dose to the average member of the critical
group for the appropriate exposure scenario(s) for the option is less than (or equal to)
0.25 mSv (25 mrem), or was used to calculate DCGL,.

5. For probabilistic analyses, the “peak of the mean” dose distribution to the average
member of the critical group for the appropriate exposure scenario(s) for the option is less
than (or equal to) 0.25 mSv (25 mrem), or was used to calculate DCGL,.
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6. Either one of the following:

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

b. The licensee has committed to using radionuclide-specific DCGLs and will ensure

that the total dose from all radionuclides will meet the requirements of Subpart E
by using the sum of fractions.

5.3 RESTRICTED RELEASE (DECOMMISSIONING GROUP 6)

The following guidance is for reviewing DPs submitted by licensees from Decommissioning
Group 6.

AREAS OF REVIEW

NRC staff should review the information provided in the DP pertaining to the licensee’s
assessment of the potential doses resulting from exposure to residual radioactivity remaining at
the end of the decommissioning process. The findings and conclusions of the review under this
section should be used to evaluate the DP’s compliance with 10 CFR 20.1403. NRC staff should
ensure that, at a minimum, information on the source term, exposure scenario(s), conceptual
model(s), numerical analyses (e.g., hand calculations or computer models), and uncertainty have
been included. NRC staff should review the abstraction and assumptions regarding the source
term, the conceptual model of the site or building as appropriate, the exposure scenario(s), the
mathematical method employed, and the parameters used in the analysis and their uncertainty.

The amount of information provided by the licensee and the depth of the reviewer’s investigation
of that information should depend on the complexity of the case and the amount of site-specific
information being used by the licensee. This section has been written for review of the most
complex analyses; most analyses should not need in-depth review of all parts of the evaluation
criteria.

REVIEW PROCEDURES

Acceptance Review

NRC staff should review the DP to ensure that, at a minimum, the DP contains the information
summarized under “Areas of Review,” above. NRC staff should review the dose modeling
portion of the DP without assessing the technical accuracy or completeness of the information
contained therein. The adequacy of the information should be assessed during the detailed
technical review. NRC staff should review the DP table of contents and the individual
descriptions under “Areas of Review,” above, to ensure that the licensee or responsible party has
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included this information in the DP and to determine if the level of detail of the information
appears to be adequat