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The nuclear power plants in Taiwan has moved to the
decommissioning phase from Dec. 2018. The regulatory control of
decommissioning of power reactor is a new task to Atomic Energy
Council (AEC). In order to help the regulatory authority to build the
professional competence, the decommissioning references of nuclear

power plant on all aspects 1s highly desirable.

This study is the 2™ year of the references compiled work. We have
updated the domestic research reports and the IAEA, OECD/NEA, US-
NRC, UK-NDA publications, and decommissioning reference book list
concerning decommissioning of NPP based on the result of 2018’s work.
We further collect and compile the US-EPRI technical reports and few
other international references. The results of this study could help the
regulatory authority to build the decommissioning knowledge

management system in the future.

This year’s study focuses on collecting references on “Training
Requirements and Qualification Journal for Decommissioning Inspectors”™
and “the international experiences on dismantling of nuclear facilities” to

give some suggestions to the regulatory authority.

We also invite experts to write the executive summary of the recent
references, and to give lectures on the topic of D&D (Decontamination

and Decommissioning).
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2019 IAEA Nuclear Energy Decommissioning after a Nuclear Accident:
Series No. NW-T- Approaches, Techniques, Practices and
2.10 Implementation Considerations
2019 IAEA Nuclear Energy Storing Spent Fuel until Transport to Reprocessing or
Series No. NF-T-3.3 |Disposal
2019 IAEA Safety Reports Series|Methodologies for Assessing the Induced Activation
No. 95 Source Term for Use in Decommissioning
Applications
2019 IAEA Safety Reports Series|Management of Project Risks in Decommissioning
No. 97
2018 IAEA Safety Reports Series|A Methodology for Establishing a National Strategy
No. 93 for Education and Training in Radiation, Transport
and Waste Safety
2019 IAEA Specific Safety Guide |Decommissioning of Medical, Industrial and
No. SSG-49 Research Facilities
2019 IAEA IAEA TECDOC No.  |Handbook for Regulatory Inspectors of Nuclear
1867 Power Plants
2019 IAEA IAEA TECDOC No.  |Demonstrating Performance of Spent Fuel and
1878 Related Storage System Components during Very
Long Term Storage
2019 IAEA Proceedings Proceedings of an International Conference Held in
Vienna, Austria, 15-19
Management of Spent Fuel from Nuclear Power
Reactors
2019 OECD/NEA |NEA No. 7460 Cost Benchmarking for Nuclear Power Plant
Decommissioning
2010 OECD/NEA |NEA News, Vol. 28-2 |Decontamination and dismantling of radioactive
concrete structures
2011 OECD/NEA |NEA News, Vol. 29-1 |International structure for decommissioning costing
2009 OECD/NEA |NEA News, Vol. 27-2 |Cost estimation for decommissioning: a review of
current practice
2009 OECD/NEA [NEA News, Vol. 27-1 [Applying decommissioning experience to the design
and operation of new nuclear power plants
2012 OECD/NEA [NEA News, Vol. 30-1 |Radiological characterisation for decommissioning
2013 OECD/NEA |[NEA News, Vol. 30-2 |Estimation and comparability of nuclear facility

decommissioning costs




2016 OECD/NEA |NEA News, Vol. 34-1 |Nuclear power plant decommissioning costs in
perspective
2017 OECD/NEA |[NEA News, Vol. 34-2 |Costing for decommissioning: Continuing NEA
engagement
2018 NRC NUREG/CR-7250 Thermal-Hydraulic Experiments Using A Dry Cask
Simulator
2018 NRC NUREG/CR-7251, Margins for Uncertainty in the Predicted Spent Fuel
ORNL/TM-2018/782 |Isotopic Inventories for BWR Burnup Credit
2019 NRC NUREG/CR-7260 CFD Validation of Vertical Dry Cask Storage System
2012 NRC RG4.22 Decommissioning Planning During Operations
2012 NRC RG 4.25 Assessment of Abnormal Radionuclide Discharges in
Ground Water to the Unrestricted Area at Nuclear
Power Plant Sites
SRR TR % BAp B AR 5
2016 NRC NUREG/KM-0001, |Three Mile Island Accident of 1979 Knowledge
Revision 1 Management Digest
2016 NRC NUREG/KM-0001, |Three Mile Island Accident of 1979 Knowledge
Supplement 1 Management Digest — Recovery and Cleanup
2014 NRC NUREG/KM-0002, |The Browns Ferry Nuclear Plant Fire of 1975
Revision 1 Knowledge Management Digest
2014 NRC NUREG/KM-0003 Fire Protection and Fire Research Knowledge
Management Digest, 2013
2013 NRC NUREG/KM-0004  |Fuel Behavior under Abnormal Conditions
2014 NRC NUREG/KM-0005 2002 Davis-Besse Reactor Pressure Vessel Head
Degradation Knowledge Management Digest
2013 NRC NUREG/KM-0006  |Fundamental Theory of Scientific Computer
Simulation Review
2014 NRC NUREG/KM-0007 NRC Program on Knowledge Management for
Liquid-Metal-Cooled Reactors
2014 NRC NUREG/KM-0008 |Reflections on Fukushima: NRC Senior Leadership
Visit to Japan, 2014
2016 NRC NUREG/KM-0009  |Historical Review and Observations of Defense-in-
Depth
2016 NRC NUREG/KM-0010  |WASH-1400 — The Reactor Safety Study — The
Introduction of Risk Assessment to the Regulation of
Nuclear Reactors
2019 NRC NUREG/KM-0011  |Critical Heat Flux Data Used to Generate the 2006

Groeneveld Lookup Tables
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2019 NRC NUREG/KM-0013  |Credibility Assessment Framework for Critical Boiling
Transition Models: A generic safety case to
determine the credibility of critical heat flux and
critical power models, Draft for Comment

2018 IAEA Proceedings Summary of an International Conference Held in
Vienna, 7-11 November 2016
Nuclear Knowledge Management Challenges and

Approaches
2019 IAEA IAEA TECDOC No.  |Planning and Execution of Knowledge Management
1880 Assist Visits for Nuclear Organizations
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Product Id: TR-107917-V1
Date Published: Dec 31, 1997
Pages: 161

Yankee Rowe Decommissioning Experience Record:
Volume 1
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Product Id: TR-107917-V2
Date Published: Dec 18, 1998
Pages: 244

Yankee Rowe Decommissioning Experience Record:
Volume 2

Product Id: TR-109036
Date Published: Dec 31, 1998
Pages: 98

Review of Experience with the EPRI DFD Process:
Decontamination for Decommissioning of Reactor Coolant
Systems and Plant Components

Product Id: TR-112877
Date Published: Nov 08, 1999
Pages: 116

Experience in the Testing and Application of the EPRI DfD
Process: Decontamination for Decommissioning of Reactor
Coolant Systems and Plant Components

Product Id: 1000920
Date Published: Oct 16, 2000
Pages: 228

Trojan Nuclear Power Plant Reactor Vessel and Internals
Removal: Trojan Nuclear Plant Decommissioning
Experience

Product Id: 1000908
Date Published: Oct 19, 2000
Pages: 48

Remediation of Embedded Piping: Trojan Nuclear Plant
Decommissioning Experience

Product Id: 1000884
Date Published: Nov 30, 2000
Pages: 111

Decommissioning Technology Experience Reports

Product Id: 1003026
Date Published: Nov 05, 2001
Pages: 86

Decontamination of Reactor Systems and Contaminated
Components for Disposal or Refurbishment: Developments
and Experience with the EPRI DFD Chemical
Decontamination Process

Product Id: 1003426
Date Published: Oct 28, 2002
Pages: 216

Summary of Utility License Termination Documents and
Lessons Learned: Summary of License Termination Plan
Submittals by Three Nuclear Power Plants

Product Id: 1009411
Date Published: Apr 28, 2004
Pages: 94

Decommissioning License Termination Plan Documents
and Lessons Learned: Summary of LTPs for Two Reactors
and Nuclear Regulatory Commission Safety Evaluation
Reports for Three Nuclear Power Plant LTPs

Product Id: 1011733
Date Published: Dec 12, 2005
Pages: 104

Decommissioning San Onofre Nuclear Generating Station
Unit 1 (SONGS-1)
Reactor Vessel Internals Segmentation

Product Id: 1011734
Date Published: May 04, 2005
Pages: 126

Maine Yankee Decommissioning - Experience Report:
Detailed Experiences 1997-2004

Product Id: 1013510
Date Published: Nov 15, 2006
Pages: 84

Decommissioning Planning
Experiences from US Utilities

Product Id: 1013511
Date Published: Nov 20, 2006
Pages: 106

Connecticut Yankee Decommissioning Experience Report

Product Id: 1015122
Date Published: Jul 10, 2007
Pages: 86

Reactor Internals Segmentation Experience Report
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Product Id: 1015121
Date Published: Dec 19, 2007
Pages: 90

Rancho Seco Nuclear Generating Station Decommissioning
Experience Report

Product Id: 1015501
Date Published: Mar 18, 2008
Pages: 64

Rancho Seco Reactor Vessel Segmentation Experience
Report

Product Id: 1016773
Date Published: Dec 04, 2008
Pages: 136

San Onofre Nuclear Generating Station - Unit 1
Decommissioning Experience Report

Product Id: 1023456
Date Published: Jul 08, 2011 Power Reactor Decommissioning Experience
Pages: 56

Product Id: 1025663
Date Published: Jun 06, 2012
Pages: 2

EDF Implements U.S. Technologies and Lessons Learned to
Optimize Nuclear Decommissioning Projects

3~£“%&ﬁ&ﬂ%%

hERYE B E RN RN(US-DOE) s 2R RF % 24 ¢
(The French Nuclear Safety Authority, France-ASN)#1 ! 4% m",’f 4P B
N 2018 #2019 & k2t B F - B AN TR o 4B
FRFE T > LB FTRT I T kg o

| US-DOE",érT i~ 40 B 3F 2
o DOE (1982) Decommissioning of the Shippingport Atomic Power
Station
o DOE (1984) SHIPPINGPORT STATION DECOMMISSIONING
PROJECT Overview and Justification
o DOE (1990) Nuclear Research and Development Shippingport

Decommissioning--How Applicable Are the Lessons Learned

B France-ASN ",f AR BE AR B

13



o ASN policy concerning the decommissioning (2009)

o ASN Annual Report 2012, Ch.15-Safe decommissioning of basic
nuclear installations

« France Report 2013 - RADIOACTIVE WASTE MANAGEMENT
AND DECOMMISSIONING IN FRANCE

o France Report 2015 - RADIOACTIVE WASTE MANAGEMENT
AND DECOMMISSIONING IN FRANCE

W 20182019 H4R2 ik b

e

2, " ¥ dUAR T i

Reinhard Haas (Editor),

Lutz Mez (Editor), 2019 385
Amela Ajanovic (Editor)

The Technological and Economic
Future of Nuclear Power

Beyond Decommissioning: The
Reuse and Redevelopment of Michele Laraia (Author) 2019 369
Nuclear Installations

Nuclear Decommissioning and ) _
Martin J. Pasqualetti

Society: Public Links to a New (Ediitor) 2019 258
Technology

Decommissioning Planning (US The Law Library

NRC) (2018 Edition) (Author) 2018 1 27t
Nuclear Decommissioning Funds The Law Library 2018 103
(US IRS) (2018 Edition) (Author)
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%05 ARG RRETAT R
RS BEEEE AR 2 |
Formal Qualifications Program for Federal and State
2013.04.19  |NRC IMC 1248 . .
Material and Environmental Management Programs
IMC  1248,|Training Requirements and Qualification Journal for
2016.10.07 |NRC o
APPENDIX F |Decommissioning Inspectors
Training Requirements and Qualification Journal for
IMC 1248, L . :
2016.01.13  |NRC Decommissioning Project Managers/Technical
APPENDIX G )
Reviewers
Light-Water Reactor Inspection Program - Operations
2017.03.28 |NRC IMC 2515
Phase
IMC  2515,|Baseline Inspection Guidance for Power Reactors
2016.02.01  |NRC . " s
APPENDIX G |Preparing for Transition to the Decommissioning Phase
2018.03.06  |NRC IMC 2561 Decommissioning Power Reactor Inspection Program
Decommissioning Oversight and Inspection Program
2008.07.29  |NRC IMC 2602 . o
for Fuel Cycle Facilities and Materials Licensees
Decommissioning Procedures for Fuel Cycle and
1996.11.12 NRC IMC 2605 Materials Licensees (IMC 2605 has been deleted and
incorporated into IMC 2602)
2004.02.03 |NRC IP 69013 Research and Test Reactor Decommissioning
Decommissioning Performance and Status Review at
1997.08.11  |NRC IP 71801
Permanently Shutdown Reactors
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Decommissioning Emergency Preparedness Scenario
2014.09.04 |NRC IP 82401 . i )
Review and Exercise Evaluation
Decommissioning Emergency Preparedness Program
2014.09.04 |NRC IP 82501 .
Evaluation
Decommissioning Inspection Procedure for Materials
2002.07.29  |NRC IP 87104 )
Licensees
2002.03.19  |NRC IP 87654 Uranium Mill Site Decommissioning Inspection
Decommissioning Inspection Procedure For Fuel Cycle
2002.07.03  |NRC IP 88104 o
Facilities
TECDOC No. [Handbook for Regulatory Inspectors of Nuclear Power
2019 |AEA
1867 Plants
P.W. Harris, United States nuclear regulatory commission program
2001 NRC INIS-FR--933 [for inspection of decommissioning nuclear power
plants
J. Radiol. ) . .
) A nuclear inspector's perspective on decommissioning
1999 | F Robinson|Prot. Vol. 19 )
No. 3 at UK nuclear sites
0.

= ~ IMC 1248, APPENDIX F -1 € §'f LR B R 'R & & FHIR

i

IMC 1248, APPENDIX F - Training Requirements and Qualification

Journal for Decommissioning Inspectors & 1% & iz ‘ﬁ AL Z R DR E

LI
d.

254

%

IR oA RPN AT

7 f2i2 2 NRC ¢+ P 2 2R A# 2 25 (Understand the

legal basis and the processes used for achieving the NRC’s

regulatory objectives)

-

i f# NRC eh %4 ~ 4% ~ B 02 P & (Acquire a

fundamental understanding of the NRC’s organizational structure,

mission, goals, and objectives)

16



o

e

TR HEATIEF 2 B (Understand the basis for the authority
of the agency)

TfR4eimiE 22 R 0 A 4] P R (Understand the processes

established to achieve the regulatory objectives)

ERAE AR EE T PR R EEF AL
# (Master the techniques and skills needed to collect, analyze,

and integrate information using a safety and security focus to

develop a supportable regulatory conclusion)

L Hpp & BIERFE §BE 2 a4 (Have the personal and
interpersonal skills to carry out assigned regulatory activities,

either individually or as a member of a team)

32 FART & 5 R AR A (Recommended Online Training

Courses) ~ & 2 3" A2 (Required Training Courses) ~ % ¥ 3 J AR

(Specialized Training Courses (optional)) = = #f » & Jf = = #75 1 i

Wﬁ%ﬁﬁﬁﬁ@%&ﬁ%ﬁﬁ?ﬁ’ﬁ“ﬁlﬁ%ﬁﬁ@%%?

RHAL > AT AT

> ER HAE

Computer Security Awareness

Ethics Overview for Employees

Ethics Training for NRC Employees

Annual Personally Identifiable Information (PII) Responsibilities
Notification and Federal Employee Antidiscrimination and
Retaliation Act of 2002(No FEAR Act)

Information Security (INFOSEC) Awareness Training

17



% 33 Rk

Conducting Inspections Course (G-105)

Inspection Procedures (G-108)

Root Cause/Incident Investigation Workshop (G-205)

Gathering Information for Inspectors through Interviews (Course
135)

Effective Communication for NRC Inspectors (Course 100)

Site Access Training (H-100) or Site Access Refresher Training
(H-101)

MARSSIM: Multi-Agency Radiation Survey and Site
Investigation Manual (H-121)

Transportation of Radioactive Material Course (H-308)
Environmental Monitoring for Radioactivity (H-111)

NRC Materials Control & Security Systems & Principles (S-201)
Advanced Health Physics (H-201)

b R

Characterization and Planning for Decommissioning (H-115)
MARSAME: Multi-Agency Radiation Survey and Assessment of
Materials and Equipment (H-120)

Fundamental Health Physics (H-122)

Respiratory Protection (H-311)

Internal Dosimetry and Whole Body Counting (H-312)

Health Physics Statistics (H-401)

RESRAD Training Workshop (H-410)

RESRAD-OFFSITE Training Workshop (H-411)

18



« Air Sampling for Radioactive Material (H-119)

o Visual Sample Plan (H-500)

« Evaluation of Dose Modeling for Compliance with Radiological
Criteria for License Termination (C-1026-webbase)

» Licensing Practices and Procedures Course (G-109)

SR LR E S 24 BV R ER D 24 ) B kT 2R
(Refresher Training) > f 7 ¥ & {5 8F% 2 & 7% 2 48 > bildo iRz 12
% 31(H-401) ~ NRC H o' Jiskse s %7 2PN o ARRE P
B P o ¥t e JE{F IMC 1246 - Formal Qualification Programs
in the Nuclear Material Safety and Safeguards Program Area 3.3 2. 4R
2B od IMC 1246 AR % B #B8 5 IMC 1248 » AL B /f 1% & 37ehis

FHERTIVRE Rz TR LT 51 E o

gLtk "$ FABRERZEE =T A B AEY EH (Individual
Study Activity, ISA) 2 % % B3 3 % #+ (On-the-Job Activity, OJT)
(ISA-1) History and Organization of the U.S. Nuclear Regulatory
Commission
(ISA-2) Overview of Title 10 of the Code of Federal Regulations
(ISA-3) Generic Communications
(ISA-4) NRC Inspection Manual Chapters (IMC), Inspection
Procedures (IP), and other References
(ISA-5) Open, Collaborative Working Environment & Ways to
Raise Differing Views
(ISA-6) Review of Significant Events at Material Licensees

(ISA-7) The NRC’s Response to an Emergency at a Nuclear Facility

19



(ISA-8) The Enforcement Program

(ISA-9) Allegations

(ISA-10) Inspector Objectivity, Protocol, and Professional Conduct

(ISA-11) The Office of Investigations

(ISA-12) Understanding How the Commission Operates

(ISA-13) NRC Interagency Agreements

(ISA-14) Interaction with the Public

(ISA-15) Contacts with the Media

(ISA-16) The Freedom of Information Act and the Privacy Act

(ISA-17) Entrance and Exit Meetings

(ISA-18) Documenting Inspection Findings

(ISA-19) Fitness-for-Duty Rule

(OJT-1)  Inspection Accompaniments at Complex Materials
Facilities

(OJT-2)  Inspection Accompaniments at Reactor Facilities

(OJT-3)  Documenting Inspection Issues

MBRAAZS T3 PO TEBT L LY P E RS AR

BB %L (12 %2 e IMC 1248, APPENDIX F) -

20



Decommissioning Inspector Signature Cards and Certification

Decommissioning Inspector's Name:

Employee
Initials/Date

Immediate Supervisor's
Signature/Date

A. Required (R) and Specialized (S) Training (title and course number)

Training: Conducting Inspections (G-105) (R)

Training: Inspection Procedures (G-108) (R)

Training: Root Cause/Incident Investigation
Workshop (G-205) (R)

Training: Gathering Information for Inspectors
through Interviews (Course 135) (R)

Training: Effective Communication for NRC
Inspectors (Course 100) (R)

Training: Site Access Training (H-100) (R)

Training: MARSSIM: Multi-Agency Radiation
Survey and Site Investigation Manual
Course (H-121) (R)

Training: Transportation of Radioactive Materials
Course (H-308) (R)

Training: Environmental Monitoring for
Radioactivity Course (H-111) (R)

Training: Health Physics Technology (H-201) (R)

B. Individual Study Activities

ISA-1 History and Organization of the U.S.
Nuclear Regulatory Commission

ISA-2 Code of Federal Regulations

ISA-3 Generic Communications

ISA-4 NRC Inspection Manual Chapters (IMC)

ISA-5 Open, Collaborative Working Environment
& Ways to Raise Differing Views

ISA-6 Review of significant events at facilities being decommissioned

ISA-7 The NRC Response to an Emergency at a
Nuclear Facility

ISA-8 The Enforcement Program

ISA-9 Allegations

21




Decommissioning Inspector's Name:

Employee
Initials/Date

Immediate Supervisor’s
Signature/Date

ISA-10 Inspector Objectivity, Protocol, and
Professional Conduct

ISA-11 The Office of Investigations

ISA-12 Understanding How the Commission
Operates

ISA-13 NRC Interagency Agreements

ISA-14 Interaction with the Public

ISA-15 Contacts with the Media

ISA-16 The Freedom of Information Action and
the Privacy Act

ISA-17 Entrance and Exit Meetings

ISA-18 Documenting Inspection Findings

ISA-19 Fitness-for-duty Rule

C. On-the-Job Training Activities

OJT-1 Inspection Accompaniments at Complex
Materials Facilities

OJT-2 Inspection Accompaniments at Reactor
Facilities

OJT-3 Documenting Inspection Issues

Decommissioning Inspector Certification

Immediate Supervisor Signature:

(name)

22

has successfully completed all of the requirements
to be certified as a

DECOMMISSIONING INSPECTOR

Date:




= ~IMC 1248, APPENDIX G - # ’?,E‘i‘ﬁ% KEZEE3 24 A
RE LB FRRE

IMC 1248, APPENDIX G - Training Requirements and Qualification

Journal for Decommissioning Project Managers/Technical Reviewers &

PRACHRERELE F AR R R gLy o LR
AT

> GRERER/FEAFEALIMNA

a. 7 fEE = NRC g #|p 22 RLA#Z 25 (Understand the

legal basis and the processes used for achieving the NRC’s

regulatory objectives)

b. 7 & NRC thae s B4 ~ =43 - P h% p 4% (Acquire a
fundamental understanding of the NRC’s organizational structure,

mission, goals, and objectives)

C. 7 fR#HorIE 2 BiiE(Understand the basis for the authority
of the agency)

d. 7 fdeiez 2 A2 R v = F 4] P & (Understand the processes
established to achieve the regulatory objectives)

e EEEEATE L FNATLENE N4 LEEE H
# (Master the techniques and skills needed to collect, analyze,

and integrate information using a safety and security focus to
develop a supportable regulatory conclusion)
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f. Z#ibp & BBEREE §FH2 5w 4 (Have the personal and
interpersonal skills to carry out assigned regulatory activities,

either individually or as a member of a team)

Bz AR & 5 R R Y EAZ(Recommended Online Training
Courses) ~ & 2 3" Uik A%(Required Training Courses) ~ i&F# 3" 3 A%

)

(Specialized Training Courses (optional))= + #f » & i3 2 kA% 5 B
a%&%%@ﬁ%ﬁﬁ?ﬁﬁ@@ﬁﬁ’&ﬂﬁlﬁgié@@%
DIRGEAT > Bl M ApRE 2. A B iEFFEAR Y 0 NRC Materials
Control & Security Systems & Principles (S-201) & #iF 342 » AL &
e

> RERFFAR(EARZREAPH AL L F TR

e Computer Security Awareness

e Ethics Overview for Employees

e Ethics Training for NRC Employees

e  Allegations Training

e Annual Personally Identifiable Information (PII) Responsibilities

e Notification and Federal Employee Antidiscrimination and
Retaliation Act of 2002(No FEAR Act)

e Notification and Federal Employee Antidiscrimination and
Retaliation Act of 2002(No FEAR Act)

o« Agencywide Documents Access and Management System
(ADAMS) Overview for NRC Staff

e Information Security (INFOSEC) Awareness Training

24



& 13 9" B AR

Licensing Practices and Procedures Course (G-109)
Characterization and Planning for Decommissioning (H-115)
Multi-Agency Radiation Survey and Site Investigation
(MARSSIM) (H-121)

Multi-Agency Radiation Survey and Assessment of Materials and
Equipment (MARSAME) (H-120)

Fundamental Health Physics I and II (H-122)

Visual Sample Plan (H-500)

OSHA Indoctrination Course (G-111) Conducting Inspections
Course (G-105)

P REVIFARCER)

Site Access Training (H-100) or Site Access Refresher Training
(H-101)

Inspection Procedures (G-108)

Environmental Monitoring for Radioactivity (H-111)

Air Sampling for Radioactive Materials (H-119)

NRC Materials Control & Security Systems & Principles (5-201)
Root Cause/Incident Investigation Workshop (G-205)
Transportation of Radioactive Materials (H-308)

Respiratory Protection (H-311)

Internal Dosimetry and Whole Body Counting (H-312)

Health Physics Topics (H-401)

RESRAD Training Workshop (H-410)

RESRAD-OFFSITE Training Workshop (H-411)

Media Training Workshop

Effective Communication for NRC Inspectors

25



o  Gathering Information for Inspectors Through Interviews

« Facility Decommissioning -Argonne National Laboratory Course

EHNERCM/Z AR E 24 B8 RS 24 ) iR
2 (Refresher Training) » P 2 ¥ 5 §§54% > & %% 2 48 > Gldo kit
12 & 47 (H-401) ~ NRC Hjtr2 kA & o MF R TR/ PN 4 4R
2B D B P AT o ¥ e £ 1% IMC 1246 - Formal Qualification
Programs in the Nuclear Material Safety and Safeguards Program Area
2 AER > d IMCL1246 AR % H e 1 IMC 1248 » AR % | 7 2

LTS R T VRE R e @Elv R T 5 1 & o

peoek “,f KRERE/ZERRER RS TR AEY EH
(Individual Study Activity, ISA) 4 2 7 B3 5% #- (On-the-Job
Activity, OJT)
(ISA-1) History and Organization of the U.S. Nuclear Regulatory
Commission
(ISA-2) Overview of Title 10 of the Code of Federal Regulations
(ISA-3) Generic Communications
(ISA-4) NRC Inspection Manual Chapters (IMC), Inspection
Procedures (IP), and other References
(ISA-5) Differing Views Programs
(ISA-6) The NRC’s Response to an Emergency at a Nuclear
Facility
(OJT-1)  Inspection Accompaniments
(OJT-2)  Licensing Case Work

(OJT-3)  Decommissioning Process
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Decommissioning PM/TR Signature Cards and Certification

Decommissioning Project Manager or Technical Employee Immediate Supervisor's
Reviewer’'s Name: Initials/Date | Signature/Date

A. Required (R) and (S) Specialized Training (title and course number)

Training: Licensing Practices and Procedures
Course (G-109) (R)

Training: MARSSIM: Multi-Agency Radiation
Survey and Site Investigation Manual
Course (H-121) (R)

Training: Fundamental Health Physics | and Il (H-
122) (R)

Training: MARSAME: Multi-Agency Radiation
Survey and Assessment of Materials
and Equipment (H-120) (R)

Training: Visual Sample Plan (H-500) (R)

Training: OSHA Indoctrination Course (G-111)
(R)

Training: Characterization and Planning for
Decommissioning (H-115) (S)

Training: RESRAD Training Workshop (H-410)
(S)

Training: RESRAD-OFFSITE Training Workshop
(H-411) (S)

Training: Facility Decommissioning -Argonne
National Laboratory Course (S)

Training: Evaluation of Dose Modeling for
Compliance with Radiological Criteria
for License Termination (C-1026-
webbase) (S)

B. Individual Study Activities

ISA-1 History and Organization of the U.S.
Nuclear
ISA-2 Code of Federal Regulations

ISA-3 Generic Communications
ISA-4 NRC Inspection Manual Chapters (IMC)

ISA-5 Differing Professional Opinion

ISA-6 The NRC Response to an Emergency at a
Nuclear Facility

27



Decommissioning Project Manager or Technical Employee Immediate
Reviewer's Name: Initials/Date Supervisor's
Signature/Date

C. On-the-Job Training Activities

OJT-1 Inspection Accompaniments
0OJT-2 Licensing Case Work
0OJT-3 Decommissioning Process
OJT-

OJT-

Decommissioning Project Manager/Technical Reviewer
Certification

(name)

has successfully completed all of the requirements
to be certified as a

DECOMMISSIONING
PROJECT MANAGER/TECHNICAL REVIEWER

Immediate Supervisor Signature Date:

R o Lk

FEH RSS2 Y £ RO AR RGRT 3
MBERE2BERGR/FE A LER MY 90 7 AHFESZ(H-122)
3Rt %iEd 2 (H-201) > » MARSSIM ~ RESRAD % H # 2 U skAz
SpF o BRI G M T ARG KRR ER R
BB T TA R 0 R I AR S 7 R B R

3

Wk (A LR S 2)2E SR B R AR MR e 11T AL £ R
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A22_

B H-122 - A # i% it $ 32 (Basic Health Physics)
« 01 - Introduction to Radioactivity and Radiation. (147 page(s),

1/18/2011)
« 02 - Interaction of Charged Particles with Matter. (96 page(s),

3/1/2011)

« 03 - Interaction of Photons with Matter. (110 page(s), 7/5/2011)

« 04 - Radiation Safety Principles. (35 page(s), 8/17/2011)

« 05 - Radiation Detectors - Overview. (26 page(s), 7/6/2010)

« 06 - Gas Detectors. (99 page(s), 9/15/2010)

« 07 - Solid Scintillators. (108 page(s), 1/6/2010)

« 08 - Semiconductor Detectors. (164 page(s), 1/6/2010)

« 09 - Survey Instruments. (66 page(s), 10/25/2010)

« 10 - Counting Statistics. (81 page(s), 9/30/2010)

« 11 - Decay Rates. (52 page(s), 10/25/2010)

« 12 - Dosimetric Quantities and Units. (91 page(s), 10/25/2010)

« 13 - Calibration of Survey Meters and Measurements of
Contamination. (171 page(s), 1/18/2011)

« 14 - Radiation Surveys. (47 page(s), 4/30/2010)

« 15 - Effects of Radiation at the Cellular Level. (131 page(s),
10/25/2010)

« 16 - Early (Acute) Effects of Radiation. (128 page(s), 10/25/2010)

« 17 - Late (Delayed) Effects of Radiation. (117 page(s), 10/25/2010)

« 18 - Natural Background and Man-Made Radioactivity. (116 page(s),

2/28/2011)
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https://www.nrc.gov/docs/ML1122/ML11229A664.pdf
https://www.nrc.gov/docs/ML1122/ML11229A664.pdf
https://www.nrc.gov/docs/ML1122/ML11229A666.pdf
https://www.nrc.gov/docs/ML1122/ML11229A666.pdf
https://www.nrc.gov/docs/ML1122/ML11229A667.pdf
https://www.nrc.gov/docs/ML1122/ML11229A671.pdf
https://www.nrc.gov/docs/ML1122/ML11229A672.pdf
https://www.nrc.gov/docs/ML1122/ML11229A678.pdf
https://www.nrc.gov/docs/ML1122/ML11229A680.pdf
https://www.nrc.gov/docs/ML1122/ML11229A683.pdf
https://www.nrc.gov/docs/ML1122/ML11229A684.pdf
https://www.nrc.gov/docs/ML1122/ML11229A685.pdf
https://www.nrc.gov/docs/ML1122/ML11229A687.pdf
https://www.nrc.gov/docs/ML1122/ML11229A688.pdf
https://www.nrc.gov/docs/ML1122/ML11229A690.pdf
https://www.nrc.gov/docs/ML1122/ML11229A690.pdf
https://www.nrc.gov/docs/ML1122/ML11229A691.pdf
https://www.nrc.gov/docs/ML1122/ML11229A692.pdf
https://www.nrc.gov/docs/ML1122/ML11229A692.pdf
https://www.nrc.gov/docs/ML1122/ML11229A693.pdf
https://www.nrc.gov/docs/ML1122/ML11229A694.pdf
https://www.nrc.gov/docs/ML1122/ML11229A695.pdf
https://www.nrc.gov/docs/ML1122/ML11229A695.pdf

19 - External Dosimetry. (65 page(s), 1/18/2011)

20 - Film Dosimetry. (52 page(s), 3/2/2011)

21 - Thermoluminescent Dosimeters. (100 page(s), 3/1/2011)
22 - Gamma Spectroscopy Overview. (71 page(s), 6/1/2011)

23 - OSL Dosimeters. (86 page(s), 2/11/2011)

24 - Gamma Spectrum Features. (66 page(s), 2/4/2011)

25 - Neutron Sources. (64 page(s), 10/13/2010)

26 - Interaction of Neutrons with Matter. (52 page(s), 2/4/2011)
27 - Neutron Detectors. (125 page(s), 10/13/2010)

28 - Neutron Activation and Activation Analysis. (57 page(s),
11/26/2009)

29 - Air Sampling Introduction. (80 page(s), 10/25/2010)

30 - Air Sampling Equations. (47 page(s), 7/5/2011)

31 - Liquid Scintillation Counting. (87 page(s), 6/21/2011)

32 - Shielding Radiation. (112 page(s), 7/5/2011)

33 - NRC Requlations and Guidance for Internal Dosimetry. (32

page(s), 1/18/2011)

34 - Radionuclide Pathways. (94 page(s), 4/22/2010)

35 - Radioactive Waste. (151 page(s), 7/5/2011)

36 - Medical Sources of Radiation. (95 page(s), 7/31/2009)
37 - Three Selected Accidents. (49 page(s), 1/18/2011)

H-201 - & * %4 32 (Health Physics Technology)

00 - Math Review. (62 page(s), 9/19/2011)

01 - Health Physics Fundamentals. (79 page(s), 9/19/2011)
02 - Radiation Protection Philosophy & Sources of External
Radiation. (42 page(s), 9/19/2011)
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https://www.nrc.gov/docs/ML1122/ML11229A696.pdf
https://www.nrc.gov/docs/ML1122/ML11229A697.pdf
https://www.nrc.gov/docs/ML1122/ML11229A698.pdf
https://www.nrc.gov/docs/ML1122/ML11229A699.pdf
https://www.nrc.gov/docs/ML1122/ML11229A702.pdf
https://www.nrc.gov/docs/ML1122/ML11229A703.pdf
https://www.nrc.gov/docs/ML1122/ML11229A704.pdf
https://www.nrc.gov/docs/ML1122/ML11229A705.pdf
https://www.nrc.gov/docs/ML1122/ML11229A713.pdf
https://www.nrc.gov/docs/ML1122/ML11229A714.pdf
https://www.nrc.gov/docs/ML1122/ML11229A714.pdf
https://www.nrc.gov/docs/ML1122/ML11229A715.pdf
https://www.nrc.gov/docs/ML1122/ML11229A717.pdf
https://www.nrc.gov/docs/ML1122/ML11229A718.pdf
https://www.nrc.gov/docs/ML1122/ML11229A721.pdf
https://www.nrc.gov/docs/ML1122/ML11229A722.pdf
https://www.nrc.gov/docs/ML1122/ML11229A722.pdf
https://www.nrc.gov/docs/ML1122/ML11229A725.pdf
https://www.nrc.gov/docs/ML1122/ML11229A726.pdf
https://www.nrc.gov/docs/ML1122/ML11229A730.pdf
https://www.nrc.gov/docs/ML1122/ML11229A733.pdf
https://www.nrc.gov/docs/ML1126/ML11262A153.pdf
https://www.nrc.gov/docs/ML1126/ML11262A154.pdf
https://www.nrc.gov/docs/ML1126/ML11262A155.pdf
https://www.nrc.gov/docs/ML1126/ML11262A155.pdf

03 - Radioactive Decay & Specific Activity. (38 page(s), 9/19/2011)
04 - Series Decay & Equilibrium & Neutron Activation. (39 page(s),

9/19/2011)

05 - Shielding - Gamma Constant - Point Source/Inverse Square -

Line Source, Area Source & Volume Source. (113 page(s),
9/19/2011)

06 - Effective Dose Equivalent (EDE) for External Radiation
Exposure - Submersion Dose - Skin Dose. (66 page(s), 9/19/2011)
07 - Mean Life. (46 page(s), 9/19/2011)

08 - ALARA. (54 page(s), 9/19/2011)

09 - Detectors and Instruments. (54 page(s), 9/19/2011)

10 - Contamination Surveys & Monitoring. (34 page(s), 9/19/2011)
11 - Internal Dosimetry - Effective Half-Life - Bioassay - Air
Sampling. (76 page(s), 9/19/2011)

12 - ICRP-26_30 & 10 CFR Part 20, Appendix B, Table 1. (42
page(s), 9/19/2011)

13 - Lung Model & Particle Size. (36 page(s), 9/19/2011)

14 - Intake Retention Fractions. (35 page(s), 9/19/2011)

15 - EPA Federal Guidance Report No 11 & Effluents. (29 page(s),
9/19/2011)

16 - MIRD & Embryo/Fetal Dose. (86 page(s), 9/19/2011)

17 - External Dose Evaluation & Reconstruction. (52 page(s),

9/19/2011)

31


https://www.nrc.gov/docs/ML1126/ML11262A156.pdf
https://www.nrc.gov/docs/ML1126/ML11262A158.pdf
https://www.nrc.gov/docs/ML1126/ML11262A158.pdf
https://www.nrc.gov/docs/ML1126/ML11262A163.pdf
https://www.nrc.gov/docs/ML1126/ML11262A163.pdf
https://www.nrc.gov/docs/ML1126/ML11262A163.pdf
https://www.nrc.gov/docs/ML1126/ML11262A167.pdf
https://www.nrc.gov/docs/ML1126/ML11262A167.pdf
https://www.nrc.gov/docs/ML1126/ML11262A171.pdf
https://www.nrc.gov/docs/ML1126/ML11262A174.pdf
https://www.nrc.gov/docs/ML1126/ML11262A208.pdf
https://www.nrc.gov/docs/ML1126/ML11262A209.pdf
https://www.nrc.gov/docs/ML1126/ML11262A211.pdf
https://www.nrc.gov/docs/ML1126/ML11262A211.pdf
https://www.nrc.gov/docs/ML1126/ML11262A212.pdf
https://www.nrc.gov/docs/ML1126/ML11262A212.pdf
https://www.nrc.gov/docs/ML1126/ML11262A215.pdf
https://www.nrc.gov/docs/ML1126/ML11262A217.pdf
https://www.nrc.gov/docs/ML1126/ML11262A225.pdf
https://www.nrc.gov/docs/ML1126/ML11262A225.pdf
https://www.nrc.gov/docs/ML1126/ML11262A226.pdf
https://www.nrc.gov/docs/ML1126/ML11262A229.pdf
https://www.nrc.gov/docs/ML1126/ML11262A229.pdf
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2001 Technical Reports | Methods for the Minimization of Radioactive Waste from
Series No. 401 Decontamination and Decommissioning of Nuclear Facilities
1999 Technical Reports | State of the Art Technology for Decontamination and
Series No. 395 Dismantling of Nuclear Facilities
2005 Technical Reports | State of the Art Technology for Decontamination and
Series No. 440 Dismantling of Nuclear Facilities
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ek - R TRCF R E 6 - FIEF BR3 R TR

Frh TRRPRRCF AT AR S RWFLRE S P

%t ER AT RRIRE
Fafd 2030 23K B ATEH T o9 AL TR S0%HF R R - LBk E AL
RAMAE BRIRAEAT I « RARBBEFRER BT HFR - HERRE
MR BB ERMA R it > BERAMRZLERFRREM « b ik
TRAAHMEEREERATAA» O T O ERABRESE WA RM
fiE T B A M 4t 5 $(Lee et al., 2013) -

7.1 4] 8% BR3 A% A5 B Rk

tb A 85 BR3 4% 48 B L 7 BR 4 LL A 8% 5 — B R K X R E 5 (PWR)E R
1962 # P4 Es > thZ& & 105 MWe » B4 25 £ 7 1987 £ 6 A 30 B &
AAB L E o ARt E N 1989 SR 46 0 ) B iR A B AR ROAE IR AR A AR 3T
T EAEH EX— - RATFRCHFEETH2 5 BERATEEH
K ZE 2020 4 0 F 4 B A% 4 4 b (Green field) BB hk N 52 & ¥ 773% 5% - BR3
A BRI iE £ £ 2 2840 % 7-1 A75=(Dadoumont, 2004 ; Valenduc, 2007 ;
Cantrel, 2009 ; Braeckeveldt, 2014) -

BR3 M Ak B B G AT L BP AR PR L 2E SR AR PR M AEPR AR Re& 2346 > R
%A SLBp I 0 H 32 &y 4o T (Thierfeldt et al., 2006) :
AR EMRIERREE R BRE 0
WA BRI MM B R R B RAEEME
ERIRIRIET B IRBH B E 2R FE 80 F o b RFRIMMFEAEERAR
RE M o
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& 7-1. Al BRAAAECSHRGRRERZRERE - X

BB #2465/ 7% ik B 2R
ARAAF L E 1987 % 6 A
B HGEE I E 1989~1991 4
& AL N R R 1991~1995 #
R REILRGEIRR 1995~2000 4
BEE B F1 # rk 1999~2000 4
& % TR B K 2~ K kK EIN A
&ME@Z; 1,-15;:/\:?[5 KAAREE B F T 5 kitg 2001~2009 %
PHBAKE LR NBRRRE BB ERTHRR 2010 4
iig;i;i@&ﬁ%&%ﬂAﬁ@?ﬁﬁ%mgﬁzm%mn$
ELRR I G 2013~2014 %
FALRE L Ep - EHEER 2015~2016
ribAe AR R 2017 %
BE SR E G4 EHERBEYE A A KB ER | 2018 F
‘IR
7% A Ak I 4 S8 B B 5 A 3R 2019 4
B BTG ~ AR 2020 4

711 £RB2AHKRT

RENEAF b 8 AR PR 1% 0 1991 BT ERBDALKRT

é‘é&)ﬁk}g@éﬁ*& ;f‘/'iéi ﬁiiﬁuﬁ%&%@{ti&&%

F—1EMR5 B &%

AR IEE LR AT BN B EF > ERAVGEFAMMEBS LD

e - KANRARAFAEREBMFAAFRENILZAICERRF
CORD #2/ » CORD 24 &3 fft - BRAFAE B EHER > £ &
% 2 TBq iw B % 4t 4% » %75 B % 4 10(NEA, 2002 ; Thierfeldt et al., 2006) -
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bt A BF BR3 & K X 4% A€ B Bk £ 38 3% Co-60 74 41 1% % 18,000 Bg/em® » 4&
CORD#2 5 4 #7514 Co-6074 4t M £ 1,800 Bg/cm? » #4810 Co-607% 41 M
% %450 Bg/cm? » Co-60 % tA MEDOC #2 - % 75 44 Co-60 % 4t M F% A< 0.4
Bq/cm? » < 24 B &3 #% & (Noynaert et al., 2013) -

1995 4 Bl %637 P4 40 BH 3R 26 > 1996 32 36 I8 XA B PR 75 TRk > 1998~2000
FHR 28 REREIER A FrAKFMERARSE EAMEIRATE
) B4 £ 7K F #47(Klein et al., 2001) »

712 ZFERRAREHHFHR

1991 SF-BA46 7% 5.4 % B G # > MEMALK P BT FTRA Y
ME F AR K E T EMEDM) ~ TR ERINKIE - FFHLTEN
3R 484 B Vulcain P 37 4844 35 Fr 3% A AR D7 8]0 X 3 2 £k 77 (milling cutter)
A %48 (band saw) * AfF R T E 1995 F(F # R IR : http://ec-
cnd.net/eudecom/BR3-DismantlingReactorInternals.pdf; Ponnet et al., 2000)-

713 K% 4B B tkRis
7.1.3.1 MEDOC # %

FABE T —ERERETREMAH MR G LB Tatbane it
M7 LATRAE AR B JE M ST MR - BR3 AR B BREAT R R R 75 2 L
#3146 » @45 CORD #2 5 ~ # XA B (fluoronitric acid)f2 5~ ~ 4042 5
&% MEDOC #2 & 4fi#2 5 % MEDOC #2 514 4] Fl w18 40 5 B AL T4
BR3 T 1F M B A 4142 7 & MEDOC #2 /- R BATH B 1F IR 75 » b
RETEREIACHEBEEETH 2B ZEMTH A EILERILET
HEEAE AEEABOYRTER TR ZRBEEMEL - B T
AT AR B EAT IR B RATIR AR E MR T HR(BEHRR

http://ec-cnd.net/eudecom/BR3-DecontaminationProcesses.pdf
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Braeckeveldt, 2014) -

1999 4323 MEDOC # 545 T - MEDOC #2 5 & #] B 9 /g%
S AL BB VIR R — R RALBI R T A 2 R 48 A4 - R ST T A A AL
e B R M 4B 0 B RJE X 4o F A7 = (Klein and Moers, 2000 ; SCK -
CEN, 2000) :

nCe* + M — nCe*" +M"™*

R n AXEAEBEI - RI5HERS SOmol/m’ w 4F 45 -
1,000mol/m’ Z7 8% B PR a8 K » PR 75 E 4 80°C » s RFRFEM A 5 /)
B o JE PR 75 3842 T v R 4T 4 46 3BR AR =18 40 PR 75 B 4 R K AUBAE
BHFRFHRE BRI OB ARE wEHBLE S EEERL
B %A A4 > MEDOC #2 A4k A £ A A 4% &AM =AbAILARw
1B4h » HRIEX 4o TFA® -

03 +2Ce*" + 2H™ — 2Ce** + 0, + H,O

=B 4% & A A Ab1h A 5 B R A % (static mixer) X i# 4T (Ponnet et
al., 2001) -

RAEREERGRE LT ERERBESE N EHHE v
R —BEFRRRFERLARIR  HRBRFERIABRFE
R BIR T IEREAFACE RN Hio B KT =B 4 BALR
v fF 4% 0 [B) B Ao — 4B A BR 0 AR R IR T B IR T IT AN AR N B
BT 1748 0 AR M BRI 5 5k E % £ Belgoprocess R HEBUR 12 0 R I
FRA P A/ 0k 0 PR A A& YR A 4 B fb(Ponnet et al., 2000 ; Ponnet
etal., 2001) -

7132 BXER W%
e B BR3 A6 B Rdf R 09 2 B a4k A A& KR i ik
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(abrasive blasting) 7% # /TP 75 » "H#) i o3k 467> 1996 -5 B 9 B B4
ek 22001 5 Ak L6 FRETHIFTS2IHMEELE £ T
182 A ikt > MR @WK E LR E 2 303 H4 K HRAEMS X
RIE o BB B BB RRRIE N AT 0 IS RRE T BARHFEL > 38
&8 atF RIERG TRF LG 4K £1ERA 12 4B K (metal grit)
(Walthery et al., 2001)

7133 BN BRI

tbF18F BR3 #) A & X5 B (45 ZOE £ F) R ETEBRT » A&
BARTF LIS KRR NE o BB A0 (R1Lds) - B
ﬁi%@%%ﬁﬁﬁ@@%’%%i%ﬁm%ﬁé%ﬁﬁ°ﬁm A
ALt ] B B RG BI AT A B Rk (vortex pump)4E 3R £ A2 /7R % 0 &1 A
Gk 2B F1 0.7~5bar #| A B 45 %2 RAE KA 45 A IR S A
MENEGAKRI > FERNE > B TFREARZERBES ~ A
(elutriation) & ## M4 5 & % (magnetic separator) % £ o #7R B AN
Smm 43R R XA E R T ERAREE(EFRIR C http:/www.ec-

decom.be/europe/pilot/br3/deconta/zoe/zoe.htm) o

7.1.4 2% LR 5 EiRrR

BB E LIBRITEMERE - WRAR R IEIREZLE o Ty

AMRBERERBRLIMGERAFHATELAGH FREMER B
(pneumatic hand scabblers) » % #h » 3 38 ~ 5 388 7 58 F H2AF MR AR AR SR 4

BN FEAER o thA B3R A B A 4R G R 3% e 38 55 2 ] $] 44 % (shaving

machine) AT/ LR/ KA LB BERFRZRDRFH FAFLAR

kR BRYD 30%—RBEY > aNBRBIRG T REHRFEAE S

#% %7 ¥ (Baumann et al., 2001) -

237

45



A LR IRA 2R B 8L - 2R 58 REITRFERE RSE 0 KR
1 ¥ 05 Bt B EUR 2 8 3R 8K % %(Klein et al,, 2001) -

715BR3 & B &%

MEHRRTEERERAEME » LIBREDEER > BRiAA
BB KM EEMREAER ML o ARG PR E LIBERTE
W RmminbBRE —EFE I E eBBTHFE:

ot E] ~ /¥
o BT A7

o 32

o 51 A7

o BERT I

173

ME RSB R ED T RGATRE > URD BREHBHRETF
R EEEEMEA - FRAMB T ARG T - TR0 F

HRBARMHEHBEZEFHNEARBARE EZEZE > XI5 A&
W MEIFERF S BRI AGHEEBMNESE - HRFHF

FERAERAR[TEME > AE5 L e e EhBEEN - F
8 PLAE AR 48 A R 11 5] F K KM+ > nibbling # 4t A R inEl AR - 18]k &
BEEHBEMG TR RRMAEL -

WE B RN ER RSB T X mEEY - BakRRT o £ F
BREMB B TREGRATRY » TREGMEREZHI 200 2 HHABE -
AT RGETEAE F L 400 AR AR o T EREH LRITHRFRE
AT &R E B RRBEIE R > Bl A A —et ey B ER] ~ Hir
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SRBAR S B SETE BB T A AR BENBEA AR A b
oo MEERKRTHET 5 REEEA R :

o b AT AT R B AR

o 5L 8 VT fE

TRMETHEAGBHRE -

MERARTRIENY SRk T2 i BIRSHEME A B B
H ekt B B2 Y RAE(FEH R IR hitp://www.ec-decom.be/europe/

pilot/br3/initbr3.html) °

k72 BFRABEMTHAZE

AT K 5 % K 1)
%L@ﬁw%ﬁﬁ - THLG - THEHT
o kB | o *

B X of 5 MEHBIERAT/|E ZFRE S000KTFHLEHAE £
IREVRAS F2b) Bg/cm? ) 5% 4 1+
_ : . Bl &5 4 E 35000 AN —vt B dipg - &
L3S HEEXE:
B2 RE S E AR Bq/em?® 14 40
Scabbling - - R E XA

MEEHRGH ARAFREANSAZ(AMELAEMA 25om® &

200cm?) > M E AR R WL BERA B E > HERERE MY RIHEL
BAUASTHEDEFCeGBRAGAH(ABELGHAEKEL viF F D
0.4Bg/cm® a7 /7 0.04Bg/cm?)i§ B7 77 A 4T 6 —R A &> =R
REHBARFGAFREGREETAZE -

A E TR EEILERS > ARASHETFENAA3EA > 4o
AR B E R KAMBL AN - B BEAZLERRDE A

A=
Ae
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BEYUEZEOEE Xt EEEAGERN  AXHALREHIZ
PIEEMA HERBAZXI0%FEXHERFBEIETEGRAMNE -

AR ARIRATE £ H R EM RO 0 AR A RES K
PREEAZ » — RAEIRIIE » A—RBEBE > RABFRB RREEL -
REBREMREEIME R EXREWMBEABGERE HEIHBS
HRE AR R ERE R BHREE  AABZERBTHERE
FMAMRELEZREBHRIME -

RS S E G IBART RSB - AT E ASWRT A RE &R a8
RERBEMBESE LA FE 20 BT LA B BEARRGMELE
% B Duratek 23 #ATIE MR IE « F 4£75 R ARAREP R IR F RIFYH 75
Rz E > RIEZEMAREEZEER  BRTE—FHRF > HHF54FA
M8 (o Cs-13N)RBEEHE » @BEREBELBRHHTREHDE
ARS8 AT RS R BRI E R G TR LB E AR
Stusvik 5 @k > €135 5 =B vk B SARE KR 555 481 R ook 4R LR 4% 4R
T B BAA 200 AT BRK - BIEARE £ SR E R BRI
B —RBEMYIERIEE T 5.9% LA 0F i 4Tk AE 38 % (Klein
and Moers, 2000 ; SCK « CEN, 2001 ; Klein et al., 2001) °

RFERRLEE > BEH BB MY 2 E R LA 8F SCK - CEN
#*H

o & |75 Fx IR
#By : 0.4Bg/cm?
#to : 0.04Bg/cm?

AMERMNGEEADAE TR THEADRBRHEADTLETR
FhL > AN E 100%7T 28 & @2 o
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o F FLLiE B R4
BERMEMEZERRMAR » B8y E R4 B oA B > IRFIKAHF
&4 0.1~100Bq/g 2 Fd » &kA%FE M & > ]k Co-60 FR#|{E % 0.3Bg/g °
BiERE AR BRI ARG 3T 0 #4818 a9 5
AALFERRBETRFRMEEF BXED Pk - RABRILLRTE - A
ITHERRXABETRARMEFEZRBANIIE BT EE4 > Bl
BAKEHR N RBEHE  BRAEDT AT EREANGELMMMKASRE
fmtk o B ERASAEBREN P BRIMZIFTERA AKX G
PR AATRATETEIHEARE I ARAMHZRFG - BILERFESF
# % MEDOC » MEDOC & A7 F 8548+ B AR A BR > BRARE
H B0%EEE M TR FEAZRE  HABUIEMREIE - BR3 440 4 447
BRTRZAEMMEBEEMS 21 48 - #/H MEDOC R EATIRIT °
ARt EBARS REREERRAREYGFTEL  BEYEEES
AEAE IS AR 0 AR B A T %1% 25 (Klein and Moers, 2000) :
o IR A A (4o Cs-137)4E 5 R AR FIEE (Fl4o EAE Lo FTRIKSB) » 18
2 BT -
o & B 1E k3G A AL T SUIEAR AR R T A%AE o

& @A AT 6 M B AR ER AT S Rk 2V (size-reduction) & A
AALBEFARITRD  CRAMELEGBEEZATLALTIHEA
Fikz— g ¢
oI 100% A MERIMK » BN E—RERIEL IMEA AT -

o5 3 4 % A Canberra Q2 200 A48 hn B k(R AT H &858 -

LA BR3A A L Hik B B 60 H  E P 1544 B 2R
FEA B ¥ > A4S YR £ 3% B 22 3 1 ¥ (Klein and Moers, 2000) -
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HZ2B&5 (2 1,000Bg/cm?) ©EE ~ AR R FmMMmtEBEAAHE
FRARRT > THABIXFBRFTERFTLE Rk ERANHEL
77 0 B A RAB R 32 & L SR AT B AT 2 3E o LA 8% BR3 #1A ZOE W75
FERE2EME AP A 1020%E &xabEL 0 RRRE T
RBEEIHRREEAMERAE > B GBEOMETEEIRESZESE
AR A A GREY o TR 5 A A B X B R R 5 (Klein and Moers,
2000) -

%75 $ (& 20,000Bq/cm?) 5% 48 % 7 5% 4945 4 7T A1 R AL L1275 R 22
b5 #]8% BR3 #| | MEDOC #2 A R 347 % 75 e R45 A4 1+ 2% 75 °BR3 &
RIZ3SH - HP ISHLFRFABS A DI AZAGEL - KoM
B OB A BB Q2 Au B KR 0 48k BT B — B4 &8
HAAMKQ0 AR 0 Q2 jul KR ERGIRET  BHRA
250 /1 (Klein and Moers, 2000) °

BR3 REJERE /115 E R /MM 0RE 28 A RBEERELR - &
B BEBATA R LR T E o & 24 FAL A A EARGERR
FIR L R By 4EEAT 22 fAARIR TS 0 E & A 247 8 L8751 205 AT &4k
e aBl RERETERANA 2 -BMEMAEL  BITKREALE -
VI BB AF AT B VT RETT R SRR SRS LR AR EELE &R B EW
£ NRAA Q2 A %4 F A% B &£ 1 (Klein and Moers, 2000) -

AR L SR ARG o 0 B o 1R R LR KR ~ KBTS A
(fluidifier) £ R 5 A A M KRR > THAFEMGBREMKEALZRLE
(Klein et al., 2001) -

728
BE2011F7 2085184 13 5% HREET 2B
EPRHIONRAEE —RAALEEL BESEA LR E S > 3 (EJF)F7 B Brennilis

242

50



- FAEFAZPREFRLELFRARS

Nuclear Decommissioning- Its History, Development and Current Status
Nuclear Decommissioning

%— ;% ? iFiL Lecture Notes in Energy 66
f’rﬁ: Michele Laraia 2018
e Series: Lecture Notes in Energy (Book 66)

e Hardcover: 127 pages

e Publisher: Springer; 1st ed. 2018 edition (April 15, 2018) NUCIear e
Decommissioning

e Language: English

Its History, Development and @urrent
e ISBN-10: 3319759159 Status

e ISBN-13: 978-3319759159

E] ﬁ? @ Springer

Chapter 1  Introduction: How a New Industry Comes About
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(Bq) Factor Roughness
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MARSAME Overview

Workshop Co-sponsored
by
Radiation Protection Association
National Tsing-Hua University
Health Physics Society Taiwan Chapter

Chuan-Fu Wu, PhD, CHP

Hsinchu, Taiwan
August 27, 2019

What is MARSAME?

» MARSAME is an acronym for “Multi-
Agency Radiation Survey and
sessment of Materials and
Equipment”.

» The MARSAME Manual was published
in January 2009.

”!‘ U S N R( Multi-Agency Radiation Survey and
e Assessment of Materials and
Equipment (MARSAME)

MULTIAGENCY
RADIATION SURVEY
AND SITY
INVESTIGATION
MANUAL
(MARSSTM)

87

PRESENTATION OUTLINE

® Introduction
* What is MARSAME?
* MARSAME — MARSSIM Relationship

® Materials and Equipment

®* The MARSAME Manual

®* MARSAME Phases

MARSAME Applications & Benefits

Y

What is MARSAME?

> MARSAME was a collective effort of the

artment of Energy (DOE), Department

efense L oD), Environmental
Protectlon gency (EPA), and the Nuclear
Regulatory Commission (NRC).

It is a tool to aid nuclear/radiological
facilities in the contamination survey
and disposition of materials and
equipment (M&E).

MARSAME - MARSSIM
Relationship

» The MARSAME manual supplements
the Multi-Agency Radiation Survey
and Site Investigation Manual
(“MARSSIM”).

» While MARSSIM is applicable to real
property (buildings and land),
MARSAME applies to materials and
equipment (M&E).




Materials and Equipment

* 1st Group — metals, concrete, tools,
equipment, piping, conduit, furniture

* 2nd Group - dispersible bulk
materials such as: trash, rubble,
roofing materials, sludge

* 3rd Group - Liquids, gases, and
solids stored in containers (e.g.,
drums of liquid, pressurized gas
cylinders, containerized soil)

MARSAME Manual
Chapter Breakdown

Roadmap
Chapter 1: Introduction and Overview

Chapter 2: Initial Assessment of
Materials and Equipment

Chapter 3: Identify Inputs to the
Decision

Chapter 4: Develop a Survey Design

The MARSAME Manual

MULTI-AGENCY
RADIATION SURVEY
AND ASSESSMENT OF
MATERIALS AND
EQUIPMENT
MANUAL
(MARSAME)

MARSAME Manual
Chapter Breakdown

+ Chapter 5: Implement the Survey
Design

+ Chapter 6: Evaluate the Survey Results

+ Chapter 7: Statistical Basis for
MARSAME Surveys

Chapter 8: lllustrative Examples

MARSAME Manual
Appendices

Appendix A: Statistical Tables

Appendix B: Sources of Background
Radioactivity

Appendix C: Examples of Common
Radionuclides

+ Appendix D: Instrumentation and
Measurement Techniques

+ Appendix E: Disposition Criteria

11

10

What’s Expected of a MARSAME User?

12
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MARSAME Fundamentals

+ Uses a graded approach &
flexibility in the design and
implementation of surveys

+ Employs the data life cycle

13

1. Planning

+ Team concept is encouraged to successfully
plan a MARSAME contamination survey

+ Depending on complexity, significant
effort is often required
+ Also encouraged is the seven-step

process of the EPA “Data Quality
Objectives” (DQOs)

15

Initial Assessment (l1A)

* |IA employs

+ Initial categorization of the M&E
(impacted vs. non-impacted)

+ Visual inspections
+ Historical records reviews
* Process knowledge evaluations

17

MARSAME Data Life Cycle

. Planning

. Implementation
. Data Assessment
. Decision Making

14

Initial Assessment (IA)

* lAis the 1st step in the investigation
of M&E, similar to the Historical Site
Assessment (HSA) in MARSSIM

» The purpose of the IA is to collect and
evaluate information about the M&E
to support a categorization decision
and support potential disposition of
the M&E (e.g., release or interdiction)

16

IA: Classes of Impacted M&E

+ Three classes of impacted M&E,
equivalent to the MARSSIM approach

+ Class 1
+ Class 2
« Class 3

+ The classification determines the
relative level of survey effort (greatest
effort for Class 1)

18
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IA: Preliminary Surveys

* Preliminary surveys are conducted to acquire
the missing data in case data gaps exist

* Preliminary surveys describe the physical &
radiological characteristics of the M&E

+ 4 attributes of physical characteristics: dimensions,
complexity, accessibility, inherent value

+ 4 attributes of radiological characteristics:
radionuclides, activity (or concentration),
distribution, location

MARSAME Disposition Options

2. Interdiction Scenario (4 options)

+ Remove M&E from general commerce and
initiate radiological controls

+ Decide to accept M&E for a specific application

+ Decide NOT to accept M&E for a specific
application

+ Continue unrestricted use of M&E (no action)

MARSAME Disposition Options

Two disposition scenarios for impacted M&E:
1. Release Scenario (9 options)

Reuse in a controlled environment

Reuse without radiological controls (clearance)

Recycle for use in a controlled environment

Recycle without radiological controls

-

Disposal as industrial or municipal waste

Disposal as low-level radioactive waste

Disposal as high-level radioactive waste

Disposal as transuranic (TRU) waste
Maintain current radiological controls

20

Measurement Quality Objectives

+ MQOs can be viewed as the
measurement portion of the overall project
DQOs (Data Quality Objectives)

+ MQOs are characteristics of a
measurement method required to meet
the objectives of the survey

+ Two key words are “measurement
method” as this relates directly to the
development of a survey design

MQOs are not used in MARSSIM

21

What is a “Measurement Method’’?

In MARSAME, a measurement method
refers to the combination of an instrument
(e.g., GM counter, NAI detector, etc.) and
a measurement technique (e.g., scan, in
situ measurement, sample collection
followed by a separate laboratory
analysis, etc.)

23

Examples of Radiological
Survey Instruments
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MQOs: The Big Six

Measurement Method Uncertainty
Detection Capability (MDC)
Quantification Capability (MQC)
Range

Specificity

Ruggedness

Implementation Phase

* Refers specifically to implementation
of the selected survey design

+ The implementation phase includes
+ Health and safety considerations

* Handling, preparing, transporting &
segregating M&E

+ Control of Measurement Uncertainty &
MQOs

Principal Survey Designs

1. Scan-only survey designs (Section
4.4.1)

2. In situ survey designs (Section 4.4.2)

3. Survey designs that combine scans
and static measurements (MARSSIM-
type surveys, Section 4.4.3)

4. Method-based survey designs

(Section 4.4.4)

26

MARSAME Assessment Phase

+ The assessment phase follows the
implementation phase

+ Assessment refers to “Data Quality
Assessment” (DQA)

* DQAis used to evaluate generated data
and determine if they are of the right
type, quality and quantity

Preferred assessment approach is
independent verification & validation

27

MARSAME Decision-Making Phase

+ The decision-making phase
follows the assessment phase

+ This phase is designed to reach a
“technically defensible decision
regarding disposition of the M&E”

29

28

MARSAME Applications

Examples of applications of the
MARSAME approach at a DOE site and a
NRC licensee facility:

+ Rail car survey at the Hanford Site in
Richland, Washington

+ M&E surveys at the Humboldt Bay nuclear
power plant in Eureka, California

30
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Hanford Rail Car Survey

+ Utilized an in situ monitoring system
to survey over 160 km of rail track
with possible surface contamination

+ The MARSAME approach included
a reuse scenario, consistent with its
intended purpose, and a disposal
option

31

Hanford Rail Car Survey

The Hanford rail car survey resulted
in several quantified benefits —

+ Reduction of 80,000 cubic feet of waste
disposed, resulting in projected savings
of US$500,000

« significant cost reduction (88%) by
surveying the rails with a moving
monitoring system rather than a hand
survey

Application of MARSAME at
Humboldt Bay NPP

At Humboldt, a survey package was developed

based on the MARSAME methodology to

specifically evaluate several large
transformers at the facility —

Initial Assessment

Categorization into impacted and non-impacted
surfaces

Classification of impacted surfaces as Class 3

Description of physical and radiological
characteristics

33

Application of MARSAME at
Humboldt Bay (continued)

* Implementation of preliminary surveys

+ Selection of a preferred disposition option
+ Detailed survey design —

+ Measurement quality objectives

+ Survey implementation approach

+ Survey results

+ DQA to determine a disposition decision

35
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Conclusions (l)

+ MARSAME methodology was developed to
promote consistency among federal agencies
in the design and implementation of
contamination survey and disposition for
Materials and Equipment.

MARSAME is an evolutionary outgrowth of
the MARSSIM approach for applications in
non-real property.

MARSAME methodology employs a greater
reliance on statistical approaches.

36
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Conclusions (ll)

+ Benefits of proper application of
MARSAME methodology include:

+ Protection of workers & the public
* Reduced impact to the environment
+ Radioactive waste reduction

* Reuse of materials with associated
environmental and material
sustainability advantages)

+ Cost reduction

37
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Group Discussions — Q&As
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