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SiX major stages of the lifetime of an nuclear
facilities (IAEA GSR Part 6)

ltj : | Planning

fﬁ
i

Commissioning Operation

Decommissioning

Closure
(Waste repository)
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Why Decommissioning? (Reason)

0 End of facility operation mission |
* Production mission or research program

o End of facility design
life/technically obsolete

« Uneconomical, unsafe or operations
prohibited

o Changes in governmental policy
« Existing nuclear programs

0 Others — accident, etc.
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What is Decommissioning ? (Definition)

0 The administrative and technical actions taken to allow
the removal of some or all of the regulatory controls

from a facility.( IAEA 2014, IAEA GSR Part 6)

B Remove a facility or site safely from service and reduce residual
radioactivity to a level that permits: 1)release of property for u

nrestricted use and termination of the license or 2) release of
the property under restricted conditions and termination of

the license.( US NRC, 10CFR50.2 Definitions)
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Decontamination (Definition)

0 Defined as the removal of contamination from areas
or surfaces of facilities or equipment by washing,
heating, chemical or electrochemical action,
mechanical cleaning or by other means.
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Dismantlement (Definition)

0 Defined as the removal of equipment or structures
(clean or radioactive) typically to allow for the
completion of the decommissioning process by use of
any of or some combination of thermal, mechanical, or
electrical removal methods.
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Objective of Decommissioning

m Placing a facility into such a condition that the
decommissioned facility poses no unacceptable risk to
the public, the workers or the environment

» The gradual removal of radiological and non-radiological hazards

(and regulatory controls) linked to hazards

» The return of facilities and sites to new, productive uses



Decommissioning strategies IAEA classification

B |Immediate dismantling;
»  Facility are removed or decontaminated to a level that permits the facility to
be released for unrestricted use, or with restrictions
m Deferred dismantling;

»  Facility are either processed or placed in such a condition that they can be
safely stored and maintained until they can subsequently be
decontaminated and/or dismantled to levels that permit the facility to be
released for unrestricted use or with restrictions

B Entombment;

»  Contaminants are encased in a structurally long lived material until
radioactivity decays to a level permitting the unrestricted release of the
facility, or release with restrictions
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Immediate Dismantling Features

O O o o o o o

[

All radioactivity above specified levels is removed
Allows clearance or unrestricted use

Normally begins very soon after shutdown (2 - 5 years)
Allows use of current work force

Work force remains relatively stable during period
Does not allow for significant decay of radionuclides

Waste and spent fuel management facilities must be
available

Funding must be available to complete the activities
Preferred option if resources are available
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Deferred Dismantling Features

O O O o o o

O O O o O

Facility is placed into long-term storage to allow decay of RN
Dismantling is deferred from 10 to 60 years

Systems are drained, waste removed & areas secured

Lose current work force knowledge

Portions of the site may be used for other purposes

Option if waste disposal or spent fuel management facilities
are not available

Allows for the collection of funds

Work force reduced until dismantling begins

Spent fuel may be an issue

May be the preferred option if multiple facilities are on-site
Sometimes called Safe Storage or Safe Enclosure

v
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Entombment Features

0 Radioactivity encased on-site
o Controlled area is reduced In size

0 Remaining structure must be
monitored and maintained

0 Becomes a waste repository ’ l /

o May be the preferred optionfor @ Ty
countries with only a research
reactor and no waste disposal
facilities et

h S
will be 345 feet
tall, about the size
of a 30-story building.

Itis meant to last 100 years.

The
lgil
shelter,
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will be fortifie
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The new shelter
will be assembled nextto
the ruins of the reactor.
Once completed, the
20,000-ton arch will be slid
over the site on a pair of rails.

Funding

The $505 million arch is part of a broader
$1.4 billion project to secure Chernobyl,
paid for by international donors.

European us
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six months after the blast
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Factors Affecting for Strategy Selection

Governmental policy, laws and regulations
Avallability of waste management system
Safety assessment of the hazards
Availability of funding

Physical status of the facility

Availability of experienced staff

Future use of facility or site

Type of facility and residual activity

Social and economic impact

O O O o o o o o O
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Decommissioning strategies and timescale

plant shutdown
= === e == G== B @m @
yaars 5 10 15 20 50 100

g} Post-operation

e

Immediate dismantling

SEP preparation Sale storage Dismantling

Deferred dismantfing
(SAFESTOR)

from “Handbook of Nuclear Engineering, Volume 5” Chapter 27 Figure 1,
Springer (2010)
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IAEA’s Safety Standards
for Decommissioning

Maine Yankee
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Overview of IAEA Global Standards

» Global Reference Point for a High Level of
Nuclear Safety

» Safety Fundamentals

» Basic objectives, concepts and
principles to ensure safety

» Safety Requirements

» Requirements which must be satisfied
to ensure safety for particular
activities or application areas (“shall”
statements)

» Safety Guides

» Recommendations, on the basis of
international experience, of measures
to ensure the observance of safety
Requirements (“should” statements)

Q gy 2
Satety Guides
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IJAEA Safety Standards

Safety Fundamentals
Fundamental Safety Principles

General Safety Requirements

Specific Safety Requirements

Collection of Safety Guides

Structure
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IAEA Safety Standards for Decommissioning

Safety

- Fund tal
Fundamentals SF-1 (2006) undamenta

Safety Principles

v

General Safety GSR Part 6 (2014)
Requirements

Decommissioning
of Facilities Using RM

l l

General Safety WS-G-5.2 (2008) WS-G-5.1 (2006)
Guides Safety Assessment for Release of Sites from Regulatory
the Decommissioning of Facilities Control upon the Termination
Using RM of Practices
Specific Safety WS-G-2.1 (1999) WS-G-2.4 (2001) WS-G-2.2 (1999)
Guides Decommissioning Decommissioning Decommissioning
of NPPs and RRs of Nuclear Fuel Cycle of Medical, Industrial
Facilities and Research Facilities
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|JAEA Safety Standards for Decommissioning

2014

IAEA Safety Standards

for protecting people and the environment

$5G-47(2018)

1999 /
1999
SAFETY 2001

Decommissioning of
Facilities

General Safety Requirements Part 6
No. GSR Part 6

SERIES S
.STANDARDS_
SERIES _STAﬁ'SXEB‘S( @aea .
Decommissioning of SERIES

Nuclear Power Plants
and Research Reactors Decommissioning of

Medical, Industrial and

R h Faciliti Decommissioning of
SRS RECIRE Nuclear Fuel Cygle 2004 2006 2008
Facilities
SAFETY GUIDE |IAEA Safet Standards IAEA Safety Standards
i SAFETY e AALlh Al
SAFETY GUIDE | STANDARDS
MRS s SAFETY GUIDE SERIES

Ok

$5G-49(2019)

No.WS-G-2.4

a

Recently
Published

A 4

Application of the

Concepts of Exclusion,

Exemption and
Clearance

SAFETY GUIDE

No.RS-G-1.7

Release of Sites from
Regulatory Control on
Termination of Practices

Safety Guide
No. WS-G-5.1

Safety Assessment for the
Decommissioning of
Facilities Using
Radioactive Material

| Safety Guide

No. WS-G-5.2

raea

5$5G-47(2018): Decommissioning of Nuclear Power Plants, Research Reactors and other Nuclear Fuel Cycle

Facilities

55G-49(2019): Decommissioning of Medical, Industrial and Research Facilities



http://www-pub.iaea.org/MTCD/publications/PDF/P079_scr.pdf
http://www-pub.iaea.org/MTCD/publications/PDF/P078_scr.pdf
http://www-pub.iaea.org/MTCD/publications/PDF/Pub1110_web.pdf
http://www-pub.iaea.org/MTCD/publications/PDF/Pub1202_web.pdf
http://www-pub.iaea.org/MTCD/publications/PDF/Pub1244_web.pdf
http://www-pub.iaea.org/MTCD/publications/PDF/Pub1372_web.pdf

Safety Requirements (IAEA GSR Part 6, 2014)

1.Introduction
2. Protection of People and Environment

» R1: Radiation protection and safety |AEA Safety Standards

» R2: Graded approach

» R3: Assessment of safety Eecﬁpﬁmissmng of
acllites

3. Responsibilities associated with DECOM.
» R4: Responsibilities of the government

» R5: Responsibilities of the regulatory body

General Safety Requirements Part 6
No. GSR Part 6

» R6: Responsibilities of the operator
L) IAEA

........................

4. Management

» R7: Integrated management system
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Safety Requirements (IAEA GSR Part 6, 2014)

5. DECOM. Strategy

» R8: Selecting a decommissioning strategy

6. Financing

» R9: Financing of decommissioning

7. Planning

» R10: Planning of decommissioning/R11: Final decommissioning plan

8. Conduct of Actions

» R12: Conduct of decommissioning actions/R13: Emergency planning/R14: RWM
9. Completion and Termination of Authorization

» R15: Completion of decommissioning actions and termination of authorization
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Responsibilities associated with Decom. General

National policy
Responsibilities
Funding mechanism
Keeping expertise

Government

* National legal framework
* Regulations of all phases
» Legal/governmental Infrastructure

Operating
organization

Regulatory body

Criteria

Reviewing/approving DPs
Inspection and enforcement
Ensuring retention of records
Evaluating end state

Public involvement

Establishing Decom. strategy
Preparing/maintaining DP

Establishing QAP

Managing/performing decommissioning
project/activities, etc.
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Responsibilities associated with Decom. covernment

B Defining the national policy

» for decommissioning and
» for management of the resulting radioactive waste

m Defining the legal/technical/financial responsibilities of
organizations to be involved

B Ensuring that the necessary scientific and technical
expertise remains available both

» for the operating organization and
» for the independent regulatory and other national review functions

m Establishing a mechanism to provide and ensure
adequate financial resources for safe and timely Decom.

24



Responsibilities associated with Decom.
Regulatory body

m Establishing requirements for DP and criteria for permanent
shut down and decommissioning (e.g. clearance of material,
end state, removal of controls, etc.)

Reviewing initial DP; reviewing/approving final DP
Inspection of Decom. activities and enforcement actions
Policies/requirements for retention of records/reports

Evaluating the end state of a decommissioned facility

Ensuring stakeholder involvement

»  Giving interested parties an opportunity to provide comments on the
plan before it is approved

25



Responsibilities associated with Decom. Licensee

Establishing a Decom. strategy and a QAP
Preparing/maintaining a DP

Notifying the regulatory body prior to shutting down

Managing/performing Decom. project/activities
» Identifying an acceptable destination for Decom. waste
» Performing safety/environmental impact assessments

» Preparing/implementing appropriate safety procedures
B Ensuring properly trained, qualified and competent staff
m Keeping records and submitting reports as required

m Performing radiological surveys in support of Decom.

»  Ensuring the end state criteria by final survey
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Decommissioning management

m IMS shall be applied to all aspects of Decom.

» An integrated system for management and implementation of
Decom. shall be established as part of operator’s organization

Prime responsibility shall remain with the operator
Transfer of responsibility is ensured by procedures

» Individuals shall have the necessary skills, expertise and training to
perform decommissioning safely

» Decommissioning shall be controlled through the written procedures

» Documents and records shall be prepared and retained
B Management shall be commensurate with the project’s

complexity, size of the facility and hazards associated
with the decommissioning of facility



Decommissioning strategies

B Licensee shall define a Decom. strategy

B |Immediate dismantling shall be the preferred strategy

» Deferred dismantling or entombment shall be justified by considering
RWM capacity, fund, workforce, etc.

m Strategy shall be reviewed if the shutdown of facility is
sudden.

B Measures for RWM shall be available in a timely manner

» Clearance shall be applicable

B Site strategy for Decom. for sites with more than 1 facility

» Interdependences of facility shall be considered in DP for each facility
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Financing

B National legislation shall set out financial provisions

» responsibilities and mechanism

B Financial resources shall cover all costs

» associated with safe decommissioning, waste management, etc.

B Financial assurances shall be available when needed

» even in the event of premature shutdown
» prior to OL or license renewal

m Cost estimate shall be updated
» On the basis of the periodic update of the DP

B Inthe case of conditional release of the site, financial
assurance for all necessary controls shall be available



Decommissioning plan (10f2)

DP shall be maintained throughout the lifetime of facility
DP shall be supported by a safety assessment

DP shall be based upon a graded approach

Lifetime consideration of Decom.

» For new facilities, Decom. shall be considered in the siting, design,
construction, commissioning, operation, and through to the license
termination

» For existing facilities, DP shall be prepared ASAP
m Initial DP shall be submitted with OL application

» To be reviewed/updated appropriately

m Baseline survey shall be performed prior to construction

» To be updated prior to commissioning



Decommissioning plan (2012)

B Institutional knowledge, and records/reports shall be
retained/maintained

m Final DP shall be submitted prior to implementation phase
» Details of the timeframe and funding for decomissioning
» Detailed characterization survey shall be done
» Methodology and criteria for demonstrating end state shall be stated

B Ensuring stakeholder involvement

» Interested parties shall have an opportunity to review the final DP and
provide comments

m For deferred dismantling, the DP shall demonstrate the
safety of the option



Conduct of decommissioning

National safety standards and requirements shall be met

Operator shall implement the final DP once the
RegulatoryBody has approved it.

B Optimized D&D techniques shall be chosen

» New methods shall be justified and optimized

Emergency planning arrangements shall be established
All Decom. waste streams shall be properly managed
Regulatory body shall conduct safety review/inspection
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Completion of decommissioning

m Fulfillment of the end state criteria shall be demonstrated

» The end state shall be evaluated by the regulatory body

m Final Decom. report shall be documented and submitted
B Record-keeping and retention system shall be established

m For on-site waste storage, authorization shall be issued for
the facility
» Arevised, new or separate authorization can be considered

B Inthe case of the conditional site release, appropriate
controls shall be maintained and a revised authorization
shall be issued, as appropriate.
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Decommissioning
Process

Big Rock Point
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Strategy Development

B Ensuring the continued safety of the public and the workforce

and the protection of the environment

B Reducing hazards through proper planning of associated tasks

B Achieving an appropriate balance in the use of environmental,
social and economic resources, both now and in the future

B Releasing facilities, material, equipment and sites from
regulatory control wherever possible
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Main phases of decommissioning

m Preparatory phase
» Development of decommissioning strategy
» Initial decommissioning planning (DP)
» Initial radiological characterization
» Transition

B Implementation phase
» Preparation, submission, and then implementation of final DP
» Project management
» Management of waste
» (Completion phase)
Demonstration of compliance with end state criteria

License termination



Facility transition

B Transition?

» Time period between facility shutdown and implementation of the

decommissioning strategy

» Apart of operational phase

B Main activities

» Removing major radioactive materials from operation

spent fuel, sources and operational radioactive waste, etc.
» Draining systems and process liquids
» Completing the characterization survey

»  Submitting the final DP to regulatory body for approval
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Stepwise decommissioning process

Facility stage

Design, construction,
and commissioning

Operation

Transition

Preparation

Deferred dismantling

Decontamination and
dismantling

Completion

Decommissioning activity
Developing initial DP

Updating DP
Finalize safe enclosure plan, if applicable
Prepare shutdown plan

Source term reduction, defuel & waste conditioning
Developing site preparation plan
Developing surveillance and maintenance plan

Site preparation
Initial dismantling

Updating final DP
Surveillance and maintenance

Decontamination and dismantling

Final status survey
License termination
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Decommissioning related activities during the

lifecycle of an NPP

Design, construction

Licence operating licence(s) Decommissioning licence(s) Dismantling licence
Shutdown &
v A 4 h 4
Phase 0 . - . Safe enclosure . :
& eration of the facilit Transition - - Dismantlin
P y (if applicable) g
Organization Management of the nuclear facility = Management of safe enclosure  Site management

—— f——

Decommissioning Decommissioning

Preparation of the Dismantling project

projects planning team safe enclosure
Preparation  Implementation Preparation Implementation
s .. . . . i ino . eillane
Activities  « Decommissioning planning Defuelling Surveillance

—_—

* Provision of funding

—_—
* System retirement * Maintenance

Lad L

* Engineering dismantling

L

* Waste treatment

v

> —_—
* Characterization of inventory » Waste treatment
e

v

From IAEA TRS No. 420 FIG.1 (2004)
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Decommissioning planning

General
planning

Initial DP

Update

Final DP

Overall and general considerations
(to be considered in early stage of facility development)

Conceptual and less detailed planning
(approved before operation license)

On-going planning during operation of the facility using
operational experiences and new information gathered
(usually updated at least every 5 years)

Final and detailed planning based upon the results of
detailed characterization of the facility and site
(submitted usually within 2~5 years of the shutdown
and approved before implementation phase)
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Standard format and contents of DP

o O A W N P

\l

. Introduction

. Facility Description

. Decommissioning Strategy
. Project Management

. Decommissioning Activities

. Surveillance and

Maintenance

. Waste Management
. Cost Estimate and Funding

Mechanisms

10.
11.
12.
13.
14.

15.

Safety Assessment
Environmental Assessment
Health and Safety

Quality Assurance
Emergency Planning

Physical Security and
Safeguards

Final Radiation Survey

From IAEA SRS No. 45 (2005)



JAEA Publications

» More than 60 publications on decommissioning (since 1980-s)

Safety Standards
Safety Report Series
Nuclear Energy Series
Technical Report Series
TECDOC

» Some publications cover both decommissioning and environmental
remediation aspects

» Some publications prepared in cooperation with other organizations,
e.g. NEA OECD
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Supporting publications

Safety Reports Series

Decommissioning
Strategies for
Facilities Using
Radioactive Material

E)aea

54
DS

-
TECHNICAL REPORTS SERIES no. (KX

Long Term Preservation
of Information for

Decommissioning Projects

S)aEa

Innovative and Adaptive
Technologies in Decommissioning
of Nuclear Facilities

Finai report of  coondinated research project 2004-2008

LESSONS LEARNED FROM THE
DECOMMISSIONING

OF NUCLEAR FACILITIES

AND THE SAFE TERMINATION
OF NUCLEAR ACTIVITIES

FROCEEDINGS]
ORISR TERN AT TONADCONEEITENCE
R IHERS NS DIDECERPERR UUD)

» Entombment - experiences in planning and implementation

» Methodologies for Source Term Assessment for Decommissioning
(focus on activation)

» Generic (Reference) Regulations for Decommissioning
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IAEA Safety Reports

» Safe Enclosure of Nuclear Facilities During Deferred Dismantling, Safety
Reports Series No. 26 (2002)

» Safety Considerations in the Transition from Operation to Decommissioning
of Nuclear Facilities, Safety Reports Series No. 36 (2004)

» Standard Format and Content for Safety Related Decommissioning
Documents, Safety Reports Series No. 45 (2005)

» Decommissioning Strategies for Facilities Using Radioactive Material, Safety
Reports Series No. 50 (2007)

» Monitoring for Compliance with Exemption and Clearance Levels, Safety
Reports Series No. 67 (2012)

» Safety Assessment for Decommissioning, Safety Reports Series No. 77
(2013)
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IJAEA NE Series and other technical reports(NEA)

»  Policies and Strategies for the Decommissioning JACK Maciess Esry Saces

of Nuclear and Radiological Facilities (NW-G-2.1)

_ Policies and

" Strategies for the
Decommissioning

_ of Nuclear and
Radiological Facilities

»  Selection and Use of Performance Indicators
in Decommissioning (NW-T-2.1)
» Redevelopment and Reuse of Nuclear Facilities

and Sites: Case Histories and Lessons Learned (NW-T-2.2)

» Decommissioning of Small Medical, Industrial and
Research Facilities: A Simplified Stepwise Approach (NW-T-2.3)
» International Structure for Decommissioning Costing (ISDC)

of Nuclear Installations, developed jointly with the OECD Nuclear Energy
Agency and the European Commission (NEA Report no. 7088)
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Technical publications — recent and under preparation

« Design Lessons Drawn from the Decommissioning of Nuclear Fa
cilities, IAEA-TECDOC-1657

« Planning, Management and Organizational Aspects of the Deco
mmissioning of Nuclear Facilities, IAEA-TECDOC-1702

« Cost Estimation for Decommissioning of Research Reactors*
« Decommissioning of Pool-like Facilities*

« Management of Human Resources during Decommissioning with
a Focus on Motivation Aspects*

« Decommissioning — Managing the Unexpected*
« Decommissioning of Particle Accelerators*

*|AEA Nuclear Energy Series reports



Korean Experience on
Decommissioning

,!2!‘ Korea Institute of Nuclear Safety
KINS
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Status of Decommissioning in Korea

+ Decontamination and Dismantling of KRR-2 was completed in March 2009

+ KRR-1 is under decommissioning

Completion of Decommissioning of Uranium Conversion Facility of KAERI
released from regulatory control in April 2012

Safety review of release of site from regulatory control was finished and its
review result of KINS was reported to NSSC in March 2012.

NSSC officially notified the release from regulatory control to KAERI in April
2012.

+ Korea has no experience for NPP decommissioning
m Kori NPP unit 1 : under final stage of Final Decommissioning Plan
m Wolsong NPP unitl : has now shut down for decommissioning

+ IRRS mission (July 2011) recommended to enhance the framework of
decommissioning

+ Development of regulatory framework and technology for decommissioning has
been carrying out since 2012
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Permanent Shutdown /Decommissioning of NPPs

U Permanent Shutdown
€ Kori Unit 1 (PWR, 587MWe, operated from 1978)

® Korea’s 1St NPP & Shut down in June 2017

® Application for decommissioning within 5 years from
Permanent Shutdown

» Final Decommissioning Plan (FDP)

» Decommissioning Quality Assurance Program

s A R > Collecting opinions from local residents

e T € Wolsong Unit 1 (PHWR, 678MWe, operated from 1983)
o | ® Korea’s 15t PHWR (CANDU) & Shut down in Dec. 2019

ET—‘P =| ® Preparing Decommissioning Application same as Kori

Kori Unit 1

YELLOW
SEA

—,1.

Unit 1

Wolseng.Unit 1 »

O Preparation of decommissioning
€ NSSC developed guidelines for safety review of FDP in June 2020

€ Application of decommissioning for Kori Unit 1 submitted May 2021
@ Regulatory Activity for Permanent Shutdown NPPs

® Periodic Inspections by Guidelines for each reactor type

’!i!‘ Korea Institute of Nuclear Safety
KINs



Permanent Shutdown and Decommissioning of NPPs

O Permanent Shutdown of Kori Unit 1
€ Ongoing Safety Management & Regulatory Control

O Application for Decommissioning Approval of Kori Unit 1

€ NSA requirements (within 5 years after Permanent Shutdown, FDP, DQAP &
Public opinion)

€ Timeline of Permanent Shutdown & Decommissioning Preparation

[ 2008 2015 Jun. 2016 Jun.2017 Jul.2019 Mar.2020 May 2021

o Designated 58 | Initiation | Permit Radiological Completed
e _J N Approval commercial of For OL characterization preparation of 2 4
— = for technologies preparing | amendment | was done draft FDP v 4
o= Continued for decom. FDP for Permanent
o L . > 17 tech. Shutd -
Operation nee:: dto Haown Application for
(10years) develop Decommissioning
> _CP18; 702P > R&D for Approval
in them J ~
tem un.2020~Apr.2021
» Cons. complete finished in Collection of opinionspfrom locals
in1977 2021 Feb.2018
> Start operation Contract of overall design

service for
decommissioning

in 1978 ‘

€ Overview of Decommissioning Plan of Kori Unit 1
® Strategy : DECON
® End State of Site : Limited Reuse
® Period : 13 years after approval of Decommissioning

*a%Q  Korea Institute of Nuclear Safety
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Decommissioning of KRR-1, 2

+*

Basic Information

Type Operation

KRR-1 | TRIGA Mark-I| 1962 to Jan. 1995

KRR-2 | TRIGA Mark-lII 1972 to Dec. 1995
D&D History

m 1998: All SF rods, returned to the US

m Nov. 2000: DP, approved by the MEST

m June 2001: D&D works, started

m Mar. 2009: KRR-2, finished

decontamination / dismantling

m Dec. 2009: KRR-1, decided to be
completely decommissioned and now under + Waste Management
decommlss-lo_nlng « Total amount of RW: 1,460 drums
Budget : 20 million USD « Portion of RW to total Dismantled
« willadd 0.3m USD for KRR-1 Material: 15%

decommissioning
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Decommissioning of KRR-1 & 2




RWM in decommissioning of KRR-1 & 2

'!23‘ Korea Institute of Nuclear Safety 53
Kins



Safet'y“ irst KINS,
trusted by the public

e
o = A AERHT IS
KINS KOREA INSTITUTE OF NUCLEAR SAFETY



