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Siting Design Construction

Commissioning Operation
Decommissioning

Closure

(Waste repository)

Six major stages of the lifetime of an nuclear 
facilities (IAEA GSR Part 6, DRAFT) .

Planning



Why Decommissioning? (Reason)

End of facility operation mission 

Production mission or research 

program

End of facility design 

life/technically obsolete

Uneconomical, unsafe or operations 

prohibited

Changes in governmental policy

Existing nuclear programs

Others – accident, etc.



What is Decommissioning ? (Definition)

The administrative and technical actions taken to allow

the removal of some or all of the regulatory controls fro

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

Remove a facility or site safely from service and reduc

e residual radioactivity to a level that permits:1)release 

of property for unrestricted use and termination of the l

icense or 2) release of the property under restricted co

nditions and termination of the license.( US NRC, 10CFR50

.2 Definitions)



Decontamination (Definition)

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.



Dismantlement (Definition)

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. 

decommissioning
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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 a hazardous 

The return of facilities and sites to new, productive uses

Objective of decommissioning
.
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Operating

Power reactors

Under 
construction

Shutdown
/under Decom.

Decommissioned

446 45 107 14

Research 
reactors

287 8 214 173

Fuel cycle 
facilities

423 19 297 192

U milling 294 8 231 149

U conversion
/recovery

29 1 14 2

U enrichment 21 2 7 5

Fuel fabrication
/D2O production

66 5 27 23

Fuel reprocessing 13 3 18 13

Status of decommissioning (IAEA, Status of the 
Decommissioning of Nuclear Facilities around the 
World, 2004)

as of August 2003
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Status of decommissioning

At the end of 2010

from “Nuclear Decommissioning” Chapter 2 Table 2.1, WP (2012)
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Decommissioning strategies
IAEA classification, old

Stage 1
Storage

with surveillance

Stage 2
Restricted 

site use

Stage 3
Unrestricted 

site use
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Immediate dismantling;

Facility are removed or decontaminated to a level that permits the facility to 

be released for unrestricted use, or with restrictions

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

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

Decommissioning strategies 
IAEA classification, present
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DECON;

The equipment, structures, and portions of the facility and site that contains 

radioactive contaminants are removed or decontaminated to a level that permits 

termination of the license after cessation of operations.

SAFSTOR;

The facility is placed in a safe, stable condition and maintained in that state until it is 

subsequently decontaminated and dismantled to levels that permit license termination. 

During SAFSTOR, a facility is left intact, but the fuel has been removed from the 

reactor vessel and radioactive liquids have been drained from systems and 

components and then processed.

ENTOMB;

ENTOMB involves encasing radioactive structures, systems and components(SSCs) 

in a structurally long-lived substances, such as concrete. The entombed structure is 

appropriately maintained, and continued surveillance is carried out until the 

radioactivity decays to a level that permits termination of the license.

Decommissioning strategies (US NRC) 
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Decommissioning strategies and timescale

from “Handbook of Nuclear Engineering, Volume 5” Chapter 27 

Figure 1, Springer (2010)



Immediate Dismantling

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

Features



Deferred Dismantling

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



Entombment

Radioactivity encased on-site

Controlled area is reduced in size

Remaining structure must be monitored and maintained

Becomes a waste repository

May be the preferred option for countries with only a 

research reactor and no waste disposal facilities
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IAEA’s Safety Standards

for Decommissioning
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IAEA Safety Standards
Hierarchy
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IAEA Safety Standards
Structure
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Principle 1: Responsibility for safety

Principle 2: Role of government

Principle 3: Leadership and management for safety

Principle 4: Justification of facilities and activities

Principle 5: Optimization of protection

Principle 6: Limitation of risks to individuals

Principle 7: Protection of present and future generations

Principle 8: Prevention of accidents

Principle 9: Emergency preparedness and response

Principle 10: Protective actions to reduce existing or unregulated 

radiation risks

Fundamental Safety Principles
IAEA Safety Fundamentals No. SF-1 (2006)
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SF-1 (2006)
Safety

Fundamentals

General Safety

Requirements
WS-R-5 (2006)

General Safety

Guides

Fundamental 

Safety Principles

Decommissioning 

of Facilities Using RM

IAEA Safety Standards for Decommissioning

WS-G-5.1 (2006)

Release of Sites from Regulatory 

Control upon the Termination 

of Practices

WS-G-5.2 (2008)

Safety Assessment for

the Decommissioning of Facilities 

Using RM

WS-G-2.1 (1999)

Decommissioning 

of NPPs and RRs

WS-G-2.4 (2001)

Decommissioning 

of Nuclear Fuel Cycle

Facilities

WS-G-2.2 (1999)

Decommissioning

of Medical, Industrial 

and Research Facilities

Specific Safety

Guides
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IAEA Safety Standards for Decommissioning
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R1: Radiation protection and safety

R2: Graded approach

R3: Assessment of safety

R4: Responsibilities of the government

R5: Responsibilities of the regulatory body

R6: Responsibilities of the operator

R7: Integrated management system

R8: Selecting a decommissioning strategy

Safety Requirements (IAEA GSR Part 6,  2014)
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R9: Funding of decommissioning

R10: Planning of decommissioning

R11: Final decommissioning plan

R12: Conduct of decommissioning actions

R13: Emergency planning

R14: Radioactive waste management

R15: Completion of decommissioning actions

and termination of authorization

Safety Requirements (IAEA GSR Part 6, 2014)
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Government

Operating 

organization
Regulatory body

• National legal framework

• Regulations of all phases

• Legal/governmental Infrastructure

• National policy

• Responsibilities

• Funding mechanism 

• Keeping expertise 

Responsibilities associated with Decom.
General

• 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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Defining the national policy 

for decommissioning and

for management of the resulting radioactive waste

Defining the legal/technical/financial responsibilities of 

organizations to be involved

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

Establishing a mechanism to provide and ensure 

adequate financial resources for safe and timely Decom.

Responsibilities associated with Decom.
Government
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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

Responsibilities associated with Decom.
Regulatory body
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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

Ensuring properly trained, qualified and competent staff

Keeping records and submitting reports as required

Performing radiological surveys in support of Decom.

Ensuring the end state criteria by final survey

Responsibilities associated with Decom.
Operating organization



31

Operating organization shall define a Decom. strategy

Immediate dismantling shall be the preferred strategy

Deferred dismantling or entombment shall be justified by considering 

RWM capacity, fund, workforce, etc.

Strategy shall be reviewed if the shutdown of facility is 

sudden.

Measures for RWM shall be available in a timely manner

Clearance shall be applicable

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

Interdependences of facility shall be considered in DP for each facility

Decommissioning strategies
.
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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

Initial DP shall be submitted with OL application

To be reviewed/updated appropriately

Baseline survey shall be performed prior to construction

To be updated prior to commissioning

Decommissioning plan
(1of2)
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Institutional knowledge, and records/reports shall be 

retained/maintained 

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

Ensuring stakeholder involvement

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

provide comments

For deferred dismantling, the DP shall demonstrate the 

safety of the option

Decommissioning plan
(2of2)
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National legislation shall set out financial provisions

responsibilities and mechanism

Financial resources shall cover all costs

associated with safe decommissioning, waste management, etc.

Financial assurances shall be available when needed

even in the event of premature shutdown

prior to OL or license renewal

Cost estimate shall be updated

On the basis of the periodic update of the DP

In the case of conditional release of the site, financial 

assurance for all necessary controls shall be available

Funding
.
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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

Management shall be commensurate with the project’s 

complexity, size of the facility and hazards associated 

with the decommissioning of facility

Decommissioning management
.
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National safety standards and requirements shall be met

Operator shall implement the final DP once the 

RegulatoryBody has approved it.

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 

Conduct of decommissioning
.
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Fulfillment of the end state criteria shall be demonstrated

The end state shall be evaluated by the regulatory body

Final Decom. report shall be documented and submitted

Record-keeping and retention system shall be established

For on-site waste storage, authorization shall be issued for 

the facility

A revised, new or separate authorization can be considered

In the case of the conditional site release, appropriate 

controls shall be maintained and a revised authorization 

shall be issued, as appropriate.

Completion of decommissioning
.
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Decommissioning 

Process
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Ensuring the continued safety of the public and the 

workforce and the protection of the environment

Reducing hazards through proper planning of 

associated tasks

Achieving an appropriate balance in the use of 

environmental, social and economic resources, both 

now and in the future

Releasing facilities, material, equipment and sites from 

regulatory control wherever possible

Objectives in  strategy development
.
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Preparatory phase

Development of decommissioning strategy

Initial decommissioning planning (DP)

Initial radiological characterization

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

Main phases of decommissioning
.
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Design, construction, 

and commissioning

Operation

• Developing initial DP

• Updating DP

• Finalize safe enclosure plan, if applicable

• Prepare shutdown plan

Transition

• Source term reduction, defuel & waste conditioning

• Developing site preparation plan

• Developing surveillance and maintenance plan

Preparation
• Site preparation

• Initial dismantling

Deferred dismantling
• Updating final DP

• Surveillance and maintenance

Decontamination and 

dismantling
• Decontamination and dismantling

Completion
• Final status survey

• License termination

Facility stage Decommissioning activity

Stepwise decommissioning process
.
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Decommissioning related activities during the 
lifecycle of an NPP .

From IAEA TRS No. 420 FIG.1 (2004) 
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Transition?

Time period between facility shutdown and implementation of the 

decommissioning strategy

A part of operational phase

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

Facility transition
.
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Initial DP

Final DP

Update

General 

planning

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)

Decommissioning planning 
.
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1. Introduction

2. Facility Description

3. Decommissioning Strategy

4. Project Management

5. Decommissioning Activities

6. Surveillance and 

Maintenance

7. Waste Management

8. Cost Estimate and Funding 

Mechanisms

9.   Safety Assessment

10. Environmental Assessment

11. Health and Safety

12. Quality Assurance

13. Emergency Planning

14. Physical Security and 

Safeguards

15. Final Radiation Survey

Standard format and contents of DP
.

From IAEA SRS No. 45 (2005) 
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References for decommissioning
.
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References for decommissioning (ctd)
.
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IAEA-Video: Dismantling of the Winfrith steam 
generating heavy water reactor(SGHWR) 

.

Let’s take a look at the clip together 

SGHWR-UK-2005.flv
SGHWR-UK-2005.flv
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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

Kori NPP unit 1 : life extended at 2008 for 10 years

Wolsong NPP unit 1 : life termination at 2012 and under reviewing of the application 

for life extension since Dec. 2010 

Public is not supportive of the life extension after the Fukushima NPP accident

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

decommissioning 

Development of regulatory framework and technology for decommissioning 

during 2012~2016

Status of Decommissioning in Korea 
Decommissioning
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Basic Information

D&D History

1998: All SF rods, returned to the US

Nov. 2000: DP, approved by the MEST

June 2001: D&D works, started

Mar. 2009:  KRR-2, finished 

decontamination / dismantling and now used 

as RW storage building

Dec. 2009: KRR-1, decided to be completely 

decommissioned and now under 

decommissioning

Budget : 20 million USD 

• will add 0.3m USD for KRR-1 

decommissioning

Decommissioning of KRR-1, 2
Decommissioning

Type Operation

KRR-1 TRIGA Mark-II 1962 to Jan. 1995

KRR-2 TRIGA Mark-III 1972 to Dec. 1995

KRR-1

KRR-2

• Total amount of RW onsite: 1,460 drums

• Portion of RW to total Dismantled Material: 15%

Waste Management



Decommissioning of research reactors

Difficulties in decommissioning

 Identification & removal of activated materials

 Identification & removal of contaminated soils & concretes

 Methods to treat or dispose the large amount of radioactive waste

 Set-up for criteria & various procedures related to decommissioning

Safety activities to assure safe & thorough decommissioning

 Safety review on decommissioning application & plan documents.

 Inspection on the facilities during decommissioning

 Periodic inspection on the storage of RW from decommissioning until the disposal 

of them

51Korea Institute of Nuclear Safety



Decommissioning of KRR-1 & 2

52

KRR-1 decommissioning The Inside of KRR-1 

KRR-2 decommissioning
Large amount of RW



RWM in decommissioning of KRR-1 & 2
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Keep dust from spreading Reclassification of RW Solidification

Cutting metals Reclassification of Metals Repackaging



RP in decommissioning of KRR-1 & 2

Establishment of RP Program

Organization, Local rules & task-specific procedures, Monitoring, 

Training, Personal Protective equipment, Classification of areas, 

Emergency plan, RWM, etc.

Operation of ALARA committee & Work management

ALARA review for some specific tasks

Estimation of collective doses (man-mSv) & Feedback

Work management by RWP (ERWP, RRWP, SRWP)

Air Monitoring and Wearing Masks

Possibility of contamination in air by dusts

54Korea Institute of Nuclear Safety



Always we keep watching 

our Atomic Power


