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1. Introduction Division of roles of related organizations responsible 
for decommissioning of the Fukushima Daiichi NPS
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ü Decide the direction of decommissioning and contaminated water

Nuclear Emergency Response Headquarters (Director: Prime Minister)

Council for the Decommissioning of TEPCO's Fukushima Daiichi Nuclear Power Station*1

Mid-and-Long-Term Roadmap

üProgress management of each countermeasure according to 
Mid-and-Long-Term Roadmap

Nuclear Regulation Authority

üDevelopment of a mid-to-long-term strategy
üTech. support for progress management of important 
üR&D planning and progress management
üStrengthen international partnership
üManagement of Reserve Fund for

Nuclear Damage Compensation and Decommissioning Facilitation Corporation

ü Approval of implementation 
plan, pre-service inspection, 
welding inspection, etc.

ü Providing goals for 
decommissioning

Technical 
Strategic

plan

Withdrawal plan 
(in collaboration)

Reserve Fund for 
Decommissioning

Minister of Economy, Trade and Industry

The Team for Countermeasures for Decommissioning and Contaminated Water Treatment 

International Research Institute for 
Nuclear Decommissioning (IRID)*2

Japan Atomic Energy Agency (JAEA), 
üR&D implementation

R&D organization

üContaminated water andALPS-treated water management, fuel removal from SFP, fuel debris retrieval, waste management, entire site 
management, etc.

üThrough TEPCO's management reform, the funds required for decommissioning should be reserved 
responsibly (Implementation of the 4th special business plan)

üDetailed measures for facility safety and protection of nuclear fuel material(Development of implementation plan for specified nuclear facility

Tokyo Electric Power Company Holdings, Inc. (Fukushima Daiichi Decontamination and Decommissioning Engineering Company)

Mid-and-Long-term 
Decommissioning Action Plan

Advice, guidance, recommendations, 
supervision and support 
related to project management, etc.

Reserve
Disburse
-ment

Apply for 
approvalApprove
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Presentation of 
important issues

Granting of 
project budget

Report on the 
outcome

Share progress 
and challenges

Progress 
management
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*1 In response to the ALPS-ǘǊŜŀǘŜŘ ǿŀǘŜǊ ŘƛǎǇƻǎŀƭ ǇƻƭƛŎȅ  ŘŜŎƛŘŜŘ ƻƴ !ǇǊƛƭ  моΣ нлнмΣ  ά/ƻǳƴŎƛƭ ŦƻǊ ǘƘŜ 5ŜŎƻƳƳƛǎǎƛƻƴƛƴƎ ƻŦ ¢¢9t/hΩǎFukushima Daiichi NPS toward  steady implementation of basic policy on ALPS-treated 
ǿŀǘŜǊ ŘƛǎǇƻǎŀƭέ ǿŀǎ ŦƻǳƴŘŜŘΦ 

*2 TEPCO, a decommissioning project operator, participates as a member of IRID and shares the needs, challenges, and results of research and development.
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Report

Decommissioning

issues

Mid-to-Long-Term risk map

(Chairperson: Chief Cabinet Secretary)

treatment

(Head of Team: Minister of Economy, Trade and Industry)
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Example of risk levels at the Fukushima Daiichi NPS

Small ᵺ Likelihood Ҝ Large
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ü The interim goal of the risk reduction strategy is to bring the risk levels into 

the ñSufficiently stable managementò region (the pale blue area)

ỄḰ2. Concept on risk reduction and safety assurance for decommissioning of the Fukushima Daiichi NPS

Concept on risk reduction

Technical Strategic Plan 2021
β Major progress shown in red

H
a

z
a

rd
 P

o
te

n
ti

a
l 

(l
o

g
a
ri

th
m

ic
 s

c
a

le
)

Safety Management (logarithmic scale)

Technical Strategic Plan 2020
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ü Risk reduction process for major risk sources and an example of representing the 
decommissioning work progress
(Visualized transition process of the risk sources from the time of the accident) 

6

ỄḰ2. Concept on risk reduction and safety assurance for decommissioning of the Fukushima Daiichi NPS

Risk reduction process for major risk sources and its progress 

(a) Risk reduction process
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Fig. Risk reduction process for major risk sources and its progress
(example as of March 2021)
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ỄḰ2. Concept on risk reduction and safety assurance for decommissioning of the Fukushima Daiichi NPS

Risk reduction process for major risk sources and its progress 

ü Status of transition (in what proportion) to the ñSufficiently stable 

managementò region for each risk source compared to the beginning of 

the accident

(b) Number of fuel assemblies of spent fuel 
(units 1 to 4)

(c) Radioactivity of Cs-137 released
at the accident (units 1 to 3)
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V A large amount of radioactive material is in an unsealed state, and in unusual and various
(atypical) forms

V Barriers for containing radioactive materials are incomplete

V Significant uncertainties exist on the state of radioactive materials and containment barriers

V Difficulty in accessing the site and installing instrumentation devices to obtain on-site
information

V Since the current level of radiation is high and further degradation of containment barriers is
a concern, it is necessary to take measures in consideration of the time axis without
prolonging the decommissioning activities

Peculiarities of Fukushima Daiichi NPS

Basic policy

ẑ Abbreviation of As Low As Reasonably Practicable. This is the principle that the radiological impact must be 
as low as reasonably achievable.

2. Concept on risk reduction and safety assurance for decommissioning of the Fukushima Daiichi NPS

Approach to ensuring safety during decommissioning

ü As for decommissioning of the Fukushima Daiichi NPS containing the reactors 

involved in the accident, its peculiarities regarding safety should be fully 

recognized to ensure safety and sufficient attention should be paid to ñthe safety 

perspectiveò and ñthe operatorôs perspectiveò.

V Safety perspective : Ensuring safety should be the starting point for consideration.  
Determining the most appropriate safety measure (ALARPβ)

V Operatorôs perspective : Perspectives and judgements from the standpoint of those
who are familiar with the site and perform operations on site
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ü As for trial retrieval in unit 2, which is stated in Mid-and-long-term Roadmap as 

to be conducted in 2021, the process has been delayed due to the COVID-19 

infection. In order to limit the delay to about one year, preparations will be 

made for starting retrieval.

ü With regard to further expansion of fuel debris retrieval, consideration will be 

given to the methods including those for containing, transferring, and storing of 

fuel debris, by assessing internal investigations, research and development.

ü The arm-type access equipment 

has arrived in Japan and started 

testing.

ü Deposit contact investigation and 

3D scanning investigation in the 

penetration X-6 was conducted.

Major targets

Progress

Fig. Investigation result of 3D scanning

ễḰ 3.1 3. Technological strategies toward decommissioning of the Fukushima Daiichi NPS  3.1 Fuel debris retrieval

Major targets and progress for fuel debris retrieval

Photographed in October 2020

Robot arm

Enclosure
Connection pipe

Penetration X-6Enclosure

Robot arm

3D scanned image : Deposits in Penetration X-6
To Pedestal

Deposits

Horizontal deposit condition (in cross-section) 
at the penetration X-6

To the building

(TEPCO material edited by NDF)
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Trial retrievalStrategy

ü Although small in scale, the operation in which an opening will be newly 

provided to extend the containment barrier outside the PCV, is a fundamental 

form of site construction for future retrieval work, since the conventional 

containment barrier was located in the closed flange part (convex edge) of the 

penetration X-6.  This presents an approach that enters a new stage. 

Fig. Schematic drawing of isolation chamber 

to be installed at penetration X-6 

(TEPCO material edited by NDF)

Fig. Schematic drawing of enclosure to penetration X-6 

ễḰ 3.1 ễḰ 3.1 3. Technological strategies toward decommissioning of the Fukushima Daiichi NPS  3.1 Fuel debris retrieval

Strategies for trial retrieval
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Penetration X-6 
Connecting Structure 
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ü While minimizing delays caused by the COVID-19 infection, mockup 

testing that takes full account of uncertainties on site is important in 

terms of actual site applicability and ensuring safety.

ü It is necessary to maintain the backup system on the UK side, while 

sharing information and communicating smoothly with the UK engineers 

who fabricated the equipment.

(TEPCO material edited by NDF)

Fig. Conceptual image of fuel debris retrieval system

ễḰ 3.1 ễḰ 3.1 ễḰ 3.1 3. Technological strategies toward decommissioning of the Fukushima Daiichi NPS  3.1 Fuel debris retrieval

Strategies for trial retrieval

Photo : Robot arm and enclosure

Robot arm

Enclosure
Connection pipe

Penetration X-6Enclosure

Robot arm

Tip part of fuel debris retrieval device

<Wire brush type>  <Vacuum vessel type>  
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How to select retrieval methods

ü In selecting the method, it is necessary to use evaluation items such as 

schedule and resources as indexes for selection while satisfying the 

target of safety level.

ü In the process of selecting the method, it is most important to quantify 

each of these evaluation items, to use what evaluation items as indexes 

for selection, and how to set the weighting of these indexes.

ü In a situation with many uncertainties, it is necessary to proceed with 

examination based on the currently available information and then to 

feed back the results gained from the investigation.

Development of retrieval scenarios

ü Several scenarios of fuel debris retrieval by each unit should be 

examined and clarified several paths. Then, it is important to narrow 

down the pathways thereafter to take according to the information 

obtained afterward.

Further expansion of the retrieval scaleStrategy

ễḰ 3.1 3. Technological strategies toward decommissioning of the Fukushima Daiichi NPS  3.1 Fuel debris retrieval

Strategies for further expansion of fuel debris retrieval



ØNuclear Damage Compensation and Decommissioning Facilitation Corporation

13

ễḰ 3.1 

Process for narrowing down 

promising retrieval methods

ü Diverse ideas are expected to 

be derived, but it is important 

to conduct objective 

evaluation and to narrow 

down the methods by the 

gradual process.

Fig. Image diagram of the process for 

narrowing down retrieval methodsβ Fuel debris retrieval capacity that indicates 
the processing time and operational efficiency

ễḰ 3.1 ễḰ 3.1 3. Technological strategies toward decommissioning of the Fukushima Daiichi NPS  3.1 Fuel debris retrieval

Strategies for further expansion of fuel debris retrieval

Clarification of requirements

ü Followings are important because operations, devices and equipment, 

and facilities will be larger, and the scope of construction will be wider.

V Consideration in overviewing the entire Fukushima Daiichi NPS

V Specification and optimization of the requirements (containment, criticality, 

operability, maintainability, throughput ẑ, etc.) for operations and devices

Method A

Method B

Method C

Method D

Method E

Method F

Method G

Method H

Method I

Method J

Method K

Method A

Method C

Method D

Method E

Method G

Method H

Method I

Method K

Method A

Method C

Method E+G

Ideas

Primary screening

Meet the 

requirements or not

Candidates

End of FY2021

Secondary screening

Quantification and 

weighting of each 

indicator

Narrowing down

promising methods 

(First and second candidates)
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ü As an effort towards implementing processing/disposal, prospects 

of a processing/disposal method and technology related to its 

safety should be made clear by around FY 2021. 

Providing prospects of a processing/disposal 

method and technology related to its safety

a. Present measures toward reducing the volume of solid waste

b. Develop analytical/evaluation method for efficient characterization

c. Develop methods to reasonably select safe processing/disposal 

methods at the time when the necessary information such as solid 

wastesô properties are proven

ễḰ 3.1 3. Technological strategies toward decommissioning of the Fukushima Daiichi NPS   3.2 Waste management

Major targets and progress for solid waste

Major targets

Progress
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Â Present measures toward reducing the volume

ü The priorities for measures to be taken as waste management are 

prevention of waste generation, minimization of waste volume, reuse, 

recycling. In waste management, it is important to consider disposal as the 

last option for volume reduction of waste. 

: Consider in the design and 

construction plan to reduce the 

volume of materials to be used. Not 

to bring in substances that affect 

processing/disposal as much as 

possible

: Strict segregation

: Reuse should be promoted after 

contamination checks, 

decontamination, repair and parts 

replacement

: Consider the contamination condition, 

separate and process recyclable 

materials, and use them as new 

materials and products

Fig. Summary of waste hierarchy at the NDA, UK, and 

countermeasures at the Fukushima Daiichi NPS

ễḰ 3.2 3. Technological strategies toward decommissioning of the Fukushima Daiichi NPS   3.2 Waste management

Prospects of a processing/disposal method and technology related to its safety
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Â Develop analytical/evaluation method

ü Automation of pretreatment and simplified analytical methods compared to the 

conventional radioactivity measuring method, etc.

ü Establishing the method in which statistical methods have been applied to 

identify variable distribution and the width (quantify uncertainties in evaluated 

values).

Â Develop methods to reasonably select processing/disposal methods

ü For the waste for which properties have been identified to some extent, repeating 

examination steps from ᵑ to ᵓ, and an appropriate combination of processing 

(waste form) and disposalẑ methods would be examined, 

Establish several feasible disposal methods suitable for waste characteristics.

Establish several processing methods suitable for waste characteristics to be considered 

and set the specifications of waste package after applying each processing method.

Evaluate the safety of several selected disposal methods based on the specifications of 

waste form after processing to verify whether risk to the public and environment can be 

sufficiently low, and to consider more effective processing/disposal methods based on the 

evaluation results.
ẑ The location and scale of the facility are not specified.

ễḰ 3.2 3. Technological strategies toward decommissioning of the Fukushima Daiichi NPS   3.2 Waste management

Prospects of a processing/disposal method and technology related to its safety
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Fig. Develop methods to reasonably select safe processing/disposal methods

ễḰ 3.2 ễḰ 3.2 3. Technological strategies toward decommissioning of the Fukushima Daiichi NPS   3.2 Waste management

Prospects of a processing/disposal method and technology related to its safety
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Characterization

ü It is important to reconsider measurement items and timing, etc., while 

acquiring necessary information through continuous monitoring and 

surveillance of the storage status commensurate with the risks involved.

Storage

ü In order to establish safe and reasonable processing/disposal methods, 

and to widely obtain knowledge for optimizing each individual streamβ, it is 

necessary to continue development/research of processing/disposal 

technologies required for the series of studies.

Processing/disposal

β A series of handling procedures for each type of waste, from generation/storage to processing/disposal

ễḰ 3.2 3. Technological strategies toward decommissioning of the Fukushima Daiichi NPS   3.2 Waste management

Technical strategy by sector related to waste management

Strategy

ü It is important to develop a medium-to-long-term analysis strategy that 

defines the solid waste to be analyzed, its priority, and quantitative targets 

for analysis, etc., and to proceed with analysis/evaluation accordingly.
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ü To reduce the stagnant water in the reactor buildings in FY 2022 to FY 2024 to

about the half of the amount of the end of 2020, while controlling the generation
amount of the contaminated water to 100 m3/day or less in 2025

Fig. Outline of contaminated water management

ü Excluding the reactor buildings of units 1 to 3, the process main building and 

high-temperature incinerator building, the treatment of stagnant water in 

buildings was completed in 2020.

ễḰ 3.3 3. Technological strategies toward decommissioning of the Fukushima Daiichi NPS  
3.3 Contaminated and treated water management

Major targets and progress for contaminated water management

Major targets

Progress

(Source : TEPCO)


