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1. Introduction 

The long-term approach to the decommissioning of the Fukushima Daiichi Nuclear Power Station 

of Tokyo Electric Power Company Holdings, Inc. (hereinafter referred to as the ñFukushima Daiichi 

NPSò) has proceeded under ñthe Mid-and-Long-term Roadmap towards the Decommissioning of 

Fukushima Daiichi Nuclear Power Station of Tokyo Electric Power Company Holdings, Inc.1 ò 

(hereinafter referred to as ñMid-and-Long-term Roadmapò), developed by the Japanese 

Government. (Fig. 1-1 ). 

 

Fig. 1-1 Process in the Mid-and-Long-term Roadmap 

 

At present, the ñtrial retrievalò of fuel debris has started, entering Phase 3. This phase involves 

the continued ñtrial retrievalò of fuel debris, analysis of the retrieved samples and examination of 

retrieval methods for ñfurther expansion of the retrieval scaleò, thereby advancing the 

decommissioning work. 

In Phase 3, the project has shifted from primarily implementing emergency measures, such as 

preventing the impact of accidents from spreading, to systematically reducing long-term risks 

arising from fuel debris retrieval and other operations. Accordingly, Tokyo Electric Power Company 

Holdings, Inc. (hereinafter referred to as "TEPCO") presented a general picture of the preparatory 

work required for the full-scale fuel debris retrieval from Unit 3. As the degree of difficulty and 

complexity of the decommissioning work is gradually becoming apparent, TEPCO will take an 

uncompromising stance toward executing the project and review the implementation structure of 

the decommissioning work to date, recognizing that completing the decommissioning project is its 

paramount responsibility. Specifically, TEPCO will: (1) acquire the ability to develop and manage a 

long-term decommissioning strategy, as well as the processes based on the strategy, and manage 

the decommissioning work at a high level; (2) Establish a collaborative structure with partner 

companies for work involving high exposure or safety risk, including worker training and work 

management, in order to make decommissioning sustainable; (3) Continually secure the necessary 

human resources to support this project; and (4) Create more opportunities for local companies to 

participate in decommissioning work in order to achieve the coexistence of reconstruction and 

decommissioning. Nuclear Damage Compensation and Decommissioning Facilitation Corporation 

 
1 ñThe Mid-and-Long-term Roadmap towards the Decommissioning of Fukushima Daiichi Nuclear Power Station 
of Tokyo Electric Power Company Holdings, Inc.ò, the Inter-Ministerial Council for Contaminated Water, Treated 
Water and Decommissioning Issues, December 27, 2019,  

₡Prepared by NDF based on the material provided by Agency for Natural Resources and Energy₢ 
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(hereinafter referred to as ñNDFò) will also strengthen its functions and provide guidance and advice 

in line with the decommissioning project phase transition. 

NDF has supported efforts related to the decommissioning of the Fukushima Daiichi NPS as an 

organization that conducts research and development, as well as provides advice and guidance, 

required for decommissioning since 2014. This ñTechnical Strategic Plan for Decommissioning of 

TEPCO's Fukushima Daiichi Nuclear Power Stationò (hereinafter referred to as the ñTechnical 

Strategic Planò), as a part of these supports, has been compiled annually since 2015 with the 

following objectives (Attachment 1-1). 

 ̧ Providing a solid technical basis for the Mid-and-Long-term Roadmap and contributing to its 

smooth and steady implementation, and consideration of revisions 

 ̧ Providing a basis for ñThe Policy for Preparation of Withdrawal Plan for Reserve Fund for 

Decommissioningò (hereinafter referred to as ñThe Policy for Preparation of Withdrawal 

Planò) 

In addition, since the ñMeasures for Mid-term Risk Reduction at TEPCOôs Fukushima Daiichi 

NPSò (hereinafter referred to as ñTarget Map for Reducing Risksò) formulated by the Nuclear 

Regulation Authority2 takes the process of the Mid-and-Long-term Roadmap into consideration, 

and thus the Technical Strategic Plan also contributes to achieving the targets set forth in the Target 

Map for Reducing Risks. 

1.1 Structures and systems toward the decommissioning of the Fukushima 
Daiichi Nuclear Power Station 

In order to safely and steadily conduct the decommissioning of the Fukushima Daiichi NPS, the 

government, NDF, TEPCO, Japan Atomic Energy Agency (hereinafter referred to as ñJAEAò.), and 

other research and development organizations are working together on the efforts based on their 

roles. Fig. 1-2 shows the division of roles of the related organizations responsible for 

decommissioning. Under such a system, TEPCO, the operator of the decommissioning project, is 

working to strengthen the project management system for steadily advancing the decommissioning 

work by systematically implementing responses to various issues with a view to the medium-to 

long-term of the decommissioning work (details in Chapter 6).  

 
2 Nuclear Regulation Authority (NRA),ΓMeasures for Mid-term Risk Reduction at TEPCOôs Fukushima Daiichi 

Nuclear Power Station (January 2025 Edition)ò, January 29, 2025 
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Fig. 1-2 Division of roles of related organizations responsible for decommissioning of the 
Fukushima Daiichi NPS 

 

From the financial aspect, to ensure the decommissioning work in the immediate future, 

decommissioning work is being implemented in accordance with the Reserve Fund for 

Decommissioning established by partially revised the Nuclear Damage Compensation Facilitation 

Corporation Act passed in May 2017. The main steps in this process are as follows. 

ᵑ TEPCO sets aside the amount of money determined by the NDF and approved by the Minister 

of Economy, Trade and Industry every year. 

ᵒ NDF and TEPCO jointly prepare a ñWithdrawal Plan for Reserve Fund for Decommissioningò 

(hereinafter referred to as ñWithdrawal Planò). 

ᵓ TEPCO withdraws the Reserve Fund based on the Withdrawal Plan approved by the Minister of 

Economy, Trade and Industry, and implements decommissioning. 

Under this Reserve Fund system, NDF assumes the roles and responsibilities of appropriate 

management of funds related to decommissioning, management of proper implementation 

structures, and steady work management, as an organization to manage and oversee TEPCO's 

decommissioning activities. Specifically, prior to the formulation of the Withdrawal Plan, NDF 

presents the work targets and major works to be incorporated in the Withdrawal Plan to TEPCO by 

organizing the Policy for Preparation of Withdrawal Plan based on the Technical Strategic Plan. 

Through the process of jointly preparing the Withdrawal Plan with TEPCO, NDF supports the proper 

and steady implementation of decommissioning, as well as assesses the appropriateness of 

TEPCO's efforts from the perspective of project execution by examining and presenting the works 

to be included in the Plan (Fig. 1-3 . 
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Fig. 1-3 Positioning of the Technical Strategic Plan based on the Reserve Fund 

1.2 Matters to be discussed in Phase 3  

The decommissioning of the Fukushima Daiichi NPS finally entered Phase 3 of the Mid-and-

Long-term roadmap in September 2024. This also means that the project has shifted from the 

phase focused primarily on short-term risk reduction through post-accident emergency response 

to the phase focused primarily on mid-to-long-term risk reduction, where various decommissioning 

operations, including fuel debris retrieval and environmental improvement necessary for advancing 

its operation, and installation of additional decommissioning systems proceed simultaneously.  

1.2.1 Status of activities for achieving the goals set out in the Mid-and-Long-term Roadmap 

The decommissioning of the Fukushima Daiichi Nuclear Power Station is being carried out based 

on the Mid-and-Long-term Roadmap. The Mid-and-Long-term Roadmap states that ñit is necessary 

to take measures to reduce risks throughout the entire facility.ò In addition, based on the Nuclear 

Regulation Authority's Target Map for Reducing Risks, TEPCO has classified risks and is 

responding to them in order of priority according to their magnitude. Table 1-1 shows the risk 

classification based on the Mid-and-Long-term Roadmap according to their sources. 
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Table 1-1 Risk classification according to source of risk 

 

To achieve the goals set out in the Mid-and-Long-term Roadmap, TEPCO has been working to 

strengthen its organizational structure. First, in June 2011, the Fukushima Daiichi Stabilization 

Center was established on the Fukushima Daini NPS site to consolidate the accident response that 

had been implemented at the Fukushima Daiichi NPS and the head office and to strengthen the 

accident response capabilities. 

Subsequently, TEPCO established the Fukushima Daiichi Decontamination and 

Decommissioning Engineering Company in April 2014 to clarify responsibility and centralize 

organizations for decommissioning and contaminated water management. The Fukushima Daiichi 

Decontamination and Decommissioning Engineering Company introduced a project management 

system in April 2024, and since then, has continued to proceed with decommissioning while 

strengthening its structure through reorganization. Although incidents continue to occur, there have 

been no serious incidents, such as events with off-site consequences or fatal accidents, since 2016. 

Under this structure, overall progress has been made steadily toward the goals set out in the Mid-

and-Long-term Roadmap. Although some delays have occurred, the target of reducing the amount 

of stagnant water in buildings by half from the end of FY2020 has been achieved as planned, and 

the reduction in the amount of contaminated water generated has been achieved ahead of schedule. 

The following shows the progress and achievement status of specific examples according to risk 

classification listed in Table 1-1. 

ᵑ Relatively high risk with high priority 

 ̧ Fuel in spent fuel pools 

A large amount of spent fuel generated by each reactorôs operation was stored in the 

respective spent fuel pool (hereinafter referred to as "SFP") located in each reactor building at 

No. Risk classification Specific example/action policy 

 

Relatively high risk with high priority 
 

Fuel in spent fuel pools, highly contaminated water 

Take countermeasures as soon as possible while 
also paying full attention to the situation regarding 
the facilities, dispersion and leakage of radioactive 
materials, exposure of workers, and other risks. 

 

Risks are unlikely to manifest 
immediately, but may grow due to 
hasty handling 
 

Fuel debris 

Accumulate the necessary information and 
technology, and make thorough preparations. Then, 
implement countermeasures in a safe, reliable, and 
careful manner while also paying full attention to 
aging, external impacts, exposure of workers, and 
other risks. 

 

Increased risk is unlikely in the 
future, but appropriate 
decommissioning efforts are 
required 
 

Solid waste 

Implement long-term countermeasures while also 
paying full attention to aging, dispersion and leakage 
of radioactive materials, exposure of workers, and 
other risks. 

₡Prepared by NDF based on the Mid-and-Long-term Roadmap₢ 
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the Fukushima Daiichi NPS. In Units 1 to 3, where the primary containment vessel (hereinafter 

referred to as ñPCVò) were suffered a loss of the containment function, and Units 1, 3 and 4, 

which experienced hydrogen explosions, the structural integrity of the reactor building and the 

maintenance of the SFP cooling function were called into question from a long-term perspective. 

Therefore, the policy of removing the spent fuel from the SFPs was immediately decided upon. 

The removal of spent fuel has been completed at Units 3 and 4, and preparations for Units 1 

and 2 are progressing steadily. 

In Units 5 and 6, which did not experience hydrogen explosion, the removal of spent fuel from 

their SFPs is underway for long-term risk reduction. The removal of spent fuel from Unit 6 has 

been completed, and only fresh fuel remains. Spent fuel removal will continue with the aim of 

completing it by the end of 2031, including Unit 5. 

 ̧ Contaminated water 

Specific measures to address contaminated water include reducing the amount of 

contaminated water generated, reducing stagnant water in buildings, accelerating treatment with 

multi-nuclide removal equipment, and discharging treated water into the sea. 

Contaminated water is a mixture of cooling water for cooling fuel debris, rainwater and 

groundwater flowing into the reactor building (building inflow water), and water pumped up from 

the seaward side (2.5 meters above sea level) to the reactor building (building transfer water). 

In the past, the maximum amount of contaminated water generated was approximately 490 m3 

/day (annual average). As measures to control the amount of contaminated water generated, 

efforts such as the construction of land-side impermeable walls, operation of sub-drains, and 

control of rainwater inflow (paving, roof repair, etc.) are being made, and as a result, the average 

amount of contaminated water generated in FY 2024 was reduced to approximately 70 m3 /day 

(approximately 80 m3 /day when corrected to rainfall in a normal year). In an effort to further 

reduce the amount of contaminated water generated, the goal of reducing it to approximately 

50 to 70 m3 /day by the end of FY 2028 has been set. Although the cooling water does not affect 

the amount of contaminated water generated because it continues to circulate, the amount of 

cooling water injected decreases due to the reduced decay heat of the fuel debris. 

To reduce stagnant water in buildings, the contaminated water in the reactor building has been 

isolated to prevent its transfer to other buildings. Other than the reactor buildings in Units 1 to 3, 

the high-temperature incinerator building (hereinafter referred to as the ñHTIò), and the process 

main building (hereinafter referred to as the ñPMBò), the floors have been exposed, that is, zero 

stagnant water has been achieved. Efforts have also been made to lower the water level in the 

reactor buildings. The goal of "reducing the stagnant water in the reactor buildings to about half 

the level at the end of FY 2020 between FY 2022 and FY 2024" was set and achieved in March 

2023. 
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The strontium treated water3  stored in the flange tank was treated by the multi-nuclide 

removal equipment (hereinafter referred to as ñALPSò) by the end of FY2018, and the strontium 

treated water currently being generated is stored in the welded tanks and is being treated by 

ALPS. ALPS-treated water4 has been continuously discharged into the sea since August 2023, 

resulting in a reduced amount of ALPS-treated water stored in the welded tanks. 

On the basement floor of the buildings, there are deposits in the form of sludge and resins 

stored in tanks since before the earthquake, and it is necessary to process them appropriately 

before treating the contaminated water, as well. One specific countermeasure for sludge is to 

dehydrate and store them in containers after accumulating and collecting them, and then store 

them in a stable condition for the time being. 

The zeolite sandbags that are part of the deposits, and which were placed on the basement 

floors of PMB and HTI in the days shortly after the accident, will be collected and contained in 

containers using a remote device. Collection has just begun in the HTI. For the waste sludge 

stored in the tank in the PMB, the design of the waste sludge collection system and radiation 

dose reduction in the PMB are progressing in order to facilitate transfer to higher ground. The 

ALPS slurry generated during water treatment is currently stored and managed strictly in storage 

containers (HICs), and preparations for stabilization (dehydration treatment) are underway. 

ᵒ Risks are unlikely to manifest immediately, but may grow due to hasty handling 

 ̧ Fuel debris 

ñTrial retrievalsò started in Unit 2 in September 2024 and were completed in November 2024 

and April 2025 respectively. A detailed analysis of the retrieved fuel debris is in progress. In 

addition, preparations are underway for internal investigations and fuel debris retrieval using a 

robot-arm. 

Currently, TEPCO is proceeding with a study for ñfurther expansion of the retrieval scaleò in 

Unit 3.  

ᵓ Increased risk is unlikely in the future, but appropriate decommissioning efforts are required 

 ̧ Solid waste 

NDF presented the ñTechnical Prospects of Processing/Disposal Method and Technology 

Related to its Safetyò in 2021, according to the target of the Mid-and-Long-term Roadmap. 

Based on this, the ñWaste Streamò, which describes the flow of waste from source to disposal, 

is under development. 

Meanwhile, the development of systems and facilities, such as solid waste storage facilities, 

is underway to "eliminate the temporary outdoor storage of rubble and other materials," and is 

 
3 Water treated with a cesium adsorption device to remove cesium and strontium from contaminated water. 
4 Water obtained by treating strontium-treated water with ALPS until the level of radioactive substances other 
than tritium are reliably below regulatory standards. 
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expected to be achieved by the end of FY 2028. Currently, the state of storage is shifting to safe 

indoor storage. 

1.2.2 Issues to be addressed in preparation for full-scale fuel debris retrieval 

In March 2024, the Sub-Committee for the Evaluation of Fuel Debris Retrieval Methods 

(Chairperson: Toyoshi Fuketa) (hereinafter referred to as the ñSub-Committeeò) established under 

NDFôs Decommissioning Strategy Committee summarized recommendations and other guidance 

on selecting retrieval methods for the ñfurther expansion of the retrieval scale,ò which is set to start 

in the 2030s for Unit 3. TEPCO has been working on design studies in accordance with the report 

of the Sub-Committee and has reported its progress to the Sub-Committee for advice when 

appropriate. At a Sub-Committee meeting held in July 2025, TEPCOôs study results were discussed, 

and the Sub-Committee identified points requiring further discussion. TEPCO continues design 

studies in accordance with these points.  

Fuel debris retrieval is literally an unprecedented technological challenge that involves difficult 

remote operations in a severe, high-radiation dose environment. TEPCO needs to collaborate with 

partner companies at each stage from survey to design, construction, retrieval work, review, and 

management to accomplish the never-done-before feat. 

Retrieved fuel debris will in principle be placed in safe containers and temporarily stored on the 

premises of Fukushima Daiichi NPS. First, debris samples will have to be characterized and 

analyzed to determine the technical conditions for storage and will be placed in a stably stored 

state while steadily proceeding with the retrieval work. 

The specific method and timing of processing and disposal to come after that will be studied after 

characterization and analysis of the fuel debris to be retrieved and stored are complete. For that 

reason, for what specific disposal should be, detailed technical requirements will be presented in 

the Technical Strategic Plan once fuel debris retrieval, analysis, and studies have progressed to a 

certain degree. 

In the new stage of expanding the scale of fuel debris retrieval, it is important to share the 

technical prospects of the decommissioning, including issues and difficulties, with local residents 

and communities while working on the project. Instead of unilaterally disseminating information on 

the decommissioning, the concerns and anxieties of local residents need to be listened to and 

reflected in the decommissioning. Honest and transparent dialogs with local communities covering 

various topics including not only fuel debris retrieval but also other technical initiatives and future 

image will have to be continued until understanding is gained. 

For these dialogs, it is necessary to determine how they should be carried out as early as possible 

and be continually reviewed. Dialogs need to be repeated through various channels such as 

municipalities, committees, industry organizations and media, but all relevant personnel must never 

forget that who they must talk with primarily are all of the local residents. 

NDF held its first direct dialogues with the residents at 13 municipalities in June 2024 regarding 

the Report on the Sub-Committee for the Evaluation of Fuel Debris Retrieval Methods (hereinafter 
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referred to as ñSub-Committee Reportò) issued in March 2024, and exchanged opinions with the 

residents in 16 municipalities from November to December 2024 and March to August 2025. Some 

opinions and questions received at the sessions were rather scathing, but it was made known to 

NDF that such opportunities were strongly desired by local residents in general and the intention 

was indicated that they wanted us to continue dialogs while making improvements going forward. 

From this experience, NDF believes that direct dialogs are one of key channels. In overseas cases, 

some say repeating such town hall meetings is the very essence of dialog. NDF plans to continue 

direct dialogs with local residents and expand the target areas. 

1.3 Key Points and Major Changes in the Technical Strategic Plan 2025 

The key points of the Technical Strategic Plan 2025 are as follows. 

 ̧ Implementation status of ñtrial retrievalò in Unit 2 (fuel debris sampling and results of fuel 

debris analysis) and evaluation of troubles  

 ̧ Implementation status of engineering based on the Sub-Committee Report on the retrieval 

methods for Unit 3 

 ̧ Implementation status of the discharge of ALPS-treated water into the sea and analysis 

The Technical Strategic Plan 2025 mainly makes the following changes. 

 ̧ Moved the description of ñIssues to be discussed in Phase 3ò from Chapter 2 to Chapter 1. 

 ̧ Organize the approach to risk in Chapter 2 and clarify the description. 

 ̧ To clarify the technical strategy in Chapters 3 and 4, include the "how" perspective in the 

objectives. 

Including the above, the major changes in the Technical Strategic Plan 2025 are as follows. The 

past performance of the efforts for the Fukushima Daiichi NPS are shown in Attachment 1-2. 

Chapter 1  Introduction 

 ̧ The "Matters to be discussed in Phase 3" listed in Chapter 2 of the Technical Strategic Plan 

2024 has been moved to Chapter 1. The progress toward achieving the targets set forth in 

the Mid-and-Long-term Roadmap is described therein. 

Chapter 2  Concept for reducing risks in the decommissioning of the 
Fukushima Daiichi NPS 

 ̧ The SED assessment5 was reviewed in terms of the Hazard Potential and the Requiring 

Level for Safety Management based on the radioactivity levels and management status of 

each risk source as at the end of March 2024. The major changes since the end of March 

2024 include the decrease in the Requiring Level for Safety Management for fuel in the pool 

(in Unit 2) due to improvements in the working environment, and the temporary increase in 

 
5 A method based on the Safety and Environmental Detriment score (SED) developed by the Nuclear 
Decommissioning Authority (NDA) to express the magnitude of risk (risk level) for radioactive materials. For 
details, refer to Attachment 2-2. 
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the Hazard Potential of stagnant water in the building due to the transfer of water contained 

in Unit 1 S/C. 

 ̧ Basic policy for reducing decommissioning risks has been organized, and the necessity of 

ensuring safety and reducing risk to occupational safety throughout the entire 

decommissioning period has been clearly stated. 

Chapter 3  Technological strategies toward decommissioning of the 
Fukushima Daiichi NPS 

 ̧ To clarify the technical strategy, include the "how" perspective in each objective. 

(1) Fuel debris retrieval 

 ̧ The state of PCV water level reduction and the results of PCV internal environment survey 

for improving the seismic resistance of the S/C of Unit 1 are described. 

 ̧ The status of fuel debris sampling and analysis, evaluation of operational troubles, and the 

status of preparations for the planned application of the robot arm in the future are described 

for the ñtrial retrievalò in Unit 2 

 ̧ In preparation for ñfurther expansion of the retrieval scaleò in Unit 3, the outline of design 

study conducted by TEPCO and the future progress of the basic design in accordance with 

the Report of the Sub-Committee are described. 

(2) Waste management 

 ̧ This section states that the evaluation of individual waste streams that were deemed feasible 

according to the progress of technological development in each field of solid waste.  

 ̧ TEPCO updated the analysis plan in March 2025, stating that it is necessary to promote the 

expansion of analysis capabilities and the rationalization of analysis methods, mainly the 

Radioactive Material Analyses and Research Facility Laboratory-1 in the Okuma Analysis 

and Research Center, in order to quickly realize the analysis necessary to understand the 

properties and achieve the optimization of storage and management. 

(3) Contaminated water and treated water management 

 ̧ This section states that efforts will be continued to reduce the amount of contaminated water 

while coordinating with the fuel debris retrieval operation, after achieving the target of 

reducing the amount of contaminated water generated to approximately 50 to 70 m3/day by 

the end of fiscal year 2028. 

 ̧ This section describes the status of recovery work of zeolite sandbags for the completion of 

the treatment of stagnant water in the process main building and high-temperature incinerator 

building. 

 ̧ This section outlines the status of the discharge of ALPS-treated water into the sea and its 

analysis, which began in August 2023, as well as future initiatives. 
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(4) Removal of fuel from spent fuel pools 

 ̧ A target has been set to transfer spent fuel transferred from Units 1 to 6 to the Common 

Spent Fuel Storage Pool to ñdry storage facilities for common spent fuelò to be constructed 

in the future.  

 ̧ A target has been set to reduce the load on the reactor buildings and improve the seismic 

resistance by relocating high-dose equipment from spent fuel pools 1 to 4, and draining the 

pool water. 

 ̧ The fuel handling equipment was newly installed in Unit 2 and trial operation has commenced. 

Chapter 4.  Analysis strategy for promoting decommissioning 

 ̧ The objectives for the analysis of fuel debris, solid waste, and ALPS-treated water, and the 

enhancement of the analysis system and methods are summarized, and the perspectives on 

"how" to achieve the objectives are described.  

 ̧ This section outlines the efforts of the Characterization Plan Coordination Council and the 

Analysis Support Team that contribute to securing and developing analytical personnel. 

Chapter 5 Efforts to facilitate research and development for 
decommissioning of the Fukushima Daiichi NPS 

 ̧ The necessity of further promoting cooperation between research and development related 

to fuel debris retrieval, basic and fundamental research, and applied practical application 

research are summarized.  

 ̧ The necessity of archiving and public relations activities that will lead to the utilization of the 

results of research and development of the Subsidized Project for Decommissioning are 

outlined.  

Chapter 6  Activities to support our technical strategy 

1 Capabilities, organization, and personnel to proceed with decommissioning 

 ̧ The status of efforts by the newly established procurement organization, necessity of 

cooperative contracts for risk reduction and status of examination, and status of 

consideration on structure of operation and maintenance service contracts are described. 

 ̧ This chapter describes the necessity of " team-based work execution" with partner 

companies working at all levels, as well as efforts to "strengthen the structure and education 

of operator/ worker first" and "improve the facilities and environment of operator/ worker first."  

2 Strengthening international cooperation 

 ̧ The measures necessary to utilize the experience gained in the preceding decommissioning 

activities overseas.  
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3 Stakeholder involvement 

 ̧ This section states the NDFôs efforts to hold dialogue meetings through interactive 

communication to provide updates on the progress of decommissioning and to listen 

directly to the concerns and questions of local residents.  

 ̧ The first meeting of the Fukushima Regional Conference on Decommissioning was held to 

discuss necessary measures to improve the environment for expanding the participation of 

local companies in the decommissioning process. 
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2. Concept for reducing risks in the decommissioning of the 
Fukushima Daiichi NPS 

2.1 Basic policy for the decommissioning of the Fukushima Daiichi NPS 

<Basic policy for the decommissioning of the Fukushima Daiichi NPS> 

Continuously and quickly reduce the risks arising from the radioactive materials caused by the 

accident1 that do not exist in normal nuclear power plants 

 

The Fukushima Daiichi NPS has been maintained and managed in a state with a certain level of 

safety through various measures taken continuously since the accident, and it also satisfies the 

requirements of ñthe matters for which measures should be takenò mandated by the Nuclear 

Regulation Authority. 

Currently, however, there are still risks at the Fukushima Daiichi NPS. For example, there are 

large amounts of inventories (the amount of radioactive materials included in risk sources) of spent 

fuel, fuel debris, and other materials inside the buildings damaged by the accident; the condition of 

the buildings and facilities damaged by the accident have not been fully assessed; contaminated 

water and radioactive waste from its treatment continue to be generated; and a large amount of 

radioactive waste is stored on site. If these issues remain unaddressed, the risks are expected to 

increase due to aging degradation. Therefore, it is necessary to reduce these risks promptly. 

Accordingly, the basic policy for the decommissioning of the Fukushima Daiichi NPS is ñto 

continuously and quickly reduce the risks arising from the radioactive materials caused by the 

accident that do not exist in normal nuclear power plantsò by taking measures specifically designed 

to reduce risks. The following measures are effective for reducing risks at facilities where an 

accident has occurred; ᵑ Improving the containment functions of the damaged facilities; ᵒ 

Changing the properties and form of the contained radioactive materials to be more stable; and ᵓ 

Strengthening monitoring and control over the equipment to better prevent or mitigate the 

occurrence or propagation of abnormalities. In order to achieve these measures in an integrated 

way, in addition, ᵔ Collecting radioactive materials from the damaged facilities or insufficient 

containment conditions and placing them in more robust storage is effective. 

2.1.1 Risk reduction measures to be addressed in Phase 3 

In Phase 3, several efforts for risk reduction are carried out in parallel according to the milestones 

in the Mid-and-Long-term Roadmap. 

 ̧ Aim to complete fuel removal from the spent fuel pools of Units 1 to 6. 

 ̧ Expand the scale of retrieval of fuel debris gradually. 

 
1 In Chapter 2, unless otherwise specified, radiation exposure risk to the public is referred to as simply "risk." and 
when it includes risks to workers (occupational accidents, exposure associated with work), it is referred to as 
"risk in decommissioning work." 
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 ̧ Minimize and stably maintain the amount of contaminated water generated. 

 ̧ Eliminate the temporary outdoor storage of rubble etc., as a waste management measure. 

Regarding fuel debris retrieval, preparation of methods for ñfurther expansion of the retrieval 

scaleò, which will be full-scale decommissioning work, is promoted. Even though more than 

fourteen years have passed since the declaration of the cold shutdown state and the current state 

of temperature and pressure inside the PCVs is stable, conditions may change with the start of fuel 

debris retrieval. As the retrieval progresses, the risks attributable to fuel debris will decrease. 

However, risks that were previously perceived as small may become relatively large, or unknown 

risks may become newly apparent. To effectively reduce risks toward ñfurther expansion of the 

retrieval scaleò, it is necessary to improve the ability to observe conditions inside the PCVs. 

Therefore, despite the difficulties in on-site operation, consideration should be given to expanding 

the types and number of items to be monitored. For example, since the dust concentration in the 

PCVs is expected to increase with fuel debris retrieval work in the stage of ñfurther expansion of 

the retrieval scaleò, suppressing dust concentration increases should be implemented. In addition, 

if the correlation between the location or scale of the retrieval operations and the dust 

concentrations can be determined by conducting monitoring of the dust concentration in the PCVs 

from a phase of preceding ñtrial retrievalò and ñgradual expansion of fuel debris retrievalò, it will be 

possible to reduce the uncertainty associated with the dust concentration in the PCVs and dust 

transferred outside the PCV during retrieval operations. This will allow for improved work efficiency 

while maintaining an appropriate safety margin.  

Once the condition inside the PCVs can be observed from a more multifaceted perspective, it is 

expected to provide a basis for whether or not the facilities being considered are required for further 

expansion of the retrieval scale, contributing to the optimization of resources. 

In addition to promoting the design, manufacture, and installation of systems related to the 

retrieval methods, it is also important to secure and train operators and maintenance personnel, 

develop a management framework, and establish a rational analysis framework for retrieved fuel 

debris. 

2.1.2 Items to be considered for risk reduction 

2.1.2.1 Measures to suppress the release of radioactive materials from PCV  

The containment capability should be improved with the aim of reducing the leakage and release 

of radioactive materials from the PCV in preparation for the retrieval of fuel debris. 

Specifically, measures to suppress the release from the gas-phase include equalizing PCV 

pressure, suppressing the dust dispersion associated with the retrieval work and enhancing the 

dust concentration monitoring in the PCV as described in 2.1.1, to enable estimation of the amount 

of dust transfer to the outside of the PCV by grasping the correlation between the retrieval work 

and the dust concentration inside the PCV.  

As measures to suppress the release from the liquid-phase, specifically, for the lowering of the 

water level in the suppression chamber (hereinafter referred to as ñS/Cò) that TEPCO is currently 
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undertaking, minimization of the amount of water retained in the PCV is promoted while ensuring 

consistency with the examination of fuel debris retrieval method and the medium- to long-term 

measures against contaminated water.  

In proceeding with the above, the tests available with the current system configuration, such as 

reactor water injection shutdown tests and adjustment tests for nitrogen supply and exhaust volume, 

etc., should be actively performed in accordance with the approach in "Overcoming uncertainty 

step by step" described in 2.3.2.4ò, to assess the feasibility, and determine areas and difficulty of 

the issue. 

2.1.2.2 Long-term integrity assessment of primary containment vessels (PCVs) and reactor 
buildings 

It was found that the bottom of the reactor pressure vessels (hereinafter referred to as "RPVs") 

had melted and penetrated by molten fuel, and that the PCVs had been damaged by overheating 

and overpressure. In addition, as can be seen from the exposure of the inner wall reinforcement 

and inner skirt at the bottom of the PCV pedestal in Unit 1, it is believed that the concrete has 

deteriorated at the bottom of the PCV due to molten fuel that fell from the RPV coming into contact 

with it and the heat of the molten material. 

Since deterioration of the strength and containment capability due to corrosion of metal materials 

as well as deterioration of the strength of the concrete structure due to rainwater and other factors 

are also anticipated, it is necessary to assess the containment performance of the PCVs and the 

long-term integrity of the reactor buildings. 

This requires an intensive verification of the damage situation especially inside the PCVs, 

collection of the necessary information, and an integrity assessment of the PCVs and the reactor 

buildings while assuming potential hazards that may occur in the future, such as earthquakes and 

aging. Since the information needed for an integrity assessment, which will be obtained from the 

investigation of the damage situation, is limited, there is always uncertainty. To reduce this 

uncertainty, it is necessary to continuously conduct investigations and collect data to update the 

evaluation data. 

2.1.2.3 Items to be considered for ñfurther expansion of the retrieval scaleò 

The following is required to conduct safe and reliable fuel debris retrieval toward the phase of 

the ñfurther expansion of the retrieval scaleò. 

 ̧ Obtain knowledge from ñtrial retrievalò so that it can be utilized in subsequent ñgradual 

expansion of fuel debris retrievalò and ñfurther expansion of the retrieval scaleò. 

 ̧ Proceed with designing, manufacturing, and installing systems related to retrieval methods. 

 ̧ Establish a system for securing, training and managing operators and conduct necessary 

training. 
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 ̧ Since preliminary work for retrieval requires operations in the high-dose reactor building, 

due to the prolonged work it is important to improve the on-site environment and ensure the 

long-term availability of workers, not to mention exposure control.  

 ̧ In preparation for hardware, it is necessary to proceed with environmental improvements in 

the surrounding area, such as dismantling and removing exhaust stacks and radioactive 

waste disposal buildings. 

 ̧ Moreover, the organizations concerned need to discuss and develop an analysis plan, 

facilities for analysis, and an analysis framework for analyzing the retrieved fuel debris 

rationally. 

 ̧ It is important to facilitate waste storage so that it does not hinder the above operations.  

Specific initiatives for the above are discussed in Chapters 3 and 4.  

2.2 Concept of reducing risks caused by radioactive materials 

2.2.1 Quantitative assessment of risk 

The term ñriskò has various meanings depending on the field or situation in which it is used. In 

general, in the context of appropriate risk management, ñriskò can be understood as an expectation 

value of the negative impact of an event. In other words, the magnitude of a risk (risk level) posed 

by a subject (risk source) can be expressed as the product of the level of impact and the Requiring 

Level for Safety Management of an event. 

The Technical Strategic Plan uses a method based on the Safety and Environmental Detriment 

score (hereinafter referred to as ñSEDò) developed by the Nuclear Decommissioning Authority 

(hereinafter referred to as ñNDAò) to express the magnitude of risk (risk level) for radioactive 

materials. The risk level expressed by SED is given by the calculation formula below. 

Risk Level expressed by SED = ñHazard Potentialò Ĭ ñRequiring Level for Safety Managementò 

(Formula 1) 

 

ñHazard Potentialò here, is an index of the impact of the event, namely, the impact of internal 

exposure in the event of human intake of radioactive material contained in the risk source. It can 

be expressed as the product of Inventory, which is the amount of radioactive material contained in 

the risk source (taking account of toxicity of the radioactive material), and factors that depend on 

the form of the risk source and the time allowable until the manifestation of the risk. ñRequiring 

Level for Safety Managementò is an index of the likelihood that an event will occur. It is determined 
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by factors that depend on the integrity and other aspects of the facility and on the 

packaging/monitoring status of the risk source (Attachment 2-2)2.  

The major risk sources of the Fukushima Daiichi NPS are listed in Table 2-1. These risk sources 

are classified into the following three categories based on Mid-and-Long-term Roadmap. 

ᵑ Relatively high risk with high priority (Fuel in spent fuel pools, highly contaminated water) 

ᵒ Risks are unlikely to manifest immediately, but may grow due to hasty handling (Fuel debris) 

ᵓ Increased risk is unlikely in the future, but appropriate decommissioning efforts are required 

(Solid waste) 

In considering the station-wide risk reduction strategy for the Fukushima Daiichi NPS, the above-

mentioned SED is a semi-quantitative indicator of the relative positions between risks attributable 

to radioactive materials at a given time, and is a method that provides useful information for 

determining the priority of measures against risk sources. NDF has classified the risk sources 

based on the above basic classification, and evaluated SEDs. Fig. 2-1 shows the risk level of each 

risk source as of the end of March 2025, which is the result of this evaluation. Risk sources that fall 

under ᵑ are represented in pink, risk sources in ᵒ are represented in yellow, and risk sources 

in ɔ are represented in green. Of the risk sources, those in the ñregion being sufficiently stably 

managedò (pale blue area) are represented in light blue3 . Fig. 2-2 shows the risk level of the 

Fukushima Daiichi NPS as the sum of these risk sources and its changes over time. 

In Fig. 2-1, the Hazard Potential and the Requiring Level for Safety Management are 

reviewed based on the radioactivity levels and management status of each risk source as of 

the end of March 2025. Two particularly notable changes since the end of March 2024 are: (1) a 

decrease in the Requiring Level for Safety Management for fuel in the SFP (Unit 2) due to an 

improved work environment after the completion of a series of work, including the removal of 

obstacles, decontamination, and the installation of shielding on the operating floor of the SFP in 

Unit 24, and (2) an increased Hazard Potential from the stagnant water in buildings due to increased 

radioactivity concentrations of the stagnant water resulting from the transfer of the retained water 

in the S/C (partial contamination of "contaminated structures inside buildings") to the underground 

stagnant water in the reactor building due to lowering the S/C water level in Unit 15. Regarding (2), 

 
2 This was called ñSafety Managementò until the Technical Strategic Plan 2022, which was revised to ñRequiring 
Level for Safety Managementò in the Technical Strategic Plan 2023. This revision was made to explicitly indicate 
that a higher level of safety control measures is required when the facility containing the risk source has 
inadequate integrity, packing/monitoring conditions, etc., or when the risk source itself is highly reactive. 

3 In Fig. 2-1, the ñregion being sufficiently stably managedò is defined to encompass the Requiring Level for 
Safety Management for risk sources stored in facilities that were designed and used safely before the accident 
and were not affected by the accident, such as the Common Spent Fuel Storage Pool and Dry Cask Temporary 
Custody Facility, as well as those stored in facilities designed for long-term storage after the accident, such as 
sorption vessels.  

4 TEPCO, ñProgress of Construction Work for Fuel Removal in Unit 2 (Material 3-5)ò, the 125th Meeting of the 
Secretariat of the Team for Countermeasures for Decommissioning, Contaminated Water and Treated Water, 
April 25, 2024 

5 TEPCO, ñStatus of Lowering the S/C Water Level in Unit 1 (Material 3-5)ò, the 134th Meeting of the Secretariat 
of the Team for Countermeasures for Decommissioning, Contaminated Water and Treated Water, January 30, 
2025 
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lowering of the S/C water level is assumed that the radioactive concentration increased because 

the transfer of water inside the S/C to the underground stagnant water in the reactor building due 

to leakage from the system connected to the lower part of the S/C. It is expected that the 

radioactivity concentration in the stagnant water in the underground area of the reactor building will 

decrease, and the increased Hazard Potential will also decrease due to the reduced amount of S/C 

water transferred to the reactor building after lowering the S/C water level in Unit 1 and continuing 

purification treatment. The improved seismic resistance of the PCV resulting from the lowered S/C 

water level in Unit 1 can reduce the risk of deterioration in the containment performance for fuel 

debris (in Unit 1) due to damage to the PCV. Operations to reduce the risk are also in progress, 

including relocating the ALPS slurry (HICs to be transferred)6,7 ,and transferring the spent fuel from 

the Common Spent Fuel Storage Pool to Fuel in Dry Casks. However, there has been no significant 

change in the hazard potential of each risk source because the percentage of change is small. The 

same applies to Water Stored in Welded Tanks, where the contribution of discharging ALPS-treated 

water into the sea to Hazard Potential is insignificant, and therefore, no significant reduction in risk 

is observed. 

The above results are the results of risk level evaluation as of the end of March 2025. The current 

evaluation method for the Requiring Level for Safety Management does not directly indicate the 

actual state of risk sources. For this reason, examination of how the evaluation method can be 

improved is currently being performed. The Requiring Level for Safety Management is expressed 

as a product of the Facility Descriptor (FD; indicator of the sufficiency of the containment function) 

and the Waste Uncertainty Descriptor (WUD; indicator of long-term stability), and the FD and WUD 

are evaluated by applying the risk source to be evaluated to combinations of ten prescribed 

descriptions (categories) each, that explain the nature of the risk source and scores. However, the 

descriptions that explain the nature of risk sources are broad and categorization of risk sources 

requires an overall assessment after analyzing the current state. For example, the FD category 

classification in the current evaluation is based on a judgment between two choices: whether or not 

there is a function to prevent the diffusion of radioactive materials, and whether or not the safety 

assessment standard is satisfied. However, consideration is being given to describe the judgment 

criteria for evaluating such risk sources in more detail than before and to integrate the results of 

 
6 TEPCO, ñProgress in Measures for Mid-term Risk Reduction at TEPCOôs Fukushima Daiichi NPS (March 2024 
edition) (Material 2-1)ò, the 115th Committee on Supervision and Evaluation of the Specified Nuclear Facilities, 
December 16, 2024 

7 The transfer of the HICs, which are estimated to have an integrated absorbed dose of over 5,000 kGy by the 
time the ALPS slurry stabilization system begins operation, is planned to be performed one by one. The HICs 
scheduled for transfer by the end of FY 2025 are included in the ALPS slurry (HICs to be transferred)" (26 
containers). Currently, the number of HICs with an integrated absorbed dose of over 5,000 kGy is increasing 
every fiscal year, and this situation is being addressed by transferring them as needed. The number of 
containers assessed under the Technical Strategic Plan 2025 is 29, the same number assessed under the 
Technical Strategic Plan 2024 (i.e., the number of containers transferred in FY 2024). The number of HICs with 
an integrated absorbed dose of over 5000 kGy by the end of FY 2026, FY 2027, and FY 2028 is estimated to be 
48, 23, and 32, respectively. The evaluation of the hazard potential of ALPS slurry (HICs to be transferred) will 
increase or decrease in the following fiscal year and thereafter, depending on the progress of future transfer 
operations. 
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the magnitude relationship of risk sources by judgment criterion in order to indicate the 

comprehensive ranking of these risk sources. Regarding FD, detailing the judgment criteria for any 

reactivity that may lead to the release of radioactive materials and for the condition of facilities and 

systems designed to contain radioactive materials is under consideration. Regarding WUD, 

detailing the judgment criteria is also under consideration for the factors that affect the stability and 

handling of risk sources, including the monitoring status, physical stability, and workplace 

environment of risk sources. Improvements to the evaluation method are being implemented so 

that the results of the application of individual risk sources to these judgement criteria can be 

directly reflected in the Requiring Level for Safety Management, which will be incorporated into 

future evaluations. 

Major risk sources identified at the Fukushima Daiichi NPS are shown in Table 2-1. In addition, 

the overall decommissioning work over the long term includes waste that existed before the 

accident and the risk sources that have low hazard potential but are not adequately controlled in a 

stable manner. These issues have also been presented since the Technical Strategic Plan 2019. 

In particular, regarding facilities containing risk sources that were not expressly considered before, 

investigations and examinations are being conducted in consideration of external events such as 

earthquakes, tsunamis, and rainwater. Once information on the risk sources has been identified 

through investigation and review, those that have been determined to be prioritized and addressed 

in the same manner as major risk sources will be evaluated for risk levels in the future. (Attachment 

2-3). 

Events that were not anticipated beforehand have occurred during the long period of the 

decommissioning work, and they may continue to occur. Although it is not easy to identify such 

unexpected risks, constantly questioning whether any risks lie ahead, and when an unexpected 

event occurs, analyzing the event carefully to clarify the causes that were not anticipated 

beforehand, provide a clue for risk identification. It is important to identify risks through such efforts 

to help prevent significant consequences.  
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Table 2-1 Major risk sources at the Fukushima Daiichi NPS 

Fuel debris Fuel debris in RPVs/PCVs in Units 1 to 3 

Spent fuel Fuel in SFPs Fuel assemblies stored in the spent fuel pools (SFPs) in Units 1 and 2 

Fuel in the Common 

Spent Fuel Storage Pool 

Fuel assemblies stored in the Common Spent Fuel Storage Pool 

Fuel in dry casks Fuel assemblies stored in dry casks 

Contaminated 

water, etc.  

Stagnant water in 

buildings 

Contaminated water accumulated in the reactor buildings of Units 1 to 

3, process main building and high-temperature incinerator building, 

and sludge containing Ŭ-ray emitting nuclides at the bottom of 

buildings of Units 1 to 3 

Zeolite sandbags Zeolite, etc. in sandbags placed on the basement floors of the process 

main building and high-temperature incinerator building 

Stored water in welded 

tanks 

Strontium-treated water and ALPS-treated water, etc. stored in welded 

tanks 

Residual water in 

flanged tanks 

Concentrated saltwater and sludge containingɖ-ray emitting nuclides 

left at the bottom of flanged tanks  

Secondary 

waste 

generated by 

water 

treatment  

Waste sorption vessels, 

etc. 

Spent sorption vessels, etc. generated from various contaminated 

water treatment systems such as a cesium sorption apparatus  

ALPS slurry Slurry and waste absorbents generated during treatment by the multi-

nuclide removal equipment and added multi-nuclide removal 

equipment, and stored in high integrity containers (HIC)  

ALPS slurry 

(to be transferred to 

other HIC) 

ALPS slurry stored in HICs whose accumulated absorbed doses 

exceeded the criterion value of 5,000kGy (accumulated absorbed 

dose with confirmed HICôs structural integrity against drop) or 

evaluated to be close to the criterion value among the HICs affected 

by beta irradiation, which are planned to be transferred to other HICs.  

Sludge generated at the 

decontamination device 

Flocculated sludge generated during the operation of the 

decontamination system 

Concentrated liquid 

waste, etc. 

Concentrated liquid waste generated by evaporative concentration of 

concentrated salt water with further volume reduction by 

concentration, and carbonate slurry collected from the concentrated 

liquid waste 

Rubble, etc. Solid waste storage 

facility 

Rubble (30 mSv/h and above) stored in the solid waste storage facility 

Soil-covered temporary 

storage, etc. 

Rubble stored in the soil-covered temporary storage facility and 

containers (1-30 mSv/h), fallen trees stored in the temporary storage 

pool 

Outdoor storage, etc. Rubble stored in outdoor sheet-covered storage (0.1-1 mSv/h), rubble 

stored in outdoor storage (below 0.1 mSv/h), fallen trees stored in 

outdoor storage 

Contaminated structures, etc., in the 

buildings 

Structures, pipes, components, and other items (shield plugs, standby 

gas treatment system pipes, etc.) inside the reactor buildings and 

PCVs/RPVs that are contaminated with radioactive materials 

dispersed due to the accident; and activated materials generated from 

operation before the accident 

₡Source: NDF₢ 
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The Technical Strategic Plan 2025 (Reference)The Technical Strategic Plan 2024 

  
*  Risk sources that are ñrelatively high risk with high priorityò are shown in pink, risk sources that are ñunlikely to manifest 

immediately, but may grow due to hasty handlingò are shown in yellow, risk sources that indicate ñincreased risk is unlikely in 
the future, but appropriate decommissioning efforts are requiredò are shown in green, and risk sources that are in a ñregion 
being sufficiently stably managedò are shown in light blue. The red letters present risk sources that have changed 
significantly since the evaluation of the Technical Strategic Plan 2024 (as of March 2024), and the origin of the arrow 
indicates the position reported in the Technical Strategic Plan 2024. The fuel in the pool (Unit 2) has been moved to the left 
side because the Requiring Level for Safety Management has decreased due to the completion of a series of work that 
improved the working environment, including the removal of obstacles, decontamination, and the installation of shielding on 
the operating floor. The stagnant water in buildings has been moved upward because the hazard potential has increased 
due to increased radioactivity concentrations in the stagnant water resulting from the transfer of the water in the S/C to the 
underground stagnant water in the reactor building after lowering of the S/C water level in Unit 1. 

Fig. 2-1 Risk levels posed by major risk sources at the Fukushima Daiichi NPS 

 

*1 The risk level was high due to fuel debris right after the accident, however, it became significantly lower because the hazard 
potential was decreased a lot by attenuation of the radioactive materials inside the fuel debris during the one year after the accident. 

*2 In the evaluation eight years after the accident, as a result of incorporating the insight that the rise in the water temperature after 
cooling shutdown was slower than expected, the risk associated with fuel in SFPs is lower than previously estimated, because the 
time allowance before the risk becomes apparent is increased. 

*3 In the 13-year post-accident assessment, as a result of reviewing the evaluation of the time to reach the flammability limit of 
hydrogen concentration based on the finding that the time to reach the flammability limit of hydrogen concentration (4%) when 
nitrogen filling and venting in the PCV cease is significantly longer than in the early post-accident period, the risk of fuel debris is 
lower than in the previous evaluation because the time allowance before the risk becomes apparent is increased. 

*4 The aforementioned time allowance before the risk becomes apparent is considered by the Control Factor (CF), which is an 
indicator of Hazard Potential, and it is evaluated by assigning discrete values to the CF according to rough classifications such as 
ñseveral daysò, ñseveral weeksò, and ñseveral monthsò. Therefore, changes in the risk level also appear discretely. 

Fig. 2-2 Reduction of risks present in the Fukushima Daiichi NPS  
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2.2.2 Risk reduction strategy 

2.2.2.1 Interim targets of the risk reduction strategy 

As indicated by Formula 1, measures to reduce the risk level assessed by SED include reducing 

the impact of radioactive materials on the public presented by ñHazard Potentialò and reducing 

ñRequiring Level for Safety Managementò.  

ΓHazard Potentialò can be expressed as the product of the Inventory, which is the amount of 

radioactive materials contained in the risk source, and factors related to the ease of release 

depending on differences in the properties of the risk sources, such as gas, liquid and solid, and 

the time allowance until the risk becomes apparent in the event of loss of safety functions. 

Examples of reduction of the ñHazard Potentialò include the decrease in inventory and decay heat 

associated with radioactive decay, and changing the form of liquid and gas into a less moveable 

form. Treating contaminated water to change it into secondary waste is an example of form change. 

ΓRequiring Level for Safety Managementò can be expressed as the product of two factors: one 

pertaining to the sufficiency of the containment function of the facility that contains the risk sources 

(hereinafter referred to as ñcontainment performanceò), and the other pertaining to the long-term 

stability and handleability of the risk source, such as its characteristics (degradation and activity 

level), packing, and monitoring conditions. 

As a method to reduce the likelihood of an event expressed in ñRequiring Level for Safety 

Managementò, the first is to improve the containment performance of the facilities that contain risk 

sources. Measures to improve the containment performance include transferring the risk sources 

to more sound facilities on higher ground that are less susceptible to tsunamis, as well as repairing 

damaged parts of existing storage facilities. The second is to improve long-term stability by 

reducing uncertainty in handling risk sources and by enabling long-term and stable management 

based on the characteristics of risk sources. To this end, it is important to obtain sufficient 

information by investigating the distribution of risk sources, identifying their characterization through 

analysis and measurement, and improving monitoring conditions, and to reflect this information 

appropriately in methods of collection and storage according to the characteristics of risk sources. 

Such efforts to reduce uncertainty in the handling of risk sources also help to keep the temporary 

increase in risk levels associated with risk reduction measures, such as source recovery operation, 

to a low level. 

Of the various risk reduction measures, reduction of in the likelihood of occurrence of an event 

expressed by this ñRequiring Level for Safety Managementò is generally considered to be easily 

realized from an engineering perspective. Consequently, the interim target of the risk reduction 

strategy in decommissioning of the Fukushima Daiichi NPS, which is implemented under the basic 

policy of ñto continuously and quickly reduce the risks arising from the radioactive materials caused 

by the accident and that do not exist in normal nuclear power plantsò (refer to Section 2.1), is to 

bring ñRequiring Level for Safety Managementò into the ñSufficiently stable managementò region 

(the pale blue area) as shown in Fig. 2-1 with the above measures. Even within ñSufficiently stable 
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managementò region, to further lower ñRequiring Level for Safety Managementò leads to achieve a 

state that secures passive safety, i.e., a state in which dynamic measures such as water injection 

or nitrogen injection are not required to maintain a stable state. 

Fig. 2-3 shows the process to bring major risk sources into the ñSufficiently stable managementò 

regionò as the interim target, and representing the decommissioning work progress along this 

process. 

Fig. 2-3 (a) shows the outline flow of the decommissioning work to date and the future plans to 

represent the overall decommissioning process in a comprehensive way. Using the coloring in Fig. 

2-1 to indicate the risk level of each risk source, Fig. 2-1 also shows the flow of risk reduction. 

Based on this flow, it is possible to visualize how the risk sources have changed compared with the 

time of the accident by applying it to fuel debris, spent fuel, and Cs-137 released during the accident. 

The number of spent fuel assemblies as an indicator to make the work progress easier to see in 

Fig. 2-3 (b), and for Cs-137, the estimated radioactivity (Bq) common to various risk sources as an 

indicator in Fig. 2-3 (c) both indicate the progress of the decommissioning work by representing the 

status of transition to the ñSufficiently stable managementò region in a pie chart format. Fig. 2 3 (b) 

has made no progress since Technical Strategic Plan 2024. Fig. 2-3 (c) incorporates the 

increase/decrease in Cs-137 due to the decrease in stagnant water in buildings, the increase in 

waste sorption vessels, the increase in the storage volume in solid waste storage, and the increase 

of attenuation in FY 2024. Fig. 2-3 (d) shows the transition of Requiring Level for Safety 

Management corresponding to risk sources and their treatment process indicated in the flow 

graphically by risk source category. The Requiring Level for Safety Management shown is divided 

into two components, one for containment performance and the other for long-term stability, which 

correspond to the methods for reducing the Requiring Level for Safety Management described 

above8. This will help determine whether containment performance or long-term stability measures 

should be prioritized to bring the risk source into the ñSufficiently stable managementò region. In 

addition, in the processing process that is the scope of a future or ongoing study in the flow, the 

blue and orange arrows in Fig. 2-3 (d) indicate what needs to be improved to bring the Requiring 

Level for Safety Management into the Sufficiently Stable Management region (in the pale blue area 

in the graphs). The containment performance related to the Requiring Level for Safety Management 

of retrieved fuel debris in Fig. 2-3 (d -1) and secondary waste generated by water treatment after 

stabilization treatment in Fig. 2 3 (d -4) is equivalent to that of facilities, such as dry casks and solid 

waste storage facilities. The long-term stability is assumed to be in a state where appropriate 

 
8 Of the Requiring Level for Safety Management indicators shown in Attachment 2-2, the FD-related components 
are mapped to containment performance, and the WUD-related components to long-term stability. In Fig. 2-3(d), 
the Likelihood of Occurring shown is divided into two components, one for containment performance and the 
other for long-term stability, by using the logarithm of the Likelihood of Occurring of each risk source (FD Ĭ 
WUD) 4. The heights of the blue and orange bars represent the logarithm of how many times the product is 
multiplied by the component related to containment performance and other component related to long-term 
stability when multiplying the Hazard Potential by Likelihood of Occurring. The representative risk source is 
indicated if the risk source consists of multiple risk sources. 
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storage and management can be achieved, considering the reactivity of the risk sources. This is 

an assumption at present, and it may change depending on the progress of future studies. 

Specific risk reduction strategies for each source are detailed in Chapter 3. 

 

(a) Risk reduction process 

 

(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) 

 

Fig. 2-3 Risk reduction process for major risk sources and the progress (as of March 2025) (1/2)
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(d-1) Fuel debris 

 

(d-2) Spent fuel 

(d-3) Contaminated water 

 

(d-4) Secondary waste generated by water 
treatment 

 

(d-5) Rubbles, Contaminated structures in 
buildings, etc. 

 

(d) Changes in Requiring Level for Safety Management for major risk sources 

₡Source: NDF₢ 

Fig. 2-3 Risk reduction process for major risk sources and the progress (as of March 2025) (2/2)  
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2.3 Approach to risk reduction in decommissioning work 

2.3.1 Basic policy for risk reduction in decommissioning work - Instillation and thorough 
implementation of a safety-first policy - 

The information required for the decommissioning of the Fukushima Daiichi NPS, such as plant 

conditions and the properties and locations, etc. of fuel debris, has high uncertainties. In order to 

overcome such uncertainties and proceed with decommissioning work, it is important to evaluate 

and analyze the decommissioning work being implemented from various perspectives and to make 

comprehensive judgments based on the information obtained, which will lead to reduction in 

decommissioning work risks. 

NDF proposes the following five points of focus when making comprehensive judgments: safe, 

proven, efficient, timely, and field-oriented. 

(Five points of focus) 

ü Safe Reduce the risks posed by radioactive materials and prevention of 
occupational accidents 

(Issues such as containment of radioactive materials (environmental 
impact), exposure of workers to radiation, the effect of risk reduction, 
preventive measures of occupational accidents) 

ü Proven Highly reliable and flexible technologies 

(Issues such as conformity to requirements, effectiveness, flexibility against 
uncertainty and flexible response procedures) 

ü Efficient Use resources effectively (e.g., people, things, money and space) 

(Issues such as reduction of waste generation, cost, efficiency, securing 
necessary work area and site) 

ü Timely Conscious of time 

(Issues such as the period required for fuel debris retrieval, and long-term 
integrities of RPV, PCV and buildings) 

ü Field-oriented Comprehensive three-reality policy by checking actual sites, actual things, 
and actual situation 

 (Issues such as workability (environment-friendliness, accessibility, and 
operability), and maintainability (ease of maintenance and troubleshooting)) 

Comprehensive judgments should be made based on the awareness that ñsafetyò is the most 

important and overriding priority among these points of focus, and the assumption that safety is 

ensured. TEPCO needs to be aware that safety is ensured and be held accountable for the details 

of comprehensive judgments. From the viewpoint of reducing risks in decommissioning work, it is 

equally important to ensure that all parties involved in decommissioning work understand that 

safety is paramount and the overriding priority. To achieve this, it is also important for the 

management at TEPCO to continue communicating directly that ñsafety is special and requires 
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special attention.ò Note that the concept of safety herein covers not only public exposure and the 

radiological impact on the environment but also worker exposure and occupational safety. Because 

the Fukushima Daiichi NPS has the following unique characteristics, it is necessary to give 

sufficient consideration to how these characteristics affect the focus points when examining each 

focus point. 

 

(Characteristics of the Fukushima Daiichi NPS) 

 ̧ A large amount of radioactive material (including Ŭ-nuclides that have a significant impact on 

internal exposure) is in an unsealed state, as well as in unusual (atypical) and various forms. 

 ̧ Barriers for containing radioactive materials, such as reactor buildings and PCVs, are 

incomplete. 

 ̧ Significant uncertainties exist regarding the state of these radioactive materials and 

containment barriers, etc. 

 ̧ It is difficult to access the site and install instrumentation devices to obtain on-site information 

due to constraints such as high radiation levels on site. 

 ̧ 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. 

 ̧ On the other hand, more than 10 years have passed since the accident and the intrinsic energy 

(decay heat) is small and the state change is slow, so there is a large time margin that can be 

allocated for convergence of abnormal conditions such as failures. 

2.3.2 Considerations for reducing risks in decommissioning work 

2.3.2.1 Ensuring safety throughout the entire decommissioning period 

It is necessary to give the highest priority to safety, not only in fuel debris retrieval but also for all 

operations and activities related to decommissioning. 

In the course of studying and investigating fuel debris retrieval methods and their preparation 

processes, for safety assurance, it has become clear that the highest possible level of safety at 

each individual step of a process, including for the various applications that TEPCO has made to 

date, and to accumulate such efforts, may not necessarily lead to optimal safety assurance 

throughout the entire decommissioning period. For instance, attempting to eliminate all temporary 

increases in risks in decommissioning work could significantly lead to prolonged high risks 

throughout the entire decommissioning period, an increase in the cumulative risk value, and a 

stagnation in the reduction of long-term decommissioning risks. 

In order to move forward with the decommissioning of the Fukushima Daiichi NPS, TEPCO 

should take these issues into account and ensure safety by focusing not only on the short-term 

risks in each step of decommissioning work but also on the long-term risks in decommissioning 

work throughout the decommissioning period. 
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Furthermore, to ensure safety during the decommissioning period, it is necessary to take into 

account significant uncertainties in the Fukushima Daiichi NPS. Under such circumstances, 

equipment design and operation based on conventional, conservative evaluations will make it 

difficult to optimize protection over the entire decommissioning period. It will also lead to 

conservative assumptions that deviate from reality, which could result in insufficient consideration 

and overlooked scenarios to be extracted. In the future, TEPCO needs to consider its approach to 

safety assurance measures, including designing and operating equipment based on evaluation of 

the most likely scenarios and preparing to mitigate the effects of situations beyond the evaluated 

scenarios, by leveraging existing knowledge and acquiring information, and will continue to 

thoroughly discuss and share understanding with the Nuclear Regulation Authority (hereinafter 

referred to as the "NRA") as discussed at the NRA Committee (on August 27, 2025)9. 

2.3.2.2 Reduction of occupational safety risks 

Multiple incidents have occurred in series since the physical contamination during the cleansing 

of the additionally installed ALPS pipes in October 2023. The common factor is that the workers 

actually engaged in the work took occupational safety risks, such as radiation exposure and 

occupational accidents. While reducing the risks associated with ñpublic exposure and 

environmental consequences due to the off-site release of radioactive materialsò, which was one 

of the ñsafetyò considerations, is a given, this indicates that a higher priority should be placed on 

reducing occupational safety risks in the decommissioning work, including patrols or equipment 

inspections. 

In the future, more challenging tasks, such as fuel debris retrieval, will be required. Therefore, it 

is necessary to focus more on reducing occupational safety risks for site personnel. To achieve this, 

TEPCO's commitment to ñimproving installations and the environment based on the 

operator/worker-first principleò is a critical issue. In particular, to reduce the occupational safety 

risks, it is necessary to improve the work environment and develop a work plan by enhancing the 

risk scenario and evaluation for each work task beforehand. In this regard, it is necessary to pay 

attention to the possibility of occupational accidents due to limited movement and working hours 

caused by wearing equipment to control worker exposure, and simultaneous operation under a 

different lead in the same area (consider whether or not to impose occupational safety risk on other 

operations).  

2.3.2.3 Safety-oriented planning by incorporating the operator's perspective 

With the start of fuel debris retrieval in September 2024, the decommissioning of the Fukushima 

Daiichi Nuclear Power Station has entered Phase 3 of the Mid-and-Long-term Roadmap, and the 

scale of fuel debris retrieval is expected to expand in the future. The operator's perspective plays 

an important role in reducing risks associated with the decommissioning work that is expected to 

 
9 NRA, ñThe 27th meeting proceedings, NRA committee FY2025ò, August 27, 2025 
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be scaled up, that is, the viewpoints and judgments of individuals and organizations familiar with 

the actual site that are responsible for practical operations, including on-site operation, 

maintenance, radiation control, instrumentation, analysis, and other tasks. 

Since the decommissioning of the Fukushima Daiichi NPS is being carried out in a situation with 

great uncertainty, where the actual plant condition cannot be sufficiently assessed, full attention 

should be paid to on-site feasibility. Additionally, to reduce risks in the decommissioning work, it is 

essential to adequately and flexibly incorporate the information gained from the actual site and the 

operator's perspective into equipment design and work planning. 

For instance, in the process of determining retrieval method/equipment, it is important to decide 

on the retrieval methods/equipment to be adopted eventually through the cycle of ñdefining the 

safety standards (safety perspective)ò, ñindicating the feasibility on-site (operatorôs perspective)ò, 

and ñexamining and discussing as a project (project management)ò. As shown in the Fig. 2-4, the 

safety perspective and the operator's perspective are mutually complementary in reducing risks in 

the decommissioning work. The determination of the retrieval method/equipment selection made 

by the project based on the safety perspective will be finalized after the feasibility check from the 

operatorôs perspective. The operator's perspective is essential to actually incorporating the safety 

perspective into the site, and to fully utilize the operatorôs perspective, judgment from the safety 

perspective is also required. 

Note that specific measures required in this section are described in the Section "6.1.1.2.1 

Establishment of safety first and engineering based on safety and operatorôs perspectives." 

 

Fig. 2-4 Selection of retrieval method/equipment centered on safety (conceptual diagram) 

2.3.2.4 Step-by-step approach to overcoming uncertainties 

As a consequence of the hydrogen explosion at the time of the accident and the contamination 

caused by the released radioactive material, the current status of the Fukushima Daiichi NPS 

cannot be fully assessed. Therefore, it is necessary to proceed with the equipment design and 

decommissioning work under the situation with significant uncertainties. Considering the aging of 

structures such as reactor buildings and containment barriers, as well as the possibility of future 

₡Source: NDF₢ 
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natural events (such as earthquakes or tsunamis), it is necessary to accelerate the assessment 

and reduction of uncertainties. 

In such circumstances, a step-by-step approach is effective. The plan is to divide the work 

activities into several steps, execute the work in the first step on a scale that can limit 

decommissioning risks to within the anticipated range, analyze and evaluate the information gained 

during this period, and then expand the scale of work based on the results, and then execute the 

work in the subsequent step10 . With this approach, it is also necessary to set the target for 

monitoring from the viewpoint of what kind of information should be obtained in each step of the 

work for effective use for the work in the subsequent step, and to establish in advance the threshold 

for restricting the work and mobile equipment procedures in case of an emergency11. 

Hereafter, it is recommended that a policy be established to clarify that information obtained from 

monitoring, and its analysis and evaluation, should be fully incorporated and accumulated as 

knowledge in efforts to reduce the risks in the decommissioning work. Accumulating 

successful/unsuccessful experience gained in the process as a track record enables a gradual 

reduction in the major uncertainties associated with decommissioning work. Because monitoring is 

important for reducing uncertainties, the development of monitoring technology is also essential. 

2.3.2.5 Further strengthening of independent efforts to reduce risks in the decommissioning 
work 

At the Nuclear Regulation Authority meeting held on March 12, 2025, it was decided to introduce 

the nuclear regulatory inspection system methodology (new inspection system), which has already 

been implemented at nuclear power reactors, into inspection in the Fukushima Daiichi NPS 

implementation plan. 

Nuclear regulatory inspection is characterized by (1) free access, (2) evaluation based on 

performance and importance, and (3) promotion of independent efforts by operators through (1) 

and (2). 

As these characteristics demonstrate, TEPCO should first promote independent efforts to reduce 

the risk of decommissioning work to address nuclear regulatory inspections. For this purpose, it is 

necessary to further enhance Configuration Management (CM) and the Collective Action Program 

(CAP) in reference to the initiatives for power reactors that have already been implemented by 

power companies, and to promote the early detection of risk factors and the prompt implementation 

of countermeasures commensurate with their importance. 

The decommissioning of the Fukushima Daiichi NPS needs to be promoted with the broad 

understanding of not only the government, NDF, TEPCO, and others, but also of a wide range of 

people, including local residents. To achieve this, it is essential to fully understand the overall risk 

 
10 This is also used in the UK, for example, for the decommissioned facilities in Sellafield, and it is called Lead &  
Learn. 

11 Some example measures include installing nuclear instrumentation to the extent feasible; limiting the amount 
of debris fabrication; and setting the value for managing radioactive dust concentration and regulating 
operations. 
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reduction efforts described in this chapter and to gain understanding of the decommissioning 

project. In particular, it is important to establish a system for continuously monitoring risks in a 

manner that is easy to understand for a wide range of people, and to disseminate this information 

to society. This includes explaining the risk reduction strategies on which decommissioning work is 

based, how the safety of decommissioning work is ensured, and how the site-wide risk reduction 

is continuously progressing through decommissioning work. 

In addition to sharing the status of risks regard to the decommissioning of the Fukushima Daiichi 

NPS through the Technical Strategic Plan on a constant basis, NDF is considering providing the 

risk reduction process along with the progress of decommissioning work as shown in 2.2.2.1. 

TEPCO also needs to develop a mechanism to identify risks for the entire site and become aware 

of the need to take action to communicate the status of risk reduction to society in an initiative-

taking manner. 
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3. Technological strategies toward the decommissioning of the 
Fukushima Daiichi NPS 

3.1 Fuel debris retrieval 

3.1.1 Targets 

Retrieve fuel debris safely after thorough and careful preparations, and bring it to a state of fully 

managed stable storage in appropriate storage containers and facilities. To achieve that: 

 ̧ Promote the internal investigation including ñtrial retrievalò of fuel debris in Unit 2 and 

proceed with a series of operations, such as ñgradual expansion of fuel debris retrievalò. 

 ̧ Proceed with internal investigations of the RPVs and PCVs and improve the environment 

inside and outside the reactor buildings. 

 ̧ Utilize the information and experience gained from fuel debris retrieval in Unit 2, internal 

investigations, research and development, and the on-site environmental improvements, 

etc., for ñfurther expansion of the retrieval scaleò, and determine the methods for preparing, 

retrieving, containing, transferring, and storing fuel debris.  

3.1.2 Progress 

The progress on fuel debris retrieval in each unit is also shown below.  

Fig. 3.1-1 shows the estimated fuel debris distribution, access route and surrounding structures 

of each Units. 

a. Unit 1 

To improve the seismic performance of the S/C, the PCV water level lowering operations have 

performed by decreasing the amount of water injected into the reactor from March 2024, and 

the water level in the D / W has generally lowered to the floor level. The water level decrease in 

the S/C was also confirmed, and will continue to be monitored and reflected in the plan for S/C 

water level decrease. 

Because of the lowering of the PCV water level, it is estimated that a part of the deposit has 

been exposed to the air. Due to the possibility that the environment inside the PCV has changed 

as described above, environmental investigation inside the PCV in the vicinity of penetration 

(penetration part to the PCV, hereinafter referred to as ñpenetrationò) X-2 was conducted in 

September 2024 (summer) and February 2025 (winter) in preparation for future surveillance. As 

a result, there was no significant difference in the amount of haze in the PCV before and after 

lowering the PCV water level, but it was estimated that haze is more common in winter than in 

summer. The dose rates, temperatures, video data, and laser scan data obtained in this 

investigation will be reflected in the design of future investigation equipment and the 

configuration of mock-up testing and training environments.  

In order to reduce the radiation dose in the reactor buildings, preparations are underway to 

drain the water with a high radiation dose contained in the heat exchanger in the reactor building 
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cooling water system (RCW system). The inlet header piping investigation found a high 

concentration of hydrogen gas, so gas purging was performed by injecting nitrogen gas to lower 

the hydrogen concentration below the flammability limit. A high concentration of hydrogen gas 

was also found in the outlet header piping, so gas purging was performed in the same way by 

May 2025. The examination is planned for the process to drain the water contained in the heat 

exchangers. 

b. Unit 2  

TEPCO has been conducting a series of ñtrial retrievalò operations in stages, as shown in Fig. 

3.1-2. To collect fuel debris early and reliably, TEPCO has used a telescopic device for collection 

and completed the first sampling operation on November 7, 2024, and the second sampling 

operation, which aimed to expand knowledge by increasing the number of fuel debris samples, 

on April 23, 2025. (Fig. 3.1-3) Although the scale of this work was small, it was confirmed that 

an on-site configuration in which the hatch of the existing penetration X-6 on the PCV is opened 

and the containment barrier is extended to the outside of the PCV could be established as the 

fundamental form of future retrieval work. This knowledge will be utilized not only for the ñgradual 

expansion of fuel debris retrievalò but also for the ñfurther expansion of the retrieval scaleò in 

Unit 3. 

Preparations are being made for a planned internal investigation, including trial retrieval of 

fuel debris using a robot-arm.  

Verification tests of the robot-arm using the actual device in a simulated environment 

(hereinafter referred to as ñmock-up testsò) are underway at the JAEA Naraha Center for Remote 

Control Technology Development. Confirmation tests (combinatorial and one-through tests) 

were completed with the robot-arm mounted in an enclosure (housing for machinery) to confirm 

the feasibility of the series of operations (Fig. 3.1 4). Since additional verification was performed 

following the change in the mounted camera, the internal investigation is expected to begin in 

FY 2026. 

For the ñgradual expansion of fuel debris retrievalò, it will be necessary to make improvements 

such as increasing the weight capacity and enhancing accessibility, based on the improvements 

identified during the verification stage of the devices for ñtrial retrievalò. The requirements related 

to performance of the robot-arm and enclosures and the requirements at the design and 

installation have been clarified and examined. The retrieved fuel debris will be stored in 

containers for fuel debris retrieval and transport container in the enclosure, and then transferred 

to and stored in the first storage facility on site (receiving/delivery cells and storage facilities, 

etc.). In addition, some of the fuel debris will be collected in the receiving/delivery cells for 

analysis and transported to the JAEA, Radioactive Material Analysis and Research Facility 

Laboratory-2 or the facilities for analysis located in Ibaraki Prefecture. The Basic design of the 

first storage facility has been completed and detailed design is in progress (Fig. 3.1-5).  
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Regarding the first internal investigation of the RPVs, preparations are in progress to examine 

the interior of the RPV (outside the shroud) by inserting a small-diameter, radiation-resistant 

fiberscope into the existing instrumentation piping. 

Two fuel debris samples were collected in the ñtrial retrievalò and were transported to off-site 

facilities for characterization, including the JAEA Oarai Nuclear Engineering Institute, and 

characterization has begun at these facilities. The size of the fuel debris sample collected in the 

first retrieval was about 9 mm Ĭ 7 mm, with a mass of 0.693 g and a radiation dose rate of about 

8 mSv/h (ɔ-rays were measured at a distance of 1-2 cm from the sample in a polypropylene 

container)1 . Fig. 3.1-6 and Fig. 3.1-7 show the results of the appearance observation and 

elemental mapping of the sample2. The results of elemental mapping show that the sample 

contains uranium, but its distribution varies depending on the observation position and is 

nonuniform. The distribution of other elements, such as iron, is also nonuniform. Fig. 3.1-8 

shows the results of the chemical composition analysis. Depending on the portion used for 

analysis, the uranium concentration ranged from 30 to 45 mass%3. Due to melting and mixing 

with other materials, this result is lower than that of intact uranium fuel pellets. The result of the 

U-235 isotope ratio analysis (U-235/total uranium) was approx. 1.9 at% (approx. 1.9 mass%), 

which is close to the average value of approx. 1.9 mass%4,5 of the uranium isotope ratio (U-

235/total uranium) in the Unit 2 reactor core calculated at the time of the accident. This factor 

needs to be considered, including future characterization. One characteristic is that the 

concentration of Cs-137 is about 1/1000 that of the average spent fuel in the core. Since Cesium 

is highly volatile and water-soluble, it is assumed that Cesium was volatilized during fuel melting 

or leached into water by subsequent water injection. 

Fig. 3.1-9 shows the appearance of the fuel debris collected in the second retrieval6. The size 

of the second fuel debris sample was about 5 mm Ĭ 4 mm, with a mass of 0.187 g and a radiation 

dose rate of about 0.3 mSv/h (ɔ-rays were measured at a distance of 1 to 2 cm from the sample 

in a polypropylene container). Elemental analysis of the surface detected six elements: Uranium 

(Un), Zirconium (Zr), Ferrum (Fe), Chromium (Cr), Nickel (Ni), and Oxygen (O)5. Table 3.1-1 

shows a comparison of nondestructive analysis of the fuel debris samples from the first and 

 
1 JAEA, Material 3-3, ñResults of Non-destructive Analysis of Fuel Debris Samples,ò the 133rd Meeting of the 
Secretariat of the Team for Countermeasures for Decommissioning, Contaminated Water and Treated Water, 
December 26, 2024 

2 JAEA, Material 3-3, ñResults of Non-destructive Analysis of Fuel Debris Samples (Follow-up) and preparative 
isolation results,ò the 134th Meeting of the Secretariat of the Team for Countermeasures for Decommissioning, 
Contaminated Water and Treated Water, January 30, 2025 

3 JAEA, TEPCO, Material 3-3, ñAnalysis results of fuel debris samples,ò the 140th Meeting of the Secretariat of 
the Team for Countermeasures for Decommissioning, Contaminated Water and Treated Water, July 31, 2025  

4 Kenji NISHIHARA, Hiroki IWAMOTO and Kenya SUYAMA, ñEstimation of Fuel Compositions in Fukushima-
Daiichi Nuclear Power Plant,ò JAEA-Data/Code 2012-018, Japan Atomic Energy Agency (JAEA), (2012) 

5 JAEA, TEPCO, Material 3-3, ñResults of Non-destructive Analysis of Fuel Debris Samples (Second retrieval) 
(Follow-up) and preparative isolation results,ò the 141st Meeting of the Secretariat of the Team for 
Countermeasures for Decommissioning, Contaminated Water and Treated Water, August 28, 2025 

6 JAEA, TEPCO, Material 3-3, ñResults of Non-destructive Analysis of Fuel Debris Samples (Second retrieval) 
(Prompt report),ò the 138th Meeting of the Secretariat of the Team for Countermeasures for Decommissioning, 
Contaminated Water and Treated Water, May 25, 2025 



42 

second retrievals. Analysis of the fuel debris samples collected by ñtrial retrievalò is ongoing, and 

the final results of the characterization will be provided in the future. As was observed in this 

characterization, the elements and metallographic phases of fuel debris are not uniformly and 

homogeneously distributed, and differ between the sampled pieces. Therefore, analysis results 

are only one example and not representative of all fuel debris. For this reason, it is important to 

continue characterization and accumulate data as the planned fuel debris retrieval progresses.  

c. Unit 3 

TEPCO is proceeding with the study on the concepts for study on the retrieval methods for 

ñfurther expansion of the retrieval scaleò in Unit 37, ahead of other units. Since February 2023, 

through discussions at the Decommissioning Strategy Committee of NDF, the Sub-Committee 

for the Evaluation of Fuel Debris Retrieval Methods has been established under the Committee, 

where the technical feasibility and other aspects of each fuel debris retrieval method have been 

comprehensively studied and evaluated while placing the utmost priority on safety. The Sub-

Committee compiled a report summarizing the recommendations on the selection of retrieval 

methods in March, 20248 after 12 discussion sessions. In response, since FY 2024, TEPCO 

has studied the specific design in accordance with the Sub-Committeeôs report and specified 

potential retrieval methods. Then, based on certain assumptions, TEPCO has summarized the 

work details and processes (preparation process), and other matters related to preparation for 

full-scale retrieval. (See Section 3.1.3.4 for details). 

Preparations are underway to investigate a dry area to inspect the internal state of the PCV 

outside the pedestal by inserting a microdrone into the PCV through penetration X-53, which 

has been used previously, with the aim of obtaining images by the end of this fiscal year. 

Discussions are also underway to examine the state of the fuel debris flow outside the pedestal 

near the worker access opening by using a fiberscope through the TIP guide tube in the PCV 

from the TIP chamber via penetration X-35. 

The penetration X-6 front chamber was investigated for studies to utilize as an effective 

access route for PCV internal investigation and fuel debris retrieval in the future. As a result of 

checking camera footage by drilling a hole in the shield and inserting an investigation device, 

and measuring radiation doses, no molten material was observed adhering to flange surface, 

and no leakage marks were found from the PCV compared to Unit 2. In addition, the air dose 

rate was approximately one order of magnitude lower (maximum 124 mSv/h) than Unit 2, and it 

 
7 In this section, the terms ñretrieval methodò and ñretrieval scenarioò are used differently as follows: 

ΓRetrieval methodò: This refers to the structure and construction method of the environment and facilities for fuel 
debris retrieval, and the retrieval and maintenance methods. The term refers to the entire process from 
preparation to completion of fuel debris retrieval (e.g., partial submersion method, submersion method) or just a 
part of the process (e.g., top or side-access retrieval method, suction and collection method). Note that some 
retrieval methods may be further subdivided, or there may be multiple options. ñRetrieval scenarioò: The 
scenario examines a combination of partial retrieval methods, sequences, timings, and branching, and shows 
the path from preparation to completion of fuel debris retrieval. 

8 NDF, ñReport of the Sub-Committee for the Evaluation of Fuel Debris Retrieval Methods,ò Sub-Committee for 
the Evaluation of Fuel Debris Retrieval Methods, March 7, 2024 
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was presumed that most of the radiation sources were from inside the PCV. Moreover, sampling 

and analysis of the contained water were conducted to examine methods for radiation dose 

reduction and to investigate the accident in the control rod drive system hydraulic control unit 

(HCU). Under normal conditions (prior to the accident), the system is fully flooded, but the 

contained water samples collected were small in volume (approximately 10 to 50 mL). The 

analysis results showed that the Cs-137 concentration was in the 10th power [Bq/L] order, and 

the H-3 concentration was in the 7th power [Bq/L] order, the concentrations were found to be 

comparable to the results of previous analyses of water contained in the RCW heat exchanger 

of Unit 1. 

Moreover, the plan is to lower the PCV water level for conducting the PCV internal 

investigation and improving seismic resistance of the S/C. Currently, purging of hydrogen found 

stored in the S/C is in progress. The PCV water level is planned to be reduced after that. 
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Fig. 3.1-1 Estimated fuel debris distribution, access route and surrounding structures of Units 1 to 3 

 

ˤPrepared by NDF based on TEPCO material˥ 
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Fig. 3.1-2 Major work steps for internal investigations including ñtrial retrievalò of fuel debris 

 

ˤPrepared by NDF based on TEPCO material˥ 
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Fuel debris held by a tip jig (October 30, 2024)₡Source: TEPCO₢ 

Fig. 3.1-3 Fuel debris held by a telescopic device 

 

 

 
Installation of the robot arm in the enclosure 

₡Prepared by NDF based on TEPCO and IRID materials₢ 

Fig. 3.1-4 Image of fuel debris retrieval system  

(ñTrial retrievalò and ñgradual expansion of fuel debris retrievalò) 

Fuel debris 
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₡Prepared by NDF based on TEPCO materials₢ 

Fig. 3.1-5 Conceptual drawing from retrieval to storage of fuel debris  
(ñGradual expansion of fuel debris retrievalò) 

  

Exterior photo  

Fig. 3.1-6 Appearance of fuel debris samples collected in the first retrieval 

 

Fig. 3.1-7 Results of elemental mapping of fuel debris samples collected in the first retrieval 
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Fig. 3.1-8 Results of chemical composition analysis of fuel debris samples collected in the first 
retrieval 

 

 

Fig. 3.1-9 Appearance of fuel debris samples collected during the second retrieval 

  

JAEA

NDC

ˤSource: JAEA˥

ˤSource: JAEA˥
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Table 3.1-1 Comparison of non-destructive analysis of fuel debris samples collected in 
the second and first retrievals 

 

3.1.3 Key issues and technical strategies 

With regard to the design and planning of fuel debris retrieval, the challenge is to adequately 

incorporate the findings to be gained (through internal investigations, R&D results, etc.) and 

information and experience acquired from ñtrial retrievalò in Unit 2 into the subsequent gradual 

expansion and further expansion of the retrieval scale. 

This section describes the following. 

3.1.3.1Fuel debris retrieval strategies in each unit 

3.1.3.2Internal investigation including ñtrial retrievalò of fuel debris 

3.1.3.3òGradual expansion of fuel debris retrievalò 

3.1.3.4òFurther expansion of the retrieval scaleò 

3.1.3.5Continuation of accident analysis activities (clarification of events that occurred at 

the time of the accident) 

3.1.3.6Progress of research and development for ñfurther expansion of the retrieval scaleò 

3.1.3.7 Issues in examining safeguards strategies 

3.1.3.1 Fuel debris retrieval strategies in each Unit 

Below are the strategies common for all units and strategies specific to each unit. Among these 

strategies, items considered particularly important are indicated with a frame 

for clarity. 

ˤSource: JAEA˥
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(1) Common strategies for each unit 

 ̧ Since each unit has many areas where direct visual information is unavailable, it is important 

to conduct further internal investigations to gain diverse information. Assuming ñfurther 

expansion of the retrieval scaleò, the investigation will proceed while developing and updating 

the internal investigation plan in the future, while incorporating new investigation technologies 

that will be developed, to clarify which areas should be prioritized. In particular, as it has been 

demonstrated that drones are extremely accessible and useful surveillance tools, their use 

will be expanded, as well as submersible ROVs. The direction of the fuel debris retrieval 

strategy should be verified to avoid engineering backtracking and to increase the certainty of 

the method to be selected, based on the information acquired by these internal investigations. 

 ̧ The issues are to analyze and determine the causes of the problems experienced on-site 

and make improvements, including to the organization and structure, then prevention of 

recurrence will be incorporated into the following work. Based on these experiences, the 

retrieval methods that eliminate anticipated risks should be developed, and measures should 

be prepared in advance for risks that cannot be eliminated in case such risks occur. 

 ̧ Fuel debris retrieval will be executed in a high-dose, severe environment. Although remote 

control devices are used under various circumstances, workers will have many on-site 

operations. The maintenance of remote-control devices and restoration in case of failure also 

need to be considered. The issue is examining the retrieval methods in consideration for 

each process including the entire construction sequence from preparation to completion of 

retrieval and required resources to be allocated/volume (waste).  

 ̧ Methods that enable retrieval even if all on-site conditions cannot be identified, and other 

methods (robust methods) not easily affected by external events such as earthquakes should 

be examined while taking into account on-site conditions such as damage to facilities and 

equipment. 

 ̧ Since work under high radiation doses is required, the following measures should be 

continuously taken.  

V Reduction of radiation exposure for all workers (including environmental improvements 

through decontamination and shielding). 

V Prevention of concentration of worker radiation exposure on specific individuals 

V Securing of human resources from a long-term perspective in operations 

V Development of a radiation exposure assessment system that can streamline work 

planning and radiation exposure management 

V Implementation of proficiency training for workers using simulated environment equipment 

 ̧ Further consideration should be given to the events during the accident, and more knowledge 

should be gained through internal investigation in each Unit. In Unit 1, it has been confirmed 

that deposits flowed out of the pedestal. Therefore, methods of removing deposits inside and 
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outside the pedestal and the possibility of deposits flowing into the S/C should be examined 

and incorporated into fuel debris retrieval methods, including other Units. 

(2) Unit 1 

The following should be considered to proceed with planning for the ñfurther expansion of the 

retrieval scaleò. 

 ̧ R&D and engineering to apply the R&D results on-site will be promoted. The findings gained 

through ñtrial retrievalò and the ñgradual expansion of fuel debris retrievalò in Unit 2 will be 

incorporated into device design, retrieval procedures, and safety assessments. The initial 

study results of the retrieval method for Unit 3 will also be incorporated. 

 ̧ In previous investigations and analyses using muon, it has been assessed that there is 

almost no fuel debris in the core. There have been PCV internal investigations, but not RPV 

internal investigations. In light of all this, the issue is to obtain more information about the 

inside of the RPV/PCV and take into account the information obtained. 

 ̧ As a result of the PCV internal investigation (submersible ROV and drone surveillance), the 

following findings have been obtained and will be considered. 

V Outside the pedestal, deposits are distributed over a wide area. 

V There are deposits of nearly uniform height and some upper structures, such as CRD 

housings, at the inner bottom of the pedestal. 

V A fallen CRD housing (including multiple CRD-related devices) is blocking a part of the 

opening used to replace the CRD from inside the pedestal. 

V The lower concrete near the pedestal opening (worker access opening) and the inside 

wall of the pedestal is missing around the entire periphery. Meanwhile, as for the upper 

concrete, no major damage has been observed on the inner wall of the pedestal. 

 ̧ Appropriate consideration is also given to the following differences from other Units. 

V The sizes of the RPV and PCV are smaller than those of Units 2 and 3, and the system 

layout is different as well. 

V As a result of the previous investigations, it was revealed that the distribution of deposits 

inside/outside the pedestal is different from that of Units 2 and 3. 

(3) Unit 2 

 ̧ Currently, ñtrial retrievalò is underway, and the plan is to ñgradually expand fuel debris 

retrievalò. 

 ̧ The issue is leveraging the knowledge gained through ñtrial retrievalò toward ñgradual 

expansion of fuel debris retrievalò. The design, production, and installation of the following 

facilities needed for fuel debris retrieval should proceed based on this knowledge. 
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V Facilities for retrieving fuel debris/safety systems (containment, fuel debris cooling, 

criticality control, etc.) 

V Fuel debris storage facilities (The first storage facility) 

V Maintenance installations for retrieval system 

 ̧ The previous PCV internal investigations (inside the pedestal) and investigations/analyses 

using muon indicated that a large amount of fuel debris is at the RPV bottom, and there is a 

possibility of there being some fuel in the core. Furthermore, it is unlikely that the fuel debris 

that fell to the PCV bottom has spread outside of the pedestal. Investigations inside the RPV 

and outside the pedestal have not been conducted. In light of all this, more information about 

the inside of the RPV/PCV should be obtained. 

 ̧ The issue is leveraging the knowledge gained through retrieval in Unit 2 toward ñfurther 

expansion of the retrieval scaleò. However, since it is not the plan to retrieve all the fuel debris 

with this side-access method, retrieval methods should be examined based on the 

knowledge gained and the initial study results of the method for Unit 3. 

(4) Unit 3 

 ̧ Considering that the removal of fuel in SFP has been completed and there is little interference 

with other operations, and the environmental improvement of the reactor building will be 

made faster than Unit 1, it was determined that retrieval methods will be examined for ñfurther 

expansion of the retrieval scaleò ahead of other Units and its practical application will be 

advanced.  

 ̧ Previous PCV internal investigations (inside the pedestal) revealed that the CRD housing 

support has partially fallen and deformed, that several structures have fallen on the lower 

part of the pedestal, including structures presumed to be structures inside the reactor, and 

that there are deposits assumed to be fuel debris. According to muon surveys and analyses, 

it is estimated that a larger amount of fuel debris than in Unit 2 may have fallen into the 

pedestal and spread out of the pedestal through the worker access opening. Investigations 

inside the RPV and outside the pedestal have not been conducted. In light of all this, more 

information about the inside of the RPV/PCV should be obtained. 

3.1.3.2 Internal investigation including ñtrial retrievalò 

The ñtrial retrievalò in Unit 2 is intended to access the inside of the pedestal from outside the PCV 

for further internal investigations and collect small amounts of fuel debris.  

In this operation, an expansion was made to provide an isolation chamber (composed of a robot 

carrying-in room, etc.) to be built during the opening of the hatch of penetration X-6, and an 

enclosure to be newly provided (which encloses a telescopic device or a robot-arm, etc.), since the 

conventional containment barrier was located in the hatch of the penetration X-6. Although it is 

small in scale, this is a fundamental form of site construction for future retrieval work, in which 
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containment barrier outside the PCV is extended by opening the existing hatch of penetration X-6 

of the PCV. It is a great achievement that the feasibility of ñtrial retrievalò using a telescopic device 

has been confirmed. 

In the first ñtrial retrievalò using a telescopic device, the operation was suspended due to the 

push-in pipes being connected in the wrong order and the inability to obtain footage from the 

camera on the tip jig. However, the first retrieval was completed after investigating the cause and 

implementing countermeasures. 

The causes of the former event were identified as TEPCO not thoroughly checking on-site work 

for general preparations and other related tasks, such as transportation and unpacking of pipes in 

addition to an insufficient field-oriented perspective for taking work constraints in high radiation 

dose environments and job training in simulated environments into consideration. In response, after 

improving the push-fit pipe number identification method, reviewing and verifying the entire work 

schedule, and performing checks and verifications through job training in simulated environments, 

ñtrial retrievalò was successfully completed with direct observation of the on-site work by TEPCO 

employees. Operational failures in high radiation dose environments, like those in the isolation 

chamber in the past, are serious problems that increase worker exposure and lead to a shortage 

of worker resources. Therefore, in prior discussion and preparation, it is important to identify a wide 

range of potential events and fully examine measures to minimize the frequency of such events 

and the countermeasures to be taken should they occur. 

Regarding the latter event in which abnormal images were captured by the radiation-resistant 

camera, it was assumed that the cause was a large amount of electric charge generated by high 

radiation doses affecting the board inside the camera. Keeping in mind the possibility of such an 

unpredictable event in a high radiation dose environment, this event revealed the fact that it is 

essential to verify the test and other data in consideration of its use in future on-site work. 

The experience, knowledge, and other related information gained from the former and latter 

events should be incorporated as lessons for future on-site work. The second fuel debris retrieval 

work was completed as planned by improving the device based on the experience gained from the 

first operation and training workers. 

As this is the first fuel debris retrieval at the Fukushima Daiichi NPS, the experience gained 

during the process from examination to the retrieval operation and the information obtained through 

the analysis of the retrieved samples will be used in future decommissioning efforts.  

Internal investigations including ñtrial retrievalò of fuel debris using the robot-arm are planned for 

the future. Final confirmation of a series of tasks is underway through mockup tests at the JAEA 

Naraha Center for Remote Control Technology Development. The actual site applicability is being 

verified, taking into account procedures that simulate actual work, operability by operators, and 

reliability of the device. In addition, irradiation tests were carried out on the camera equipped with 

the robot-arm by applying the case of the image abnormality captured by the telescopic device 

camera. As a result, the radiation resistance could not be confirmed as specified in the 

manufacturerôs specifications in some irradiation tests under conditions more severe than the on-
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site environment or conditions that simulate the actual on-site environments. Moreover, since it is 

not possible to obtain the same type of camera as a backup, among such cameras, it was decided 

that operationally critical cameras would be replaced with those with a proven record with a 

telescopic device. Due to the additional verification on visibility and replacement work by the 

manipulator following the change in the mounted camera, the internal investigation, including ñtrial 

retrievalò of fuel debris using the robot-arm, is expected to begin in FY 2026. 

In preparation for the application of robot-arms in uncertain sites, the issues faced are functional 

verification checks under various conditions and ensuring that equipment can be saved in an 

emergency. For this reason, the necessary preparations have been made to ensure that the 

required functions are satisfied through mock-up tests that simulate the actual site and that 

identified risks are eliminated. In addition, it should be recognized that mock-up tests do not 

replicate the current post-accident state entirely, and therefore, necessary measures should be fully 

prepared for practical application. 

Moreover, due to the uncertainty of the conditions inside the PCV, assuming the possibility that 

additional work or rework may be required depending on the actual on-site situation and that the 

work may not go as planned. Bearing this in mind, the work should proceed safely and carefully. 

Furthermore, each of these operations has no precedent, and the valuable information, experience, 

etc., gained through them should be leveraged appropriately in subsequent retrieval operations. In 

addition, it is important to consider in advance troubleshooting and a system for a prompt response 

to go with it. 

3.1.3.3 ñGradual expansion of fuel debris retrievalò 

During the period before the start of ñfurther expansion of the retrieval scaleò, it is necessary for 

ñgradual expansion of fuel debris retrievalò to proceed with preparations based on the experience 

and issues identified through the ñtrial retrievalò, with the main objectives of verifying the retrieval 

equipment, obtaining data on the environmental impact during the retrieval operation, increasing 

the retrieved volume, obtaining data on the composition and properties, etc. of fuel debris from a 

larger number of samples, and accumulating experience of workers in retrieval. 

(1) Retrieval equipment 

The retrieval equipment to be used for ñgradual expansion of fuel debris retrievalò will be 

improved by increasing the payload and enhancing accessibility while complying based on the 

improvements identified during the verification phase of the equipment for ñtrial retrievalò. It is 

planned to expand the range of retrieval step by step while making achievements, starting with 

retrieval of fuel debris that can be gripped and sucked, and expanding it to fuel debris retrieval 

with cutting. Consideration will also be given to the possibility of cutting platform beams and the 

range of cutting. Since the enclosure containing the robot-arm, etc. brings fuel debris from inside 

the PCV into the enclosure, shielding, measures against hydrogen and prevention of spread of 

contamination, methods for transferring fuel debris from the enclosure, and methods for 
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confirming the maintenance of containment barrier and dynamic equipment functions and for 

remote maintenance are being studied. 

The key technical issues and countermeasures are described below. 

 ̧ Ensuring containment performance of enclosure for fuel debris 

In the retrieval operation, the process is repeated from carrying fuel debris retrieved from the 

PCV into the enclosure, storing in unit cans9 and carrying out to the outside of the enclosure 

for on-site transportation. As a result, the enclosure gradually becomes contaminated, and the 

issue is to secure the containment performance of the enclosure. 

This work is performed by controlling the pressure in the enclosure as the robot arm is moved 

in/out. Therefore, in order to confirm airtightness performance and operation reliability, through 

the duration, the issue is to perform prior mockup test, post-installation test of the equipment, 

and subsequent abnormality monitoring. 

 ̧ Ensuring the reliability of the manipulator 

The manipulator to be installed in the enclosure plays an important role in performing various 

operations and maintenance in the enclosure. Therefore, ensuring the reproducibility of the work 

is a challenge. Sufficient training for a wide range of operation/maintenance should be provided 

in advance to train operators. 

 ̧ Ensuring maintenance of devices and countermeasures during the in-service period 

Since the work period is in the order of several years, in addition to periodic maintenance, 

preparation in case of failure is a challenge. Since the Unit 2 reactor building, where the 

enclosure will be installed, has a high radiation dose and is a difficult place to perform 

maintenance, it is planned to construct a maintenance building outside the building, transfer the 

equipment or enclosure itself, and decontaminate, dismantle, repair, or replace it inside the 

maintenance building. Another issue is to leverage the experience gained through the in-service 

maintenance of equipment/devices for ñfurther expansion of the retrieval scaleò. A system that 

can reliably preserve maintenance records, including failure histories and corresponding 

measures, should be established. 

From the perspectives of research/development and engineering by TEPCO, and in terms of 

ensuring safety and the actual site applicability, NDF continues to observe and check the status 

of technology development and preparations for application to the site for retrieval equipment in 

a timely manner. 

(2) The first storage facility 

When designing the first storage facility, there are many connections to related facilities for 

receiving retrieved fuel debris and transferring the samples to the facilities for analysis. During 

 
9 One proposal is to retrieve fuel debris from the PCV by putting it in a unit cans, and store the unit cans 
containing the fuel debris in containers. 
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installation, there are also many interfaces between various work projects, including related 

facilities in the vicinity. The first storage facility is the first full-scale facility designed for the stable 

storage of fuel debris. Therefore, TEPCO's detailed and multifaceted project management is 

essential for the resolution of pending issues and process management in the design and 

installation phases. The experience and knowledge gained from this design and installation work 

are expected to be leveraged for project management and work control of the facility design and 

installation, which are required for ñfurther expansion of the retrieval scaleò. 

As various remote-control devices will be used for handling fuel debris in the first storage facility, 

a critical issue is if they can be operated as previously envisioned in the practical operation. The 

work details using these devices should be thoroughly checked and countermeasures against 

potential risks should be established at the design stage, and they should be incorporated into the 

design. Furthermore, the design verification and mock-up tests/operator training should be 

conducted by referring to the knowledge and experience related to design and operation of remote-

control devices gained from the preceding PCV internal investigation and ñtrial retrievalò. 

3.1.3.4 ñFurther expansion of the retrieval scaleò 

Since fuel debris retrieval is an important process in the decommissioning project, and its 

retrieval in a reliable manner affects the success or failure of the decommissioning project, TEPCO 

should take responsibility for examining the fuel debris retrieval methods from a comprehensive 

standpoint, considering not only their technical feasibility but also resources and processes. 

This section first points out the main factors that make fuel debris retrieval difficult, and discusses 

considerations when examining or evaluating retrieval methods accordingly. Then, this section 

outlines TEPCO's design studies based on the Sub-Committee report, and finally, it provides the 

future plans. As a reference, changes in considerations on retrieval methods in the previous 

Technical Strategic Plans are shown in Attachment 3-1-2. 

3.1.3.4.1 Main factors that are making fuel debris retrieval difficult 

The Fukushima Daiichi NPS containing the reactors involved in the accident has a unique 

environment that is substantially different from a conventional reactor, requiring understanding of 

the following factors that make fuel debris retrieval difficult. 

ᵑ Extremely high radiation dose in PCV and RPV 

The dose equivalent rates in the PCV/RPV are on the order of several Sv/h to several 

hundred Sv/h, and they are inaccessible to humans. 

ᵒ High-radiation dose in reactor buildings 

The dose equivalent rates in reactor buildings are on the order of a few mSv/h to tens of 

mSv/h, with human access limited to a short time. 

ᵓ Insufficient on-site information 
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Due to the limitations of  and  above, it is difficult to obtain on-site information, and 

there are many areas that must be considered based on presumed with large uncertainties. 

ᵔ Building containment barriers 

If existing reactor buildings or PCVs are used as containment barriers, consideration must 

be given to the fact that they are damaged by the accident and to the risk of aging 

deterioration. On the other hand, if new containment barriers are to be constructed, it 

requires considering their seismic resistance according to the site conditions and other 

factors. 

ᵕ Possibility of criticality 

It is necessary to consider the possibility of criticality when the distribution of fuel debris is 

changed in response to the situation in the PCVהRPV, where the subcritical state is 

maintained. 

ᵖ Quantity of waste generated 

Regarding solid waste generated by decommissioning, it is necessary to reduce the amount 

of solid waste generated as much as possible to reduce the overall burden of on-site 

storage/management. 

3.1.3.4.2 Considerations when examining and evaluating retrieval methods 

The following are points to be noted when examining and evaluating retrieval methods, in light 

of the major factors that make it difficult to retrieve fuel debris. 

(1) Considerations when examining retrieval methods 

 ̧ Appropriate establishment of requirements for ensuring safety 

In proceeding with the design study on fuel debris retrieval methods, it is necessary to make 

a comprehensive judgment from the viewpoint of project promotion, considering the level of 

safety to be aimed at in the end and the work period required to achieve it. For this reason, it is 

important to assess the impact if an event that threatens safety occurs, such as an earthquake 

or criticality, and then to set the requirements appropriately. 

 ̧ Estimation of information needed to study retrieval methods 

On-site information on the location, quantity, and properties of fuel debris, environment (dose 

rate, contamination density, temperature, humidity, etc.) and PCV internal conditions are 

required to examine retrieval methods. Therefore, if such information is unknown, a 

comprehensive analysis and evaluation are performed based on the estimation by previous 

internal investigations, analytical estimates, and knowledge gained from past accidents and 

research, and experimental estimates, among other sources, to establish the consideration 

conditions. These efforts should be continued hereafter to incorporate the expected results into 

the information used to examine the retrieval methods in order to improve the accuracy of 
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examination. In particular, in ñtrial retrievalò in Unit 2 and the ñgradual expansion of fuel debris 

retrievalò, new information and knowledge are expected to be obtained from the verification 

results of the retrieval systems, data on the environmental impact of processing, data on the 

composition and properties of fuel debris obtained by analyzing more samples, and work and 

other relevant experience related to safety and exposure at each phase in gradually increasing 

the retrieval amount, despite the uncertainty of the on-site situation. This information and 

knowledge will serve as input for the subsequent phases. Valuable information and knowledge 

obtained from practical applications should be appropriately incorporated into the study of 

retrieval methods, including the design of retrieval, containment, transfer, and storage facilities 

for further expansion of the retrieval scale, as well as safety measures and radiation dose 

reduction measures.  

 ̧ Development of fuel debris retrieval scenarios 

Given the limited understanding of the situation in the PCV, it is necessary to examine fuel 

debris retrieval scenarios by each unit and to clarify paths from preparation to retrieval, 

containment, transfer and storage when examining retrieval methods. In considering fuel debris 

retrieval scenarios, multiple options are anticipated due to uncertainties at the site and the state 

of technological development. After reviewing these several paths, it is important to combine 

and narrow down the paths to take according to the information obtained afterward. However, 

depending on the information obtained thereafter, it may be determined that the retrieval 

scenario that has been examined is not reasonable. In such a case, it is necessary to return to 

the drawing board and review the retrieval scenario. 

 ̧ Clarification of requirements 

As for the ñfurther expansion of the retrieval scaleò, compared to the case of retrieving fuel 

debris from Unit 2 (ñtrial retrievalò and the ñgradual expansion of fuel debris retrievalò), the 

operations, devices and equipment, and facilities will be larger, and the scope of construction 

will be wider. Therefore, the challenge is to perform the examination by overviewing the entire 

Fukushima Daiichi NPS, including other construction work. For this reason, in addition to the 

requirements for operations and equipment related to retrieval methods (containment, criticality 

control, operability, maintainability, throughput, etc.), the requirements for the entire power plant 

(site use area, interfacing with existing systems, groundwater management, waste management, 

etc.) should be clarified further. The interaction among the requirements should also be 

considered. 

 ̧ Issue identification and verification of actual site applicability and technical feasibility 

As a method to systematically identify issues latent in the developed retrieval method, an 

effective means is to examine the construction sequence from preparatory work through fuel 

debris retrieval, maintenance, and completion of fuel debris retrieval to identify issues that may 

significantly affect the actual site applicability and technical feasibility of each process work. In 

addition, breaking down the construction sequence as much as possible increases the 
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completeness of the issues to be identified. Moreover, measures to address the identified issues 

should be examined and verified to ensure their effectiveness before proceeding to the next 

study phase. 

(2) Considerations when evaluating retrieval methods 

 ̧ Setting indicators/criteria for determination 

When evaluating retrieval methods, in addition to evaluation to confirm that they meet the 

target safety level and to check the actual site applicability and technology feasibility based on 

the five points of focus (safe, proven, efficient, timely, field-oriented), the results of assessment 

on resources, processes, availability of workers, and social receptivity should also be used as 

decision indexes. In addition, decision indexes should be defined from the initial stage of 

studying retrieval methods to clarify the criteria used in evaluation. Information (e.g., exposure 

assessment reports, structure evaluations) for objectively determining whether the criteria are 

met should also be clarified in advance. 

3.1.3.4.3 Outline of design studies at TEPCO 

Starting in FY 2024, TEPCO conducted specific design studies for Unit 3 in accordance with the 

report of the Sub-Committee, and outlined the results examined for retrieval scenarios, installation 

planning and processes. Of the results of these studies, the Sub-Committee mainly discussed work 

details and processes (preparatory process), and other matters related to preparation up to the 

start of full-scale retrieval, which could be indicated with a certain technical basis. In addition, as 

for after the full-scale retrieval of fuel debris, as there is currently a high level of uncertainty on site, 

tasks and installations will be reexamined based on the information obtained from future internal 

investigations and R&D. First, the Technical Strategic Plan outlines the policy for examining 

retrieval methods and retrieval scenarios, and provides an overview of TEPCOôs examination 

results. Next, it describes the process (preparatory process) up to the start of full-scale retrieval, 

which can currently be provided. In the retrieval scenario, note that future internal investigations, 

etc., may find new issues due to, for example, a significant difference between the actual fuel debris 

distribution and the distribution used as the basis of consideration conditions. In that case, retrieval 

scenarios may be changed, and in some cases the method itself may be retroactively revised. 

NDF checked the status of TEPCO's design studies as appropriate, and TEPCO incorporated 

the results of discussions with NDF into their design studies. 

3.1.3.4.3.1 Examination policy for retrieval methods 

As indicated in the Sub-Committee Report's recommendations for selecting a retrieval method, 

the method is based on a combination of the partial submersion method and its options. However, 

it is appropriate to consider supplementing the issues by leveraging the characteristics of each 

retrieval method without being bound by conventional methods. Based on this policy, the following 

shows the policies on which a particular emphasis was placed when examining retrieval methods. 
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(See Attachment 3.1-2 for details on the advantages and issues of each retrieval method and the 

recommendations for selecting a method as indicated in the Sub-Committee Report.) 

ᵑ Access through small opening 

Considering the characteristics of the approach to the partial submersion method option, in 

principle, access to fuel debris should be through a small opening. The small opening allows the 

use of the shielding function of the existing biological shielding walls, thereby suppressing 

radiation leakage from within the PCV. This also allows the reduction of the size of equipment 

with additional shielding functions. 

ᵒ Unifying and simplifying the handling of fuel debris (processing, collection, etc.) 

Considering the characteristics of the approach to the partial submersion method option, a 

plan will be developed to unify and simplify fuel debris handling, including its processing and 

collection. One possible measure is to process fuel debris into small pieces, lower the pieces to 

the bottom of the PCV, and continuously collect the accumulated small fuel debris pieces. 

ᵓ Combination of top and side-access 

Since the inner PCV can potentially be accessed at an early stage, fuel debris at the bottom 

of the PCV will be collected using the side-access method alone, ahead of top-access. In 

addition, continuous collection will be planned to improve processing capability. In the top-

access method, access through the small opening (ᵑ) will be applied. The plan should be 

developed so that the route for collecting fuel debris and other materials does not pass through 

the operating floor in principle, or the cell and the retrieval equipment to be installed on the 

operating floor should not exceed excessive weight limits. As such, a plan will be made to 

process fuel debris into small pieces and lower through the opening at the bottom of the RPV, 

where damage is estimated, into the bottom of the pedestal. Once top-access method is ready, 

fuel debris is continuously collected in combination with the top and side-access methods.  

The images for ᵑ to ɔ  above are shown in Fig. 3.1-10. 
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₡Source: TEPCO₢ 

Fig. 3.1-10 Conceptual drawing of the retrieval scenario steps  through  

3.1.3.4.3.2 Outline of fuel debris retrieval scenario 

The general picture of the fuel debris retrieval scenario begins with the ñinternal investigation and 

collection of a small quantity of fuel debris (small-scale collection) phase,ò in which the accuracy of 

the design study for the retrieval method will be improved based on observations of the PCV and 

RPV internals through internal investigations, as well as the analysis information obtained by 

collecting a small quantity of fuel debris, such as compositions and properties. Next, in the 

ñverification of processing, collection, and associated technologies phase,ò data, such as data on 

dust dispersion and changes in water quality, will be obtained through the experimental processing 

(trial processing) of fuel debris, and incorporated it into the design of ancillary installations, such as 

gas and liquid systems (those that are primarily used to reduce radioactive materials contained in 

the gas and liquid in the PCV). Additionally, small-scale collection will continue to collect more data, 

such as data on the fuel debris properties, and incorporate it into the design of storage and other 

facilities. Then, the ñfull-scale retrieval phaseò will be advanced using technology and installations 

that incorporates the above. A step-by-step approach is adopted, using the new information and 

experience obtained at each stage as input for the next step's design. It is essential to develop an 

appropriate environment in order to safely conduct work in each phase. For this reason, the 

necessary environmental improvements (e.g., radiation dose reduction and the removal of 

obstacles) will be implemented before the start of the on-site work. Moreover, the PCV and the 

RPV will be accessed from the top (operating floor) and side (the penetration on the first floor of 

the reactor building). Fuel debris will be retrieved through top or side-access, or by combining both 

methods (See Fig. 3.1-11). In the following example, retrieval will begin via side-access first. Once 
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preparation for top-access is complete, the top and side-access methods will be combined for 

retrieval. 

 

₡Source: TEPCO₢ 

Fig. 3.1-11 Implementation items and flow in the retrieval scenario 

a. Outline of each phase of fuel debris retrieval via side-access 

 ̧ Internal investigation and small-scale collection phase 

The objective is to acquire the information necessary for the verification of processing, 

collection, and associated technologies. Condition and environmental data inside and outside 

the pedestal as well as information on the distribution and quantity of the fuel debris in the PCV 

will be obtained through internal investigations. In addition, data on fuel debris properties and 

other related data will be obtained by collecting a small quantity of fuel debris samples. The 

inside of the pedestal in Unit 3 was investigated using an underwater ROV in July 2017. However, 

the platform inside the pedestal and the area outside the pedestal remain unexamined. For this 

reason, the following will be specifically performed: investigation of the upper part inside the 

pedestal using a drone through penetration X-53; investigation of the outside of the 

underground-level pedestal using an endoscope through penetration X-35; and investigation of 

the inside and outside of the pedestal using a drone through penetration X-6 and collection of a 

small quantity of fuel debris with remote control device. Key environmental improvements before 

this work is started include radiation dose reduction around penetration X-6 and the removal of 

obstacles to establish an access route. 

 ̧ Verification of processing, collection, and associated technologies phase 

The objective is to acquire the information necessary for full-scale retrieval. Data, such as 

data on obstacles inside the PCV and dust dispersion and changes in water quality during fuel 

debris processing will be obtained through trial processing and will primarily be incorporated into 

the design of gas and liquid systems as ancillary installations. Verification of whether the 
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processed particulate fuel debris can be collected will be performed with a view to achieving 

continuous collection in the full-scale retrieval process. The access route from penetration X-6 

to the pedestal through the CRD openings will be constructed, and then machining equipment 

will be attached to the end of the arm of the access device for trial processing. Key 

environmental improvements before this work is started include radiation dose reduction and 

the removal of obstacles on the west side of the first floor of the reactor building to establish an 

access route. 

 ̧ Full-scale retrieval phase 

The objective is to complete fuel debris retrieval from inside and outside the pedestal. An 

access route (possible locations include X-1B and TIP (X-35) chamber) to inside the PCV other 

than via penetration X-6 will be established so that it can be used as an outlet for carrying out 

fuel debris retrieved from inside and outside the pedestal and as a return port for solid-liquid 

separated water. Obstacles will be removed in order to secure a retrieval route from the worker 

access opening on the pedestal, and fuel debris inside the PCV will be processed for continuous 

collection. First, fuel debris retrieval will begin using the side-access method, which has high 

accessibility. Once preparation for top-access is complete, the top and side-access methods will 

be combined for fuel debris retrieval. Key environmental improvements before this work is 

started include radiation dose reduction and the removal of obstacles around X-1B and the TIP 

chamber to establish an access route. 

Table 3.1-2 Overview of each stage of fuel debris retrieval via side-access 

 

ˤSource: TEPCO˥ 
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b. Overview of each stage of fuel debris retrieval via top-access 

 ̧ Internal investigation phase 

The objective is to acquire the information necessary for the full-scale retrieval phase. After 

constructing an access route into the RPV, information on the condition of the existing reactor 

internals and radiation doses inside the RPV, as well as the distribution and quantity of the fuel 

debris in the core and its bottom, will be obtained through the internal investigation. An internal 

investigation by accessing small openings via the top-access route allows for investigation of 

the core and its bottom, which is expected to be extended in the subsequent verification of 

processing, collection, and associated technologies phase. As for the RPV internal investigation, 

access through the dryer-separator pit (hereinafter referred to as the DSP), existing piping, or 

the bottom of the RPV is also concurrently being considered and the possible access route will 

be applied on site. In order to perform an internal investigation by accessing small openings via 

the top-access route as early as possible, the plan is to investigate via the access route created 

by drilling small openings from the operating floor, without removing the covers for spent fuel 

removal, existing shields, and shield plugs. For this investigation, the investigation device will 

be suspended from the toolbox installed on the operating floor to obtain information, such as the 

damage situation inside the RPV, images of the fuel debris distribution, and radiation doses. 

 ̧ Verification of processing, collection and associated technologies (including small-scale 

collection) phase 

The objective is to acquire the information necessary for the full-scale retrieval phase. 

Reusing the above-mentioned access route for the internal investigation through the small 

openings via top access, a toolbox containing a processing/collection device, etc., will be 

installed on the operating floor. The processing device is suspended from the toolbox into the 

reactor to verify the effect of dust dispersion resulting from trial processing of fuel debris. In the 

same way, the collection device is suspended and lowered into the reactor, and a small quantity 

of particulate fuel debris is collected to obtain data, including property data. 

 ̧ Full-scale retrieval phase 

The objective is to complete retrieval of fuel debris in the RPV. In principle, a plan should be 

developed so that the route for collecting fuel debris does not pass through the operating floor, 

and the cell, retrieval and other equipment to be installed on the support structure for top access 

should not become too heavy. A secondary containment barrier building cover and a primary 

containment barrier upper cell will also be installed. In addition, small openings will also be used 

for full-scale retrieval. Several access routes will be established to process fuel debris 

throughout the core and its bottom. To carry fuel debris out of the RPV, a route should be secured 

to lower the fuel debris through the opening at the bottom of the RPV, where it is expected there 

is damage, to the bottom of the pedestal. The processing device to be installed inside the upper 

cell will be shaped like a mast (a pipe-like device with a machining head attached to the tip) 

suitable for passing through small openings and emergency collection. As for the processing 



65 

head, it is assumed that it will be, for example, a waterjet or laser based on the following aspects: 

the processing method can be unified regardless of the fuel debris properties (e.g., hardness, 

toughness, shape) ; processing can be performed remotely, and fuel debris can be processed 

into small pieces. The top and side-access methods will be combined to process and collect fuel 

debris once the retrieval equipment via top access is ready. Key environmental improvements 

required before this work is started include the removal of structures that would interfere with 

preparatory work for top access equipment. 

Table 3.1-3 Overview of each stage of fuel debris retrieval via top-access 

 

₡Source: TEPCO₢ 

c. Outline of the additional building installation 

For full-scale fuel debris retrieval, ancillary installations will be required, including gas systems, 

liquid systems, fuel debris/waste acceptance and pre-transfer treatment systems, as well as power 

systems and compressed air supply systems as utilities. Since not all of these installations can be 

located inside the reactor building due to space constraints, a building (hereinafter referred to as 

ñthe additional buildingò) will be constructed on the south side of the reactor building to store some 

of the installations mentioned above. The current plan is to install a gas system, a liquid system, 

and utilities in the additional building. The gas/liquid systems are designed based on the data 

obtained in the verification of processing, collection and associated technologies phase in order to 

make them rational installations. (Since the additional building houses shared facilities for both top 

and side-access, it is shown at the boundary between top and side access in Fig. 3.1-11.) Key 

environmental improvements required before this work is started include the removal of buildings 
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and structures outside the reactor buildings that would interfere with the construction of the 

additional building. 

d. Outline of the installation of a support structure for top access 

A support structure for top access should account for the fact that the reactor buildings are 

damaged. As shown in Table 3.1-4, there are two proposed patterns for this support structure: a 

north-south working platform and an east-west framework. The north-south working platform plan 

is to install it across the reactor building in a north-south direction so that the ground can support 

the load of the support structure. This plan will impose little to no load on the reactor building. 

However, the challenge is that it requires the removal of the radioactive waste disposal building. 

Conversely, the east-west framework plan is to install it in an east-west direction so that the 

undamaged portion of the reactor building can support it, leading to reducing the volume of 

construction work. This plan will impose a load on the reactor building. Therefore, the challenge is 

that the weight of the cells and retrieval equipment to be installed on the framework are limited. 

Since it is difficult to determine which option is more suitable at this point, both will be discussed as 

the main proposals. Key environmental improvements required before this work is started include 

the dismantling and removal of the radioactive waste disposal building of Unit 3 and the removal of 

covers for spent fuel removal for the proposed south-north working platform, and the removal of 

covers, etc., for spent fuel removal for the proposed east-west framework. 

Table 3.1-4 Examples of newly installed structure (support structures for top-access 

₡Source: TEPCO₢ 

3.1.3.4.3.3 Processes up to the start of full-scale retrieval (Preparatory process) 

The current design study has examined the processes up to the start of full-scale retrieval 

(preparatory process) under certain assumptions. Since there is a large amount of uncertainty from 

the full-scale retrieval process onward, it is not included in this study. Moreover, as shown above, 

there are two proposed patterns for the support structure for the top-access method: a north-south 

working platform and an east-west framework. Therefore, the processes for both patterns were 

examined. Table 3.1-5 and Table 3.1-6 show the process for both plans. Currently, it is estimated 
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that preparing for side and top access methods for both the north-south working platform and the 

east-west framework plans will take 12 and 15 years (about 12 to 15 years), respectively. However, 

the result of this estimation assumes that progress is made as expected for matters that require 

further verification (those for which on-site information is insufficient, or further design study is 

required). 

Table 3.1-5 Process if using the North-South working platform plan as support structure for top-
access 

 
₡Source: TEPCO₢ 

Table 3.1-6 Process if using the East-West framework plan as support structure for top-access 

 

₡Source: TEPCO₢ 

TEPCO will carry out on-site investigations and design verification over about one to two years 

to improve the accuracy of the design study regarding matters requiring additional verification for 

the north-south working platform plan and the east-west framework plan (the two plans for the 

support structure for the top access method). Fig. 3.1-12 lists the key assumptions and future 

verification items for matters requiring further validation. Primary assumption [1] is that the strength 
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of the support will have a sufficient margin when the cell for top access, the retrieval equipment, 

etc., are loaded onto the support structure for the top access method. For further verification, a 

detailed examination of the top access equipment will be conducted and evaluate the strength 

margin by comparing the loads applied to the support structures with their allowable strength. In 

addition, the support (lean-to-roof of the reactor building and the operating floor) for the east-west 

framework plan will be investigated and evaluate the integrity of the support structures considering 

the extent of damage. Primary assumption [2] is that an access route through small openings can 

be constructed from the top of the shield plug without removing the shield plug from the upper part 

of the PCV by filling and solidifying the filler in the reactor well as a measure to prevent collapse. 

For further verification, the area where measures for preventing collapse to be implemented will be 

investigated (reactor well walls and gates of spent fuel pools) and evaluate the feasibility of filling 

and solidifying the reactor well and the effectiveness of measures to prevent collapse. Primary 

assumption [3] is that when dismantling and removing the radioactive waste disposal building of 

Unit 3, the removal of the installations connected to the reactor building (transfer of the stagnant 

water transfer equipment and removal of obstacles) can be carried out simultaneously with the 

collection of high activity waste (high activity resins and other materials contained in the tanks to 

be removed). For further verification, investigation regarding interference to the equipment to be 

removed, a radiation dose survey on the basement floor, and investigation of the properties of high 

activity resin will be performed and evaluate the feasibility of concurrent operations by specifying 

the work area and procedures. 

₡Source: TEPCO₢ 

Fig. 3.1-12 Key assumptions in the preparatory process and future verification issues 
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3.1.3.4.4 Future course of action 

At the 16th meeting (July 23, 2025), the Sub-Committee for the Evaluation of Fuel Debris 

Retrieval Methods discussed Unit 3 Design Deliberation for Fuel Debris Retrieval Method, as 

summarized by TEPCO. The key points are as follows. Going forward, TEPCO will continue design 

studies in accordance with these points and will provide an outlook within one to two years. For this 

reason, the Sub-Committee will continue to exist for the time being to monitor the status of studies 

at TEPCO. NDF will check the status of TEPCO's design study and other activities as appropriate. 

In addition, NDF will continue to follow-up with the Sub-Committee in order to obtain its advice and 

other inputs. 

[Key points] 

 ̧ If the opening is small, the access equipment will also be small, making the east-west 

framework plan realistic. However, the possibility of shifting to the north-south working 

platform plan in the course of the process should be considered. 

 ̧ A more detailed examination is needed for the construction process of the proposed north-

south working platform. 

 ̧ Considering the possibility of shifting from the east-west framework plan to the north-south 

working platform plan and the need to reduce the risk of spent resin and sludge, all 

radioactive waste disposal buildings (radwaste buildings) in Units 1 through 4 should be 

dismantled and removed. 

 ̧ For both plans, it is important to dismantle and remove the radioactive waste disposal 

buildings, conduct internal investigations, and reduce radiation doses in the reactor buildings. 

 ̧ In addition to Unit 3, it is necessary to consider parallel work in the preparation process for 

Units 1 and 2. 

 ̧ An outlook should be provided within one to two years of verifying the conditions assumed 

in this report and examining the emerging issues. 

Due to high uncertainties, there should be no hesitation in conducting flexible re-examinations in 

future discussions. 

3.1.3.5 Continuation of accident analysis activities (clarification of events that occurred at the time 
of the accident) 

Analysis of the accident at the Fukushima Daiichi NPS is conducted not only at TEPCO but also 

at various relevant organizations. The NRA, in cooperation with TEPCO, is reviewing findings from 

accident analyses to help investigate the causes of the accident and improve nuclear safety in the 

future. The Atomic Energy Society of Japan also continues its activities concerning analysis of the 

accident. With regard to international cooperation, projects on accident analysis are in progress at 

the OECD/NEA based on the knowledge of various countries and organizations. 

As part of accident analysis activities by TEPCO itself, to clarify the events that occurred at the 

time of the accident, TEPCO identified 52 issues as unconfirmed and unresolved problems 

regarding the accident at the Fukushima Daiichi Nuclear Power Station and has made reports on 
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the progress of investigations and studies based on the outcome of internal investigations and other 

findings. At the 1st progress report in December 2013, TEPCO reported its study results on 10 

issues including ñthe possibility of loss of cooling water at Unit 1 that was affected by the 

earthquake10ò, and for 38 issues including ñCore damage and the location of core debrisò by the 

6th progress report in November 202211. TEPCO has been conducting estimations of the state of 

the RPV and PCV referring to these accident analysis results and is reflecting the results on the 

systematic implementation of on-site investigations and the examination of fuel debris retrieval 

method and storage and management. Meanwhile, studies will begin for the remaining 14 issues, 

including Reaction between molten core component and concrete and Release of radioactive 

materials from the PCV during venting, based on the increasing on-site findings. It is also important 

to further deepen understanding of the 38 issues for which certain evaluation results have been 

obtained so far, based on new on-site knowledge. 

The NRA has established the Study Committee on Accident Analysis of the Fukushima Daiichi 

Nuclear Power Station (hereinafter referred to as the ñAccident Analysis Committeeò) and it has 

been engaged in studies on accident analysis. The 2014 Interim Report12 grouped the issues into 

three categories for discussion: the issues that National Diet of Japan Fukushima Nuclear Accident 

Independent Investigation Commission (hereinafter referred to as ñNAIICò) and the Investigation 

Committee on the Accident at the Fukushima Nuclear Power Stations of Tokyo Electric Power 

Company (hereinafter referred to as ICANPS) pointed out should continue to be verified; the issues 

related to the impact of the accident and the subsequent response on installations and equipment 

including reactors; and the issues that should be technically clarified to incorporate them into future 

safety regulations. The Interim Report reached certain conclusions on the issues on which the 

NAIIC and the ICANPS had different opinions (e.g., the low likelihood of loss of emergency diesel 

generator functions in Unit 1 due to causes other than tsunamis). After that, based on the progress 

of the decommissioning work, the investigation and analysis items were organized into three fields: 

accident management measures, release paths of radioactive materials and their timing, and 

reactor cooling. The activities of the Accident Analysis Committee were resumed in 2019. The latest 

2024 interim summary13 reported on the current status of the investigation and analysis of the 

damage condition of the pedestal concrete revealed in the PCV internal investigation of Unit 1. 

 
10 TEPCO, ñFirst Progress Reportò on the Results of investigation and review of unconfirmed and unresolved 
issues on the detailed development mechanism after the Fukushima Daiichi Nuclear accident, December 13, 
2013 

11 TEPCO, (Attachment 2: [Study issue list]), ñThe 6th Progress Reportò on the Results of investigation and review 
of unconfirmed and unresolved issues on the detailed development mechanism after the Fukushima Daiichi 
Nuclear accident, November 10, 202212 Nuclear Regulation Authority, ñInterim Report on Investigation and 
Analysis of the Accident at TEPCO's Fukushima Daiichi Nuclear Power Station,ò October 8, 2014 
(https://www.nra.go.jp/data/000069286.pdf) 

12 Nuclear Regulation Authority, ñInterim Report on Investigation and Analysis of the Accident at TEPCO's 
Fukushima Daiichi Nuclear Power Station,ò October 8, 2014 (https://www.nra.go.jp/data/000069286.pdf) 

13 The Study Committee on Accident Analysis of the Fukushima Daiichi Nuclear Power Station, ñInterim Report on 
Investigation and Analysis of the Accident at TEPCO's Fukushima Daiichi Nuclear Power Station (2024 
Version),ò (https://www.nra.go.jp/data/000473308.pdf) June 11, 2024 
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As the investigation and analysis of the knowledge and data to be obtained from the ñtrial retrievalò 

in Unit 2 progress, it is expected to provide information useful for such accident analysis activities. 

The progress and background related to this section are provided in Attachment 3-1-4, and the 

details of OECD/NEA activities are provided in Chapter 4. 

3.1.3.6 Progress of research and development for ñfurther expansion of the retrieval scaleò 

The government has been supporting research and development on technically challenging 

issues related to the decommissioning of the Fukushima Daiichi NPS through the Project of 

Decommissioning, Contaminated Water and Treated Water Management. This R&D is being 

carried out in accordance with the R&D medium-and-long-term plan and the next-term R&D plan 

as described in Chapter 5, and proceed exhaustively, systematically and efficiently while confirming 

that it is in line with the needs of TEPCO as the entity responsible for decommissioning. The 

following provides themes of ongoing research and development. 

3.1.3.6.1 Technology for RPV internal investigation 

To avoid regressing in engineering in the fuel debris retrieval method inside the RPV, verifying 

the distribution of fuel debris and environmental conditions such as situations and radiation doses 

in the RPV is useful. 

So far, the Project of Decommissioning, Contaminated water and Treated water Management 

has examined a method to access the core via top access (investigation by drilling the upper part) 

and a method to access the core via side access (investigation by drilling the side). By FY 2019, 

the project verified the equipment function toward practical application. In the investigation method 

by drilling the upper part, the plan is to use AWJ (abrasive water jets) for the drilling holes (openings) 

of the in-core structures (dryer, steam-water separator, and shroud head). However, issues such 

as the impact on internal investigations and the increase in waste have been pointed out because 

a large amount of abrasive enters the PCV and RPV due to the AWJ cutting. 

For this reason, from FY 2020, cutting techniques that reduce secondary waste (abrasives, etc.) 

were examined. As a result, AWJ with small nozzles and laser cutting were selected as candidate 

techniques. The remote workability from the operating floor using this cutting equipment was tested 

and verified by FY 2023. 

Regarding the investigation by drilling the upper part, it is necessary to specify the details of the 

engineering work plan, including interference with fuel removal work from spent fuel pool, 

investigation of the site condition where the RPV internal investigation is installed, and improvement 

of the site environment. In addition, in FY 2024, a study on a retrieval method to investigate inside 

the RPV (investigation method form top/side-access) was started as a method that may allow early 

checking of the level of damage to the steam dryer, steam-water separator, shroud, etc. In this 

method, investigation equipment is to be installed at the DSP, and holes will be drilled on the DSP 

plug, PCV, and RPV to survey inside the RPV. Conceptual studies of the system and the 

investigation equipment were conducted, and component tests on key issues are in progress. 






















































































































































































































































































