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1. R&D Approach
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1. R&D approach

-Background and purpose of R&D-

É It is necessary to understand the properties of solid waste including nuclide 
composition and radioactive concentration, so as to study its treatment and disposal.

É The solid waste generated shall be stored and managed safely and rationally in 
accordance with its properties. 

É To ensure safety in the storage and management of solid waste, a method for rationally 
selecting treatment (preceding processing) for waste stabilization and 
solidification shall be developed, and preceding processing methods shall be 
selected before determining the technical requirements for disposal. 

É To effectively proceed with research and development (R&D) project related to treatment 
and disposal of solid waste, the R&D project teams of characterization, treatment and 
disposal of solid waste shall closely work together. The progress and issues of each 
project shall be shared to proceed with R&D among the project members while 
obtaining an overview of activities pertaining to solid waste management and 
identifying the need for R&D tasks. 

Until around the end of FY2021

Basic policies of waste management in the ñMid-and-Long-Term Roadmapò

Technical prospects of measures for the treatment and disposal of 

solid waste, and their safety are indicated.  

*Mid- and Long-Term Roadmap Toward the Decommissioning of Fukushima Daiichi Nuclear Power Station Units 1-4, TEPCO(September 26, 2017), excerpts from 4-5, partly revised. 
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1. R&D approach

Goals for achieving the milestones of the Mid-and-Long-Term Roadmap

* 3.2.2.4. in Technical Strategic Plan 2019 for Decommissioning of the Fukushima Daiichi Nuclear Power Station of Tokyo Electric Power Company Holdings, Inc. 

(Nuclear Damage Compensation and Decommissioning Facilitation Corporation, September 9, 2019

Â The following specific goals for the milestones to be achieved until around the end of FY2021 are indicated 

in the strategic plan* of the Nuclear Damage Compensation and Decommissioning Facilitation Corporation 

(hereinafter referred to as NDF). R&D initiatives are undertaken to contribute to the attainment of the goals. 

Specific goals related to technical prospects

1. Safe and rational disposal concepts shall be formulated based on the properties and amount 

of solid waste generated at the Fukushima Daiichi Nuclear Power Station (NPS) and the 

treatment technologies that can be used for such solid waste. In addition, safety assessment 

methods reflecting the properties of the disposal concept shall be developed based on 

examples from various foreign countries.

2. The analysis and evaluation methods for characterization shall be clearly specified.

3. Treatment technologies that are expected to be introduced in actual conditions for stabilization 

and solidification of waste with disposal in mind for various important waste streams (e.g., 

secondary waste generated from water treatment) shall be clearly specified.

4. A system for the rational selection of treatment (preceding processing) methods for 

stabilization and solidification shall be established based on No. 3 above before the 

determination of the technical requirements for disposal. 

5. With respect to solid waste for which treatment technology that considers disposal is not 

clearly specified, establishment of treatment and disposal measures using the series of 

methods developed prior to FY2022 shall be foreseeable.

6. The challenges pertaining to storage management of solid waste until waste conditioning and 

corresponding measures shall be clearly specified.
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ÅSolid waste management at the Fukushima NPS shall be stored and operated safely and 

rationally depending on its properties.

ÅA rational way for selecting preceding treatment methods shall be developed.

ÅInvestigation and evaluation of 

storage methods

ÅTechnological development of 

contamination evaluation for 

sorting solid wastes

1. R&D approach 
Goal of R&D

Waste 

characterization 

method

Properties of 

waste

Options of 

disposal concept

Scenario 

Parameters

Disposal safety 

evaluation method

Waste package 

specifications

Method of 

assessing the 

applicability of 

treatment 

technologies

Disposal 

safety 

evaluation
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Process 

information.1

Å * Goal excerpted from ñ2. Contents of Projectò of Guidelines for applying to the ñProject of Decommissioning and ContaminatedWater Management 

(Research and Development of Processing and Disposal of Solid Waste)ò (March 1, 2021), This goal is same as it of the existing subsidized project.  

This research is a continued project to achieve the same goal. 

Study on storage and 

management

Development of 

selection system

V
ia

b
le

 o
p

tio
n

s
 o

f 

s
tre

a
m

s
 3

Feedback to 

studies 2

Reflection on the storage 

and management methods 

of Fukushima Daiichi NPS

*1 Process composition of treatment 

technology, operating conditions, etc.

*2 Conditions for a more rational system 

such as specifications of waste, focused 

nuclides*, etc.

*3 Combination of applicable disposal 

concepts and treatment technologies

* In this research, 27 types of accident wastes that cover a wide range of wastes were selected, and focus was given to 67 nuclides (e.g., C-14 and Pu-239) that were 

deemed probable in the statistical inventory study
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1. R&D approach
Reflection of R&D results on the decommissioning

Waste management (project) R&D

Generation of waste

Storage

Stabilization 

Storage

Treatment* 

Disposal

Mid-and-Long-Term Roadmap

[milestones of waste management]

Present

2019

2020

2021

Indicate treatment 

and disposal 

measures and 

their technical 

prospects 

pertaining to the 

safety

ÅInvestigation and 

evaluation of storage 

methods

ÅContamination 

assessment technology 

for sorting solid wastes

ÅEstablishment of 

selecting advance 

treatment methods

ÅEfficient characterization

ÅDevelopment of 

sampling technology

ÅIntegration of 

R&D results

ÅProvision of disposal 

methods and development of 

the safety evaluation method

*Solidification and storage of waste according to the results of treatment and disposal study

Milestone
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Input into this project 

ID
Implementation items and specific 

details (use of information)
Necessary information

Time 

period
Source from Remarks

1

Understanding of storage conditions 

of high dose waste to study for their 

management.

Consumables of equipment to be used for fuel 

debris retrieval, and specifications of water 

treatment and air-conditioning systems, and 

collecting containers. 

As 

needed

Fuel debris 

retrieval project

Exchange 

information as 

necessary

2

Understanding of storage conditions 

of high dose waste to study for waste 

management.

Specifications of systems to be used for 

canisters of collecting, containing and storing 

fuel debris

As

needed
Canister project

Exchange 

information as 

necessary

3

Study on waste management stream 

and acquisition of basic knowledge 

concerning approach to applicability 

assessment of treatment technology

Information on high-temperature treatment 

technology

As

needed

Project 

proposers

Cooperate through 

administration 

office

Output from this project

ID
Implementation items and output 

details
Purpose of use at output destination

Time 

period 
Destination Remarks

1
Research results of subsidized 

projects 

Acquisition of basic data on study of high-

temperature treatment technology

As

needed

Project 

proposers

Cooperate through 

administration 

office

2

Sharing of storage management 

results and adjusting the connecting 

conditions

Confirmation of compatibility with the fuel 

debris retrieval process

As

needed

Fuel debris 

retrieval project

Exchange 

information as 

necessary

3
Confirmation of evaluation conditions 

of the amount of hydrogen generation

Comparison with evaluation of hydrogen 

amount generated from fuel debris

As

needed
Canister project

Exchange 

information as 

necessary

4 Knowledge of waste characterization 

Results of evaluations on analysis data of 

samples taken from Fukushima Daiichi and 

study on generation process of the samples

As

needed

Fuel debris 

characterization 

project

Participate 

assessment 

committee

1. R&D approach

Association with other research

Note: Fuel debris retrieval project: Development of Technology for Further Increasing the Scale of Retrieval of Fuel Debris and Internal Structures Project
Canister project: Development of Technology for Collection, Containing and Storage of Fuel Debris Project
Fuel debris characterization project: Development of Technology for Analysis and Estimation for Fuel Debris Characterization Project
Project proposers: Organizations that proposed to study applicability of practical high-temperature treatment technology for solid waste to establish selecting methods for advance treatment method.



©International Research Institute for Nuclear Decommissioning8

1. R&D approach

Implementation schedule (1/3)

4 5 6 7 8 9 10 11 12 1 2 3

ὓᵊ
ם

ὓᵊ The target completion deadline of each work step is indicated by ñò.

Details of Implementation

Planned

Actual
FY2021

(a) Investigation and evaluation of storage methods

Study of storage methods for high dose waste

Organization of the properties of waste and parameterization

Evaluation of the amount of hydrogen gas generated by typical high dose waste

Study of the requirements for containers and storage facilities

Investigation and organization of problem cases

Investigation of performance assessment methods for vent filters

(b) Technological development of contamination evaluation for sorting solid waste

b. Establishment of concepts of treatment and disposal, and development of 
safety assessment methods

(a) Establishment of selecting advance treatment methods

i. Establishment of methods for examining the possibility of solidification by means of low-
temperature solidification treatment

Low-temperature treatment technologies

ii. Investigation of degradation of solidified substances by heating, etc.

iii. Evaluation of the relationship between the inventory of Cs, etc. and the 
temperature of solidified substances

iv. Investigation into and evaluation of factors influencing long-term degradation

a. Storage management

Drafting of the investigation plan

Drafting of the investigation plan

Drafting of plans

Drafting of the experimental plan 
and carrying out outsourcing 
formalities

Organization of the properties of waste and  
parameterization

Drafting of the investigation plan

Drafting of the investigation plan

Drafting of the experimental plan 
and carrying out outsourcing 
formalities

Drafting of the experimental plan

Drafting of the experimental plan 
and carrying out outsourcing 
formalities

Evaluation of the amount of hydrogen gas generated by typical 
high dose waste

Investigation of performance assessment 
methods for vent filters

System design

Implementation of tests and analyses 
(outsourced, in-house)

Investigation of problem cases

Organization of issues and 
study of measures

Implementation of tests and analyses 
(outsourced, in-house)

Implementation of analysis (in-house)

Implementation of tests and analyses 
(outsourced, in-house)

Summary

Summary

Summary

Summary

Summary

Summary

Test completion 
and report

Summary

Summary

Summary

Test completion 
and report

Test completion 
and report

Test completion 
and report
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1. R&D approach

Implementation schedule (2/3)

4 5 6 7 8 9 10 11 12 1 2 3

ч

ὓᵊ
ם

ὓᵊ The target completion deadline of each work step is indicated by ñò.

Details of Implementation

Planned

Actual

Investigation of approach for assessing applicability for treatment technology

i. Consolidation of acquired data and evaluation method used for technological 

comparison

ii. Investigation related to Cs volatilization volume during high-temperature 
treatment and its control

(b) Provision of disposal concepts and development of safety assessment methods

Information organization to study the disposal concepts and to establish safety 
assessment methods

Study of disposal concepts for typical waste streams

Information organization to establish safety assessment methods

Development of techniques for assessing impact of affecting substances, etc. on disposal

Evaluation of nuclide sorption impact

Sensitivity evaluation of the dose evaluation parameters

c Characterization of solid waste

(a) Efficient characterization

Investigation of analytical inventory estimation methods

i. Implementation of analysis

(i) Collection, storage and transportation of samples

Collection, storage

Transportation

Study of the plan for the following year

Drafting of the study plan

Drafting of the study plan

Drafting of the study plan

Drafting of the study plan

Drafting of the study plan

Drafting of the experimental plan 
and carrying out outsourcing 

formalities

Investigation and organization work (in-house)

Implementation of tests and analyses 
(outsourced, implemented in-house)

Study of disposal concepts

Information organization

Organization of sorption impact, and study of parameters

Sensitivity evaluation of parameters including sorption impact

Test completion and report

Summary

Summary

Summary

Summary

Test completion 
and report

Collection of rubbles

Summary

*Collection is carried out throughout the year. The date of transportation will be changed appropriately depending on the 
status of preparation of the samples.

Analysis samples transportation (First time) Analysis samples transportation (Second time)

Study of the plan for the following year

FY2021
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1. R&D approach

Implementation schedule (3/3)

4 5 6 7 8 9 10 11 12 1 2 3

ш

* 

щ

* 

ш. 

i

ш

щ

ч. 

ш. 

щ. 

(b)

d. 

2021ὓᵊ
ם

The target completion deadline of each work step is indicated by ñò.

Details of Implementation

Planned
Actual

FY2021

(ii) Implementation of analysis

(iii) Analytical database

ii  Study on analytical inventory estimation methods

ii Study of analytical goals based on needs

(i) Status of generation and status of storage of solid waste

(ii) Contamination mechanism

(iii) Study on analytical inventory estimation methods

Proposal for mid-and-long-term analysis plan

i Development of mid-and-long-term analysis plan

iii Study of analytical planning methods

(b) Development of sampling technology

d. Integration of R&D results

Implementation of analysis

Summary

Summary

Summary

Summary

Summary

Summary

Summary

* Analysis is carried out throughout the year. Moreover, the analysis plan is changed appropriately as needed.

As needed As needed As needed As needed

*Analytical database is compiled and then reported as needed.

Study of classification based on the generation 
and storage form

Study related to contamination through air Study related to contamination through water

Study related to classification of waste and estimation of 
waste inventory

Compilation and summarization 
of estimation issuesDrafting of the study plan

Consolidation of information related 
to analytical capabilities

Consolidation of sample information, 
decommissioning schedule, etc. related to analysis

Development of mid- and long-
term analysis plan

Consolidation of analytical needs, order of priority, identification of 
target nuclides, analysis methods, etc.

Trial run of the study of analytical planning methods

Study of quantitative 
analytical goals

Evaluation of the validity of 
the trial run results

Drafting up the study plan

Drafting up plans

Design, manufacturing and testing of the sampling system

Study and formulation of sampling plans

Study of case studies and consolidation of the viewpoints for 
narrowing down
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1. R&D approach

Project organization chart

Tokyo Electric Power Company Holdings, 
Inc.

Coordination from the perspective of on-site application
(Coordination to reflect the decommissioning status of the site, 
etc.)

IRID
Formulation of overall plan and technical management (a - e)
Technological management such as progress of technological

development (a - e)

Coordination related to technological development (a - e)

FY2021
Decided based on competitive bidding, etc.

Fujimoto Chemicals Co., Ltd. (b.(a) )*

Inspection and calibration of CHN analyzer

Japan Atomic Energy Agency
Management of technological 

development (a - d)

Development (b, c, d)
Operational assistance (e)

Hitachi-GE Nuclear Energy, 
Ltd.

Development (b, d)

Operational assistance (e)

Toshiba Energy Systems & 
Solutions Corporation

Development (a, d)

Operational assistance (e)

Atox Co., Ltd.
Development (c, d)
Operational assistance (e)

QJ Science Co., Ltd. (b.(b) )*

Investigation of methods for assessing the impact 

of affecting substances on nuclide migration

Visible Information Center Inc. (b.(b) )*

Investigation of methods for analyzing and 

assessing the transition in chemical environmental 

due to disposal and nuclide migration

Tokyo Nuclear Services Co., Ltd. (b.(b) )*

Acquisition of basic data on the sorption of nuclides 

under coexistence with affecting substances

Kaken Co., Ltd. (b.(b) )*

Acquisition of basic data on uranium sorption to 

barrier materials under coexistence with affecting 

substances

CRIEPI A7 (b.(a) )

Investigation related to Cs volatilization volume 

during high-temperature treatment and its control 

(outsourced research)

JGC Japan Corporation (b)*

Information organization to study the disposal concepts 

and to establish safety assessment methods

Taiheiyo Consultant Co., Ltd. A8 (b.(a) )

Study related to solidification properties of cement-

based material and its long-term property changes 

(outsourced research)

Hitachi Transport System East Japan Co., Ltd 
(c.(a) )*
Transportation of analysis samples from the 
Fukushima Daiichi Nuclear Power Station to the 
analysis facility

CRIEPI A7 (b.(a) )

Acquisition and organization of data used in 

studying the evaluation approach (outsourced 

research)

Ascend Co., Ltd (c.(a) )*
Service contract concerning analysis and testing related to the 
investigation of properties of secondary waste generated from 
contaminated water treatment in Fukushima

Inspection Development Company Ltd.  (C.(a) )*

Service contract concerning ɓ-nuclide analysis and 

compilation of results regarding contaminated water in 

Fukushima and secondary waste generated from 

contaminated water treatment

MHI Nuclear Development Corporation :Note (c.(a) )
Work of radioactivity analysis of the waste from the 
FY2021 accident

Note: Known as Nuclear Development Corporation until 
November 2022.

Tokyo Power Technology Ltd. (c.(a) )

Collection of analytical samples such as rubbles, etc. 

from Fukushima Daiichi Nuclear Power Station

National Nuclear Laboratory (UK) (c.(a) )

Statistical sampling of wastes at Fukushima Daiichi 

Nuclear Power Station and development of analysis plan 

(outsourced research)

Nippon Nuclear Fuel Development Co., Ltd. (c.(a) )

Analysis and evaluation of highly contaminated 

substances related to the accident at Fukushima Daiichi 

Nuclear Power Station

CRIEPI (c.(a) )

Research related to streamlining waste classification 

during inventory estimation (outsourced research)

Hamamatsu Photonics K.K. (a)

Designing and manufacturing of fluorescent detector of 

the surface Ŭ contamination detector

Tokiwa Copy Co., Ltd.

Printing of an overview of the research results

General Engineering Co., Ltd. (d)

Assistance in the organization of information related to the 

study on waste streams

Orano ATOX & SOLUTIONS (c)
Designing and manufacturing of the sampling 
system

Sigmakoki Co., Ltd. (a)

Designing and manufacturing of the optics system of the

surface Ŭ contamination detector

Techno AB (a)

Designing and manufacturing of the circuit for the surface 

Ŭ contamination detector

Mechano Breit Co., Ltd (a)

Designing and manufacturing of the housing of the 

surface Ŭ contamination detector

KK Kouyou (c.(b))

Designing and manufacturing of the work dock

[Legend indicating the work for which the organization is responsible]

a. Storage management

b. Establishment of concepts of treatment and disposal, and 

development of safety assessment methods

c. Characterization

d. Integration of R&D results

e. R & D management
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a. Storage management  

(a) Study and evaluation of storage

[1]  Investigation of storage methods for high dose waste 

[2] Investigation of the requirements of storage containers and 

facilities 

(b)  Technological development of contamination evaluation for

segregate solid waste

2. Project details (No.1)
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(a) Investigation and evaluation of storage and management methods

Study of storage and 

management methods

Reflecting to the storage and management method for the Fukushima Daiichi

ÅAccording to the Mid-and-long-term Roadmap*, solid waste generated in the Fukushima Daiichi Nuclear 

Power Station (NPS) shall be stored and managed in a safe and effective manner considering the properties.  

V Study and update of the process flow

[1] Storage method for high dose waste [2] Investigation of the requirements for the container and storage facilities

Evaluation of hydrogen 

generation behaviors
(Clarification of issues to evaluate hydrogen 

generation behaviors for a wider range of 

target objects)  

Survey of trouble cases  for the 

container and storage facilities
(Clarification of issues and measures, and 

investigation of trouble cases to expand the 

requirement information) 

Performance evaluation of vent 

filters
(Clarification of environments to affect 

performance and lifetime of filters, and study 

of the filter performance test conditions and 

methods)
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V Study on the safety functions

Significant issues for the storage and management

Hydrogen release (Ensuring air permeability (hydrogen 

permeable function)

Prevention of spreading nuclides  Sealability (Ensuring the

function of particle collection) 

Coping with conflicting 

requirements of the safety 

functions 

(Ensuring the function of 

hydrogen permeability) 

Evaluation of the amount 

of hydrogen generation

(Ensuring the function of 

particle collection)

Examining the requirements 

for a vent filterStudy on the requirements of the container and 

storage facilities

A detailed study and a new investigation is conducted in FY 2021.

*Excerpted from 4-5, Mid-and-long-term Roadmap towards the decommissioning of the Fukushima Daiichi NPS, Tokyo Electric Power Company (TEPCO) Holdings, Inc.(Sep. 26, 2017) 

(A detailed study) (A new investigation)  (A detailed study) 
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Â Achievements up to FY2020

¹ Referring one example of the storage method for high dose waste, hydrogen generation rate was 

estimated based on decay heat that Cs-137 is set as a representative of a contaminated nuclide. 

Â Goal

¹ Issues of evaluation on hydrogen generation behaviors for high dose waste are clarified. 

Â Details of implementation (Details are described in the next pages.)

¹ Information acquisition 

Parameters including properties of high dose waste and G values of hydrogen generation are 

clarified.  

¹ Study of factors required for evaluation of the amount of hydrogen generation

High-level radiation waste to be required for measures of hydrogen generation during storage is 

selected and factors that will affect evaluation of hydrogen generation rates are studied.

¹ Evaluation of the amount of hydrogen generation 

V Parameters of the hydrogen generation evaluation model that would affect hydrogen generation 

rates are identified and the effects of the hydrogen generation rates are investigated. 

V Parameters for each factor that would affect the evaluation of hydrogen generation rates are set in 

more practical manner and the amount of hydrogen generation is evaluated. 

V On a base of evaluation results of the hydrogen generation amount of a representative high dose 

waste, issues of the evaluation are clarified. 

Â Indicators for the achievements of goal

¹ Issues of the hydrogen generation behaviors for high dose waste are clarified (Target at the 

completion: TRL 2 Ÿ3). 

(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste
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(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Waste objects have been expanded in FY2021 and 

a more practical evaluation will be conducted to 

clarify issues for evaluation of hydrogen generation 

behaviors.  

Para-

meters
[1] Nuclide i 

radiation type j

[2 ]G 

value

[3] Water 

absorption rate
[4] Inventory

[5] Emission 

energy

FY 

2019

Nuclide: 

Represented by 

Cs-137

Radiation type: 

ȸ and ɔ

ɔ-and ɓ 

rays 

shall 

both be 

0.45.

Both ɔ-and ɓ 

rays are 

calculated as 1 

for a 

conservative 

approach. 

Estimation of the 

amount of 

radioactivity based 

on weight of the 

waste per a storage 

container (0.6 ton) 

and concentration 

of radioactivity 

weights**

The ɓ-ray 

energy is 

calculated by 

the maximum 

energy. 

FY 

2020

No change No 

change

Considering 

waste cutting, 

storage situation 

of the inner 

container and 

thickness of 

water film

Estimation of the 

amount of 

radioactivity based 

on area 

concentration of 

radioactivity **

Estimation of the 

possibility to 

contain 8 inner 

containers per one 

unit. 

The ɓ-ray 

energy is 

spectrally given 

and calculated 

by PHITS.

FY 

2021

Ŭ nuclide 

excluding Cs-

137, ɓ,ɔand Ŭ

rays including 

accident-

derived 

nuclides.  

Setting 

for each 

nuclide

Considering type 

of radiation 

nuclides and 

water existence. 

Waste excluding 

waste to be 

generated from 

retrieving duel 

debris shall be 

estimated. 

Evaluation 

model 

considering 

properties of 

each waste 

shall be 

estimated. 

<Study on estimation of the hydrogen generation amount in previous years and in FY2020>

Evaluation formula (linear model) and parameters of hydrogen generation rate as well as concepts of setting are described as below.

╗◐▀►▫▌▄▪▌▄▪▄►╪◄░▫▪►╪◄▄

░ȟ▒

▀▄╬╪◐▐▄╪◄▫█▪◊╬■░▀▄░╪▀░╪◄░▫▪◄◐▬▄▒ ╖○╪■◊▄▫█►╪▀░╪◄░▫▪◄◐▬▄▒ ◌╪◄▄►╪╫▼▫►▬◄░▫▪►╪◄▄

[1] Nuclide and radiation type [2] G value*

╓▄╬╪◐▐▄╪◄▫█▪◊╬■░▀▄░►╪▀░╪◄░▫▪◄◐▬▄▒
╘▪○▄▪◄▫►◐▫█▪◊╬■░▀▄░ ╔□░▼▼░▫▪►╪◄▄▫█►╪▀░╪◄░▫▪◄◐▬▄▒ ▄□□░▼▼░▫▪▄▪▄►▌◐▫█►╪▀░╪◄░▫▪◄◐▬▄▒

[4] Inventory [5] Emission energy

**Estimated inventory of waste to be generated during retrieving fuel debris. 

Inner container
Storage container

Estimation for FY 2019Estimation for FY 2020

Fig. 1 Concepts of parameters setting from FY2019 to FY2021

The G value refers to the number 

of molecules of reactant consumed 

(or product formed or reduced) per 

100eV of energy absorbed when 

radiation reacts.

*G value:

[3] Water absorption rate

7 sheets

Items
Metal waste 
(Top-access 

retrieval)

Capacity of storage container (t)

Radiation source 
(Bq/t)

Radiation source 
(Bq)

<Reference>
Conceivable wastes

Energy released
(MeV/s)

Hydrogen generation rate (m3/d)

Dryer

Decay heat
(MeV/s)

Rate of absorption 
into water

Hydrogen 
generation rate 
(m3/d)

FY2019 model

FY2020 
model

Water screen:

Nonconservative 

estimation 

(hydrogen 

generation rate: 

Approx. 1/13.5)
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(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

1. Information acquisition 

Å According to the waste list that was studied based on an 

integration of R&D results (waste stream) , properties of 

waste (compositions of waste, radioactivity inventory and 

water content rate, etc.) required to study the storage 

management method are clarified from aspect of hydrogen 

generation (high-radiation dose and water content or not). 

Å To examine parameters of hydrogen generation, the 

hydrogen generation mechanism is clarified and then 

information related to results of existing studies and 

parameters of G values are examined. 

2. Study of factors required for evaluation of hydrogen 

generation (hydrogen generation rates)

Å As a result of clarifying the hydrogen generation parameters, 

impact factors of the hydrogen generation rate evaluation 

are studied. 

Å Wastes needed for countermeasure during storage are 

selected based on the results of information acquisition for 

high dose waste and study of hydrogen generation factors. 

Å The evaluation model for selected waste is studied and 

parameters (impact parameters) that will affect hydrogen 

generation parameters especially hydrogen generation rate 

are extracted. 

3. Evaluation of the amount of hydrogen generation (hydrogen 

generation rate)

Å The impact parameters (practical estimation value) that will 

be used for specific calculation evaluation are set based on 

the study results and the amount of hydrogen generation for 

representative high-radiation waste is evaluated by 

calculation.

Å Issues for the evaluation model and parameter setting are 

studied based on a result of the calculated evaluation.

Å The selection of waste to be required for countermeasure 

are also re-examined whether it is appropriate or not based 

on the evaluation results.

<Study of the storage methods for high dose waste>

Study items and the procedures for FY2021 are as below.

G

Acquisition of information on high-
radiation level waste

ÅSpecification of the scope of 
information acquisition
ÅOrganization of the properties of waste

Organization of parameters of hydrogen 
generation

ÅConsolidation of results of existing studies
ÅClarification of mechanism
ÅOrganization of information on the 

parameters of G values

Study of factors influencing hydrogen generation

Study of factors influencing the evaluation of the 
hydrogen generation rate

(Radioactivity inventory, type of radiation, 
moisture content, status of water adhesion, etc.)

Evaluation models and impact parameter 
setting

Å Study of evaluation models

Å Impact parameter setting 

(Identification) 

Selection of wastes that require 
measures

Å Study of waste requirements
Å Selection of high dose waste

Evaluation of amount of hydrogen 
generation

Å Specific settings of impact parameters

Å Calculation and evaluation of amount 

generated

Considerations

Å Study and consolidation of the issues 

related to evaluation methods

( Re-examination, as needed, of wastes 

that require measures)

1. Information acquisition

2. Study of factors required for 

evaluation of the amount of 

hydrogen generation

3. Evaluation of amount 

of hydrogen generation
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(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Information acquisition

Hydrogen generation evaluation formula from radiolysis

(1) Linear model 

Hydrogen generation rate= Ɇi,jDecay heat of nuclide i / radiation type j G value of radiation type j Water absorption rate 

of radiation type j) 

Decay heat of nuclide i / radiation type j= Inventory of nuclide i Emission rate of radiation type j Emission energy of 

radiation type j

Hydrogen generation rate is proportional to 1) absorption energy (decay heat),

2) G value, and 3) absorption rate.  

Decay heat depends on nuclide inventory, G value depends on radiation types

and absorption rate depends on water existence (thickness of water membrane, 

etc.) .Hydrogen continues generating at a certain rate.  

(2) Radiolysis model [1] 

Ci Cl Cm Cs Concentration of material i, l, m and s (mol/l),  gi
ɔG value of ɔ ray of 

material i (unit/100eV)

ɝNumber of molecules and conversion factor of mol (mol/unit), Qɔ Absorption energy of 

ɔ ray (eV), NNumber of materials affecting reactions (-)

klm Reaction rate constant of material l and m (l/mol/sec) ks Reaction rate constant of 

material i and s (l/mol/sec)

Hydrogen generation rate depends on 1) Absorption energy (decay heat and 

proportion of energy absorption), 2) G value and 3) Reaction rate constant among 

materials and thereby it is function of time. 

<Clarification of hydrogen generation parameters> 

[1] Yoichi Wada, Masahiko Tachibana, Atsushi Watanabe, Kazushige

Ishida, Nobuyuki Ota, Naoto Shigenaka, Hiromitsu Inagaki & Hiroshi Noda (2016) Effects of seawater components on radiolysis of water at 

elevated temperature and subsequent integrity of fuel materials, Journal of Nuclear Science and Technology, 53:6, 809-820

[2] Junichi Takagi and Seiji Yamamoto ñ Alpha-radiolysis Simulation to Predict Hydrogen Accumulation under Fuel Debris Condition ò,The 

International Workshop on Radiolysis and Electrochemistry NPC 2016, Brighton, United Kingdom - October 7, 2016

Fig.1 : Aging changes of degradation product 

concentration calculated by radiolysis model [2]  

*(L) and (g) in the figure represent liquid phase and 

gas phase. 
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[Clarification of mechanism]

Applicability of the linear and radiolysis models

Hydrogen is produced by irradiating into water. Hydrogen

produced from irradiation mitigates into the gas phase of a container

and the partial pressure of hydrogen is increased.

The concentration of hydrogen underwater achieves equilibrium as

time passes. The concentration can be calculated by the radiolysis

model.

The concentration of the gas phase hydrogen in the container is

equal to the liquid phase hydrogen concentration in accordance with

the HenryôsLaw.

When the concentration is less than 4 vol %, the countermeasure

for hydrogen generation is not necessary.

On the other hand, when the hydrogen concentration of the gas

phase is more than 4 vol %, hydrogen in the container has to be

released into outside of the container by using a filter vent.

The hydrogen generation rate shall be conservatively calculated by

the linear model.

In the both cases,

It is important to set values of decay heat, G value and

absorption rate for the estimation.

<Clarification of hydrogen generation parameters>

2 Ÿ 2 

(underwater)  

2 (gas phase inside 

of the container)

(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Information acquisition

2 (gas phase outside 

of the container) 

Fig.1 : Illustration of hydrogen 

mitigation inside/outside of the 

container  
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Clarification of the G value parameter information [1] 

The distribution of chemical species are nearly homogeneous in space for a microsecond after physical processes that 

water absorbs radioactive energy (excitation and ionization), physical chemistry processes (spar formation) and chemical 

processes (chemical reaction in a spar). 

Å Chemical yield of chemical species represents as G value and [number of species //100 eV] or [mol/J] are used as units. 

Å After completing a spar reaction (up to 10-7 second), G value is called as the primary G value.

Å On the other hand, the amount of these degradation products that interact after long time has passed is called as 

ñapparent G valueò or ñ effective G value.ò Generally, the primary G value is larger than apparent G so that the primary G 

value is used for evaluation.  

<Clarification of hydrogen generation parameters>  

[1] Yusa Muroya, ñRadiation chemistry of water and water solutionò, RADIOISOTOPES vol. 66 (2017No. 10

https://www.jstage.jst.go.jp/article/radioisotopes/66/10/66_661006/_article/-char/ja

(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Information acquisition

Time (s)

Physical 
process

Physical chemistry 
process

Spar formation

Chemical 
process

Spatially even 
reaction

Reaction with the solute (in the case of a dilute solution)

Excitation Ionization

Spar reaction

Fig. 1 Overview diagram of the radiolytic reaction scheme of water (room temperature)

Spar formation

Spar diffusional reaction
(Spatially uneven)

End of spar reaction
(Spatially even)

Low LET radiation
(Secondary electron in the case of 
electromagnetic waves)

High LET radiation
(Recoil proton in the case of 
neutrons)

Reaction within the spar

Reaction between spars

Diffusion

Fig. 2 Spar diffusional reaction process

(Spatially uneven chemical process)

https://www.jstage.jst.go.jp/article/radioisotopes/66/10/66_661006/_article/-char/ja
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[Clarification of the G value parameter information]

Å The primary G value depends on radiation types and energy, etc. (Table 1 [1]). 

Å Handling of free water and other type of water (i.e. Cement crystal water) is accordance with rules in each country (Table 2 
[2]).

[Examples]

Å U.S. and U.K.: Hydrogen generation is evaluated considering the reduction of free water caused by cement solidification and 

changes of the water condition

Å France: G value for free water is used for estimation even after cement solidification

* G values for estimating hydrogen generation are set after classification depending on properties of waste (water status, and 

types of organic substances and radioactivity) in each country

<Clarification of hydrogen generation parameters>  

[1] ] Yusa Muroya, ñRadiation chemistry of water and water solutionò, RADIOISOTOPES vol. 66 (2017No. 10

https://www.jstage.jst.go.jp/article/radioisotopes/66/10/66_661006/_article/-char/ja

[2] Achievement reports for FY2018: Subsidy project of Decommissioning and Contaminated Water Management started since FY2016ñR&D for 

Treatment and Disposal of Solid Wasteò and Subsidy Project of Decommissioning and Contaminated Water Management started sinceFY2017 ñR&D for 

Treatment and Disposal of Solid Waste (R&D for advanced treatment and analysis methods ) (study on waste characterization, storage, management, 

disposal and waste stream)  https://irid.or.jp/_pdf/20180000_15.pdf?v=2

Table 1. Primary G value of major radiation degradation 

products (molec./100eV)

Table 2. Clarification results of the concepts of G value setting in each country

(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Information acquisition

Types of radiation

The G-value was confirmed to be set according to the radioactive waste classification 
and the state of water.

Gamma rays

US UK France

Carbonate slurry

At the time of drying (5 toה

20wt%): 1.6

When cement solidifies: 0.6 toה

0.85
*1

Established based on

discussions with the regulatory

authorities

(Example of initial settings is 0.4 or

0.45 for free water)

Free water, cement hydrationה

water: 0.452 (Documented value)

Mg(OH)2: 0.051 (Documentedה

value)

Iron coprecipitation

slurry
Same as above Same as above

Free water, cement hydrationה

water: 0.452 (Reference value)

Fe(OH) and water: 0.00529ה

(Reference value)

Reactor internal

structures

Adhesion water: 1.6ה

(After drying: 0)
Same as above Adhesion water: 0.45 ה

Organized as per the wasteה

properties (presence of organic

matter, occurrence of

solidification, moisture content

etc.). *
2

Even if the waste does notה

contain Ŭ nuclides, the Ŭ ray G-

value is conservatively assumed

to be the base.

G-value has been set in the pastה

as 0.05 to 0.5 considering the

change of state of water due to

cement solidification.

Whether to adopt theה

documented value or the actually

measured value is discussed with

the regulatory authorities.

G-value of free water is used evenה

after cement solidification.

A lower G-value can be set whenה

actual measurement is carried out.

(0.032 for the DSC
*3

 dry sludge)

The G-value of waste is calculatedה

from the sum of products of the mass

fraction of the generation source and

each G-value.

*2 CH-TRU payload appendices (books)

*3 Dry Storage Container

G-value

(H2)

Concept of G-value (H2)

*1 Set according to the solidification conditions (depends on the type of cement material). In the case of Type I (OPC), G-value of

0.6 is used when the ratio of water to cement by weight is 0.45.

https://www.jstage.jst.go.jp/article/radioisotopes/66/10/66_661006/_article/-char/ja
https://irid.or.jp/_pdf/20180000_15.pdf?v=2


©International Research Institute for Nuclear Decommissioning21

(1) List of waste items 

The information is organized based on the list of waste 

items. However, information on spent fuel and fuel debris 

are not acquired.   

(2) Waste required for information

Waste to be required for information acquisition are 

selected from the aspect of the following major factor for 

hydrogen generation. 

üWater content or not 

(3) Information acquisition of high dose waste 

The following information of selected waste is clarified

ü Properties: Lump-like and particle-like, etc. 

ü Radioactivity: Concentration of radioactivity for 

each nuclide

üOthers: Containers to be used for storage, etc. 

<Procedures of information acquisition of high dose waste>  

(1)

(2)

(3)

(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Information acquisition

S1 S2 S3 ṇ S4 S5 ṇ S14 N1 4 N2ḬệḱỈ N3Ḭ

1       ṇ ṇ DSP ṇ ṕS1ṌS5 Ṗ ṕS1ṌS5 Ṗ

2       ṕ Ṗ ṕ Ṗ ṕS3Ṍ5 Ṗ

3     ( ṇ ḭ )   ờỞỢ ṇ ṕ Ṗ T/B ṕ Ṗḱ ḱ PCV

4       ọỞỢ ṇ ṕ Ṗ R/B T/B ṕ Ṗ ṇ ṇ

5     ớỎỡ   ờớỡ ṇ ṕ ṖR/B ḱ ṕDHC ḱAC ḱFCSṖRw/B ṕ Ṗḱ ḱ RPV

6     ớỎỡ ṇ ṇ ( ) R/B ḱ ṕDHC ḱAC ḱRCWṖRw/B ṕ Ṗ RPV ẑ

7     ờỞỢ ( ) R/B ḱ ṕAC Ṗ ︡ ṇ

8   Ԏ֚֫ԃԝ   ọỞỢ SPT

9   ԏ֪ӽԂԝ֚֫֩֘֫   ờớỡ ṇ

10   

11   CRD֖Ԇԏ֪֩ԋ֪

12 CRD ṕKURIONṖ

13

14 ḱ ṕỞỌờờỤṖ

15 ṕMS Ṗ ṕỞỌờờỤ-2Ṗ

16 Rw/B ḱ ḱ ṕỌờỐỡỌṖ

17 ể

18

19 ờỚ

20

21

22

S6 S7 ṇ S8 S15Ḭ N5Ḭ

1 צּ ṇ צּ ךּ ṇ

2 ṕ Ṗ ṇ ḱ ḱ ṕ Ṗ

3 ṕ Ṗ ḭ ṇ ṕ ḯ Ṗ 3 ṇ

4 ṕ ṇ ḭ Ṗ 3

5 ṇ ḱ ︡

6 ṕ קּ ךּ Ṗ ḱ

7 ṕ ḭ Ṗ

8 ḱ ︡

9

10

11

12

13

14

15

16

17

18

19

20

21

22

List of waste items based on integrated results 

of R&D (waste stream)

S9.1 

ṕKURION,SARRYṖ

S9.2 ṕ Sr

Ṗ

S10.1 ṕ

ṇṖ

S10.2 ṕ

Ṗ

S10.3 ṕ

Ṗ
S11 S12 S13 ṇ N4Ḭ

1 KURION (KMPS) ṇ (FST,Sr-treat)ṇ : (Ly-RT) ALPS ṇ ALPS

2 (SMZ) (ISM) ṇ (GAC,AGC, ṇ ) ṕ Ṗ (HS-726,FST)

3 ṇ (H,EH) 2 : (ReadE2,Read-B) Cs ( ) (K-MAC)

4 ṇ (AGH) (IE-911,FST)( ) : ṇ (IRC748i) Sr ( ) (CRB05,CN4000,READ-B,WA30)

5 ṇ (KH) (FST)( ) : (CN4000) RO (AgZ,KW-500G-7)

6 (TSG) ṇ : (Ly-RT) ṕ Ṗ RO

7 ( Ṗ : (AgZṖ Sr (HS-72)

8 SARRY (GX194) SS ( )

9 (IE-96) (Cs-treat) ( ṇ ) (A51-JHP)

10 (IE-911) (HS-726)

11 (EN-101,HS-726,ET-501) ṕ Ṗ (K-MAC)

12 + : Cs ( ) (READ-B)

13 + : Sr ( )

14 SARRY-2 (IE-901)(SFP )

15 + : (IE-901)( )

16 (ET-501) (ET201)( )

17 ALPS

18 (HS-716)

19 (CRB05,WA30)

20 (AgZ)

21 (As-CATCH2)

22

( )

( )

1 ṕ Ṗ PCB

2 ṕ or Ṗ ṕ Ṗ ṕ Ṗ ṕ Ṗ ṕ ḭ Ṗ

3 ṕ Ṗ ṕ Ṗ ṕ Ṗ

4

5

6

7

8

9 ṇ ṇ

10

11 ṇ

12

13 ṇ

14

15

16

17

18

19

20

21

22

S16.1Ḭ ṕ

Ṗ

S16.2Ḭ (

ḭ ṇ Ṗ
X1Ḭ X2Ḭ X3 ṕ ︡ Ṗ

Secondary waste generated 

from water treatment

Other waste

Dismantled 

waste, rubbles 

and etc. 

No

Yes

No

Yes

*1

*2

Waste list

(Excluding spent fuel, fuel debris)

Waste items stored under water, 

cut*1 or handled under water, 

waste items containing water

Waste items*2 that are assumed to be 

stored differently than dismantling waste 

generated from an ordinary reactor

Waste pertaining to which 

information is to be acquired

Acquisition of information such as 

properties, radioactivity, proposed 

storage methods, etc.

Acquisition and consolidation of information on 

high dose waste
(Proposed waste items for which measures for hydrogen gas 

generation are likely to be required)

Excluded from the 

scope of 

investigation

Excluded from the 

scope of investigation

*1: Does not include the water spray 

for cooling the cut portion

*2: Assuming that they are stored in 

accordance with the process of 

creating waste packets from the waste 

from ordinary reactors.
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Waste list: The amount of hydrogen gas generation is evaluated for Units 1 to 3 assuming contamination that is different from ordinary reactors.

 Dismantling waste

S1 Pressure vessel S2 Containment vessel metal
S3 Containment vessel

concrete

S4 Metal from inside the

building

S5 Concrete from inside the

building
S14 Waste from debris collection

N1  Dismantling waste from

Unit 4

N2  Dismantling waste from

Units 5 and 6

N3  Dismantling waste from other

facilities

1 Pressure vessel Dismantled metal Dismantled concrete Metal scraps Dismantled concrete DSP slot plug concrete
Equivalent to ordinary reactor

(Refer to S1 to S5)

Equivalent to ordinary reactor

(Refer to S1 to S5)

Installed before the earthquake

disaster

2 Steam dryer Pipes
Contaminated dust (surface

contamination)
Pipes

Contaminated dust (surface

contamination)
Heat insulating material

Contaminants from the

accident (Refer to S3 to S5)

Central radioactive waste treatment

building

3 Steam-water separator Equipment (including cables, panels, etc.) RSW concrete (activated) Rebars
T/B walls (inner), floors, pillars

etc.
PCV head

High-temperature incineration

facility

4 Upper grid plate Rebars BSW concrete (activated) R/B equipment T/B walls (outer) Shield plug concrete Incineration work-shop building

5 Core shroud Main body of PCV
RPV pedestal concrete

(surface contamination)

R/B high-level radioactive

equipment and pipes (DHC

system, AC system, FCS)

Rw/B walls (inner), floors,

pillars, etc.
RPV head On-site bunker building

6 Core support plate PCV internal components
Torus concrete (surface

contamination)

R/B high-level radioactive

equipment and pipes (DHC

system, AC system, RCW)

Rw/B walls (outer)
RPV lower hemispherical

dome*
Auxiliary building

7 Other equipment RSW steel plate
Well plug (surface

contamination)

R/B high-level radioactive

equipment and pipes (AC system)
Equipment for debris retrieval Common pool building

8 Fuel support BSW rebars Additional shielding material SPT building

9 Jet pump RPV pedestal rebars Turbine body
Miscellaneous solids incineration

facility

10 Control Rod Guide Tube Generator
Installed after the earthquake

disaster

11 CRD housing Condenser
Additional miscellaneous solid

waste incineration facility

12 CRD Moisture separator
Cesium adsorption apparatus

(KURION)

13 Feed water heater Oil separator

14
Other equipment and pipes,

etc.

Second cesium adsorption

apparatus (SARRY)

15
High-level radioactive pipes

(MS system)

Third cesium adsorption apparatus

(SARRY-2)

16
Rw/B equipment and pipes,

etc.

Decontamination equipment

(AREVA)

17
Reverse osmosis membrane

treatment unit 1

18
Evaporative concentration

apparatus

19 RO unit for demineralization

20 Demineralizer

21 Cylindrical flanged tank

22 Horizontal tank

 Rubbles, etc. Rectangular tank

S6 Metal rubble S7 Concrete rubble S8 Combustible materials S15 Contaminated soil N5 Other rubbles, etc.
Solid radioactive waste storage

facility

1 Metal scrap Concrete scrap Used protective clothing Contaminated soil
All types of rubbles not

mentioned on the left
Slurry stabilization equipment

2 Pipes (metal) Concrete Paper and waste cloths Gravel and quarry
Non-combustibles (PVC pipes,

etc.)
Volume reduction facility

3 Rebars Contaminated dust (surface contamination) Plastics, vinyl, etc. Dredged soil
Non-combustibles (glass,

ceramics, etc.)
Unit 3 fuel discharge cover

4 Dismantled tanks Wood Asphalt
Equipment (including cables,

batteries, etc.)
Unit 3 fuel discharge equipment

5 Wires Felled trees and grass Fixtures and fittings Facilities related to debris retrieval

6 Empty containers Incinerated ash
Building sludge (generated

when water is drained)

Debris temporary storage facility

and storage facility

7

Equipment and materials required for

construction work (steel plates, steel

pipes, etc.)

Storage tanks for contaminated

water

8 Vehicles and heavy machinery
Equipment for removing sludge

from decontamination equipment

9
Cesium adsorption vessel

temporary storage facility

10

11 Units 4 to 6 not studied

12

13

14

15

16

17

18

Not studied as it involves fuel debris handling

Not studied as it involves fuel debris handling

No underwater storage and underwater cutting

Same as waste from ordinary reactors

Equivalent 
to L2 waste 
in an 
ordinary 
reactor 
(includes 
L3)

Equivalen
t to L1
waste in 
an 
ordinary 
reactor 
(includes 
L2)

Equivalent to 
L2-L3 waste in 
an ordinary 
reactor 

<Targeted information: 1. Dismantled waste, rubbles and etc.>

(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Information acquisition

Information on the PCV, turbine and the reactor building concrete, etc. 

is not studied because they are estimated to be dismantled in the air.  

V Information on the waste that includes the reactor pressure vessel and the 

DSP slot plug concrete generating during duel debris retrieval is clarified. 

V Rubbles are not studied because the radiation level is low. 

Waste items circled in 

red are studied. 
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 Secondary waste generated from contaminated water treatment

S9.1  Adsorption vessel 

(KURION, SARRY)

S9.2 Adsorption vessel 

(Mobile Sr removal equipment)

S10.1 Multi-nuclide removal

system  (slurry)

S10.2 Multi-nuclide removal

system  (adsorbent)

S10.3 Multi-nuclide removal

system  (treatment column)

S11 Sludge from

decontamination equipment
S12 Filter

S13 Slurry discharged from

the evaporative concentration

apparatus

N4 Other water treatment

facilities

1 KURION
Mobile strontium removal

equipment (KMPS)
Carbonate slurry

Silico-titanate series adsorbent

(FST, Sr-treat)

Chelate resin series

adsorbent: ferric hydroxide

(Ly-RT)

Sludge from the

decontamination system
High performance ALPS

Slurry discharged from the

evaporative concentration

apparatus

High performance ALPS

2 Surfactant modified zeolite (SMZ) Silico-titanate (ISM) Iron coprecipitation slurry

Activated charcoal series

adsorbent (GAC, AGC,

Kuraray coal)

Barrier filter (Made of

polypropylene)
Silico-titanate (HS -726, FST)

3 Hershelite (H, EH)
Second mobile strontium

removal equipment

Polymer series adsorbent:

Cerium hydroxide (ReadE2,

Read-B)

Cs filter (made of nylon resin)
Activated charcoal series

adsorbent (K-MAC)

4 Silver impregnated hershelite (AGH)

Silico-titanate (IE-911, FST)

(For cleaning the drainage

canal)

Polymer series adsorbent:

Iminodiacetic acid chelate

resin (IRC748i)

Sr filter (made of nylon resin)

Polymer series adsorbent:

(CRB05, CN4000, READ-B,

WA30)

5 Cobalt ferrocyanide hershelite (KH)
Silico-titanate (FST) (Cleaning

of tanks)

Polymer series adsorbent:

Ferric hydroxide series

adsorbent (CN4000)

RO concentrated water

treatment facility

Zeolite series adsorbent (AgZ,

KW-500G-7)

6 Silico-titanate (TSG)

Chelate resin series

adsorbent: ferric hydroxide

(Ly-RT)

Barrier filter (Made of

polypropylene)

RO concentrated water

treatment facility

7 Filter sand (silica sand)
Zeolite series adsorbent: Silver

zeolite (AgZ)
Mobile Sr removal equipment Silico-titanate (HS -72)

8 SARRY Titanium oxide (GX194)
SS filter (Made of

polypropylene)
Sub-drain cleaning equipment

9 Chabazite (IE-96) Cobalt ferrocyanide (Cs-treat)
Ultra filter (made of

polyethersulfone)
Zeolite series (A51-JHP)

10 Silico-titanate (IE -911) Sub-drain cleaning equipment Silico-titanate (HS -726)

11
Silico-titanate (EN -101, HS -726,

ET-501)

Barrier filter (Made of

polypropylene)

Activated charcoal series (K-

MAC)

12
Filtration sand + zeolite series:

Clinoptilolite
Cs filter (made of nylon resin) Polymer series (READ-B)

13
Filtration sand + activated charcoal

series: Anthracite
Sr filter (made of nylon resin) Mobile treatment apparatus

14 SARRY-2
Silico-titanate (IE -901)(Cleaning

of SFP)

15
Filtration sand + activated charcoal

series: Anthracite

Silico-titanate (IE -901)

(Cleaning of trenches)

16 Silico-titanate (ET -501)
Zeolite series (ET201) Cleaning

of trenches)

17
High-performance ALPS

verification test apparatus

18 Silico-titanate (HS -716)

19 Polymer series (CRB05, WA30)

20 Zeolite series (AgZ)

21
Ferric hydroxide series

adsorbent (As-CATCH2)

22 Other

Zeolite sandbag (zeolite)

Zeolite sandbag (activated

carbon sandbag)

 Other waste

S16.1 Waste from before the

earthquake disaster (Solid waste

storage facility, etc.)

S16.2 Waste from before the

earthquake disaster (on-site

bunker, fuel pool, etc.)

X1 Spent fuel X2 Debris
X3 Substances affecting the

environment (segregated)

1 Waste from operation

Granulated solidified

substances (Concentrated

liquid waste pellets

manufactured by Hitachi)

Spent fuel Debris PCB

2

Waste from operation (non-

conformance to standards or

properties unknown)

Granulated solidified

substances (Concentrated

liquid waste pellets

manufactured by Toshiba)

Nuclear fuel (in-service) Debris (components mixed)
Removed metal (lead,

aluminum, etc.)

3

Granulated solidified

substances (Waste resin

pellets manufactured by

Toshiba)

Nuclear fuel (before being used)Debris (components adhered)
Substances containing

asbestos

4 Waste resin stored in tanks Damaged fuel Substances containing lead

5 Waste sludge stored in tanks

6 Liquid waste stored in tanks
Spent fuel, debris (fuel debris)

is not studied

7 Control rods

8 Channel box
No underwater storage and

underwater cutting

9 Fuel support

10 Neutron detector
Same as waste from ordinary

reactors

11 Spent fuel pool

12 Channel box

13 Poison curtain

14 Other

15

<Targeted information: 2. Secondary waste generated from water treatment and other waste>

(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Information acquisition

Waste items circled in 

read are studied. 

V Information on secondary waste  generated from water treatment is selected and clarified. 
V Wastes generated before the Great East Japan Earthquake are classified as Level 1 waste that 

are equivalent to waste generated from the normal reactor.
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The information of selected items is clarified as below. 

üProperties

Information to be used for studying evaluation model. 

V Material (metal or concrete or resin, etc.) 

V Shape (block-like or porous or particles less than several mm-

diameter)

üStorage conditions

Information on the storage container (anticipated container) and 

water content required for evaluation

V Volume of the storage container (estimated) [m3]

V Volume of stored waste (estimated) t]

V Amount of stored radioactivity per nuclides [Bq]

(calculated from concentration of radioactivity defined from the 

advanced inventory estimation and amount of stored radioactivity)

V Amount of sored water content (estimated) [L]

(setting estimated from water content rate, possibility of dry 

treatment, pre-treatment and etc.)

[1] Final report of Subsidy Project of Decommissioning and Contaminated Water Management in FY  2016 Supplementary 

Budget, Advanced Fundamental Technology for Retrieval of Fuel Debris and Reactor Internals

[2] Estimation setting of the storage container based on the information related to secondary waste generated from water 

treatment  

<Information items for high dose waste1>

Fig.1: Storage container for waste 

(illustration)  

Approx. 2m

Approx. 2m

Approx. 

1.5 m

Vent

(for dismantled waste) [1]

(for secondary waste generated from 

water treatment) [2]

(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Information acquisition

Vent
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<Information items for high dose waste2>

Estimation of storage method for dismantled waste ü Storage condition of the storage container

A container model was created considering the shape of waste to be 

generated during fuel debris retrieval in FY2020 and the amount of 

hydrogen generation was evaluated. In FY2021, the following 

estimated items are studied to store in the container.

V Metal waste including the reactor pressure vessel, etc. 

A detailed cutting method is not studied as demolition methods are 

different depending on the installation situation. The waste is cut to fit 

the size of the storage container under water by remote-operation and 

block-like wastes are assumed to be stored in the storage container

The concrete waste is cut to fit and store the container by using a wired 

saw. Water is assumed to exist in the container as below.

Adjacent to contaminated water and water impregnates in the 

concrete void. (The concrete voids is assumed to be less than 10%. In this case, the void 

is conservatively set as 10%.)

Water adhered to the surface when lifting from water after cutting 

under water.  (The conservative estimation of water thickness is 2mm of the whole 

surface although water is not evenly adhered the whole surface.) 

Water using when producing concrete is not considered Assuming that 

water-cement ratio is around 50. Free water may possibly remain right after concrete 

production, however remaining water can be ignored as free water is assumed to evaporate 

after time has passed.

ü Storage volume, voids and water content of waste 

The following conditions are set for the waste.

Fig.1: Conceptual image of storage case for the container used for 

estimating the amount of hydrogen generation in FY2020

Fig. 2: Handling flow of large waste studied in FY2020

i. Storage ratio is set based on track records 

of JPDR demolitions [1])

Metal waste: 20vol% (conservative setting 

rather than the record) 

Concrete waste: 50vol%

ii. Storage volume of waste is set based on 

volume inside the container and its 

proportion.

iii. Water volume generated from the waste is 

set based on the open literatures. 

It is assumed that waste is cut and stored to fit 

the size of the storage container. 

*: The internal volume is set assuming that thickness of the shield is 60mm. (Inner 

dimensions: 1.3m 1.3m 0.88m=1.5m3

(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Information acquisition

[1]

V Concrete waste to be generated during collecting fuel debris

Kunio Shiraishi, Takenori Sukekawa and Satoshi Yanagihara, (Japan Atomic Energy Research Institute)ñ, Dismantled Waste 

Data Analysis of the Japan Power Demonstration Reactor (JPDR) (Commissioned Research),ò JAERI-Data/Code 99-050.

Can be handled 

with the current 

collection, transfer 

and storage flow for 

removed wastes

Proposal 1: Packaging in dedicated 
containers and transporting

Proposal 2: Cutting the waste to a size that 
can fit in the storage container

Proposal 3: Cutting the waste to a size that 
can fit in the retrieval container

Å Large dedicated containers are needed
Å Handling of removed wastes
Å Concepts pertaining to the safety 

functions at the time of directly 
packaging waste in dedicated 
containers (dose, contamination, 
amount of hydrogen generation)

Å Cutting of removed wastes (method 
and location)

Å Handling of removed wastes
Å Concepts pertaining to the safety 

functions at the time of directly 
packaging waste in storage containers 
(dose, contamination, amount of 
hydrogen generation)

ÅCutting of removed wastes 
(method and location)

Assumed issues

V Handling at the storage vault needs to be studied
V Detailed studies shall be carried out as needed in accordance with the 

progress of the studies on retrieval methods

<Image of the storage container>

Vent

Inner container

7 pieces

200 liter drum

1m3 steel container

3m3 steel 
container 

Metal

Concrete

Flexible 
container

Filling factor (%)
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<Information items for high dose waste3>

Assuming a storage method of secondary waste generated from the water treatment 

Approx. 2m

Approx. 2m

Approx.

1.5m

Vent Material: SS400

Inner surface: Polyethylene lining 

Outer surface: Resin coating

Capacity: Approx. 5.1m3

ü Storage condition of the storage container

Secondary waste generated from water treatment is assumed to be 

stored based on results studied by Tokyo Electric Power Company 

(TEPCO) Holdings, Inc. as below. 

V Slurry (carbonate and iron co-precipitation):

After the filter press dehydration treatment, slurry is assumed to be 

stored in the storage container described in the left figure.  

V Waste adsorbent:  

It is assumed that the waste is removed from HIC and stored in the 

storage container described in the left figure. Adsorbent is dehydrated 

through dehydration equipment during storage in HIC therefore, 

additional dehydration is not performed during replacement.    

A filter press dehydrates slurry 

for dehydration. 

ü Storage volume, voids and water content of waste 

The following conditions are set for the waste.

Volume inside the container

*: Assuming that thickness of the shield is 50mm, inner volume is set. 

(Inner diameters: 1.9m 1.9m 1.4m=5.1m3)

i. Storage ratio:

Slurry: 80vol.% (based on the result studied by TEPCO HD.) 

Waste adsorbent: 80vol.% (regarded as same as slurry

because of insufficient information)

ii. Voids

Setting by inner volume of the container and storage volume of 

waste

iii. Water content

Slurry: 60vol.% (based on the result studied by TEPCO HD.) 

Waste adsorbent:  50wt. %

(based on properties of long-term storage spent resin of JPDR[3])
[1] Assuming of the storage container based on the information related to secondary waste 

generated by water treatment.

[2] The figure was created by reference to information provided by TEPCO HD. 

[3] Kato, etc. ñ Disposal of spent ion replaced resin during long-term storage in JPDR and 

their investigation of the physical property,ò Journal of Atomic Energy Society of Japan, vol.22, 

No.6 pp.386 -391(1980)

(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Information acquisition

Fig.1: Waste storage container 

(assumed) (Secondary waste 

generated from the water treatment 1

Fig. 2: Treatment process of secondary waste for water treatment (slurry) 
2
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üConventional evaluation

VWhen evaluating hydrogen generation from high dose waste caused by accidental contamination, Cs-137 is regarded 

as a target nuclide (evaluation for FY2020). Ҝ Other nuclides except Cs-137 are not regarded not to contribute 

contamination. 

VAccording to analysis results of heat value of fuel debris (fuel component and fuel cladding tubes), heating values 

(energy) of ɓ-, ɔ- and Ŭ-rays can be evaluated (evaluation for FY2020) .Ҝ The heat value of fuel debris cannot be 

used to evaluate high dose waste because there are differences in heat values (energy) of contamination between 

accidental contamination adding to dismantled waste and secondary waste generated from water treatment.  

üConcepts of the evaluation

VHydrogen generation of high dose waste is evaluated considering

nuclides except Cs-137 contributing to heat generation.

VNuclides for evaluation of hydrogen generation are selected based on evaluation results of heat value of fuel debris. 

VThe concentration of selected nuclides is evaluated from radioactivity concentration data for each waste.

ҜNuclides that are used for evaluation are selected from both of the aspects of heat generation (absorption energy) and 

radioactivity concentration of waste. The heat generation rate for ɓ-, ɔ- and Ŭ-rays is set.  

a. According to evaluation results of fuel heat value evaluated by the Japan Atomic Energy Agency (JAEA) [1], 

nuclides that contributes to hydrogen generation (absorption energy is large) are selected. 

b. According to 10-year-attenuation radiation concentration data that is back data of inventory estimation results[2] for 

each waste (waste generated from demolition, fuel collection and water treatment) evaluated by JAEA and the 

Central Research Institute of Electric Power Industry (CRIEPI), high-level radioactive nuclides are selected.

c. Nuclides that are attributed to evaluation on hydrogen generation from the aspect of (a) the heat generation rate 

and (b) concentration of radioactivity are covered and then the heat generation rate of ɓ-, ɔ- and Ŭ-rays are set 

based on multiplication of concentration and decay energy.
[Supplement]

With regard to target dismantled waste (metal and concrete), when evaluating hydrogen generation caused by nuclides that are not accidental and 

activated-/-secondary contamination nuclides, Co-60 must be added in evaluation target nuclides in accordance with ñRequirementsfor the marginal depth 

disposal waste and its inspection method: 2015ò(AESJ-SC-F014:2015).

[1] JAEA-Data/Code 2012-018, Evaluation on fuel composition for Fukushima Daiichi Nuclear Power Station, https://jopss.jaea.go.jp/search/servlet/search?5036485

[2] Daisuke Sugiyama, Ryo Nakabayashi, Shingo Tanaka, Yoshikazu Koma & Youko Takahatake (2021) Stochastic estimation of radionuclide composition in wastes 

generated at Fukushima Daiichi nuclear power station using Bayesian inference, Journal of Nuclear Science and Technology, 58:4, 493-506,

(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Information acquisition

<Information items for high dose waste4-1>

Nuclides required to evaluate hydrogen generation

Current data is used to evaluate wide 

variety of nuclides. 
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ü From the aspect of the heat generation rate 

Aging variation of the heat generation rate of the Unit 3  

reactor core fuel at the Fukushima Daiichi Nuclear Power 

Station (NPS) evaluated by JAEA[1] describes in the 

figure classified by a) Radiated material, b) Actinides and 

c) Fission products.  

The contribution to the whole heat generation rate (refer 

to the right figure and table) is shown Fission products > 

Actinides > Radiated material in an early stage. 

Compared with Actinides that has longer half-life time, 

the heat generation rate of the fission product decreases 

and it becomes Actinides > Fission product > Radiated 

material 50-100 years later. 

Among the nuclides that have passed 10-50 years, major 

nuclides (top five nuclides) that generates a large amount 

of heat were evaluated from the data of fuel compositions 

as below. 

Radiated materials: Sb-125,Te-125m,Co-60,Ni-63,Fe-55

Actinides: Pu-238,Am-241,Cm-244,Pu-240,Pu-239

Fission products: Y-90,Ba-137m,Cs-137,Sr-90,Cs-134

[1] JAEA-Data/Code 2012-018 ñEvaluation on fuel composition for Fukushima Daiichi NPSò https://jopss.jaea.go.jp/search/servlet/search?5036485

Fig.1: Aging variation of the heat generation rate of the Unit 3 

reactor core fuel  at Fukushima Daiichi NPS

Heat generation rate W/core

Time period 10-year 20-year 50-year

Radiated 

material 1.10E+01 1.01E+00 4.16E-02

Actinides 1.31E+04 1.42E+04 1.47E+04

Fission product 5.37E+04 3.95E+04 1.91E+04

Ź

Heat generation rate W/g

Time period 10-year 20-year 50-year

Radiated 

material 8.78E-08 8.01E-09 3.31E-10

Actinides 1.04E-04 1.13E-04 1.17E-04

Fission product 4.27E-04 3.14E-04 1.52E-04

<Information items for high dose waste4-2>

Nuclides required to evaluate hydrogen generation

(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Information acquisition

Radiated material

Actinides

Fission product

G
e
n
e
ra

tio
n
 a

m
o
u
n
t ra

te
 (W

/c
o
re

)

Time period (year)
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ü Nuclides of dismantled waste
In reference to back data of the inventory estimation results estimated by 

JAEA/ CRIEPI[1], the concentration of radioactive nuclides which half-life 

period have passed 10 years  is accumulated and target nuclides for 

estimation are  the ones that the accumulated concentration is up to 99%.

<Information items for high dose waste 4-3>

Nuclides required to evaluate hydrogen generation

(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Information acquisition

Table 3 Nuclides selected from the secondary waste generated from water treatment

ᶋ KURION SARRY
AREVA

ІжАЅ

ת▒

Іжз˔

Ặ

Іжз˔
ỴЉϷжϱЕ

Cs-137 Cs-137 Sr-90 Sr-90 Sr-90 H-3

Sr-90 Sr-90 Cs-137 Sr-90

Cs-134 Cs-134

Pu-241 Pu-241 Pu-241 Pu-241 Pu-241 Pu-241

Pu-238 Pu-238 Pu-238 Pu-238 Pu-238 Pu-238

Cm-244 Cm-244 Cm-244 Cm-244 Cm-244 Cm-244

Pu-240 Pu-240 Pu-240 Pu-240 Pu-240 Pu-240

ᶋ
ἶЎЌр▒ת

ὉẊ ∙

ТϴкЄϯр

ᴟЀНиЕ

ϱЛЬЅ ▒

ἷϺй˔Е

♦

▒ᴟЎЌр ▒ᴟ

H-3 H-3 H-3 H-3 H-3

Sr-90

Pu-241 Pu-241 Pu-241 Pu-241 Pu-241

Pu-238 Pu-238 Pu-238 Pu-238 Pu-238

Cm-244 Cm-244 Cm-244 Cm-244 Cm-244

Pu-240 Pu-240 Pu-240 Pu-240 Pu-240

ѝʺў

ќ

ѝʺў

ќ

ü Nuclides required to evaluate hydrogen generation (plan) 

Black letter: Nuclides selected based on the heat generation evaluation of fuel compositions

Blue letter: Nuclides added the above

Radiated material Sb-125,Te-125m,Co-60,Ni-63,Fe-55,H-3,Eu-154,Eu-155

Actinides Pu-238,Am-241,Cm-244,Pu-240,Pu-239,Pu-241

Fission products Y-90,Ba-137m,Cs-137,Sr-90,Cs-134, Pm-147

[1] Daisuke Sugiyama, Ryo Nakabayashi, Shingo Tanaka, 

Yoshikazu Koma & Youko Takahatake (2021) Stochastic 

estimation of radionuclide composition in wastes generated at 

Fukushima Daiichi nuclear power station using Bayesian 

inference, Journal of Nuclear Science and Technology, 58:4, 

493-506,

ü Nuclides of secondary waste generated from water 

treatment

Major nuclides that are collected from water treatment of 

each slurry and sludge are clarified. 

ӡ ᶋ ӡ%

1 Cs-137 ѝʺў 39.21%

2 Pu-241 ќ 65.00%

3 Sr-90 ѝ 88.76%

4 Pm-147 ѝ 94.09%

5 Cs-134 ѝʺў 95.73%

6 Pu-238 ќ 96.57%

7 Eu-154 ѝʺў 97.40%

8 Sb-125 ѝʺў 97.91%

9 Cm-244 ќ 98.30%

10 Co-60 ѝʺў 98.56%

11 Eu-155 ѝʺў 98.79%

12 Pu-240 ќ 98.98%

13 Fe-55 ѝʺў 99.17%

ӡ ᶋ ӡ%

1 Cs-137 ѝʺў 52.37%

2 Pu-241 ќ 72.73%

3 Sr-90 ѝ 89.67%

4 Pm-147 ѝ 94.14%

5 Cs-134 ѝʺў 96.30%

6 Pu-238 ќ 97.00%

7 Sb-125 ѝʺў 97.68%

8 Eu-154 ѝʺў 98.30%

9 Cm-244 ќ 98.62%

10 Co-60 ѝʺў 98.84%

11 Eu-155 ѝʺў 99.01%

Table 1 Nuclides from the reactor internal structures 

(equivalent to L2)

<Assumed to be the same as the pressure vessel 

studied>

Table 2 Nuclides from the containment vessel concrete (equivalent 

to L2)

<Assumed to be the same as the concrete studied>

Cumulative 

concentration

Cumulative 

concentrationNo. Nuclide
Nuclide

Type of 
radiation No. Nuclide

Type of 
radiation

AREVA 

sludge

Carbonate 

slurry

Iron co-
precipitation 

slurry

Silver 

zeolite

Nuclide
Silico-titanate 

series 

adsorbent

Cobalt 

ferrocyanide

Iminodiacetic 

acid chelate 

resin

Titanium 

oxide

Ferric 

hydroxide
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<Information acquisition of high dose waste (investigation method)> 

[Bq/t]

[m3] [vol%] [m3]
[t]

[Bq] [m3] [L]

DSP

PCV

RPV

RPV β

(SMZ)

(H,EH)

(AGH)

(KH)

(TSG)

Selected from list of the 

waste list that was 

integrated from R&D results 

(the waste stream)

Information on study 

of evaluation model

Analysis results or the inventory 

estimation results evaluated by 

JAEA and CRIEPI

Estimation of storage 

conditions, storage volume, 

void rate, water content 

rate and etc. 

(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Information acquisition
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Ỹ Ỹ Ỹ ל∙ Ἱ ᾝ∕ Ḛ ˢὓᵊˣ Ḛ ˢ ˣ Ḛ Ṁ▫ ˢ ˣ
Ṁ

ˢ ˣ[m3]

ṏ

[vol%]

ṏ

[m3]

ṏ

[t]

בּ

[Bq]

Ἃ

[m3] [L]

ᵔ ṏ S1 ӊ Ṁ   ӊ Ṁ Ỳ ᵖ ˵ 20 0.3 2.34 1.2 20

  ṓ᷃ Ṁ Ỳ ᵖ ˵ 20 0.3 2.34 1.2 20

  ṓ Ṁ Ỳ ᵖ ˵ 20 0.3 2.34 1.2 20

ᵔ ṏ S14 ДУзᵕ ṏ DSPІкАЕФжϽЀрϼз˔Е Ѐрϼз˔Е Ῡ 1.27E+14 ˵ 50 0.74 1.8 0.74 88
ᶊ Ṁ ṏ ˢЀрϼз˔ЕˣˢⱧᾮ L2 + ױ ˣχ10 ῇᾚ בּ Ϭ

2.4ρΰʺ Ἃ 10% οτ , ̘1.2m˷0.8m‰̺6.8m2 τ2mmῡχ ( 14L)Υ ρᴠ

ᴛ∙ Ỳ Ῡ ˵ 50 0.74 1.8 1.2 20

PCVХАЖ Ỳ ᵖ ˵ 20 0.3 2.34 1.2 20

Є˔иЖФжϽЀрϼз˔Е Ѐрϼз˔Е Ῡ 1.27E+14 ˵ 50 0.74 1.8 0.74 88 DSPІкАЕФжϽЀрϼз˔Еρ ԁ

RPVХАЖ Ỳ ᵖ ˵ 20 0.3 2.34 1.2 20

RPVᴞỐ̞ Ỳ ᵖ ˵ 20 0.3 2.34 1.2 20

ДУз︡ ΰḩἰṐṀ Ỳ ᵖ ˵(₈ῇ ) ˵ 20 0.3 2.34 1.2 20

ⱳ ṏ S9.1 Ẋ ˢKURION,SARRYˣKURION ᵦ ᶨ −ᵠלЉϷжϱЕ(SMZ) Ὣ ( mmἺ)

М˔ЄвжϱЕ(H,EH) Ὣ ( mmἺ)

Ỵḯ М˔ЄвжϱЕ(AGH) Ὣ ( mmἺ)

ТϴкЄϯрᴟЀНиЕМ˔ЄвжϱЕ(KH) Ὣ ( mmἺ)

ἶЎЌр▒ת(TSG) Ὣ ( mmἺ)

ϧᵃ₳( ₳ˣ ἶ₳ʾᶨ ( mmἺ)

SARRY ЎаНЂϱЕ(IE-96) Ὣ ( mmἺ)

ἶЎЌр▒ת(IE-911) Ὣ ( mmἺ)

ἶЎЌр▒ת(EN-101,HS-726,ET-501)Ὣ ( mmἺ)

ϧᵃ₳+ЉϷжϱЕὉ:ϼзЛФЎкжϱЕ Ὣ ( mmἺ)

ϧᵃ₳+ᶨ Ὁ:ϯрІжЂϱЕ ἶ₳ʾᶨ ( mmἺ)

SARRY-2 ϧᵃ₳+ᶨ Ὁ:ϯрІжЂϱЕ ἶ₳ʾᶨ ( mmἺ) σΰ σΰ

ἶЎЌр▒ת(ET-501) Ὣ ( mmἺ) σΰ σΰ

S9.2 Ẋ ˢЯНϱиSr Ạ ˣЯНϱиἷІЕкрЎϳЭ Ạ (KMPS)ἶЎЌр▒ת(ISM) Ὣ ( mmἺ) σΰ Ẋ Ḛ σΰ σΰ Ḋῇ ϤϬΰο Ḛ

2ЯНϱиἷІЕкрЎϳЭ Ạ ἶЎЌр▒ת(IE-911,FST)( ᴟ)Ὣ ( mmἺ) σΰ Ẋ Ḛ σΰ σΰ SARRYχם Ϭṁτ

ἶЎЌр▒ת(FST)(Ќрϼ ᴟ) Ὣ ( mmἺ) σΰ Ẋ Ḛ σΰ σΰ

S10.1 ᶋ Ạ ˢІжз˔ˣ ˔Іжзת▒ ת▒ ( mmἺ) 7.72E+11 HIC Ḛ ТϰиЌ˔ФйІ ˵

Ặ Іжз˔ ▒ᴟ ( mmἺ) 7.88E+12 HIC Ḛ ТϰиЌ˔ФйІ ˵

S10.2 ᶋ Ạ ˢẊ ∙ˣ ἶЎЌр▒תὉẊ ∙(FST,Sr-treat)Ὣ ( mmἺ) 5.53E+10 HIC Ḛ

ᶨ ὉὉẊ ∙(GAC,AGC,ϼжйЀ˔и)ᶨ ( mmἺ) 4.81E+10 HIC Ḛ

‰ ◓ὉὉẊ ∙: ▒ᴟЈзϳЭ(ReadE2,Read-B)♦ ( mmἺ) σΰ HIC Ḛ

‰ ◓ὉὉẊ ∙:ϱЛЬЅ ▒ἷϺй˔Е ♦(IRC748i)♦ ( mmἺ) 2.30E+10 HIC Ḛ

‰ ◓ὉὉẊ ∙: ▒ᴟ ὉẊ ∙(CN4000)♦ ( mmἺ) σΰ HIC Ḛ

Ϻй˔Е ♦ὉẊ ∙: ▒ᴟ (Ly-RT)♦ ( mmἺ) 1.26E+11 HIC Ḛ

ЉϷжϱЕὉὉẊ ∙:ỴЉϷжϱЕ(AgZ Ὣx ( mmἺ) 4.81E+10 HIC Ḛ

▒ᴟЎЌр(GX194) Ὣ ( mmἺ) 4.70E+10 HIC Ḛ

ТϴкЄϯрᴟЀНиЕ(Cs-treat) Ὣ ( mmἺ) 4.65E+10 HIC Ḛ

S10.3 ᶋ Ạ ˢ ϸжЭˣ Ϻй˔Е ♦ὉẊ ∙: ▒ᴟ (Ly-RT)♦ ( mmἺ) 1.26E+11 HIC Ḛ

S11 ІжАЅ ІжАЅ ▒НзϳЭ ( mmἺ) 8.17E+12 D ק ˵ ˢḯ 60̋) ALPSІжз˔ρ ρ

S12 ТϰиЌ ‰ ALPS ϧᵃТϰиЌˢЪзФкСйр ˣ ♦ Ῡ

CsТϰиЌ(Зϱкр ♦ ) ♦ Ῡ

SrТϰиЌ(Зϱкр ♦ ) ♦ Ῡ

RO ϧᵃТϰиЌˢЪзФкСйр ˣ ♦ Ῡ

ЯНϱиἷSr Ạ SSТϰиЌ(ЪзФкСйр ) ♦ Ῡ

ϳиЕжТϰиЌ(Ъзϵ˔ГиЂиТ϶р ) ♦ Ῡ

ЂУЖйр ᴟ ϧᵃТϰиЌˢЪзФкСйр ˣ ♦ Ῡ

CsТϰиЌ(Зϱкр ♦ ) ♦ Ῡ

SrТϰиЌ(Зϱкр ♦ ) ♦ Ῡ

S13 Іжз˔ Іжз˔ ת▒ ( mmἺ) σΰ

ᴅ ΦЌрϼ

ˢЦрЕḚ

Φˣ

σΰ
ᾝ“χЌрϼ

(ЦрЕḚΚϤ)χϘϘ

N4ʹζχ ‰ ALPS ἶЎЌр▒ת(HS-726,FST) Ὣ ( mmἺ) σΰ HIC Ḛ

ᶨ ὉὉẊ ∙(K-MAC) ᶨ ( mmἺ) σΰ HIC Ḛ

‰ ◓ὉὉẊ ∙(CRB05,CN4000,READ-B,WA30)♦ ( mmἺ) σΰ HIC Ḛ

ЉϷжϱЕὉẊ ∙(AgZ,KW-500G-7)Ὣ ( mmἺ) σΰ HIC Ḛ

RO ἶЎЌр▒ת(HS-72) Ὣ ( mmἺ) σΰ Ẋ Ḛ σΰ σΰ

ЂУЖйр ᴟ ЉϷжϱЕὉ(A51-JHP) Ὣ ( mmἺ) σΰ Ẋ Ḛ σΰ σΰ

ἶЎЌр▒ת(HS-726) Ὣ ( mmἺ) σΰ Ẋ Ḛ σΰ σΰ

ᶨ Ὁ(K-MAC) ᶨ ( mmἺ) σΰ Ẋ Ḛ σΰ σΰ

‰ ◓Ὁ(READ-B) ♦ ( mmἺ) σΰ Ẋ Ḛ σΰ σΰ

ЯНϱи꜠ ἶЎЌр▒ת(IE-901)(SFP ᴟ) Ὣ ( mmἺ) σΰ Ẋ Ḛ σΰ σΰ ᾝ∕ʺẈ♁

ἶЎЌр▒ת(IE-901)(ЕйрЎ ᴟ)Ὣ ( mmἺ) σΰ Ẋ Ḛ σΰ σΰ

ЉϷжϱЕὉ(ET201)(ЕйрЎ ᴟ) Ὣ ( mmἺ) σΰ Ẋ Ḛ σΰ σΰ

‰ ALPSᾁ ♯ᾓ ἶЎЌр▒ת(HS-716) Ὣ ( mmἺ) σΰ Ẋ Ḛ σΰ σΰ

‰ ◓Ὁ(CRB05,WA30) ♦ ( mmἺ) σΰ Ẋ Ḛ σΰ σΰ

ЉϷжϱЕὉ(AgZ) Ὣ ( mmἺ) σΰ Ẋ Ḛ σΰ σΰ

▒ᴟ ὉẊ ∙(As-CATCH2) Ὣ ( mmἺ) σΰ Ẋ Ḛ σΰ σΰ

ζχ ˁ σΰ σΰ σΰ σΰ

ЉϷжϱЕ (ЉϷжϱЕ) Ὣ ( mmἺ) σΰ ᵕ σΰ σΰ

ЉϷжϱЕ (ᶨ ) Ὣ ( mmἺ) σΰ ᵕ σΰ σΰ

Ṁ ʺ χΤή ϢϤ

בּ *(ϱр

ЦрЕз ▄‰ ᴟ)

10 ᾚ[Bq/t]

ṏ Ỹ Ḛ ệṏ Ḛ Ṁ ệˢ ˣ

ṏ

9.10E+13

9.10E+13

ӊ Ṁ ṏ ˢⱧᾮ L2 + ױ ˣχ10 ῇᾚ בּ Ϭ

7.8ρΰʺL1 ṏ 2.9t Ⱳχ ʿ 4¤20kgΤϣ20kgˢᶘᵓ ╥ ˣ

ӊ Ṁρ ԁ

ӊ Ṁρ ԁ

―

ˢ ₢Ấ ˣ

ᵰ 1.42m˷1.42m˷1mh

ṏ Ḛ Ṁ

ˢЦрЕ Φˣ

ᵰ 1.42m˷1.42m˷1mh

ṏ Ḛ Ṁ

ˢЦрЕ Φˣ

9.10E+13
1.4872

( 1.5)

1.4872

( 1.5)

σΰ

Ẋ Ḛ(ЦрЕ

ῩΚϤ)χϘϘ

1.27E+13

2.11E+13

σΰ

4.8 ˔ ˔

σΰ

Ẋ Ḛ

ˢ ᴥּל Κ

Ϥˣ

Ẋ Ḛ

(ЦрЕῩΚϤ)

Ѐрϼз˔ЕϘ

θψỲ χ

Ḛ ṀˢЦрЕ

ῩΚϤˣτ

ΰο᷂ ϵзϯ

π Ḛ

Ẋ Ḛ

(ЦрЕῩΚϤ)

Ẋ Ḛ

(ЦрЕῩΚϤ)χϘϘ

Ẋ Ḛ

(ЦрЕῩΚϤ)χϘϘ

ᾝ“χ Ḛ Ṁ

(ЦрЕῩΚϤ)χϘϘ

σΰ

σΰ

σΰ

σΰ

σΰ

1.2 ˢḯ 50̋)

ˢḯ 50̋)

ᵰ 2˷2˷1.5mh

ЦрЕТϰи Ḛ Ṁ

לּ) 5cmϬ ˣ

ᵰ 2˷2˷1.5mh

ЦрЕТϰи Ḛ Ṁ

2900

ˢḯ 50̋)

5.1 80
4.1

( )
1.0

5.8

ˢ ˣ
˔

6 80

ˢ ΰˣ Ḛ Ṁӱΰ Πῇχ Ḛψ ήϦοΜσΜ

ˢ ΰˣ Ḛ Ṁӱΰ Πῇχ Ḛψ ήϦοΜσΜ

<Information acquisition of high dose waste(investigation status)> 

(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Information acquisition

Compiled list of acquired information
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<Selection of waste required for hydrogen generation management during storage>

ü Selection of the following waste that could possibly generate hydrogen

V Dismantled waste that has to be stored and handled underwater, or cut underwater and water is 

likely to enter into the container.   

V Waste that has not been contained and stored in the container (except waste that has been stored in the 

container with vent) 

ü Selected waste and waste objects for evaluation
The following waste among the selected waste is evaluated. In case that  waste has different conditions 

in the same classification, waste is selected from the aspect of materials, the amount of radioactivity in 

the storage container and water content. 

(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Information acquisition

Waste classification required for hydrogen management

Waste objects for evaluation Reason for selection
Primary 

classification

Classification Type of waste

Dismantled 

waste 

Reactor pressure vessel 

(RPV)

RPV

Steam dryer 

Steam separator 

Metal waste including RPV, etc. Metal waste contamination is derived from the 

accident, radiated from base material, and secondary 

contamination (equivalent to L2 waste before the 

accident). 

Waste  generated during 

fuel debris retrieval

DSP slot plug concrete

Heat insulating material

PCV/RPV heads, etc.  

Concrete waste including DSP 

slot plug concrete, etc. 

Concrete waste (equivalent to L2 waste before the 

accident and assuming that contaminated waste is 

derived from the accident,) and it has possibly high-

water content.

Secondary waste 

generated from 

water treatment

Mobile Sr. removal 

equipment (adsorption 

tower)

Silicate titanium salt (No information on concentration of radioactivity)  

Multi-nuclide removal 

equipment (slurry and 

adsorption tower, etc.)  

Carbonate slurry

Ion coprecipitation slurry, etc.  

Carbonate slurry generated 

from multi-nuclide removal 

equipment

High level of radioactivity among secondary waste 

generated from water treatment and the amount of 

generation is large. 

Other water treatment 

facility

High-performance ALPS, RO 

concentrated water treatment facility, etc. 

(silicate titanium salt, activated carbon 

and zeolite, etc.)

(The concentration is assumed to be lower than 

above although there is no information on the 

concentration of radioactivity.) 

Issues concerning hydrogen generation of secondary waste generated from water treatment during storage can be studied based on evaluation 

of multi-nuclide removal equipment and carbonate slurry. 

Table 1: Waste that is assumed to require hydrogen management and waste objects to evaluate hydrogen generation
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<Study of factors for hydrogen generation> 

Study on the following factors and the evaluation model effecting evaluation of hydrogen 

generation rate. 

V Type of radiation (G value) 

V Radioactivity inventory

V The amount of heat generation and energy absorption ratio

V Water content rate 

(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Information acquisition

Type of radiation (G value) 

Nuclides for evaluation are mainly radiated materials and fission products that emit ɓ- and ɔ-rays. On the 

other hand, Actinides are Ŭ-ray emitting nuclide. 

ɓ- and ɔ- rays are regarded as equivalent from the aspect of water radiolysis therefore, the common G 

value is used. Fuel debris is assumed based on the previous case reports and G value that was used for 

evaluation of mixing Ŭ- and ɔ- rays is used [1].

[1] Junichi Takagi and Seiji Yamamoto ñ Simulation study on hydrogen generation by the alpha radiolysis from the fuel debris particles ò 

Proceedings Symposium on Water Chemistry and Corrosion in Nuclear Power plants in Asia - 2017 (AWC 2017)

Table 1: G value to be used for evaluation



©International Research Institute for Nuclear Decommissioning34

(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Information acquisition

[1] Daisuke Sugiyama, Ryo Nakabayashi, Shingo Tanaka, Yoshikazu Koma & Youko Takahatake (2021) Stochastic estimation of radionuclide composition in wastes generated

at Fukushima Daiichi nuclear power station using Bayesian inference, Journal of Nuclear Science and Technology, 58:4, 493-506,

Fig.1: Example of the radioactivity inventory evaluation (concentration inside the 

carbonate slurry) [1]

<Impact parameter setting 1>

Radioactivity inventory

Radioactivity inventory (Bq)= Radioactivity per a unit weight (Bq/t) 

Waste weight (t) 

Radioactivity per a unit weight (Bq/t)

Concentration setting of 10-year-decayed radioactivity 

based on a maximum concentration of each waste 

(demolition, debris collection and water treatment) 

according to the result of the inventory evaluated by 

Japan Atomic Energy Agency (JAEA) and Central 

Research Institute of Electric Power Industry (CRIEPI) [1].

Waste weight  (t) 

Volume inside the container (m3) Filling rate ( )

Waste density (t/m3)

Mass setting for each waste is as below.  

Reactor Pressure Vessel (metal waste) : Weight 2.34 ton*

Waste generating during fuel debris retrieval (concrete)

: Weight 1.8 ton **

Secondary waste generated from water treatment 

: Weight 2.65 ton ***

* Setting of volume inside the container 1.5m3 Filling rate 20vol% Density7.8 /m3 2.34 ton
** Setting of volume inside the container 1.5m3 Filling rate 50vol% Density 2.4 /m3 1.8  ton
*** Setting of volume inside the container 5.1m3 Filling rate 80vol%=Waste volume 4.1m3

4.1m3 Density 1.616 /m3 0.4 2.65 ton

0.4 100wt -60wt %) ; Carbonate slurry with water content rate 60xt% by filter 

pressing is assumed.
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(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Information acquisition
<Impact parameter setting 2>

The amount of heat generation and the energy absorption ratio

The amount of heat generation (W) The amount of heat generation per radioactivity of unit nuclide 

(W/Bq) Radioactivity inventory (Bq

According to 1) the number of Bq per a nuclide (Bq/core) and 2) the amount of heat generation per a nuclide (W/core) reported 

in  ñFuel composition evaluation of the Fukushima Daiichi Nuclear Power Stationò (JAEA-Date/Code -018 by JAEA, the 

amount of heat generation per 1Bq of each nuclide (W/Bq) was calculated, and multiplying the calculation result gives by the 

radioactivity inventory described above. The calculation result of the amount of waste heat generation is given in the below table 1.

The inventory value is a maximum value of the evaluation. On the other hand, another evaluation using values of 95% tile and a 

mode value was also conducted as evaluation values of secondary waste generated from water treatment widely vary.  

Most of radiation energy is known to generate heat. Additionally, early composition products becomes water due to the binding

reaction therefore, some parts of the products contribute to decomposition. [1] Although there is no specific report case, 10% of the 

heat generation assumed to contribute to radiation decomposition for evaluation in this project. 

Type of waste The amount of heat generation 

[W]

ɓɔ nuclidesŬ nuclide

Reactor Pressure Vessel (metal waste) MAX 7.96 6.98

Waste generated from collecting fuel debris 

(concrete)

MAX 10.69 9.82

Secondary waste generated from water 

treatment 

MAX 31.2 25.2

(Reference)
95%ile

8.65 0.225

(Reference)
Mode

0.673 1.01E-4

Considering heat 

generated from Ŭ nuclide.

[1]Shinichi Ohno ñHydrogen generation by water radiolysisò,RADIOISOTOPES Vol.29,No.8,P.401 1980)

Table 1: Type of waste and the amount of heat generation
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(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Study of factors required for evaluation of hydrogen generation

<Impact parameter setting 3>

Water content rate (water volume inside the container)

Water in the container can be source of hydrogen generation. Water volume inside the container is set 

for evaluation in reference to the following setting. 

ü In case of dismantled waste

V Reactor Pressure Vessel (RPV) (metal waste): Water adhered on the surface

V Waste generating from collecting fuel debris (concrete): Free water (assuming that water is 

impregnated at all voids inside) and adhered water.

ü In case of secondary waste generated from water treatment

Secondary waste generated from water treatment (carbonate slurry): 60vol.% (according to the 

result of study by TEPCO HD.) 

ü Water content rate of each waste (water volume inside the container) is set as below. 

V RPV(metal waste) 20L*

V Waste generating from collecting fuel debris (concrete) 88L**

V Secondary waste generated from water treatment          :3980L***

*     Manufacturing requirements and inspection method for the marginal disposal waste in accordance with the Atomic Energy Society of

Japan standard AESJ-SC-F014:2015 : Setting as 20L (adhered water on the surface when storing the L1 waste: Approx. 4-20kg)

**   Setting as 88L that totals 10vol% (74L) of voids inside the container and 2mm-thickness in the whole surface of the inner wall surface 

(14L).  

*** Setting as filling rate 80vol% of the storage container and water content rate 60wt% of carbonate slurry by filter pressing. 

(Volume inside the container 5.1m3 Filling rate 80vol%= Waste volume 4.1m3 ,4.1m3 Density1.616 /m3 Water content rate 0.6

3980L
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<Hydrogen generation evaluation model>

Evaluation model for calculating hydrogen generation rate of high dose waste

In case of dismantled waste (metal and concrete waste)

Waste and water have existed respectively, which are relatively separated. Setting of water and gas volume (air) depends on 

volume of waste in the container. The water absorption rate of radiation energy generating from waste depends on type and state of 

radiation. 

In case of secondary waste generating from water treatment

Conditions are set of homogeneously existing fine particles including slurry and adsorbent, and water. Water volume is set from the 

water content rate depending on waste volume in the container. The water absorption rate of radiation energy generating from waste 

is set depending on type of radiation.  

(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Study on factors required for evaluation of hydrogen generation

Dismantled waste

Void m3

Waste m3Ҝ ton

( Convert Bq to W)

Water m3

Secondary waste generated from 

water treatment

Void 1m3

Filter (dehydration 

products) : 2.65 t

Water: Approx. 4t 

Total 

volume: 

Approx. 6m3
Total volume: Approx. 1.5 m3

(Convert Bq to W)

Fig.1: Conceptual image of the evaluation model for calculation of hydrogen generation rate  
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2) Evaluated by the linear model 

(1 mol of hydrogen is estimated to be equivalent to 22.4L.

When hydrogen generates at a constant speed, all amount of 

hydrogen transfers to the gas phase and concentration of 

hydrogen increases. 

<Evaluation result of hydrogen generation 1>

1) Evaluated by the radiolysis model

(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Evaluation on the amount of hydrogen generation
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Fig.1: Relationship between concentration and time of 

the gas phase hydrogen (evaluation by the radiolysis)

Fig.2: Relationship between concentration and time of the 

gas phase hydrogen (evaluation by the linear model) 

Waste generating from collecting fuel 

debris (concrete)

Waste generating from collecting fuel 

debris (concrete)

RPV (metal waste)

Secondary waste generated from water 

treatment

RPV (metal waste)

Secondary waste generated from water 

treatment (mode)

Secondary waste generated from water 

treatment 95%

Secondary waste generated from water 

treatment

Secondary waste generated from water 

treatment 95%
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<Evaluation result of hydrogen generation 2>

Table 1: Hydrogen generation rate evaluated by the linear model

(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Evaluation on the amount of hydrogen generation

Table 2: Concentration of equilibrium hydrogen evaluated by the radiolysis  

Waste Hydrogen generation 

rate (L/sec)

RPV (metal waste) 2.94E-6

Waste generating from collecting fuel debris 

(concrete)
4.08E-6

Secondary waste generated from water 

treatment (carbonate slurry) 

MAX 1.09E-5

95%ile 9.72E-7

Mode 7.04E-8

Waste Concentration of 

equilibrium hydrogen 

in the gas phase (%)

RPV(metal waste) 14.4

Waste generating from collecting fuel debris 

(concrete) 
15.1

Secondary waste generated from water 

treatment (carbonate slurry) 

MAX 12.3

95%ile 1.49

Mode 1.31

¸ Several digits variations are found in the 

inventory evaluation values of each 

nuclide. 

¸ There are large variations in hydrogen 

generation rate and equilibrium 

concentration depending on evaluation 

values. 

Fig.1: Concentration range of radioactive nuclides 

(example) [1]

[1] Daisuke Sugiyama, Ryo Nakabayashi, Shingo Tanaka, Yoshikazu Koma & Youko Takahatake (2021) Stochastic estimation of radionuclide composition in wastes generated

at Fukushima Daiichi nuclear power station using Bayesian inference, Journal of Nuclear Science and Technology, 58:4, 493-506,
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<Comparison of radiolysis with linear models>

Fig. Comparison of evaluation results of the RPV (metal 

waste) hydrogen concentration

Radiolysis model

¸ It is effective to evaluate on the

equilibrium concentration after passing 

long time in consideration of hydrogen-

oxygen recombination reaction.  

¸ Assuming that gas-liquid equilibrium of 

hydrogen concentration instantly 

establishes, it was conservatively 

evaluated.     

Linear model

¸ It is effective to evaluate the time of 

reaching 4% in consideration of 0.4% 

gas phase volume. 

¸ Hydrogen-oxygen recombination is not 

considered, therefore the concentration 

values are excessively conservative 

caused by the continuous increase of the 

concentration. 

(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Evaluation on the amount of hydrogen generation
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<Applicable plan of the radiolysis model in combination of the linear model>

(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Evaluation on the amount of hydrogen generation
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üThe radiolysis model is more 

appropriate to evaluate equilibrium 

hydrogen concentration ( ).

üThe linear model is more appropriate 

to evaluate the time of reaching 4% 
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Fig.1: Applicable plan of the radiolysis in combination of the linear plan
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(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Evaluation on the amount of hydrogen generation

<Issues for the evaluation model and parameter setting>

V There are two evaluation models to evaluate the gas-phase hydrogen concentration.: Radiolysis 

and linear models. 

V The radiolysis model has characteristics of generating hydrogen and reaching equilibrium 

concentration of the gas-phase hydrogen in consideration of water recombination. 

V In case of the linear model, hydrogen unilaterally generates, therefore the gas-phase hydrogen 

concentration has no upper limit. 

V For above reasons, the radiolysis model is used to evaluate the gas-phase hydrogen 

concentration inside the container whether hydrogen concentration exceeds 4% or not. 

ü In case of < 4%, ventilation may not be necessary.

ü In case of >4%, ventilation design is necessary. In this case, the gas-phase hydrogen 

concentration can be determined by a balance between the amount of hydrogen generation 

and air exhaustion outside of the system. 

V Therefore, the linear model evaluation will be necessary to design ventilation. 

V Assuming that the radiolysis has established in accordance with Henryôs law, the gas phase 

hydrogen concentration is overestimated for the initial established region. Consequently, the 

linear model is appropriate to evaluate the time of reaching 4%. 

V Currently, dynamic behaviors including  accumulation and emission of hydrogen generated from 

waste of concrete and slurry are not reflected into both of the radiolysis and the linear models. A 

method for reflecting these hydrogen generation evaluation should be considered as a future 

issue.  
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(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste

Evaluation on the amount of hydrogen generation

<Waste required for hydrogen generation measures>

V The amount of heat generation (inventory) for three kinds of waste: i.e. metal waste

including the reactor pressure vessel, concrete waste such as the DSP slot plug

concrete, etc. generating from collecting fuel debris and secondary waste

generated from water treatment was conservatively evaluated. The result of the

evaluation showed that hydrogen concentration inside the container could exceed

4% when sealing the container.

V These wastes could require measures for hydrogen generation including vent filter

installation depending on hydrogen generation rate.

V The amount of heat generation (inventory) is set as maximum values in this

estimation. To evaluate practical hydrogen generation rates, it is significant to

appropriately set the amount of radioactivity (the amount of heat generation). For

practical and reasonable planning of storage and management, it is necessary to

evaluate the amount of hydrogen generation based on the latest inventory.
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Achievements so far now 

Issues

V Collecting and organizing information on waste characterization required for a storage 

management method (waste compositions, inventory of radioactivity, type of radiation, water 

content rate and etc.)  and hydrogen generation parameters. 

V Waste required for storage management was selected according to the result of the study of waste 

information and hydrogen generation factors, and evaluation models (radiolysis and linear models) 

and effects on the parameters were studied. 

V Acquiring assumed values of equilibrium hydrogen concentration and hydrogen generation rate in 

the container depending on type of waste based on evaluation of hydrogen generation amount. 

V According to the evaluation results, installation of an appropriate vent filter is necessary because 

hydrogen concentration in the container could exceed 4%. 

Summary

V The amount of waste heat generation (inventory) is significant to evaluate the value, 

however the inventory evaluation values currently have variation in several digits. For 

this reason, it is difficult to evaluate hydrogen generation rate and equilibrium 

concentration that needs accuracy values. 

V The improvement of evaluation accuracy for the waste inventory is needed for more 

accurate evaluation. 

(a) Investigation and evaluation of storage methods [1] Storage methods for storing high dose waste
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Â Achievements up to FY2020

¹ So far now, trouble cases in Japan and overseas have not been investigated and examined for the 

purpose of reflecting into design of the containers, the storage facilities and the storage methods (system) 

for the waste of the Fukushima Daiichi Nuclear Power Station (NPS). 

Â Goal

¹ Examining issues and measures during waste storage on the basis of the past trouble cases.

Â Details of implementation (See details on next pages)

¹ Case study in Japan and overseas, and primary screening

V Trouble cases during storing the radioactive waste container are surveyed and a reference 

case is extracted to conduct a detailed survey for waste storage of the Fukushima Daiichi NPS. 

¹ Detailed investigation

V Detailed investigation for type of storage containers, information on stored waste, trouble 

occurrence points and factors, environments of storage facilities, duration of storage are 

conducted and the result of the survey is examined. 

¹ Study on issues and measures during waste storage

V On the basis of the examined results, issues and measures for waste storage are studied. 

Â Indicators for the achievements of goal

¹ Completed examining issues and measures for waste storage based on the past trouble cases. 

(Target at the completion: TRL 2Ÿ3

(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities: Survey of trouble cases of containers and storage facilities
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(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities: Survey of trouble cases of containers and storage facilities

Details of implementation

1. Investigation in Japan and overseas, and the primary screening 

The information on the following investigation items is acquired from a wide variety of public information in Japan and overseas. The 

acquired information is examined to clarify trouble occurrence facilities and factors, etc. According to the investigation results, the primary 

screening is carried out to extract cases that could reflect to design of the storage container, facility and method (system) of waste 

generated from the Fukushima Daiichi Nuclear Power Station (NPS).

Surveyed countries and public information

Å Japan Website of the JDream, Nuclear Information Archives (NUCIA) of Japan Nuclear Safety Institute (JANSI) and the 

International Nuclear Information System (INIS) database. 

Å U.S.: Trouble cases of Nuclear Regulatory Commission (NRC); Report of defects and incompatibility based on the 10 CFR Part 

21, and report related to the License Event Report (LER) provided by an operator. 

ÅEurope 

V U.K.: Event notification for the Office of Nuclear Regulation (ONR) in every quarter and report for local communities at 

the site and stake holders

V France: Event notification for the Nuclear Safety Authority (ASN) as needed

V Germany: Event notification for the Federal Office for the Safety of Nuclear Waste Management (BASE) on a regular 

basis. 

Surveyed items

Å Trouble cases of the storage facility for waste from Level 1 certificate (Class C waste) to Level 3 and metal containers. 

Å Fuel casks, fuel pools, flexible containers and concrete containers are not surveyed. 

Å In case that a trouble case caused by a vent filter installed for hydrogen management is detected, this trouble case would be

extracted as notable case. 

2. Detailed survey  

Investigation and information acquisition of extracted trouble cases related to occurrence factors including type of the container, storage 

state of waste, trouble occurrence area and environment of the storage facility as well as additional information on recurrence prevention 

measures.

3. Study on issues and measures at the time of waste storage 

On a basis of the results of detailed investigations, potential issues that would cause a trouble when designing the storage container, 

storage facility and storage methods of the Fukushima Daiichi NPS are extracted to be considered and studied the measures. 
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(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities : Survey of trouble cases of containers and storage facilities

Survey in Japan and overseas, and primary screening
<Survey method in Japan>

According to the below database, key words regarding radioactive waste (waste material, etc.), the storage container (drum, etc.) 

and the storage facility (storage house, etc.) are entered and retrieved 10 trouble cases (primary screening) of the container and 

the storage facility of solid waste and during storage. 

Database

(organized by)

Overviews

(survey period)

Surveyed 

number

Excluded survey case (except cases 

of solid waste)

JDream (Japan 

Science and 

Technology 

Agency: JST)

Approx. 70 million literatures in all fields of science technology 

were acquired. Booklets (abstract journals and literatures) are 

collected since 1981. The survey was conducted by Japanese key 

word search.    

(Duration of survey: From the beginning of registration August 

2021)

0

Å Radiation control for nuclear 

medicine 

Å The site improvement by 

manufacturing jig

Å Report on increasing of storage 

volume

Nuclear Information 

Archives 

(NUCIA)(Japan 

Nuclear Safety 

Institute: JANSI)

The archive is intended to widely share the information on nuclear 

power stations in Japan and operation of nuclear fuel cycle 

facilities. 

Report of trouble information (reports to the Japanese government 

since 1966 in accordance with the regulation) and information on 

maintenance quality (reporting to the government is not 

mandatory, but useful information has been shared since 

September 2003)  are registered. 

(Duration of survey: From the beginning of registration to August 

2021)

9

Å The leakage was discovered at the 

storage area for solidification of 

granular materials where is the 

intensive environmental facility in 

the Fukushima Daiichi (Stored 

materials are not solidification). 

International 

Nuclear Information 

System (INIS)

(Japan Atomic 

Energy Agency: 

JAEA)

INIS was established in 1970 aiming at promotion of technology 

information sharing related to peaceful use of nuclear energy. The 

INIS participating nations (24 international organizations from 132 

nations) provided the nuclear literature information acquired from 

their own nations for IAEA/INIS headquarter. The INIS 

headquarter integrated these information and distributed the 

integrated INIS database for each participant nation.

The total number of the nuclear literature provided from 

participated nations was approximately 4.4 million literatures.

(Duration of survey: From the beginning of registration to August 

2021)

1

Å Radioactive waste treatment at 

the research institute in Tokai 

area of Ibaraki Prefecture.

Å Facility management report at the 

Aomori R&D Center of the Mutsu 

Research Institute.  
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(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities : Survey of trouble cases of containers and storage facilities

Survey in Japan and overseas, and primary screening

<Survey results in Japan NUCIA >

Nuclear power 

plant

Date of 

occurrence

Summary of trouble cases Primary screening

Tokai и March 19, 

2020

Damage caused by rust generated from a can of the Low-Level 

Radioactive Waste (LLW) drum bottom which was carried out by 

the Japan Nuclear Fuel Limited (JNFL). 

Not found

(Event caused from solidified materials)

Hamaoka April 23, 2018 The chipped paint and water drops were found on the bottom of the 

LLW drum(5 cans) carried out by JNFL. This was caused by 

corrosion developed from cracks inside the drum bottom.  

Yes

(This event is caused by solidified materials 

but an issue generated from storage and 

transportation can be reference.)

Hamaoka August 21, 

2014

The expansion was found on the bottom of the LLW cement 

solidification drum that is planned to be carried out. 

Not found

(Event caused from solidified materials)

Shimane June 13, 2011 Corrosion was found on the bottom of the drum at the solidified 

waste storage facility, which was filled with the LLW waste. 

Yes

(Trouble case of stored waste)

Kashiwazaki-

Kariwa

November 2, 

2007

The drums at the solidified waste storage facility were confirmed to 

have fallen due to the Chuetsu-oki Earthquake (no contamination).  

Not found

(Event related to earthquake measures)

Shikaз October 30, 

2007

The LLW waste storage drum were inspected after the Chuetsu-oki

Earthquake, and consequently the leakage of liquid was found from 

the drum. 

Not found

(Event related to earthquake measures)

Kashiwazaki-

Kariwa

July 17, 2007 Approximately100 cans of drums at the solidified waste storage 

facility No.2 building were fallen due to the Chuetsu-oki Earthquake. 

Not found

(Event related to earthquake measures)

Kashiwazaki-

Kariwa

July 24, 2002 The leakage traces of tar-like solidified materials were found on the 

drum of the solidified waste storage facility No. 2 building. 

Not found

(Event caused from solidified materials)

Fukushima 

Daiichi 

September 5, 

1997

When lifting the drum for condensed waste liquid solidification prior 

to a carry-out test, the bottom of the drum came out and the content  

was spilled out from the drum. 

Not found

(Event caused from solidified materials)
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(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities : Survey of trouble cases of containers and storage facilities

Survey in Japan and overseas, and primary screening

<Survey results in Japan 2 INIS and others>

Facility Date of 

occurrence

Summary of trouble cases Primary screening

Oarai Research 

Institute owned by the 

Japan Atomic Energy 

Agency (JAEA)

January, 2019 INIS

The leakage traces of asphalt were found out on the four cans of 

the asphalt solidification filling drum. 

Not found

(Event caused from solidified 

materials)

Waste disposal site, 

Nuclear Science 

Research Institute 

owned by JAEA 

(JAERI)

June 1, 2018

(Application for 

changes)

Reference ñResponse to application for storage regulation 

changes to confirm the integrity of the drum at the JAERI waste 

disposal site: Response to long-term storage of radioactive waste, 

JAEAò

Application for storage regulation changes to confirm the integrity 

of long-term storage drum at the underground pit and to conduct 

refiling work. 

Not found

(This is not a trouble case. 

Radioactive isotope waste (RI 

waste) should be screened.

Å The case of ñTo confirm the integrity of long-term storage drum at the underground pit of the JAERIò is not a trouble case but 

the case was handled on a voluntary basis. 

Å The waste surveyed was Radioactive Isotope (RI) waste but not included in from Level 1 waste (class C waste) to Level 3 

equivalent waste. 

Å The corrosion of the drum stored in the underground pit was caused by sea breeze and rain water at the temporary building, 

rain water infiltration when placing concrete slab, and directly adhering the waste to the drum since a polyethylene bag such

as waste cloth containing water is broken, etc. (Corrosion cases caused by water contents, etc. of the drum were similar to trouble cases of 

Hamaoka and Shimane Nuclear Power Plants, therefore, this case was excluded in the detailed survey and there would not be a problem in extracting 

issues.)

Other JAEA trouble cases 

Å There is no report of the waste storage from the press release about the accident and trouble cases provided by the JAEA 

website JAEA (since 2005) .

Å There is no reference case regarding the waste storage from report of the JAEA Mutsu Office (Safety Monitoring Committee, 

Aomori Prefecture)
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(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities: Survey of trouble cases of containers and storage facilities

Survey in Japan and overseas, and primary screening

<Primary screening in Japan> 

¸ Most of trouble cases in Japan were caused by solidified materials after waste were 

solidified and not caused by waste under storage. 

¸ A trouble case of the Shimane Nuclear Power Plant (NPP) was caused by corrosion of the 

drum that were filled with the Low Level Waste (LLW). This case was selected to conduct a 

detailed survey. 

¸ A trouble case of the Hamaoka NPP was caused by paint removal (corrosion) of the waste 

container after waste were solidified, however storage of the waste was also one of the 

causes and a similar trouble might occur during storage. 

¸ The following cases were selected to conduct the detailed survey. 

1) Shimane NPP (June 13, 2011): Corrosion was found at the drum bottom that was 

filled with the LLW waste at the solid waste storage facility. 

2) Hamaoka NPP (April 23, 2018) : Paint removal and water drop adhesion were found 

at the bottom of the LLW drum carried out by Nuclear Fuel Limited. 

¸ No trouble case regarding the storage facility was found. Another survey of the Japan 

standard for the storage facility was added in the detailed survey.  
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(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities: Survey of trouble cases of containers and storage facilities

Survey in Japan and overseas, and primary screening

<Survey methods in US>

On the basis of the below database, keyword searches were conducted by using keywords related to radioactive materials, 

metal storage container (drum can and container) and storage facility (storage house, etc.) . Trouble cases of the container 

and storage facility for solid waste, and during storing waste were surveyed by the keyword searches.

Name of database Overview

Report of defects and 

incompatibility based on the 

10 CFR Part 21

The 10 CFR Part 21, the U.S. regulation, requests to report the U.S. Nuclear 

Regulatory Commission (NRC) when defects with safety concerns or incompatibility 

related to the approval and authorization are found in nuclear and radioactive 

facilities as well as the relevant significant facilities and equipment. The NRC reports 

since 1995 are available on the NRC website.

Duration of survey: From 1995 to August, 2021)

License Event Report (LER) The 10 CFR Part 50.73. the U.S. regulation, requests providers of the nuclear facility 

to create the License Event Report (LER) and submit the report within 60 days when 

abnormal events and failures are found in the nuclear facilities. The LER should 

include overviews of the events, clarifications of the causes, analysis of the 

significance and the correction measures, etc. The LERs since 1980 are available on 

the NRC website. 

Duration of survey: From 1995 to August 2021)

Event Notification Report

ENR

The NRC requests to submit the Event Notification Report (ENR) the report in 

accordance with the 10 CFR 50.72 (emergency report case), the U.S. regulation, 

within 1 hour up to 24 hours  depending on the events of the emergency report 

cases. The ENR is relatively simplified than the LER. The ENR since 1999 are 

available on the NRC website.

Duration of survey: From 1999 to August 2021)
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(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities: Survey of trouble cases of containers and storage facilities

Survey in Japan and overseas, and primary screening
< Survey results in U.S>

Database Search key 

words

No. of 

search

Results of primary screening Database Search key 

words

No. of 

search

Results of primary screening

Report 

based 

on the 

10CFR 

Part 21

container 4 These cases are related to 

transport and the container of 

battery, etc. There is no survey 

case. 

LER container

AND waste

35 These cases are related to 

transport and the container of 

battery, etc. There is no survey 

case. 

package 23 These cases are related to 

transport and work packages, 

etc. There is no survey case. 

package

AND waste

51 These cases are related to 

transport and work packages, 

etc. There is no survey case. 

gtcc 0 ˈ gtcc 0 ˈ

Greater-

than-Class

C

0 ˈ Greater-than-

Class C

0 ˈ

Cask

(addition)

9 These cases are related to 

storage casks for spent fuel. 

There is no survey case.  

ENR

(addition)

waste

container

64 These cases are related to 

transport, the medical facilities 

and safety of criticality of 

fission products. They are 

exempt from survey case.

drum

(addition)

3 These cases are transport and 

drum brakes. There is no survey 

case. 

waste

package

3 These cases are related to the 

medical facilities. There is no 

survey case. 

Storehouse

(addition)

0 ˈ gtcc 8 Seven cases of the searched 

result are related to spent fuel. 

So, they are exempt from 

survey case. 

Greater-than-

Class C

1 This is a duplicated data of the 

search result of gtcc. 

Ҝ Applicable case is only one case of the Event Notification Report (ENR). 
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(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities: Survey of trouble cases of containers and storage facilities

Survey in Japan and overseas, and primary screening

<Primary screening in U.S.>  

¸ One following case was retrieved by the primary screening. However, this case was not reported as an 

abnormal event. 

ü Name of power plant: Zion

ü Date of occurrence: February 3, 2015

ü Subject: Functional loss of the safety system due to snow

ü Event number 50787

ü Event (content of the report)  

V Ventilation parts of air flow inlets that are installed with the vertical type storage casks for spent 

fuel, MAGNASTOR, manufactured by NAC International Inc. were clogged with snow and the 

clogging rate was more than 50%: 34 casks in total including 33 storage casks for spent fuel and 

1 storage cask for the GTCC waste. 

V Exelon Corporation that is approved to use Zion, submitted the Event Notification Report (ENR) 

to the U.S. Nuclear Regulatory Commission (NRC) within 24 hours after occurrence of the event 

in accordance with the 10 CFR 72.75d(1)(i). 

V On February 4, snow was removed from the ventilation parts and the clogging rate of these 34 

casks were recovered to be less than 50%. 

V After that, Exelon Corporation and NAC International Inc. reviewed the Safety Analysis Report 

(SAR). As a result of the review, the recovering measure to reduce clogging rate less than 50% 

was completed within 10 hours, while the SAR requests to complete a recovering measure within 

58 hours.  Therefore, this case was not regarded as an emergency report case and the ENR-24 

hour-report was withdrawn in accordance with the 10 CFR 72.75(1)(i).  

¸ The above event was not a trouble case that can refer to waste of the Fukushima Daiichi to be stored in the 

building, so that a detail survey will not be conducted. 
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(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities: Survey of trouble cases of containers and storage facilities

Survey in Japan and overseas, and primary screening
<Survey method in Europe> 

On the basis of the below database, keyword searches were conducted by using keywords related to radioactive materials, metal storage 

container (drum can, etc.) and storage facility (storage house, etc.) . Trouble cases of the container and storage facility for solid waste, and 

during storing waste were surveyed by the keyword searches.

Nations Database (range of 

survey)

Overview

UK Quarterly report of the 

Office for Nuclear 

Regulation (ONR)

The report of the nuclear facilities that is selected from among the ONR event reports provided by operators (responsible for the 

site management)  should be submitted to government ministries other than the ONR. These reports are posted on the ONR 

website every quarter (The report that is not applied to the requirements of the ministry is not disclosed in public even though

the INES level exceeds level 1).

Duration of survey: From last quarter in 2000 to first quarter in 2021)

Report for the ONR 

municipalities and stake 

holder groups

The information on the nuclear facilities that is subjected to the ONR regulations such as status of the operation management, 

regulatory inspection and experiences of the event, etc. is examined and the explanation is given to mainly administrative 

authorities of municipalities with nuclear plants and stakeholders every quarter (or every half year). Occasionally, a report that is 

not included in the quarterly event notification is provided.   

Duration of survey: From 2014 to first quarter of 2021)

France Occasional event 

notification of the 

Nuclear Safety Authority 

(ASN)

The event reports of the nuclear facilities that are classified as the INES level 1 or more from among the ASN event reports 

provided by operators (responsible for the site management) are extracted and disclosed on the ASN website as needed (The 

event reports are generally not available in English). 

Duration of survey: From 2009 to as of August in 2021)

ASN annual report  The information on trends of the ASN regulation activities, status of the nuclear facilities required regulations and others is 

systematically organized and annually reported (The English report is also provided.). The information on the total number of the 

report and details of the classification is mainly described. If there is a significant report that should be paid attention, the 

information on individual event is also described. 

Duration of survey: From fiscal year 2009 to 2020)

Germany Monthly report for the 

nuclear reactor event of 

the Federal Office for 

the Safety of Nuclear 

Waste Management 

(BASE)

In case that an event of the nuclear facility occurs, an operator (responsible to the site management) reports the authority of 

approval in the state and then the state authority of approval reports the Federal Office for the Safety of Nuclear Waste 

Management (BASE). The monthly report for the nuclear reactor events includes events of nuclear power plants and research 

reactors that are more than 50kW of thermal output and are summarized the BASE reports (including the INES level 0) provided 

from each state authority every month (no English version).

Duration of survey: From 2010 to June in 2021)

BASE annual report for 

events of the non-

nuclear reactor (fuel 

cycle facility and others) 

The BASE annual report of non-nuclear reactor is summarized the BASE reports (including the INES level 0) of events of fuel 

cycle facilities and others provided by each state authority every year (no English version). Compared with the monthly report of 

the nuclear reactor events, the annual report of non-nuclear reactor includes only limited information on each event.   

Duration of survey: From 2010 to 2020)
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(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities: Survey of trouble cases of containers and storage facilities

Survey in Japan and overseas, and primary screening
<Survey results in U.K.>   

Nuclear 

Power Plant

Day of 

occurrence

Summary of trouble cases Primary screening

Dounreay

intermediate 

level 

radioactive 

waste disposal 

facility

November 12, 

2002

(INES level 0)  

A waste container in which spent batteries 

were stored was put into a flask for waste 

management; however, a confinement function 

of the flask was not effective because zinc 

solution leaked from spent batteries. Eventually, 

this case caused contamination and accidental 

exposure.

None

(Currently a battery is 

not a subject to waste 

management. Details of 

the battery were not 

clarified and recognized 

as small waste. )  

West Cumbria

high dose 

waste 

solidification 

disposal facility

February 7, 

2019

A lid of the container should have been welded 

to close after high-level waste (HLW) was 

solidified in the container; however cleaning 

solution was sprayed for decontamination 

without closing the lid.  

None

(A trouble case related 

to treatment after waste 

solidification)

West Cumbria

THORP 

reprocessing 

facility 

Discovered an 

event during 

April to 

September 

2019

(INES level 1)  

A welding part of a container that is designed 

to enclose special nuclear fuel material had a 

quality defect (insufficient performance of 

resistance pressure) caused from 

manufacturing. 

None

(A trouble case related 

to manufacturing of the 

container)

<Primary screening in U.K.>  

Target event for detailed survey: None  
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(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities : Survey of trouble cases of containers and storage facilities

Survey in Japan and overseas, and primary screening

<Survey results in France>  

Nuclear power 

plant

Day of 

occurrence

Summary of trouble cases Primary screening

The La Hague 

site

March 27, 

2013

(INES level 1) 

When the container (vinyl flexible container) that 

was packed with radioactive waste was loaded 

into a transportation vehicle, the vehicle was 

overturned and the content of the vehicle was 

exposed.

None

(A trouble case of the 

flexible container) 

Tricastin

(Pierrelatte)con

version plant

(INB 105)

Discovered 

on February 

7, 2019

(INES level 1)

As a result of investigating a storage area of metal 

containers (drums) contained with materials and 

equipment that were no longer needed (including 

radioactive materials), the result showed that seal 

performance of the container was incompatible. Yes

( A trouble case of the  

waste container was 

surveyed as the 

similar site related 

event) 

Tricastin

(Pierrelatte)con

version plant

(INB 105)

Discovered 

in July 23 

and August 6, 

2018

(INES level 1) 

Two cans of the metal containers (drums) 

contained with materials and equipment that were 

no longer needed (including radioactive materials) 

had lost sealing performance. Contamination had 

spread outside of the container.   

<Primary screening in France> 

Target event for detailed survey: A trouble event of the Tricastin (Pierrelatte) conversion plant INB 105
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(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities : Survey of trouble cases of containers and storage facilities

Survey in Japan and overseas, and primary screening
< Survey results in Germany>  

Nuclear power 

plant

Day of 

occurrence

Summary of trouble cases Primary screening

Isar Nuclear power 

plant Unit 1

September 30, 

2011

(INES level 0)  When waste was contained in 200 liter-drum 

and treated by drying before sealing it, the waste content 

emitted smoke. 

None

(A trouble case of pre-storage 

treatment)

Brunsbüttel Nuclear 

power plant

August 13, 2014 (INES level 0) Corrosion of multiple drums was found, in 

which spent contamination removal filters were enclosed. 

After that, survey was conducted and showed that there is a 

deficiency in waste management such as handling, storage 

and transfer of waste.  

Yes

(Corrosion event of the 

storage container) 

Gundremmingen 

Nuclear power 

plant

June 13, 2016 (INES level 0) When low-level waste (LLW) was enclosed in 

180 liter-drum and treated by drying before sealing it, the 

waste content emitted smoke.  

None

(A trouble case of pre-storage 

treatment) 

Brunsbüttel Nuclear 

power plant

May 25, 2018 (INES level 0) The 200 liter-drum enclosed spent 

contamination removal films became deteriorated and was 

unable to continue to use. When it was opened and the waste 

content was collected by using a vacuum machine, it caused 

radioactivity leakage. 

None

(A trouble case of waste 

transfer) 

Brunsbüttel Nuclear 

power plant

October 6, 2020 (INES level 0) The containers enclosed dismantled structures 

(waste metal) generated from the decommissioning were 

transported to the melt-reprocessing facility. The waste 

contents were not corresponding to data of the container 

identification form that was registered in the dismantled 

material tracking system.    

None

(A trouble case of data 

system management system)  

Brunsbüttel Nuclear 

power plant

February 9, 

2021

(INES level 0) Specifications of concrete filling material that 

was used when waste was enclosed into the metal container 

for final treatment was not complied with designated 

specifications. 

None

(A trouble case related to 

specifications of solidification 

materials) 

<Primary screening in Germany> Target event for detailed survey: A trouble case of the Brunsbüttel Nuclear power plant in 2014.
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(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities : Survey of trouble cases of containers and storage facilities

Detailed survey
<Detailed survey in Japan:1>

Issues of waste storage: Prevention of container damage and deterioration, and water adhesion

Subject Shimane Nuclear Power Station 	Verification of the corroded drums

June 13, 2011
Location of

occurrence
Solid waste storage facility Building B

Date of verification

of occurrence

[Circumstances at the time of occurrence]

When drums stuffed with low-level radioactive waste were being moved, it was found that the base of 5 drums was corroded (through holes

were present). Thereafter, when external inspection of approx. 23,000 drums that were in storage was carried out, it was found that only 5 drums

had through holes in their bases due to corrosion.

[Cause investigation]

The corroded drums and their contents were checked for the following.

 Deterioration of the paint on the inner surface of the drums

(Peeling off of the plaint due to the waste)

 Checking for water and moisture from the contents of the drums

[Cause]

As a result of checking the corroded drums and their contents it was presumed that water and moisture adhered to the portion of the inner

surface of the drum where the paint had deteriorated because of which the portion got corroded and through holes developed.

[Recurrence prevention measures]

Revisions were made to incorporate the following into the internal procedures concerning management of solid radioactive waste.

 In order to prevent deterioration of paint and to prevent moisture adhesion, plastic containers with painted interiors (cylindrical inner container)

shall be used.

 Guidelines for re-use of drums and the methods for packaging waste shall be clearly specified.

 If drums in which corrosion has progressed and through holes are likely to develop are identified, the waste shall be transferred to drums that

are sound.

[Overview of the drum]
Capacity: 200 liters

Corroded drums  Bases

Enlarged view of the corroded portion 
(through hole)

Approx. 5mm

Corroded 
portion
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Subject

April 23, 2018 Location of occurrence JNFL	Low-level radioactive waste burial center

Hamaoka Nuclear Power Plant	Peeling off of the paint and adhesion of water droplets at the base of the drums containing low-level radioactive waste

Date of verification of

occurrence

[Circumstances at the time of occurrence]

When preparations were being made for burying the 960 drums (waste bodies) that were handed over on March 25, it was found that the paint at the base of 1 of the

waste bodies had peeled off and water droplets had adhered to it. Thereafter, when external inspection of the remaining 959 waste bodies and of the 928 waste bodies

planned to be transferred in May the same year was carried out, it was found that the paint had peeled off and water droplets had adhered to the base of 1 waste body in

each of the lots (total 2 waste bodies).

⁷Further, when external inspection of  the waste bodies which had been temporarily stored in the burial center for over a year was carried out based on the internal

regulations of JNFL from February 25, 2019 to March 12, 2019, it was found that the paint at the base of 1 waste body had bulged and water droplets had adhered to it,

and the paint at the base of 1 waste body had bulged, peeled off and water droplets had adhered to it (hereinafter referred to as ñpeeling off, etc. of paintò

⁷Peeling off, etc. of paint was found in a total of 5 waste bodies. (The radioactivity in the water droplets adhered to the bases of all the waste bodies was lower than the

lower limit of detection.)

[Cause investigation]

In the case of 1 of the waste bodies it was found that fine iron powder had adhered to the painted surface during the process of drying the outer surface when the drum

was manufactured, which got rusted over time and expanded due to which the paint on the outer surface bulged.

⁷The following was found in the case of the remaining 4 waste bodies.

 Cracks on the inner surface of the base  Gap between the mortar and the inner surface of the base of the drum  Chlorine (Cl) on the inner surface of the base

 Corrosion from the inner surface of the base reaching up to the outer surface  Iron corrosion products and zinc corrosion products formed on the outer surface of

the base under the presence of chloride ions (Cl-)   Calcium (Ca) which is a component of mortar was found on the outer surface of the base  Water (water vapor

close to the amount of saturated water vapor) is likely to be present on the inside (Document verification)  Corrosion from the inner surface of the base was found to

have reached the outer surface of the base of the waste body

[Causes]
In the case of 4 waste bodies, cracks developed on the inner surface of the base of the drums when the 
waste was being packaged or when the drum was being transported after packaging. Water accumulated in 
the gap formed between the filled mortar and the inner surface of the base. The cracks served as the 
starting point and corrosion occurred. 
It progressed and led to peeling off of the paint on the outer surface.

[Recurrence preventions measures]

̔ (Crack reduction) The waste shall be placed by tilting the drum. In the case of plank-shaped waste the flat 

surface shall be placed at the base. 

̔ (Gap prevention) A vibration machine shall be used so that the mortar can be filled easily. 

̔ (Personnel training) Personnel undertaking packaging work shall be well informed about this phenomenon 

and shall undergo training on recurrence preventions measures.

(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities : Survey of trouble cases of containers and storage facilities

Detailed survey<Detailed survey in Japan:2

Issues of waste storage: Prevention of container damage and deterioration, and water adhesion

Bleeding water
Gap

Crack Progression of 

corrosion

Mortar

Paint

Zinc

Base

Zinc

Paint

Corrosion, peeling off, etc.

Inner surface

Base of the drum

Base of 

the drum

(One of the through holes was approx. 6mm)
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(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities : Survey of trouble cases of containers and storage facilities

Detailed survey
<Relevant regulations in Japan: 1>

Requirements related to container storage of solid waste have been identified from the waste storage related articles in the Regulations for 

Commercial Nuclear Power Reactors

¸ Regulations related to installation, operation, etc. of commercial nuclear power reactors

Article 67 (Records)

In accordance to the provisions of Article 43-3-21, records pertaining to the items mentioned in upper section of the following table must be recorded for 

each commercial nuclear power reactor in accordance with the topics mentioned in the middle section of the table respectively, and the records must be 

retained for the periods mentioned in the lower section of the table respectively. (Here the table has been left out, and only the recorded items are 

indicated.)

5 Radiation control records

h The quantity of nuclear fuel material transported outside the factory or plant, or items contaminated due to the nuclear fuel material, by type, 

the type of container used for transporting these, and the date/time and route of transportation.

i The type of radioactive waste disposed at the waste disposal facility or dumped in the ocean, quantity of radioactive substances contained in 

said radioactive waste, quantity of containers in case said radioactive waste is enclosed in containers or in case it is integrally solidified with 

the container, and its specific gravity, as also the date, location and method of its disposal or dumping

Article 90 (Disposal carried out at the factory or plant)

According to the provisions of Article 43-3-22 (1), with regards to the disposal of radioactive waste carried out at the factory or plant where the commercial 

nuclear power reactor licensee has installed the commercial nuclear power reactor, the measures listed in each of the following items must be taken, and 

the status of implementation of these measures must be verified before disposal. 

11 If disposal is carried out by the method mentioned in Item 6 c, when radioactive waste is stored and disposed at the storage and 

disposal facility with radiation hazard prevention effect, it must be carried out as follows. 

a If radioactive waste is enclosed in containers for storage and disposal, necessary measures must be taken to prevent the spread of 

contamination in case cracks develop in the container or the container gets damaged, such as wrapping said container with 

material that can absorb the entire enclosed radioactive waste, or installing a pan that can hold the entire enclosed radioactive 

waste, etc.

b If considerable overheating is likely to occur due to decay heat, etc. of said stored and disposed radioactive waste, necessary cooling 

measures must be taken.

¸ Regulations on technical standards for nuclear reactors for commercial power generation and their auxiliary facilities

Article 40 (Waste storage facility, etc.)

The radioactive waste storage facility must be installed in accordance with the following. 

i) It must have the capacity to store radioactive waste generated during normal operation. 

ii) The structure of the facility must be such that radioactive waste does not easily leak out from it.

iii) The facility must withstand decay heat or heat generated due to exposure to radiation, and must not get corroded considerably due to 

the impact of chemicals contained in the radioactive waste or due to other load.

2 The commercial nuclear power reactor where the facility for storage of radioactive waste in solid form is installed, must be installed such that 

contamination from radioactive waste does not spread.
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(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities: Survey of trouble cases of containers and storage facilities

Detailed survey

<Relevant regulations in Japan: 2>  

An example of ñTechnical Specifications for Radioactive Waste Managementòspecified at the nuclear power plant in 

accordance with the rules (Technical Specifications of the Shimane Nuclear Power Plant) is given below.

Chapter 6 ñRadioactive Waste Managementò

Article 86 (Radioactive solid waste management)

3. Each Manager shall verify the following items, and if any abnormalities are found, the Manager shall take necessary 

measures. 

(1) In order to verify the storage conditions of radioactive waste at the storage facility, the Manager (Radiation Control) 

shall patrol the storage facility once a week, and in addition, shall take stock of the stored items once in 3 months.

(2) The Manager (Operations) shall monitor the storage condition of the spent resin stored in the waste resin tank, etc. and the

filter sludge, and shall take stock of the stored items once in 3 months. 

(3) In order to verify the storage conditions of the spent control rods, channel boxes, etc. irradiated in the reactor, which are 

stored in the on-site bunker, the Manager (Fuel & Technology) shall patrol the on-site bunker once a month and in addition, 

shall take stock of the stored items once in 3 months. Moreover, the Manager shall take stock once in 3 months of the spent 

control rods, channel boxes, etc. irradiated in the reactor, which are stored inside the fuel pool.

6. The Manager (Radiation Control) shall ensure that at the time of transportation mentioned in the previous section, the dose 

equivalent rate of the container, etc. does not exceed the value specified by law and the concentration of surface 

contamination of the container, etc. does not exceed 1/10th of the surface contamination limit specified by law. However, if 

containers are transported from the zones specified in Article 92 (zones in radiation controlled areas) -1-1, the verification of 

surface contamination concentration can be omitted. 

Issues of waste storage: Inspection (considering a layout of the containers to observe the appearance of 

the storage container)  
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(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities: Survey of trouble cases of containers and storage facilities

Detailed survey

<Europe: Detailed survey 1>

Issues of waste storage: Pre-study of incompatibility management during storage

Subject

2017 Location of occurrence
Tricastin (Pierrelatte) uranium conversion plant ⁷Shut down in 2008

(Facility registration number INB105)

[Recurrence prevention measures]

 Improvement in container management

 Implementation of safety analysis

France: Abnormality in the container for radioactive materials and non-conformance at the uranium conversion plant (INES Level 1)

Date of verification

of occurrence

[Circumstances at the time of occurrence]

The operator, AREVA NC (formerly COMURHEX), started a series of inspection activities pertaining to metal containers (containers in which equipment and

material, etc. that are no longer required and which contain radioactive materials are placed) that are stored for several years at the storage buildings

exclusively for storing containers with radioactive materials. Essentially, the container was supposed to function as the primary containment barrier and the

surrounding structure (shaped like a vault, pit) in which the containers are placed was supposed to serve as the secondary containment barrier. However, as a

result of the inspections, non-conformances related to the containment barrier were found in several containers. Further, in spite of concerns about the sealing

performance of the containers being impaired, the service entrance of the surrounding structure was not closed. This was classified as Level 1 on the

International Nuclear Event Scale (INES).

[Cause investigation]

The container with said storage zone issue had not undergone safety analysis.

⁷Also, the container had not undergone periodic inspection contrary to the general operation rules of the facility and the perspective of the department

responsible for radiation protection on the protection policy.

⁷Further, a part of the service entrance of the surrounding structure was not properly closed in reality but was mistakenly believed to have been properly

closed.
[Cause]

 Inadequate container management

 Failure to conduct periodic inspection
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(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities : Survey of trouble cases of containers and storage facilities

Detailed survey<Europe: Detailed survey 2>

Issues of waste storage: Pre-study of incompatibility management during storage, and study and measures of the cause 

of inner pressure increase 

Subject

July 23, 2018

August 6, 2018
Location of occurrence

Tricastin (Pierrelatte) uranium conversion plant ⁷Shut down in 2008

(Facility registration number INB105)

[Recurrence prevention measures]

 Improvement in container management

France: Loss of sealing performance of the container with radioactive materials at the uranium conversion plant and resulting diffusion of contamination

(INES Level 1)

Date of verification of

occurrence

[Circumstances at the time of occurrence]

The operator, Orano (formerly AREVA NC) discovered that the sealing performance of a total of 2 containers with radioactive materials (containers in which equipment

and materials, etc. that are no longer required and which contain radioactive materials are placed) was impaired. The measuring instrument of the radiological monitor

in the vicinity of the storage facility was showing an abnormal reading.

⁷It was decided to collect and treat the contents from the containers in question and transfer them to different containers, and until then the containers were moved

inside a robust air-lock facility (surrounding structures with static and dynamic containment functions respectively) in which negative pressure was maintained.

However, of the 2 surrounding structures, 1 had not been properly closed, and contamination diffused to the outside from there.

⁷When this event was discovered, maintenance work was not being performed and hence the event did not affect any personnel. Also, based on the level of

radioactivity detected outside the surrounding structure, it was concluded that there was no impact outside the site. However, since the surrounding structure not

being closed properly and contamination being diffused to the outside is a violation of the general operation rules, and since the discovery was delayed, the event was

classified as LEVEL 1 of the International Nuclear Event Scale (INES).

[Cause investigation]

As the temperatures are high in said storage zone (inside the surrounding structure) in the summer season, and since hydrofluoric acid was present in the containers

in gaseous form, the internal pressure of the container increased and sealing performance deteriorated leading to leakage from the head of the container. The

containers had not undergone safety analysis.

⁷The alarm equipment that was supposed to be linked to the measuring instrument for the radiological monitor was not configured properly and as a result did not

function, due to which the anomaly was overlooked.

[Cause]

 Inadequate container management

 Increase in internal pressure of the container due to high temperatures in storage zone (inside the surrounding structure) in the summer season, and presence of

hydrofluoric acid in gaseous forms in the containers

 Inappropriate closing of the surrounding structures, and inappropriate configuration of the alarm equipment



©International Research Institute for Nuclear Decommissioning64

(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities : Survey of trouble cases of containers and storage facilities

Detailed survey

<Europe: Detailed survey 3>

Issues of waste storage: Prevention of container damage and deterioration, water adhesion and early 

detection of the container damage

Subject

August 13, 2014 Location of occurrence Brunsbüttel nuclear power plant (Decommissioning underway)

[Recurrence prevention measures]

 Improvement in container management

 Enhancement of corrosion prevention

 Prevention of damage to the protective coating and early detection

Germany: Inadequacies concerning the management of containers (drums) for solid radioactive waste at Brunsbüttel (INES LEVEL 0)

Date of verification of

occurrence

[Circumstances at the time of occurrence]

Inadequacies were found in the management of containers (drums) for solid radioactive waste. The waste containers in question were generated during the

disposal of the decontamination filters in FY2012. One of the containers was significantly corroded (its entire contents were retrieved), and corrosion was

observed in some of the other containers as well.

[Cause investigation]

The operator carried out a series of evaluations to check whether there are any issues in the handling, treatment and storage of solid radioactive waste. The

evaluations were carried out focusing on 6 solid waste storage facilities located in underground zones in the controlled areas. Containers in which low and

medium level radioactive waste (mainly, mixed waste containing filter resin, residue from the vaporization process, hazardous chemical substances)

generated during operation is placed, are stored in these zones.

⁷As a result of evaluation, it was found that corrosion of the container was caused due to increase in moisture, inadequate corrosion prevention measures,

the protective coating getting damaged during handling (coating material on the outside and inside), etc.

[Cause]

 Inadequate container management

 Increase in moisture in the storage facility

 Inadequate corrosion prevention measures

 Damage to the protective coating during handling
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(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities: Survey of trouble cases of containers and storage facilities

Study on issues and measures at the time of waste storage

<Issues> On the basis of the primary screening and results of the detailed survey, requirements of the 

storage containers and storage facilities, trouble cases that were needed the requirements and issues to be 

reflected into further study are indicated as below. 

No. Requirements
Trouble cases that were needed 

the requirements
Issues

1

Storage management 

of radioactive solid 

waste

Safety regulations

France: Tricastin uranium 

conversion facility 

Germany: Brunsbüttel Nuclear 

power plant

Early detection: Regular inspection 1 

time/week (considering layout of the 

container to observe the appearance of 

the storage container) 

Pre-study on incompatibility 

management at the time of storage

2

Fall prevention at the 

time of earthquake

Japan: Chuetsu-Oki Earthquake 

(Kashiwazaki-Kariwa and Shika 

Nuclear Power Plants (NPP))

Measures to prevent falling when 

earthquake occurs. 

3

Ensuring the integrity 

of the container such 

as corrosion 

management, etc.

Japan: Shimane NPP, corrosion of 

drum 

Japan: Hamaoka NPP, corrosion of 

drum

France: Tricastin uranium 

conversion facility

Germany: Brunsbüttel Nuclear 

power plant

Prevention of container damage and 

deterioration

Prevention of water adhesion 

Verification and treatment of the 

content (whether substances including 

corrosive substance that should be 

removed exist or not. 

Pre-assessment and measures for 

generation factors of inner pressure



©International Research Institute for Nuclear Decommissioning66

(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities: Survey of trouble cases of containers and storage facilities

Study on issues and measures at the time of waste storage

<Responding to issues>  

Responding to issues are described as below. 

No. Requirements Issues Proposed measures

1

Storage management 

of radioactive solid 

waste

Regular inspection 

Installation of effective inspection passage.

Specifically, work efficiency shall be enhanced considering risks of 

the container integrity; In case of high risks, the inspection passage 

shall be arranged at a position that can be observed the appearance 

and sampling inspection shall be conducted for lower risks.  

Pre-study on incompatibility 

management at the time of 

storage

Incompatible factors during storage shall be clarified and responding 

to issues shall be considered in advance. Installing of alarm and 

confinement system shall be considered if necessary. 

2
Fall prevention at the 

time of earthquake
Fall prevention measures

Fall prevention measures shall be implemented to prevent from 

falling with acceleration of assumed earthquake and analysis 

assessment of the measures shall be carried out to make sure that 

the measures have no problem. When the containers are pilled up,  a 

connecting measure shall be implemented.    

3

Ensuring the integrity 

of the container such 

as corrosion 

management, etc.

Prevention of container 

damage and deterioration

A storage method to prevent from causing damage of the container 

surface (i.e. Method for tilting the container, protruding objects, 

etc.)shall be carried out. Therefore, workers shall be trained. 

Prevention of water adhesion A plastic container shall be used to store waste containing water.

At the storage area, temperature and humidity shall be controlled. 

Verification of the content 

(whether substances including 

corrosive substance that should 

be removed exist or not. 

Corrosion factors shall be verified: Chloride ion that is the cause of 

metal container corrosion, existence of sulfate ions, dissimilar metals 

that may cause galvanic corrosion resulting from contact with the 

metal. Then, neutralization and plastic containers shall be used.   

Pre-assessment and measures 

for generation factors of inner 

pressure

The inner pressure factors shall be considered. On the basis of the 

inner pressure assessment, ,measures (ventilation) shall be installed.  
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(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities : Survey of trouble cases of containers and storage 

facilities

Study on issues and measures at the time of waste storage
<Concrete measures 1>  

Practical reference cases and requirements that are needed to crystallize proposed plan of waste storage for 

Fukushima Daiichi are indicated as below. 
No. Requirements Issues

Examples of concrete measures 

(reference cases)
Proposed plan of concrete measures (draft)

1

Storage 

management of 

radioactive solid 

waste

Regular 

inspection 

Management of solid waste storage 

houses in Fukushima Daiichi

Stored drums were verified 

abnormalities as much as possible by 

same regular inspection as before the 

Great East Japan Earthquake. The 

ñInspection flow of the drumò [1] covers 

a specific method to verify the drums 

that cannot be observed because of 

their position.

Regular inspection for existing stored waste is being 

studied. [2]

When storage containers and their storage 

condition are needed to revise in future, specific 

inspection and  verification methods will be 

crystallized and methods for installing the storage 

container will be considered.  

Pre-study on 

incompatibility 

management 

at the time of 

storage

Performance evaluation of vent filter

(under this project)  

Filtering events and measures that were 

needed to consider were studied. 

On the basis of specifications for the storage facility, 

the storage container and waste, incompatibility 

factors will be clarified and necessity of specific 

measures will be considered.  

2

Fall prevention 

at the time of 

earthquake

Fall 

prevention 

measures

Fall analysis of low-level storage drum 

at the time of earthquake

The Central Research Institute of 

Electric Power Industry (CRIEPI)  

verified the impact of the measures by 

evaluating bearing force against 

falling.[3]

Existence of waste that may spread radioactive 

materials due to the fall will be investigated, and 

radiation exposure assessment due to the spread of 

radioactivity and fall prevention measures will be 

conducted. 

[1] TEPCO Holdings, Inc. Fukushima Daiichi NPS, ñStorage status of radioactive solid waste (drums, etc.) ñ July 23, 2018, File No.4, Regulatory Council 

of Radioactive Waste from Nuclear Facilities (7th), 

[2] ò Implementation Plan of Nuclear Facility, Fukushima Daiichi NPSò, Maintenance of Nuclear й, Supplementary of Radioactive Waste Management 2ò.  
[3] CRIEPI, ñAnalysis of Falling Low Level Storage Drum at the time of Earthquakeò, 2011, the result of research for FY2020 issued by CRIEPI Research 

Institute for Earth and Engineering, Environment and Science. 
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(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities: Survey of trouble cases of containers and storage facilities

Study on issues and measures at the time of waste storage
<Concrete measures 2>

Practical reference cases and requirements that are needed to crystallize proposed plan of waste storage for Fukushima Daiichi are 

indicated as below. 

No. Requirements Issues
Examples of concrete measures 

(reference cases)
Proposed plan of concrete measures (draft)

3

Ensuring the 

integrity of the 

container such 

as corrosion 

management, 

etc.

Prevention of 

container 

damage and 

deterioration

[Guideline of waste storage management 

designated by utility companies]

Points to consider during storage are 

described in the waste storage guideline. 

At the stage of clarifying waste that will be stored in the 

container, crystallization of storage methods will be 

considered (Ex. Protruding objects should not be stored 

at the container bottom. Board-shaped waste should be 

stored at the container bottom, etc.).

Prevention of 

water adhesion

[Power plant and use of the plastic 

container]

Use of polyethylene inner containers for 

drums

[Nine storage houses in Fukushima 

Daiichi]

Control of temperature and humidity 

Water volume to be adhered will be understood and 

necessity of water treatment will be considered. 

In case of using inter containers, design and the  

application method of the container will be considered 

(When storing high dose waste in the container, 

deterioration effects caused by radioactivity will be 

evaluated. In addition, if there is a possibility to generate 

hydrogen gas, specifications of non-airtight container will 

be considered).

Necessity of temperature and humidity control will be 

studied when storing waste.

Verification of 

the content 

(existence of 

corrosion 

substances)

[Guideline of waste storage management 

designated by utility companies]

Clarified substances to be removed 

including corrosive substances are 

provided in the guideline of waste storage. 

Investigation of corrosive substances in waste stored, 

clarification of substances to be removed and refection 

into the storage management guideline.

Pre-

assessment 

and measures 

for generation 

factors of inner 

pressure

[Study of storage methods for high-level 

radioactive materials] (under this project) 

Evaluation of hydrogen generation amount 

based on investigation of waste properties 

and study of ventilation deterioration 

factors

Detailed investigation of waste properties, study on 

factors of  inner pressure increase and evaluation of the 

inner pressure (study on specifications of the storage 

container and storage methods, and conducting of tests, 

etc. )
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(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities: Survey of trouble cases of containers and storage 

facilities

¸ Trouble cases of waste storage facilities and metal containers classified from the L1 waste level (class C 

waste) to the L3 level were searched for survey among the public reports posted on the website including 

the regulation authority website in Japan and overseas.  

¸ The detailed survey regarding the waste storage was conducted while referencing the following trouble 

cases.
ü Japan

V Shimane Nuclear Power Plant: Corrosion of the drum bottom in which the low level radioactive waste (LLW) is 

stored. 

V Hamaoka Nuclear Power Plant: Coating removal and water adhesion of the drum bottom for LLW that was 

carried out by Japan Nuclear Fuel Limited (JNFL). 

ü France

Tricastin Pierrelatte Conversion Plant: Loss of airtight functions of the container enclosed with unnecessary 

materials and equipment
ü Germany

Brunsbüttel Nuclear Power Plant: Corrosion of the filter installed drums

¸ According to the results of the survey, issues were clarified in the aspect of storage management, fall 

prevention at the time of earthquake and ensuring the integrity of the container. For responding to the 

issues, the following measures were studied and study items for reference cases and specific measures 

are indicated as below. 

ü Storage management: Regular inspection and study on responding to incompatibility cases in advance. Ҝ
Crystallization of inspection and confirmation methods

ü Fall prevention at the time of earthquake: Analysis evaluation and connection installment. Ҝ Radiation dose 

evaluation of scattering waste and fall prevention measures

ü Ensuring of the container: Prevention of damage and deterioration, confirmation of the content, pre-evaluation of 

inner pressure and prevention of water adhesion Ҝ Crystallization of storage methods, removal of corrosive 

substances, and study, evaluation and measures for factors of inner pressure increase

<Results of the survey>
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Achievements until now

Issues

V Trouble cases in Japan and overseas regarding the storage containers and the storage facilities for waste 

equivalent from L1 to L3 class were searched. Then reference cases of waste storage for the Fukushima Daiichi 

Nuclear Power Station were clarified by primary screening. 

V Among the clarified cases, surveys were conducted regarding the information on the container types, storage 

waste, trouble occurring place and occurrence factors as well as measures for preventing re-occurrence. The 

results of the survey were organized.  

V On the basis of the organized results, issues when storing waste were considered from the aspect of storage 

management, fall prevention when earthquake occurs and ensuring the integrity of the container. Reference 

cases for the measures responding to the issues were studied and the study items were examined to clarify 

specific measures.  

Summary

V According to the specifications of the container and waste properties, it is necessary to specify a storage method 

that would not cause damage to the container and a removal method for specific substances set by the guideline 

of the storage management. 

V Study of water management such as the use of inner container when storing waste and others is needed. 

V Each waste is required to evaluate fall resistance at the time of earthquake, radiation dose when spreading the 

content in the container, inner pressure generation, etc. and also specific measures. 

(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities: Survey of trouble cases of containers and storage facilities
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<Example of the survey>  

(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities: Survey of trouble cases of containers and storage facilities

Reference

Fig.1:  Example of the case survey in Japan Fig.2:  Example of the case survey in overseas

Example of domestic case study

The plant where the event occurred, the 

date of occurrence, circumstances when 

the trouble occurred, method of 

investigation, causes pertaining to the 

cases that were studied has been 

consolidated in a table.

Example of overseas case study

The plant where the event occurred, the 

date of occurrence, overview of the 

trouble were summarized for the cases 

that were studied and consolidated in a 

table along with the reference source.
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(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities: Performance evaluation of vent filters  

Â Achievements up to FY2020
¹ The information of the containers with filter ventilation that are 

used for responding to hydrogen gas generation in foreign 

countries was organized. 

¹ Events of filters that are needed to consider and the measures 

for the events were studied while referencing the process flow. 

Tentative specifications of the filters were set. 

Â Goal
¹ Functions of the filters when high level radioactive waste is 

stored in the container with the filters and evaluation of service 

life of filters were examined. 

Â Details of implementation (See details on next pages)

¹ High level of radioactive waste that is needed to be stored in 

the container with filters was selected on the basis of properties 

of high level radioactive waste. The site environment in which 

the storage container with filters is placed and conditions of the 

storage facility were studied, and test methods and conditions 

regarding functions and service life of the filters were also 

considered. In addition, a verification method for maintaining 

the filter functions during storage of the container with filters 

was considered.   

Â Guideline to determine goal achievements
¹ Evaluation method for the functions and service life of the filters 

during storage of the container with filters are clarified. 

Target at the completion: 2 Ÿ 3

Table 2: Events of filters that are needed to consider and the proposed measures

Table 1: Measures of hydrogen gas generation conducted in foreign countries

US UK France

Hydrogen gas

generation

 

countermeasures

At the WCS as well as theה

WIPP disposal sites, a

moisture content of 1vol  or

less is accepted.

(Documents are checked at the

disposal sites)

The installation of a vent filterה

is mandatory.

(Although TRU waste was

disposed in sealed containers

in the past, there are instances

where the containers were

retrofitted with vent filters

thereafter)

Ferric hydroxide sludgeה

After cement solidif ication, the w aste

surface is capped w ith grout and

then covered w ith a lid that is

designed to diffuse hydrogen through

the screw  threads.

Barium carbonate slurryה

The process is almost similar to the

process for the ferric hydroxide

sludge. A lid integrated w ith the f ilter

is installed.

Legacy mixed wasteה

Stored temporarily in 3 m3 containers

(w ith a double w all to mitigate the risk

of sw elling, lined w ith concrete to

prevent corrosion, and w ith a f ilter

installed on the lid to release the gas)

for several decades.

Plutonium contaminatedה

material

Several super-compacted 200 literה

drums are stored in 500 liter drums

and stuffed w ith grout. A lid

integrated w ith the f ilter is installed.

Moisture content isה

decreased by drying

(CSD-C: There is a track record

for moisture content of 5% or

less in the hull and end piece

wastes compressed bodies)

Although the execution in case

of DSC (sludge waste) is

undecided, a drying process

wherein the moisture content

will reduce to 5% or less is

being researched and

developed.

In other countries, the moisture content (free water) is reduced to the extent possible by means of drying and cement

solidification, etc. and the generated hydrogen gas is passed through a filter, released from the vent, and managed in

the building.

Work step During transfer During temporary (long-term) storage

Proposed

countermeasures*

(1) Clogging of f ilter

Multiple fה ilters should be installed (multiplexing) so that even if one of the

filter gets clogged, hydrogen can be released through the remaining f ilters.

The filter installation structure should be in the form of a labyrinth, etc. soה

that the contents do not directly reach the f ilter.

As the clogging of the fה ilter is assumed to occur because the contents get

stirred up during transfer, a lid w ith attached filter to be used exclusively

during transfer should be used (w hen storing, that lid should be replaced

w ith a lid w ith attached filter to be used exclusively during storage).

The impact on the storage container should be assessed assuming aה

situation w herein there is an explosion w ith the expected hydrogen

concentration (4 vol%).

(2) Contamination due to dispersion of the contents

For fה ine particles, a particle collection eff iciency equivalent to that of HEPA

(99.97% particle collection rate for 0.3 ɛm particles) is required.

.Gas component should be processed by means of a ventilation systemה

Area classifה ications (red, yellow , green) should be developed based on

the assumed dispersion from the f ilters to control contamination.

Surface contamination of the storage container should be inspectedה

(decontamination should be carried out if  necessary) before transfer inside

the premises and before storage.

(3) Corrosion and deterioration of f ilter

-SUS316L or carbon composite materials that are corrosionה

resistant in atmospheric environment should be selected for the

filter media (sintered porous f ilter).

Corrosion resistance should be confirmed wה ith test pieces of

the same material under the same conditions (or harsher

conditions).

(4) Performance degradation due to f ilter condensation

The temperature and humidity should be controlled usingה

ventilation system of the storage facility to prevent condensation.

ה If  the ventilation system of the storage facility stops functioning

and condensation occurs, it is critical to restore the ventilation

system and eliminate condensation before the hydrogen

concentration in the storage container exceeds 4 vol%. It should

be ensured that the hydrogen concentration inside the storage

container does not exceed 4 vol% w ithin the estimated time that

is required for restoring the ventilation system. If it exceeds 4

vol% (the time margin cannot be secured), it should be ensured

that the ventilation system is running at all times by multiplexing

the ventilation system or by preparing an emergency pow er

supply.

* Whether or not the vent filter can be used and the extent of measures depends on discussions with the authorities.
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Properties of waste and the conditions of storage 

are examined.  

<Study of performance evaluation of vent filters> 

In accordance with the flow chart below, the deterioration of filters caused by long-term use was studied.  

1. Organizing of input 

conditions

2. Filter deterioration factors 

and estimation of failure mode

3. Filter functions and 

evaluation on service life 

of filter*

Organizing of input conditions

Study of deterioration 

factors

Clarification of filter 

requirements

Estimation of failure mode

Study of performance 

testing method

Study of integrity evaluation 

method

* Evaluation of the filter functions aims to provide the guideline of performance evaluation and methods 

for selection. 

A performance test method that is needed to 

evaluate the effect on service life of filter is 

studied. 

The filter deterioration factors are clarified from 

the input condition.  

Failure mode including chronological 

environmental change and trouble errors is 

estimated. 

The applicability of the filter requirements is 

clarified in consideration of properties of waste 

and storage environment.   

A method for evaluating the integrity of filter is 

studied. 

(a) Investigation and evaluation of storage methods

[2] Investigation of requirements of storage containers and facilities : Performance evaluation of vent filters
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<Procedures for collecting information on high level radioactive waste> 

(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Organizing of input conditions

Å Waste list

The gathered information is organized based on the waste list that was compiled by the integrated R&D 

(waste stream). On the other hand, waste objects are filtered considering the following items. 

ü Nuclear fuel, fuel debris, solid waste generated before the Great East Japan Earthquake and 

waste generated from the normal reactor are not investigated under this project. 

ü Filters are assumed to be installed in the container that will be newly manufactured, therefore, 

filters that have been already stored in the container with ventilation holes and filters are not 

investigated. 

ü If waste has contacted with fuel debris or contaminated water, the waste would be investigated 

because of the possibility of Ŭcontamination. Other waste are not investigated.

Å Waste objects that are needed to collect information

If waste is applicable to any one of the following items (major factors of deterioration) , the applicable 

waste are investigated.  

ü Existence of water

ü Existence of particle substances

ü Existence of corrosive ion  

Å Information acquisition of high level radioactive waste

The following information for the selected waste is compiled.

ü Properties: Materials, concentration of radioactivity, water content, particle diameter and 

concentration of corrosive ion

ü Storage condition: Storage environment, storage container, etc. 
Fig.1: Flow chart of filtering waste objects 

for investigation 

S1 S2 S3 ṇ S4 S5 ṇ S14 N1 4 N2ḬệḱỈ N3Ḭ

1       ṇ ṇ DSP ṇ ṕS1ṌS5 Ṗ ṕS1ṌS5 Ṗ

2       ṕ Ṗ ṕ Ṗ ṕS3Ṍ5 Ṗ

3     ( ṇ ḭ )   ờỞỢ ṇ ṕ Ṗ T/B ṕ Ṗḱ ḱ PCV

4       ọỞỢ ṇ ṕ Ṗ R/B T/B ṕ Ṗ ṇ ṇ

5     ớỎỡ   ờớỡ ṇ ṕ ṖR/B ḱ ṕDHC ḱAC ḱFCSṖRw/B ṕ Ṗḱ ḱ RPV

6     ớỎỡ ṇ ṇ ( ) R/B ḱ ṕDHC ḱAC ḱRCWṖRw/B ṕ Ṗ RPV ẑ

7     ờỞỢ ( ) R/B ḱ ṕAC Ṗ ︡ ṇ

8   Ԏ֚֫ԃԝ   ọỞỢ SPT

9   ԏ֪ӽԂԝ֚֫֩֘֫   ờớỡ ṇ

10   

11   CRD֖Ԇԏ֪֩ԋ֪

12 CRD ṕKURIONṖ

13

14 ḱ ṕỞỌờờỤṖ

15 ṕMS Ṗ ṕỞỌờờỤ-2Ṗ

16 Rw/B ḱ ḱ ṕỌờỐỡỌṖ

17 ể

18

19 ờỚ

20

21

22

S6 S7 ṇ S8 S15Ḭ N5Ḭ

1 צּ ṇ צּ ךּ ṇ

2 ṕ Ṗ ṇ ḱ ḱ ṕ Ṗ

3 ṕ Ṗ ḭ ṇ ṕ ḯ Ṗ 3 ṇ

4 ṕ ṇ ḭ Ṗ 3

5 ṇ ḱ ︡

6 ṕ קּ ךּ Ṗ ḱ

7 ṕ ḭ Ṗ

8 ḱ ︡

9

10

11

12

13

14

15

16

17

18

19

20

21

22

Waste list obtained from 

the integrated R&D 

results (waste stream)

S9.1 

ṕKURION,SARRYṖ

S9.2 ṕ Sr

Ṗ

S10.1 ṕ

ṇṖ

S10.2 ṕ

Ṗ

S10.3 ṕ

Ṗ
S11 S12 S13 ṇ N4Ḭ

1 KURION (KMPS) ṇ (FST,Sr-treat)ṇ : (Ly-RT) ALPS ṇ ALPS

2 (SMZ) (ISM) ṇ (GAC,AGC, ṇ ) ṕ Ṗ (HS-726,FST)

3 ṇ (H,EH) 2 : (ReadE2,Read-B) Cs ( ) (K-MAC)

4 ṇ (AGH) (IE-911,FST)( ) : ṇ (IRC748i) Sr ( ) (CRB05,CN4000,READ-B,WA30)

5 ṇ (KH) (FST)( ) : (CN4000) RO (AgZ,KW-500G-7)

6 (TSG) ṇ : (Ly-RT) ṕ Ṗ RO

7 ( Ṗ : (AgZṖ Sr (HS-72)

8 SARRY (GX194) SS ( )

9 (IE-96) (Cs-treat) ( ṇ ) (A51-JHP)

10 (IE-911) (HS-726)

11 (EN-101,HS-726,ET-501) ṕ Ṗ (K-MAC)

12 + : Cs ( ) (READ-B)

13 + : Sr ( )

14 SARRY-2 (IE-901)(SFP )

15 + : (IE-901)( )

16 (ET-501) (ET201)( )

17 ALPS

18 (HS-716)

19 (CRB05,WA30)

20 (AgZ)

21 (As-CATCH2)

22

( )

( )

1 ṕ Ṗ PCB

2 ṕ or Ṗ ṕ Ṗ ṕ Ṗ ṕ Ṗ ṕ ḭ Ṗ

3 ṕ Ṗ ṕ Ṗ ṕ Ṗ

4

5

6

7

8

9 ṇ ṇ

10

11 ṇ

12

13 ṇ

14

15

16

17

18

19

20

21

22

S16.1Ḭ ṕ

Ṗ

S16.2Ḭ (

ḭ ṇ Ṗ
X1Ḭ X2Ḭ X3 ṕ ︡ Ṗ

Secondary waste 

generated from water 

treatment

Other waste

Dismantled waste

Rubbles, etc.

Excluded from
consideration items

Waste list

High level radioactive waste 
having concerns filter deterioration

Excluded from
consideration items

Excluded from
consideration items

Excluded from
consideration items

Excluded fuel, debris, solid waste 
generated before the earthquake 
and demolition waste generated 

from a normal reactor.

Objects that have been stored in 
containers with vent holes and filters.

Objects that have contacted with 
debris and contaminated water.

Objects that have stored underwater 
and handled by underwater cutting.

Particulate or fine particles would 
generate (including rust).

Objects that have contacted with 
sea water including corrosive ions.

*1: Water spraying to cool the cut part is not included.
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Excluded objects because they have no contact 

with fuel debris and contaminated water. 

Excluded objects because 

they are equivalent to waste 

generated from the normal 

reactor. 

<Waste objects selected from the waste list>

(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Organizing of input conditions

Excluded objects because they are 

regarded as fuel debris.

Waste list

1. Demolition waste

S1 RPV S2 PCV metal S3 PCV concrete S4 Metal in the building S5 Concrete in the building S14 Debris collection waste N1 Unit 4 demolition waste
N2 Unit 5 & 6 demolition

waste

N3 Other facility demolition

waste

RPV Demolition metal Demolition concrete Metal camera Demolition concrete DSP slot plug concrete

Equivalent to waste

generated from the normal

reactor

Equivalent to waste

generated from the normal

reactor

Installed before the

earthquake

Steam dryer Piping
Contaminated dust(surface

decontamination)
Piping

Contaminated dust(surface

decontamination)
Moisturizer

Accident contaminated

waste(refer to S3-5)

Intensive environment

facility process building

Steam separator
Equipment (cables and

plates)
RSW concrete (activation) Reinforcing steel T/B wall(inside),floor, column PCV head High-temperature incinerator

Upper grid plate Reinforcing steel BSW(activation) R/B equipment T/B wall(outside) Shield plug concrete Incineration building

Core shroud PCV main part
RPV pedestal

concrete(surface

R/B high level radioactive

equipment

Rw/B wall(inside),floor,

column
RPV bottom plate* Onsite bunker building

Core support plate PCV inner equipment
Torus concrete(surface

decontamination)

R/B high level radioactive

equipment
Rw/B wall(outside)

Equipment for retrieving fuel

debris
Auxiliary building

Other equipment RSW steel plate
Well plug(surface

contamination)

R/B high level radioactive

equipment, piping(AC
Common pool building

Fuel support BSW reinforcing steel Additional shielding SPT building

Jet pump RPV pedestal steel Turbine main body
Incinerator for miscellaneous

solid waste

Control rod guide pipe Generator
Installed after the

earthquake

CRD housing Steam condenser
Additional incinerator for

miscellaneous solid waste

CRD Moisture separator
Cesium adsorption

system(KURION)
Water supply humidifier Oil separator

Other equipment, piping
Second cesium adsorption

system(SARRY)
High level radioactive

piping(MS system)

Third cesium adsorption

system(SARRY-2)
RW/B equipment, piping

Decontamination

system(AREVA)
Reverse osmosis membrane

treatment Unit 1
Evaporation concentration

system

Desalting RO unit

Desalting equipment

Cylindrical flange tank

Horizontal tank

2. Debris, etc. Square tank

S6 Debris, metal S7 Debris concrete S8 Combustibles S16 Contaminated soil N5 Others, debris, etc. Solid waste storage facility

Metals Concretes Used protective clothing Contaminated soil
Incombustible

waste(polyvinyl chloride

Slurry stabilization

equipment

Piping(metal) Concrete Paper Rubble, collected stones
Noncombustible

waste(glass,ceramic,ec.)
Volume reduction equipment

Reinforcing steel
Contaminated dust(surface

contamination)
Plastic, vinyl Dredged soil

Equipment(cables,battery,etc

.)
Fuel removal cover for Unit 3

Demolition tanks Lumber Asphalt Appliances
Fuel removal equipment for

Unit 3
Wires Cut trees, grass

Building sludge(generated by

draining)

Equipment for fuel debris

retrieval

Empty containers Incinerated ash
Temporary storage facility for

fuel debris
Construction

machinery(steel plate, steel

Contaminated water storage

tank

Vehicles, heavy machinery
Decontamination equipment,

sludge removal equipment
Temporary storage facility for

cesium adsorption tower
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<Waste objects selected from the waste list>

Excluded objects because they are 

equivalent to waste generated from 

the normal reactor. 

Excluded objects because they have been 

stored in the container with ventilation holes 

and filters and are not planned to be 

replaced.  

(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Organizing of input conditions

3.Secondary waste generated from water treatment

S9.1 Adsorption tower

(KURION,SARRY)

S9.2 Adsorption tower (mobile

Sr.removal equipment)

S10.1 Multi-nuclide

remov al system (slurry)

S10.2 Multi-nuclide  removal

system (adsorbent)

S10.3 Multi-nuclide  removal

system (treatment column)

S11 Decontamination

equipment sludge
S12 Filter

S13 Ev aporation

concentration equipment

waste slurry

N4 Other water

treatment system

1 KURION
Mobile type strontium

remov al
Carbonate slurry

Silic ide titanate adsorbent(FST,Sr-

treat)

Chelate resin type

adsorbent: iron

Decontamination

equipment sludge
High-performance ALPS

Evaporation concentration

equipment waste slurry
High-performance ALPS

2
Surfactant modification

zeolite(SMZ)
Silicide titanate(ISM) Iron coprecipitation slurry

Activated carbon

adsorbent(GAC,AGC,kuraray coal)
Filter(made from polypropylene)

Silicide titanate(HS-

726,FST)
3 Harsh light(H,EH)

Second mobile type strontium

removal equipment

Polymer system adsorbent: Cerium

hydroxides(Read E-2,Read-B)
Cs filter(made from nylon resin)

Activated carbon type

adsorbent(K-MAC)

4
Silver impregnated harsh

light(KH)

Silicide titanate(IE-

911,FST)(water discharge

Polymer system adsorbent:

iminodiacetic acid type chelate
Sr filter(made from nylon resin)

Polymer system

adsorbent(CRB05,CN4000,Read-

5
Ferrocyanide cobalt

harsh light(KH)
Silic ide titanate(FST)(tank clean-up)

Polymer system adsorbent: iron

hydroxide adsorbent(CN4000)

RO concentration water

treatment equipment

Zeolite adsorbent(AgZ,KW-5000G-

7)

6 Silicide titanate(TSG)
Chelate resin type  adsorbent: iron

hydroxide(Ly:RT)
Filter(made from polypropylene)

RO concentration water

treatment equipment

7 Filtered sand(silica sand)
Zeolite type adsorbent: s ilver

zeolite(AgZ)
Mobile type Sr removal equipment Silicide titanate(HS-72)

8 SARRY Titanium oxide(GX194) SS filter(made from polypropylene)
Sub drain and other filtering

equipment

9 Chabazite(IE-96) Ferrocyanide cobalt(cesium-treat)
Ultra filter(polyether

sulfone)

Zeolite adsorbent(A5-

1,JHP)
10 Silicide titanate(IE-911)

Sub drain and other filtering

equipment
Silicide titanate(HS-726)

11
Silic ide titanate(EN-101,HS-726,ET-

501)
Filter(made from polypropylene)

Activated carbon type

adsorbent(K-MAC)

12 Filtered sand+zeolite:c linoptilolite Cs filter(made from nylon resin)
Polymer system (Read-

B)
13

Filtered sand activated carbon:

anthracite
Sr filter(made from nylon resin)

Mobile type treatment

system

14 SARRY-2
Silic ide titanate(IE-901)(SFP clean-

up)

15
Filtered sand+activated carbon:

anthracite

Silic ide titanate(IE-901)(trench

clean-up)

16 Silicide titanate(ET-501)
Zeolite system(ET201,trench

clean-up)

17
High-performance ALPS

verification system

18 Silicide titanate(HS716)

19
Polymer system (CRB-

05,WA30)

20 Zeolite system(AgZ)

21
Ferric hydroxide

adsorbent(As-CATCH2)

22 Others

Zeolite soil(zeolite)

Zeolite soil(activated

carbon soil)

4.Other waste
S16.1 Waste generated

before the

earthquake(solid waste

storage facility,etc.)

S16.2 Waste generated

before the

earthquake(site

banker,fuel pool,etc.)

X1 Spent fuel X2 Debris
X3 Env ironment impact

substances(sorted)

1 Operation waste
Granulated

solidification(concentrati
Spent fuel Debris PCB

2
Operation waste(non-

comformity or

Granulated

solidification(concentrati
Nuclear fuel(supplied)

Debris(mixed with

components)

Removed

metals(lead,alminium,etc

3
Granulated

solidification(waste resin
Nuclear fuel(before use)

Debris(adhered with

components)

Asbestos-containing

material

4 Tank storage waste regin Damaged fuel Lead-containing material

5
Tank storage waste

sludge

6 Tank storage waste liquid

7 Control rod

8 Channel box

9 Fuel support

10 Neutron detector

11 Spent fuel pool

12 Channel box

13 Poison curtain

14 Otters

15
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<Selection of waste objects based on their properties> 

üWater existence

Underwater cutting is assumed if dismantled waste has high radiation dose. 

Waste generated from secondary water treatment is assumed to be stored in the condition

having water content because of preventing the spread of waste.

üHaving particulate substances

Particles are assumed to generate from cutting dismantled waste. 

Particles are assumed to generate from crashing the secondary waste of water treatment. 

üHaving corrosive ion

It is assumed that both of dismantled waste and the secondary waste of water treatment have 

experience of contact with sea water. 

(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Organizing of input conditions

Large classification Medium classification

S1 Pressure vessel ₃ ₃ ₃ ₃

S2 Containment vessel metal כ ₃ ₃ ₃

S3 Containment vessel concrete כ ₃ כ ₃

S14 Waste from debris collection ₃ ₃ ₃ ₃

N3  Dismantling waste from other facilities (After the

earthquake disaster)
₃ ₃ ₃ ₃

S9.2 Adsorption vessel  (Mobile Sr removal

equipment)
₃ ₃ ₃ ₃

S10.1 Multi-nuclide removal system  (slurry) ₃ ₃ ₃ ₃

S10.2 Multi-nuclide removal system  (adsorbent) ₃ ₃ ₃ ₃

S10.3 Multi-nuclide removal system  (treatment

column)
₃ ₃ ₃ ₃

S11 Sludge from decontamination equipment ₃ ₃ ₃ ₃

N4 Other water treatment facilities ₃ ₃ ₃ ₃

Judgment

Dismantling waste

Secondary waste

generated from

contaminated water

treatment

Waste to be studied

Presence of water Particulate matter Contains corrosive ions
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There are many uncertainties in non-material information. 

(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Organizing of input conditions<Results of the investigation for dismantled waste>

The inventory data is cited from back data of inventory estimation results [1] for each waste (generated from dismantlement, debris collection and water treatment) 

estimated by Japan Atomic Energy Agency (JAEA/) Central Research Institute of Electric Power Industry (CRIEPI).
[1] Daisuke Sugiyama, Ryo Nakabayashi, Shingo Tanaka, Yoshikazu 

Koma & Youko Takahatake (2021) Stochastic estimation of radionuclide 

composition in wastes generated at Fukushima Daiichi nuclear power 

station using Bayesian inference, Journal of Nuclear Science and 

Technology, 58:4, 493-506,

Large Intermidiate Small Material Shape
Total radiation

dose*(advanced

Water

content %

Estimated

dehydration
Component

Particle

diameter(ɛm)
Occurrence factor

Chloride

ions(ppm)

Other

corrosive
pH

Contacted

with sea
RPV Carbon steel Block-shape 7 Draining Carbon steel N.A Cutting and chipping N.A N.A N.A ₃
Steam dryer Stainless steel Block-shape 7 Draining Stainless steel N.A Cutting and chipping N.A N.A N.A ₃

Steam separator Stainless steel Block-shape 7 Draining Stainless steel N.A Cutting and chipping N.A N.A N.A ₃

Demolition metal Carbon steel Block-shape N.A Draining Carbon steel N.A Cutting and chipping N.A N.A N.A ₃
Piping Carbon steel Block-shape N.A Draining Carbon steel N.A Cutting and chipping N.A N.A N.A ₃
Equipment(cables,boards,etc.) Iron Block-shape N.A Draining Iron N.A Cutting and chipping N.A N.A N.A ₃
Reinforcing steel Iron Block-shape N.A Draining Iron N.A Cutting and chipping N.A N.A N.A ₃
PCV main body Carbon steel Block-shape N.A Draining Carbon steel N.A Cutting and chipping N.A N.A N.A ₃
PCV inner equipment Iron Block-shape N.A Draining Iron N.A Cutting and chipping N.A N.A N.A ₃
RSW copper plate Block-shape N.A Draining N.A Cutting and chipping N.A N.A N.A ₃
BSW reinforcing steel Iron Block-shape N.A Draining Iron N.A Cutting and chipping N.A N.A N.A ₃

RPV pedestal reinforcing steel Iron Block-shape N.A Draining Iron N.A Cutting and chipping N.A N.A N.A ₃

S3 PCV concrete Demolition concrete Concrete Porous shape N.A Draining Concrete N.A Cutting and chipping N.A N.A N.A ₃
Contaminated dust(surface contamination) Concrete Porous shape N.A Draining Concrete N.A Cutting and chipping N.A N.A N.A ₃
RSW concrete(activation) Concrete Porous shape N.A Draining Concrete N.A Cutting and chipping N.A N.A N.A ₃
RPV pedestal concrete(surface Concrete Porous shape N.A Draining Concrete N.A Cutting and chipping N.A N.A N.A ₃
Torus concrete(surface contamination) Concrete Porous shape N.A Draining Concrete N.A Cutting and chipping N.A N.A N.A ₃
Well plug(surface contamination) Concrete Porous shape N.A Draining Concrete N.A Cutting and chipping N.A N.A N.A ₃
DSP slot plug concrete Concrete Porous shape 1.27E+14 12 Draining Concrete N.A Cutting and chipping N.A N.A N.A ₃
Moisturizer Carbon steel Porous shape 3 Draining Carbon steel N.A Cutting and chipping N.A N.A N.A ₃
PCV head Stainless steel Block-shape 7 Draining Stainless steel N.A Cutting and chipping N.A N.A N.A ₃
Shield plug concrete Concrete Porous shape 1.27E+14 12 Draining Concrete N.A Cutting and chipping N.A N.A N.A ₃
RPV head Low alloy steel Block-shape 7 Draining Low alloy steel N.A Cutting and chipping N.A N.A N.A ₃
RPV bottom head Low alloy steel Block-shape 7 Draining Low alloy steel N.A Cutting and chipping N.A N.A N.A ₃
Equipment for retrieving debris Stainless steel Block-shape 7 Draining Stainless steel N.A Cutting and chipping N.A N.A N.A ₃
Radioactive waste incineration facility N.A. N.A. N.A. N.A. N.A. N.A. N.A N.A N.A N.A N.A ₃
Cesium adsorption system(KURION) N.A. N.A. N.A. N.A. N.A. ] N.A N.A N.A N.A N.A ₃
Oil separator N.A. N.A. N.A. N.A. N.A. N.A. N.A N.A N.A N.A N.A ₃
Cesium adsorption system(SARRY)-2 N.A. N.A. N.A. N.A. N.A. N.A. N.A N.A N.A N.A N.A ₃
Cesium adsorption system(SARRY-2)-3 N.A. N.A. N.A. N.A. N.A. N.A. N.A N.A N.A N.A N.A ₃
Decontamination system(AREVA) N.A. N.A. N.A. N.A. N.A. N.A. N.A N.A N.A N.A N.A ₃
Reverse osmosis membrane treatment N.A. N.A. N.A. N.A. N.A. N.A. N.A N.A N.A N.A N.A ₃
Evaporation concentration equipment N.A. N.A. N.A. N.A. N.A. N.A. N.A N.A N.A N.A N.A ₃
Desalting RO unit N.A. N.A. N.A. N.A. N.A. N.A. N.A N.A N.A N.A N.A ₃
Desalting apparatus N.A. N.A. N.A. N.A. N.A. N.A. N.A N.A N.A N.A N.A ₃
Cylindrical flange tank N.A. N.A. N.A. N.A. N.A. N.A. N.A N.A N.A N.A N.A ₃
Horizantal tank N.A. N.A. N.A. N.A. N.A. N.A. N.A N.A N.A N.A N.A ₃
Square tank N.A. N.A. N.A. N.A. N.A. N.A. N.A N.A N.A N.A N.A ₃
Solid waste storage facility N.A. N.A. N.A. N.A. N.A. N.A. N.A N.A N.A N.A N.A ₃
Slurry stabilization equipment N.A. N.A. N.A. N.A. N.A. N.A. N.A N.A N.A N.A N.A ₃
Volume reduction equipment N.A. N.A. N.A. N.A. N.A. N.A. N.A N.A N.A N.A N.A ₃
Fuel removal cover for Unit 3 N.A. N.A. N.A. N.A. N.A. N.A. N.A N.A N.A N.A N.A ₃
Fuel removal equipment for Unit 3 N.A. N.A. N.A. N.A. N.A. N.A. N.A N.A N.A N.A N.A ₃
Equipment for fuel debris retrieval N.A. N.A. N.A. N.A. N.A. N.A. N.A N.A N.A N.A N.A ₃
Temporary storage facility for fuel debris N.A. N.A. N.A. N.A. N.A. N.A. N.A N.A N.A N.A N.A ₃
Contaminated water storage tank N.A. N.A. N.A. N.A. N.A. N.A. N.A N.A N.A N.A N.A ₃

Decontamination equipment, sludge

removal equipment
N.A. N.A. N.A. N.A. N.A. N.A. N.A N.A N.A N.A N.A ₃

Temporary storage facility for cesium

adsorption tower
N.A. N.A. N.A. N.A. N.A. N.A. N.A N.A N.A N.A N.A ₃

Demolition waste

S1 RPV

S2 PCV

S14 Debris

collection waste

N3 Other demolition

waste

⁷⁷ᵔ
Name of waste

Demolition waste
9.10E+13

9.10E+13

9.10E+13

Waste classification Waste properties

Demolition waste

Demolition waste

Demolition waste
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Å Conservative evaluation of water quality (chloride ion, etc.) was conducted and the initial values calculated at beginning 

of treatment were extracted. 

Å There are many uncertainties in non-material information. 

(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Organizing of input conditions

<Compiled results of secondary waste generated from water treatment> 

The inventory data is cited from back data of inventory estimation results [1] for each waste (generated from dismantlement, debris collection and water treatment) estimated by JAEA/CRIEPI.

Water quality data was cited from a project report of a guideline of secondary waste generated from water treatment [2], FY 2015 subsidy project of safety technology measures for nuclear 

power station. 

[1] Daisuke Sugiyama, Ryo Nakabayashi, Shingo Tanaka, Yoshikazu Koma & Youko Takahatake (2021) Stochastic estimation of radionuclide composition in wastes generated at 

Fukushima Daiichi nuclear power station using Bayesian inference, Journal of Nuclear Science and Technology, 58:4, 493-506,

[2] Project report of a guideline of secondary waste generated from water treatment, FY 2015 subsidy project of safety technology measures for nuclear power station. Project 

report Japan Atomic Energy Agency, March 2016

Large Intermidiate Small Material Shape

Total radiation

dose*(advanced

inventory

Water

content %

Estimated

dehydration

treatment

Component
Particle

diameter(ɛm)
Occurrence factor

Chloride

ions(ppm)

Other

corrosive

ions(ppm)

pH

Contacted

with sea

water

Mobile type Sr.removal

equipment(KMPS)
Silicide titanate(ISM) Silicide titanate

Granular(several

mm diameter)
N.A.

Approx.50

%
Draining Silicide titanate N.A. Pulverized powder 17000 N.A. N.A. ₃

Silicide titanate(IE-

911,FST)(discharge channel
Silicide titanate

Granular(several

mm diameter)
N.A.

Approx.50

%
Draining Silicide titanate N.A. Pulverized powder 2300 N.A. N.A. ₃

Silicide titanate(FST)(tank clean-

up)
Silicide titanate

Granular(several

mm diameter)
N.A.

Approx.50

%
Draining Silicide titanate N.A. Pulverized powder 2300 N.A. N.A. ₃

Carbonate slurry
Calcium

carbonate

Granular(several

mm diameter)
7.72E+11

Approx.60

%
Filter pressing Calcium carbonate N.A. Pulverized powder 13000 N.A. 9.2-11.2 ₃

 Iron cosedimentation slurry  Iron hydroxide
Granular(several

mm diameter)
7.88E+12 Approx.60 Filter pressing  Iron hydroxide N.A. Pulverized powder 13000 N.A. N.A. ₃

Silicide titanate

adsorbent(FST,Sr-treat)
Silicide titanate

Granular(several

mm diameter)
5.53E+10

Approx.50

%
Draining Silicide titanate N.A. Pulverized powder 13000 N.A. N.A. ₃

Activate carbonate

adsorbent(GAC,AGC,,kuraray
Carbonate

Granular(several

mm diameter)
4.81E+10

Approx.50

%
Draining Carbonate N.A. Pulverized powder 13000 N.A. N.A. ₃

Polymer system adsorbent:

Cerium hydroxides(Read E-

Cerium

hydroxides

Granular(several

mm diameter)
N.A.

Approx.50

%
Draining Cerium hydroxides N.A. Pulverized powder 13000 N.A. N.A. ₃

Polymer system adsorbent:

iminodiacetic acid type chelate

resin(IRC748)

Chelate resin
Granular(several

mm diameter)
2.30E+10

Approx.50

%
Draining Chelate resin N.A. Pulverized powder 13000 N.A. N.A. ₃

Polymer system adsorbent: iron

hydroxide adsorbent(CN4000)
Chelate resin

Granular(several

mm diameter)
N.A.

Approx.50

%
Draining Chelate resin N.A. Pulverized powder 13000 N.A. N.A. ₃

Chelate resin type  adsorbent:

iron hydroxide(Ly:RT)
Chelate resin

Granular(several

mm diameter)
1.26E+11

Approx.50

%
Draining Chelate resin N.A. Pulverized powder 13000 N.A. 6-7 ₃

Zeolite type adsorbent: silver

zeolite(AgZ)
Zeolite

Granular(several

mm diameter)
4.81E+10

Approx.50

%
Draining Zeolite N.A. Pulverized powder 13000 N.A. N.A. ₃

Titanium oxide(GX194) Titanium oxide
Granular(several

mm diameter)
4.70E+10

Approx.50

%
Draining Titanium oxide N.A. Pulverized powder 13000 N.A. N.A. ₃

Ferrocyanide cobalt(Cs-treat) Ferrocyanide
Granular(several

mm diameter)
4.65E+10

Approx.50

%
Draining Ferrocyanide N.A. Pulverized powder 13000 N.A. N.A. ₃

S10.3Multi-nuclide

removal system

Chelate resin type  adsorbent:

iron hydroxide(Ly:RT)
Chelate resin

Granular(several

mm diameter)
1.26E+11

Approx.50

%
Draining Chelate resin N.A. Pulverized powder 13000 N.A. N.A. ₃

S11 Decontamination system

sludge
Decontamination system sludge Barium sulfate

Granular(several

mm diameter)
8.17E+12

Approx.60

%

Centrifugal

separation
Barium sulfate N.A. Pulverized powder N.A. N.A. N.A. ₃

Silicide titanate(HS-726,FST) Silicide titanate
Granular(several

mm diameter)
N.A.

Approx.50

%
Draining Silicide titanate N.A. Pulverized powder 6350 N.A. N.A. ₃

Carbonate type adsorbent(K-

MAC)
Carbonate

Granular(several

mm diameter)
N.A.

Approx.50

%
Draining Carbonate N.A. Pulverized powder 6350 N.A. N.A. ₃

Polymer system

adsorbent(CN4000,READ-
Chelate resin

Granular(several

mm diameter)
N.A.

Approx.50

%
Draining Chelate resin N.A. Pulverized powder 6350 N.A. N.A. ₃

Zeolite type adsorben(AgZ.KW-

500G-7)
Zeolite

Granular(several

mm diameter)
N.A.

Approx.50

%
Draining Zeolite N.A. Pulverized powder 6350 N.A. N.A. ₃

RO concentration

water treatment
Silicide titanate(HS-72) Silicide titanate

Granular(several

mm diameter)
N.A.

Approx.50

%
Draining Silicide titanate N.A. Pulverized powder 6350 N.A. N.A. ₃

Zeolite system(A51-JHP) Zeolite
Granular(several

mm diameter)
N.A.

Approx.50

%
Draining Zeolite N.A. Pulverized powder 17000 N.A. N.A. ₃

Silicide titanate(HS-726) Silicide titanate
Granular(several

mm diameter)
N.A.

Approx.50

%
Draining Silicide titanate N.A. Pulverized powder 17000 N.A. N.A. ₃

Activate carbonate (K-MAC)
Activate

carbonate

Granular(several

mm diameter)
N.A.

Approx.50

%
Draining Activate carbonate N.A. Pulverized powder 17000 N.A. N.A. ₃

Polymer system(Read-B) Chelate resin
Granular(several

mm diameter)
N.A.

Approx.50

%
Draining Chelate resin N.A. Pulverized powder 17000 N.A. N.A. ₃

Silicide titanate(IE-901)(SFP

purification)
Silicide titanate

Granular(several

mm diameter)
N.A.

Approx.50

%
Draining Silicide titanate N.A. Pulverized powder 17000 N.A. N.A. ₃

Silicide titanate(IE-901)(trench

clean-up)
Silicide titanate

Granular(several

mm diameter)
N.A.

Approx.50

%
Draining Silicide titanate N.A. Pulverized powder 17000 N.A. N.A. ₃

Zeolite type(ET201)(trench clean- Zeolite
Granular(several

mm diameter)
N.A. Approx.50 Draining Zeolite N.A. Pulverized powder 17000 N.A. N.A. ₃

Silicide titanate(HS-716) Silicide titanate
Granular(several

mm diameter)
N.A.

Approx.50

%
Draining Silicide titanate N.A. Pulverized powder 6350 N.A. N.A. ₃

Polymer system(CRB05,WA30) Chelate resin
Granular(several

mm diameter)
N.A.

Approx.50

%
Draining Chelate resin N.A. Pulverized powder 6350 N.A. N.A. ₃

Zeolite type(AgZ) Zeolite
Granular(several

mm diameter)
N.A.

Approx.50

%
Draining Zeolite N.A. Pulverized powder 6350 N.A. N.A. ₃

Ferric hydroxide adsorbent(As-

CATCH2)
Ferric hydroxide

Granular(several

mm diameter)
N.A.

Approx.50

%
Draining Ferric hydroxide N.A. Pulverized powder 6350 N.A. N.A. ₃

Zeolite soil(zeolite) Zeolite
Granular(several

mm diameter)
N.A.

Approx.50

%
Draining Zeolite N.A. Pulverized powder N.A. N.A. N.A. ₃

Zeolite soil(activate carbon soil) Activate carbon
Granular(several

mm diameter)
N.A.

Approx.50

%
Draining Activate carbon N.A. Pulverized powder N.A. N.A. N.A. ₃

⁷⁷ᵔ

Water

treatnebt

secondary

waste

S9.2 Adsorption

tower(mobile

Sr.removal

equipment)

S10.1Multi-nuclide

removal system

(slurry)S10.2Multi-nuclide

removal system

(adsorbent)

Mobile type

Sr.removal

equipment(KMPS)

-2

High-performance

ALPS

N4 Other water

treatment system

Sub drain and

other filtering

equipment

Mobile type

treatment system

High-performance

ALPS verification

system

Waste propertiesWaste classification

Name of waste
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A storage case model of the storage container used for 

hydrogen generation evaluation in FY2020

Material: SS400

Inner surface: Polyethylene lining

External surface: Resin coating

Volume: Approx.5.1m3 (Estimating 

5cm-thickness) 

Dehydrate processing for slurry by using a filter press

<Clarification of storage conditions: Storage container>

*1: Final report of subsidy project of Decommissioning and Contaminated Water Management in 

FY2016, Upgrading of Fundamental Technology for Retravel of Fuel Debris and Reactor 

Internals.  

*2: Drawing the illustration while referencing the information provided by TEPCO Holdings.

Fig.2: Illustration of storing secondary waste generated from water treatment*2

Dismantled waste is placed in the inner container and then stored into 

the storage container. 

The inner container is assumed to be a grid-like rack to avoid 

accumulating hydrogen. 

Materials of the storage and inner containers are not yet decided. 

Carbon steel may be used same as for the secondary waste generated 

from water treatment.  

(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Organizing of input conditions

üThe dismantled waste and secondary waste generated from water treatment are stored in dedicated containers installed ventilation. 

Filters should be installed in the lid of the storage container by 
tightening a screw after placing in the housing part with similar uses 
as the HIC installation. 

Filtering material

Dismantled waste

Approx.2m

Approx. 2m

Approx. 1.5m

Vent

Fig.1 Illustration of dismantled waste

Fig.3: Illustration of filtering part of the storage container

7 pieces

<Image of storage container>

Vent

Inner container

Inner container

7 pieces

Iron co-

precipitation

Carbonate

Threaded portion

(Installed on the lower surface 

of the HIC lid)
Inside of HIC lid Taper threaded portion

(Installed on the HIC housing)

Filter housing

Lateral gap (1.9mm)

Retainer ring

Inside of the HIC

Filter lid (serving as face plate)

Filter surface
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(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers 

and facilities: Performance evaluation of vent filters

Organizing of input conditions

<Clarification of storage conditions: Storage container>

Using carbonate slurry that is assumed to be the highest dose, temperatures inside HIC 

were measured when storing in HIC.*1

üTemperatures inside the container are assumed to be same value as 

temperatures of the storage environments. 

Temperatures inside HIC are almost the same as outside temperatures.

*1: Resource from the TEPCO Holdings website (Verification of long-term integrity of HIC, 2018), p.7

Table 1: Result of measuring temperatures of carbonate slurry

Fig.1: Simplified drawing of High 

Integrity Container (HIC)

Carbonate slurry

Location of measurement# Temperature

500mm (near the surface of water)

Near the bottom surface

#: Distance from the lower plate

Stored on: November 1, 2014

Outdoor temperature: 13.9 C

Measured on: April 10, 2015

Lower plate

Approx. 160mm

Approx. 500mm
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<Clarification of storage conditions: Storage environments>

üThe entire process from placing to storing waste is assumed to be conducted inside the building.

üThe storage building is assumed to be equivalent to the No.9 storage house for solid waste that is 

currently under operation. 

Having shielding functions of the building and responding to measures for preventing the spread of 

radioactive materials. 

Installing ventilation system (with air supply) 

Assuming that outside air temperatures are 0 ï40 ϴ, though the temperature control system is not 

indicated.  

(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Organizing of input conditions

Fig.1: Dismantled waste treatment process*1

Fig.2: Processing of secondary waste generated from 

water treatment*2

Placing of waste in the storage building

*1: Final report of subsidy project of Decommissioning and Contaminated Water Management in FY2016, 

Upgrading of Fundamental Technology for Retravel of Fuel Debris and Reactor Internals.  

*2: Drawing the illustration while referencing the information provided by TEPCO Holdings.

Possibility of changes after the stage of basic design
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Functions required the ventilation filter of the storage container are indicated below.

Å Functions to release hydrogen that would generate in the process of water radiolytic 

Hydrogen permeable function (hydrogen permeable rate)

Å Functions to confine particles including radioactive substances= Particle collecting function 

(collection efficiency)

The deterioration mode defines filter clogging and damage.

The cause and event of filter clogging and damage were examined based on the storage 

environments of solid waste. 

Cross section of the filter

Particles

Hydrogen

Hydrogen permeable 

function

Particle collecting 

function

Filtering deterioration

Hydrogen is not permeable. 

A filter is clogged. 

Particles cannot be collected. 

Ҝ A filter is damaged. 

<Definition of deterioration mode>

(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Study of deterioration factors

Fig.1: Conceptual image of filtering function
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The storage environments of solid waste were classified into five environmental categories while referencing the safety 

evaluation scenario creation method (FEP*1). (Radioactivity in the environment and thermal, stress, chemical environments) 

Assumed causes and events of the filter deterioration were compiled based on each environmental classification.  

18 deterioration events in total were extracted. 

<Study on the causes and events of filter deterioration (damage and clogging)> 

(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Study of deterioration factors

*1 A method for compiling scenario Feature, Events and Process are compiled to create a list.

Environmental 

classification
Causes Events Detailed events

Deterioration 

mode

Radioactivity 

in environment

Radiolysis

Hydrogen 

generation

A filter would be clogged by hydrogen generation due to radiolysis of solid waste and particle rise. Clogging

A filter would be damaged by filter clogging and increase of inner pressure, which is caused by hydrogen generation 

and particle rising due to radiolysis.
Damage

Hydrogen 

embrittlement

Hydrogen embrittlement would occur and damage by a long-term exposure of hydrogen that is generated from 

radiolysis of water accompanied by waste.
Damage

Radioactivity
Radiation 

deterioration 
Filter materials would deteriorate and be damaged by radiation of solid waste. Damage

Thermal 

environment
Decay heat

Thermal alteration
Waste temperature would increase due to decay heat. Heat conduction would increase filter temperature and the filter 

would be damaged by thermal alteration. 
Damage

Thermal alteration

(container)

Decay heat would increase waste temperature and the head generated by increased temperature would deform the 

container. A fixed filter would be damaged by stress.
Damage

Heat convection A filter would be clogged by flying particles due to heat convection.   Clogging

Stress 

environment

Vibrations caused by 

transportation and 

earthquake

Impact
When transporting filters or earthquake occurs, the container and filters would be deformed and damaged by impacts 

of collision / fall, and the filter functions would be lost.   
Damage

Dust production by 

vibration
A filter would be clogged by flying particles which are caused by vibrations of transportation and earthquake. Clogging

Chemical 

environment
Corrosion

Thinning A filter would be clogged by adhesion of corrosive substances that generate in the thinning process. Clogging

Oxide film

generation

A filter would be clogged by generating oxide film on the surface of a filter fiber due to corrosion and increasing a fiber 

diameter (decreasing a hole diameter).    
Clogging

Salt deposition
A filter would be clogged by accumulating corrosive substances on the filter that is exposed with steam containing 

corrosive substances for a long-term. 
Clogging

Electric corrosion A film would be clogged by corrosion products generated from a filter electric corrosion. Clogging

External 

environment

Differences between 

inside the container and 

external environments

Microbial film
Microbe such as mold would generate inside/outside a filter and a biofilter would be created, therefore, a filter would 

be clogged and hydrogen cannot pass through the filter.  
Clogging

Water film
A water film would be created on the filter surface due to differences of temperatures inside/outside a filter, therefore, 

a filter would be clogged and hydrogen cannot pass through the filter. 
Clogging

Freezing

A water film would be frozen when a filter is placed under circumstances below freezing point due to air conditioning 

failure after a water film is created on the filter surface due to condensation. A filter would be clogged when inside a 

filter is filled with ice.  

Clogging

Aerosol deposition A filter is clogged by accumulating flying aerosol ,such as sea salt particles, on the external surface of a filter.  Clogging

Spread of particles
A filter would be clogged by flying particles due to the occurrence of the flow caused from differences of pressure 

inside/outside a filter.   
Clogging

UV in the environment UV deterioration Filter materials would be deteriorated and damaged by UV in the environment.  Damage
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Tentative specifications were provided under the previous project (FY2018) as below.*1

üFiltering materials Ÿ Corrosion resistance materials (SUS316L and carbon composites) 

üParticle collection function  Ÿ Equivalent to HEPA function

üHydrogen permeable function Ÿ Hydrogen concentration in the container should not 

exceed more than 4%. 

The following items were investigated and the filter 

requirements were clarified. 

(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Clarification of filter requirements

A) Use applications  of major 

manufacturers

B) Manufacturing methods of filtering 

materials

C) Particle collection functions

D) Hydrogen permeable functions

In addition to the above tentative 

specifications,  specifications of 

general air filters were also 

investigated. 

*1: Result of subsidy project of Decommissioning and Contaminated Water Management for FY2018 (Research on Treatment and Disposal 

of Solid Waste), report of FY2019 research meeting p.33
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(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Clarification of filter requirements

<Investigation of air filter specifications: Ex.1>

Examples of use applications in nuclear facilities are indicated as below. 

U.S.: TRU waste container at the Waste Isolation Pilot Plant (WIPP) site.  

France: Hull end pieces and sludge waste container at the La Hague site

U.K.: Waste containers such as for sludge and cladding tube

Japan: High Integrity Container (HIC) for secondary waste generated from 

contaminated water processing 

*1 Poral catalog  brochure-filtres-poral.pdf

Major manufacturers are indicated as below. 

Nuclear Filter Technology NFT)

UltraTech

Poral etc.

The following materials were used in the 

term of corrosion resistance.

Sintered metal

Carbon composite

The details of the manufacturing method are 

not opened to the public. Generally, when 

using sintered metal, a filter is manufactured 

by connecting metal fibers and metal 

particles that are processed in high 

temperatures. 

C) Particle collection functions

B) Manufacturing methods and filtering materials

A) Use applications of major manufactures 

In case of using the US WIPP waste container, specification values of the 

particle collection functions are indicated for each type of the container.*2

The particle collection functions are indicated as an example of certification 

product as below. 

99.97%@0.3-0.5ɛmDOP(specified amount of flow: 210ml/min@330 Pa

Equivalent to the HEPA functions.  

D) Hydrogen permeable functions
When using the filter for the waste container stored at the U.S. WIPP(Waste 

Isolation pilot Plant), Hydrogen diffusivity mol/sec/mol-fraction is defined as 

the number of hydrogen mol that mol concentration gradient is set to pass 

through a filter per one second. These values are measured by tests.*3  

Filters with high-hydrogen permeability are included from x/2 to 5x and 25x 

as a standard of NFT products and X 3.70 10-6m/s/mf).

Hydrogen spreading factors of the Poral filters made in France are used as 

an index. The index of the hydrogen spreading factors 3.66 10-6 (m2/s) is 

included.  

Fig. 1 Sintered metallic filter manufactured by Poral*1

CH-TRAMPAC: 

The TRU waste 

container that can 

be directly handled

RH-TRAMPAC: that 

the TRU waste 

container that can 

be remotely 

handled.

TRUPACT-III:

TRAMPACTRU:

The waste transfer 

container for waste

Particle collection 

function (%)
>99.9 >99.5 >99.9

2 DOE/WIPP 11-3384 CBFO Approved Filter Vents U.S. Department of 

Energy Revision 2 March 2011 https://www.osti.gov/biblio/1041227

3 Terry Wickland and John Schierloh HYDROGEN DIFFUSIVITY 

THROUGH DRUM AND LINER VENTING FILTERS WM Symposia 1998 

SESSION 27 ,37

https://xcdsystem.com/wmsym/archives//1998/html/sess27/27-37/27-37.htm

CH-:Contact-Handled

RH-:Remote-Handled

TRAMPAC: Transuranic 

Waste Authorized 

Methods for Payload 

Control

TRUPACT-III:Transuranic 

Package Transporter III

Fig.2: Conceptual image 

of connection by high 

temperature processing 

Table 1: Example of collection functions of the filter for the waste 

container at the US WIPP. 

https://www.poral.org/img/cms/pdfs/brochure-filtres-poral.pdf
https://www.osti.gov/biblio/1041227
https://xcdsystem.com/wmsym/archives/1998/html/sess27/27-37/27-37.htm
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Use applications

Film forming, synthetic fiber spinning

Synthetic fiber (Filtration of raw materials)

Various air filters (High temperature gas, exhaust gas, etc.)

Air equipment filter (Rectification, dispersion) Etc.

Major manufacturers

Fuji Filter Mfg. Co., Ltd.

Kodan Kinzoku Co., Ltd.

Nippon Seisen Co., Ltd.

Nichidai Corporation

Mossfil Co., Ltd. Etc.

C) Particle collection functions

B) Manufacturing methods and filtering materials

Type
Manufacturing process / 

Characteristics
Filter material

(i) Sintered product in 

powder form
Sintered metal powder

High strength

SUS316, SUS316L, SUS304, Al, Bronze, Cu, 

Ti, Ni, 600 alloy, etc.

(ii) Long fiber sintered 

product
Sintered long metal fibers

Extensive filtration precision

Various shapes can be made

SUS316, SUS316L, SUS304

(iii) Short fiber sintered 

product

Sintered short metal fibers

Sub-micron filtration is possible

Suitable for gas and low viscosity 

fluids

SUS316L

(iv) Multi-layered wire 

mesh sintered product
Sintered metal wire mesh

High strength
SUS316, SUS316L, SUS304, Cu

Fig. 1 Cross-sectional structure of filter

(i) Sintered product in powder form  (ii) Long fiber sintered product

(iii) Short fiber sintered product (iv) Multi-layered wire mesh 

sintered product

(ч) (ш)

(ъ)(щ)

*1 Nippon Seisen Co., Ltd.  Website (https://www.n-seisen.co.jp/products/filter/metal/)

D) Hydrogen permeable functions

Although it has not been clearly specified, since the pores of the sintered 

product are to the order of several ɛm, and the porosity is 40 - 80%, the 

size of the pores is 5ɛm, air flow rate is 170mL/min, and differential 

pressure is 294Pa, it is presumed that its hydrogen permeation function 

is comparable with vent filters used overseas. 

(All values are in accordance with Nippon Seisen catalog values)

<Investigation of air filter specifications: Ex. 2> A) Use applications of major manufactures 

Sintered metallic filter manufactured by Nippon Seisen Co., Ltd.*1

Filtration precision differs depending on the manufacturer or type of filter, but with short 

fiber sintered product of 0.1 to several hundred ɛm, sub-micron order particles (equivalent 

to HEPA) can be collected as well.

Filtration precision is just the official name. It is a value that the manufacturer arbitrarily 

decides based on the weight removal efficiency with respect to all particles that are of a 

certain size or larger. Its evaluation method has not been specified in JIS, etc.

(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Clarification of filter requirements

Table 1 Type, manufacturing process, characteristics, filter material of the filter

https://www.n-seisen.co.jp/products/filter/metal/
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Use applications

Deodorization

Removal of foreign material 

from high-temperature gas

Gas separation 

Etc.

1 NGK Insulators, Ltd. Website 

(https://www.ngk.co.jp/product/dpf.html)

Major manufacturers

NGK Insulators, Ltd.

IBIDEN Co., Ltd.

Noritake Co., Ltd.

Etc.

Weighing of raw material, mixing, kneading, extrusion, drying, 

finishing

(sealing), firing, outer diameter polishing and coating

The following materials are used.

Alumina (Al2O3): 0.004 - 15ɛm

Zeolite: nm level (molecular sieve)

Cordierite (2MgO, 2Al2O3, 5SiO2): 2 - 100ɛm

Silicon carbide (SiO2): 10ɛm

C) Particle collection functions

B) Manufacturing methods and filtering materials * 2, 3

The collection efficiency is low for a particle size in the range of 100nm - 300nm, but 

as the particles get collected and the pores get filled with them, collection efficiency is 

almost 100% for all particle sizes. Hence it is presumed that collection efficiency 

equivalent to HEPA is achieved by controlling the pores.

Fig. 2 Initial performance of DPF (Diesel 

particulate filter) 

(If mock particles with an average particle size of 

170nm, number density 6 106[cm-3] are supplied 

at 10[NL/min])*2

Fig. 3 Correlation between the particle size 

and collection efficiency

(The collection efficiency increases when the 

amount of particles collected increases) *2

Although it has not been clearly specified, it is presumed that the hydrogen 

permeation function is sufficiently high since the resistance at the time of gas 

permeation is low at 40-60Pa when exhaust gas is blown at 10NL/min.

*2 ñSystematization of industrial techniques pertaining to 

porous fine ceramicsò

Systematization Report by the National Museum of Nature 

and Science vol 12 March 2008

*3 Transactions of The Japan Society of Mechanical 

Engineers Series B 72-721 (2006-9)

D) Hydrogen permeable functions

<Investigation of air filter specifications: Ex. 3> A) Use applications of major manufactures 

Fig. 1 Ceramic filter manufactured by Nihon Gaishi*1

(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Clarification of filter requirements
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Use applications

Clean room

Food processing plant

Hospital

Nuclear facility

*1 Cambridge Filter Corporation website (https://cambridgefilter.com/pdf/)

Major manufacturers

Japan Air Filter Co., Ltd.

Kondo Kogyo Co., Ltd.

(Cambridge Filter Corporation)

Nitta Corporation

Air Products Ltd.

Oshitari Laboratory Inc.

Fibers of diameter 1ɛm or less are spun by means of melt blowing*1or electro-

spinning*2, with a filling factor of approx. 10% (porosity 90%), and pore size of 

about several ɛm.

The material used is mainly glass fiber, but depending on the use application, 

polymers (polypropylene, olefin, PTFE, etc.) are used.

C) Particle collection functions

B) Manufacturing methods and filtering materials

A) Use applications of major manufactures 

In the case of HEPA filter, it is specified in JIS8901 that 

for particles of size 0.3ɛm,the collection efficiency is 99.97 or more. 

In the case of ULPA filter, it is specified in JIS Z 8122 that

for particles of size 0.15ɛm,the collection efficiency is 99.9995% or 

more.

Also, it is specified that the initial pressure drop is 245Pa or less respectively.

In the case of a HEPA filter, when it is used in a nuclear facility in particular, 

it is specified in JIS Z 4812 that

for particles of size 0.15ɛm,the collection efficiency is 99.97% or more.

Also it is specified that the initial pressure drop is 245Pa or less when there is 

standard air volume (0.4 - 32m/s), whereas in the case of large air volume type 

HEPA filter (28-56m/s), the initial pressure drop is 300Pa or less respectively.

This performance is not unequivocally decided for the filter material. It can be 

specified depending on how the material is woven. 

#1 Melt blowing

A technique in which molten polymer is drawn into fibers using high speed 

and high temperature gas, and the fibers are spun.

#2 Electro-spinning:

A technique in which high voltage is applied between the nozzle in front of a 

container of polymer solution and the target electrode, due to which the 

electrically charged polymer solution turns into extremely thin fibers that 

emerge from the nozzle, and are then spun.

D) Hydrogen permeable functions

Although it has not been clearly specified, even when the gas flow rate is 

several tens of m/s, since the pressure drop is only of about several 100Pa, 

and the porosity and the size of the pores are comparatively large, it is 

presumed that hydrogen permeability function is sufficiently high.

<Investigation of air filter specifications: Ex. 4>

Fig. 1 HEPA filter for air-conditioning facilities 

manufactured by Cambridge Filter Corporation *1

(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Clarification of filter requirements
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Metals (Short fiber sintered product)

Ceramics

Metals (Vent filters already used overseas)

Glass fiber, polymers

Scope of investigation

*1 Ueshima, ñAir filter unit efficiencyò, Aerosol research, Vol. 4, No. 4 (1989)

(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Clarification of filter requirements

Filters in the range of medium efficiency to ULPA having HEPA equivalent efficiency comparable to overseas vent filters, can be

manufactured using any of the metals, ceramics, glass fiber, polymers that are used in general industry.

<Results of the investigation related to fine particle collection function> 

Fig. 1 Correlation between filters that can handle aerosols, etc. and the particle size *1

Aerosol Tobacco smoke Bacteria Pollen

Electromagnetic wavelength
X-ray

Corresponding air 

filter

Combustion nucleus
Carbon black

Infrared rays

Raindrops

Cement

Fly ash
Wheat flour

Soot Fog

Filter for coarse particles

Medium efficiency filter

HEPA filter

ULPA filter

Virus

Ultra-violet rays Visible light

Particle size (ɛm)
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(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Clarification of filter requirements

The actual hydrogen permeation and diffusion coefficient for the filters used in the general industry has not been mentioned in 

the catalogs, etc.

However, when compared with overseas vent filters, in principle, the efficiency of metal filters is the same, and that of filters of 

other materials is presumed to be equivalent or more.

<Results of the investigation related to hydrogen permeation function>

Hydrogen permeation and

diffusion coefficient m2/s

10-410-510-6

Diffusion coefficient of hydrogen in air

(6.27x10-5m2/s @20ϴ)

Hydrogen permeation and diffusion 

coefficient of overseas vent filters

( 3.66x10-6 m2/s)

Hydrogen can be discharged easily

Metal

Ceramics

Glass fiber, polymers

Fig. 1    Range of hydrogen permeation and diffusion coefficient of the investigated filters
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(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Estimation of failure mode

Damaged

Thermal 

alteration

Microbial film Water film
Heat 

convection

ImpactHeat 

distortion

(Container)

Hydrogen 

embrittlement

Blocking

Salt 

deposition

Wall 

thinning

Electric 

corrosion

Dispersion 

of fine 

particles

Hydrogen

generation

Dust 

formation 

due to 

vibrations

Radiation 

deterioration

UV deterioration

Oxide film 

formation

Aerosol 

deposition

Based on the input conditions (No. 81-82) , since internal temperature = outdoor temperature (0-40 C),

Thermal alteration/ heat distortion: No notable change in metal/ ceramics/ glass / polymer at said temperature.

Oxide film: Oxide film of significant thickness is not formed at said temperature.

Heat convection: Significant heat convection does not occur at said temperature.

According to the input conditions (No. 82), all processes from collection to storage are carried out indoors.

UV deterioration: Does not occur as there is no exposure to UV because the processes are carried out 

indoors.

Aerosol deposition: Aerosol deposition does not occur due to the air-conditioning system (with air filter).

Microbial film:  Microbes do not get mixed up due to the air-conditioning system (with air filter).

18 deterioration eventsҜ Of which 7 were excluded leaving 11 events to be studied.

Freezing

Fig. 1   Study of events leading to filter deterioration (damage, blockage)



©International Research Institute for Nuclear Decommissioning93

(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Estimation of failure mode

Degradation events and failure mode scenarios were developed considering the input conditions and the processes 

leading up to collection.

Failure mode scenarios

During collection During transportation During storage

Hydrogen 

generation

Unlikely to get clogged due to hydrogen 

generation in a short time

Unlikely to get clogged due to hydrogen generation in a 

short time

As hydrogen gas stream resulting from radiolysis of water is generated over a 

long period of time, fine particles of solid waste get dispersed, the filter gets 

clogged and filtration functionality is lost.  

Hydrogen 

embrittlement

Hydrogen embrittlement is unlikely in a short 

time.
Hydrogen embrittlement is unlikely in a short time.

The generated hydrogen gets absorbed, water is formed and the 

concentration becomes such that embrittlement occurs during the storage 

period, leading to damage and thereby loss of filtration functionality.

Radiation 

deterioration

Radiation deterioration is unlikely in a short 

time.
Radiation deterioration is unlikely in a short time.

The radiation energy gets absorbed leading to deterioration, the filter material 

gets damaged and filtration functionality is lost.

Impact

When the lid is being closed, the lid or filter 

gets distorted / damaged due to the impact of a 

collision/fall, etc. in the event of an earthquake, 

and the filter loses its functionality.

During transportation, the container or filter gets distorted / 

damaged due to the impact of a collision/fall, etc. in the 

event of an earthquake, and the filter loses its functionality.

During transportation, the container or filter gets distorted / damaged due to 

the impact of a collision/fall from a height of several m, etc. in the event of an 

earthquake, and the filter loses its functionality.

Dust formation 

due to vibrations

Unlikely to get clogged because of dust 

formation due to vibrations in a short time

Unlikely to get clogged because of dust formation due to 

vibrations in a short time

During transportation, if the container falls in the event of an earthquake, fine 

particles scatter and adhere to the surface of the filter. The filter gets clogged 

and the filtration functionality is lost. 

Wall thinning Wall thinning is unlikely to occur in a short time.Wall thinning is unlikely to occur in a short time.

Moisture adheres to the filter due to condensation or due to the water in the 

waste, and along with it chloride ions or particles of waste adhere to the filter 

as well. Pitting corrosion or crevice corrosion takes place, corrosion products 

are formed that clog the filter due to which filtration functionality is lost.

Salt deposition
Salt deposition is unlikely to occur in a short 

time.
Salt deposition is unlikely to occur in a short time.

Water contained in waste gushes towards the outside of the container due to 

differential pressure or impact, it adheres to the filter and after drying salts get 

deposited on the filter thereby clogging it, due to which filtration functionality is 

lost.

Electric corrosion
Electric corrosion is unlikely to occur in a short 

time.
Electric corrosion is unlikely to occur in a short time.

The filter gets wet due to condensation or due to the water in the waste, and 

chloride ions adhere to it or the pH becomes alkaline (if the contents contain 

concrete), as a result of which electric corrosion occurs. The formed corrosion 

products clog the filter and the filtration functionality is lost.

Water film
Condensation is unlikely to occur in a short 

time.
Condensation is unlikely to occur in a short time.

The filter gets clogged due to the water film formed because of condensation, 

and the filtration functionality is lost.

Freezing Freezing is unlikely to occur in a short time. Freezing is unlikely to occur in a short time.

During winter, if formation of water film due to condensation and failure of the 

air conditioning system occur simultaneously, the filter gets clogged due to 

freezing and the filtration functionality is lost.

Dispersion of fine 

particles

During collection, the operation is carried out in 

an environment with uniform pressure. Since 

the environment is such that differential 

pressure does not get generated, the filter 

does not get clogged.

During transportation, the operation is carried out in an 

environment with uniform pressure. Since the environment 

is such that differential pressure does not get generated, the 

filter does not get clogged.

Due to the impact of the ventilation system of the storage facility, a current 

gets generated inside the storage container, due to which fine particles scatter 

and adhere to the surface of the filter. The filter gets clogged and the filtration 

functionality is lost.

: Scenarios wherein occurrence of 

failure is considered possible

Table 1   Study of failure mode scenarios by filter degradation events
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Metal Ceramics Glass Polymer

Stainless 

steel

Nickel-based 

alloy

Titanium 

alloy
Alumina Cordierite Zeolite E Glass C Glass S Glass D Glass Polyethylene Polypropylene PTFE

Hydrogen 

generation

Hydrogen 

embrittlement
x x x x

Radiation 

deterioration
x x x

Impact x x x x x x x x x x x x x

Dust formation due 

to vibrations
x x x x x x x x x x x x x

Wall thinning x x x x x x x x x x x x x

Salt deposition x x x x x x x x x x x x x

Electric corrosion

Water film x x x x x x x x x x x x x

Freezing x x x x x x x x x x x x x

Dispersion of fine 

particles

(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Estimation of failure mode

ˈ Testing methods do not need to be studied as there is no possibility of this occurring

Testing methods do not need to be studied as even though the event occurs, the extent of progress 

of generation can be estimated based on the investigation results 

(# In this case, it is necessary to evaluate filter performance over time using theoretical formulas)

x Testing methods need to be studied

Typical filter materials were selected based on the results of systematic screening of filters

11 degradation events remaining upon checking 

against the input conditions

Details pertaining to the reasons that led to such an evaluation are provided in the following slides.

Table 1 Evaluation of occurrence of degradation by degradation event and filter material of the filter (determination of whether or 

not the testing methods needs to be studied)

ü Hydrogen generation, electric corrosion, dispersion of fine particles are - with no impact on filter degradation (study not required)

ü Hydrogen embrittlement is - for all except titanium alloy, cordierite, zeolite, and polypropylene, with no impact on filter degradation (study not required)

ü Radiation deterioration is for all except polymer material. Testing methods do not need to be studied as the extent of progress of generation can be estimated

ü Testing methods need to be studied for the above-mentioned events that are marked as x other than those that are marked as or -
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(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Estimation of failure mode
Investigation of the impact that each degradation factor has on the filter

Hydrogen generation

As hydrogen gas stream resulting from radiolysis of water is generated over 
a long period of time, fine particles of solid waste get dispersed, the filter gets 
blocked and the filtration functionality is lost.

The impact at the time of storage of secondary waste generated from 
contaminated water treatment which has a higher proportion of fine particles 
than dismantled waste was considered*.

* If the system of secondary waste generated from contaminated water 
treatment does not have any impact, it is believed that there will be no impact 
from dismantled waste either.

Fig. 2 Schematic diagram of the rising of particles[2]

Internal dimensions 1.3m 1.3m[1]

Height

1 m

Secondary waste 

generated from 

contaminated water 

treatment

(Carbonate slurry, 

iron co-precipitation. 

etc.)

Storage 

container

Hydrogen 

gas stream

Filter

Incipient fluidization speed is calculated and it is studied whether or not fluidization can 

happen due to hydrogen gas stream
[1]: Assumed using information related to secondary waste produced during contaminated water treatment as reference

[2]: Kohei Ogawa, ñSeries <New Chemical Engineering> 1, Analysis of the movement of fluidsò First Edition, Asakura PublishingCo., Ltd., (FY2011), p51, 58

(An event that occurs inside the storage container)

Hydrogen is generated from the entire filled layer of secondary waste 
generated from contaminated water treatment, and that increases the 
gaps between the waste.

If the hydrogen gas stream is large, fine particles start floating within 
the layer.

The speed at which the particles start floating is the same as the speed 
at which the particles settle, and can be calculated using the Stokesô 
Law given below.

dp: Average particle size (m), ɟp: Particle density (kg/m3), ɟf: Fluid density (kg/m3),

g: Gravitational acceleration (m/s2), ɛ: Fluid viscosity (Pa s)

Estimation formula[1] vs = dp
2(ɟp-ɟf) g /18ɛ

Fig.1 Schematic diagram of the 

generation of hydrogen stream

Flow increase

Dispersion 
board

Fluid

In the form of 
a fixed bed

Incipient 
fluidization

(Particles rise)
Particles 
circulate
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8g/cm3

5g/cm3

3g/cm3

2g/cm3

1g/cm3

(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities:

Performance evaluation of vent filters

Estimation of failure mode

Investigation of the impact that each degradation factor has on the filter

Hydrogen generation

(Terminal velocity when fine particles float)

Calculated for the range of ordinary waste density and particle size

<Computational conditions>

Particle size (0.1ɛm - 10ɛm)

The size of small particles that can easily get dispersed is set at 0.1ɛm which is inclusive of 

the standard particle size of 0.3, 0.15ɛm with respect to which the performance of HEPA and 

ULPA was evaluated.

Particle density (1-8g/cm3)

Set up in the range that is inclusive of carbonate slurry (approx. 3g/cm3) that is assumed to 

be stored, concrete (2-3g/cm3), stainless steel (approx. 8g/cm3)

Fluid viscosity and density: The values at 20 C are used

Ҝ The terminal velocity when fine particles float is in the range of 10-7 - 10-2(m/s)

It was determined that the filter degradation effect caused by dispersion of fine particles due to hydrogen generation can be ignored.

(Flow velocity resulting from hydrogen generation)

The hydrogen generation rate is considered to be 1.6E-6(L/s) which is assumed while evaluating 

the amount of hydrogen generated.

The hydrogen generation flow rate is calculated using the following formula

Flow rate (m/s) resulting from hydrogen generation 

= Hydrogen generation rate/1000 (m3/s) / Cross-sectional area of passage (m2)

The secondary waste generated from contaminated water treatment ( 1.9m 1.9m)[1], 

dismantling waste ( 1.3m 1.3m)[2] are used for the cross-sectional area of the passage

The cross-section of the container for dismantling waste which has a higher flow rate resulting 

from hydrogen generation (smaller cross-sectional area) is used for calculation

Ҝ The flow rate resulting from hydrogen generation is 9.5E-10(m/s), which is sufficiently 

lower than the speed at which particles start floating

Flow velocity resulting 

from hydrogen generation

Flow velocity when 

fine particles float

More than 3 

digits smaller

[1]: Assumed using information related to secondary waste produced during contaminated water treatment as reference

[2]: Subsidy Project of Decommissioning and Contaminated Water Management in the FY2016 Supplementary Budget 

ñUpgrading of fundamental technology for retrieval of fuel debris and internal structuresò  Final Report

Fig. 1   Correlation between the flow rate at 

which fine particles start floating and the flow 

rate resulting from hydrogen generation

Particle size (ɛm)
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Â Investigation of the impact that each degradation factor has on the filter

Hydrogen embrittlement

Â Evaluation of the partial pressure of hydrogen in the container

The pressure inside and outside the container is assumed to be the same.

The hydrogen pressure is 0.05Pa since the hydrogen concentration in air is 0.5ppm.

The partial pressure of hydrogen inside the container is calculated using PV=nRT based on 

the hydrogen generation rate in Table 1.

Assuming that the temperature is 30 C, the hydrogen pressure is 

0.013Pa in the case of waste (concrete) generated while collecting the pressure vessel and 

fuel debris, and 0.0006Pa in the case of secondary waste generated from contaminated 

water treatment. The hydrogen pressure at 300 C becomes approx. double.

Thus, the hydrogen pressure inside the container at 30 C is 0.063Pa in the case of waste 

(concrete) generated while collecting the pressure vessel and fuel debris, and 0.0006Pa in 

the case of secondary waste generated from contaminated water treatment.

Â In the case of stainless steel and nickel-based alloys

Considering the hydrogen pressure inside the container, based on Table 1, the hydrogen solubility of SUS304L is 

lower than 5ppm even at 300 C*. As the hydrogen solubility of austenitic stainless steel is almost the same for 

different kinds of steel, it is believed that the solubility is the same in the case of SUS316L as well.

Hydrogen embrittlement does not occur** even if SUS316L absorbs several hundred ppm at room temperature or 

several dozen ppm at 85 C.

The solubility of nickel-based alloys differs depending on the composition, but at 400 C the volume of Ni is 85%, 

which is about 5 times that of Fe.

It has been reported*** that hydrogen solubility of Fe does not change at all even in the case of SUS. Based on this, it 

is estimated that the hydrogen solubility at 300 C when the volume of Ni is 85% is 30ppm or less.

At this concentration hydrogen embrittlement is very unlikely to occur. 

As hydrogen solubility tends to decrease as temperature reduces, it is believed that hydrogen embrittlement does 

not occur even at room temperature.

Pressure 

vessel

(Metal waste)

Waste generated 

while collecting 

fuel debris

(Concrete)

Secondary waste 

generated from 

contaminated 

water treatment

(Carbonate slurry)

Hydrogen 

generation rate 

(L/sec)

1.6E-6 1.59E-6 7.36E-8

(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities:

Performance evaluation of vent filters

Estimation of failure mode

*Nomura et al, Bulletin of the Japan Institute of Metals and Materials, Volume 15, Issue 9, p.563 - 570 (1976)

**Omura, Nakamura, Materials and Environment, 60, 241-247 (2011)

*** Yoshida et al, Bulletin of the Japan Institute of Metals and Materials, Volume 11, Issue 7, p.533 - 548 (1972)

Table 1 Hydrogen generation rate

Fig. 1 Correlation between hydrogen solubility of 

SUS304L and hydrogen pressure*

Fig. 2 Impact of surface concentration of hydrogen on hydrogen embrittlement characteristics **
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Â Ti

Based on Table 1, hydrogen solubility of Ti is 10ppm at room 

temperature, and that of Ti for industrial use (containing Fe: 

0.3%) is 100 mass ppm. Considering that hydrogen 

embrittlement occurs at a concentration of 100 - 300 ppm, 

hydrogen embrittlement is likely to occur at room temperature 

depending on the type of Ti.*

Â In the case of ceramics

Alumina which is a ceramic is capable of reducing the amount of hydrogen 

permeation. Hence it is being considered for use as a film for suppressing 

hydrogen embrittlement. An example of a report on a film with hydrogen 

barrier function is shown in Table 1**.

It has been reported that alumina does not get embrittled in a hydrogen 

environment***

There were no reports on hydrogen embrittlement of cordierite and zeolite.

(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Estimation of failure mode

* Fujii et al, Materials and Environment, 60, 248 -

253 (2011)

** NEDO Fundamental Research Project on Advanced Hydrogen Science Interim Evaluation Report (2008)
*** JST / Strategic Funds for the Promotion of Science and Technology, ñResearch on the function of hydrogen in 
environmental embrittlement of structural materialò , 2001 ï2002: Term 2

Table 1   Amount of hydrogen content in pure 

titanium ASTM Gr. 3 for industrial use which 

contains 0.3% Fe, and its phase structure* 

Ŭ + ɔ (hydride) + Residual ɓT
e
m

p
e
ra

tu
re

 /
C

Ŭ + Residual ɓ

Table 1 An example of a report on a film with 
hydrogen barrier function

Type of 
membrane

Rate of reduction of amount of 
hydrogen permeation
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CS
SUS

304

SUS

316
Brass

Di-isobutylene - -

Diethylphthalate -

Carbon tetrachloride ṋ

Dioctyl phthalate

Cyclohexanone - כ

Cyclohexane

Dimethylaniline - - -

Dimethyl phthalate - - -

Potassium dichromate - -

Oxalic acid ṋ ṋ

Bromine water ṋ ṋ ṋ ṋ

Nitric acid⁷10% ṋ ṋ

Nitric acid⁷70% ṋ ṋ

Ferrous nitrate - -

Ferric nitrate ṋ -

Potassium nitrate - ṋ -

Calcium nitrate ᴞ

Silver nitrate

Sodium nitrate

Zinc acetate

Zinc chloride ṋ ṋ

Vinegar ṋ ṋ

Mercury ṋ

Magnesium hydroxide -

Hydrogen gas C

Steam A

-

Joint material

PenetrationFluid PTFE

Â Polymer

The High Pressure Gas Safety Institute of Japan has reported that 

polyethylene can be used for hydrogen gas pipes.**

There are no reports on polypropylene.

PTFE is generally recognized for use in hydrogen gas environment.***

Â Glass fiber

There were no reports on the degradation behavior of glass fiber due to hydrogen. It has been reported that 
crystalline quartz glass fiber does not get embrittled in a hydrogen environment*

* JST / Strategic Funds for the Promotion of Science and Technology, ñResearch on the function of hydrogen in environmental embrittlement 
of structural materialò, 2001 - 2002: Term 2.

(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Estimation of failure mode

** Tabata, Hydrogen Energy System, Vol 35, No. 4, (2010)

*** Source: Website of the Chunichi Giken Products Co., Ltd.

Fig. 1 Usability of PTFE in various environments**

: Good⁷ : Can be used for a limited age of use⁷×: Not recommended⁷כ: Test data not available
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(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Estimation of failure mode

Â Investigation of the impact that each degradation factor has on the filter

¹ Radiation deterioration

Radiation generated from waste

¸ The nuclides selected during the hydrogen generation evaluation are considered as radiation emitting nuclides.

Alpha rays: Energy is high at 5 to 7MeV, but its impact can be ignored as its range is short (several cm in air).

Beta rays and gamma rays: Its range is long, and hence it is necessary to consider that radiation is received even from waste that is at a 

distance from the filter.

Radiation impact on various materials

(1) Metal, ceramic material (stainless steel, nickel-based alloy, alumina, etc.)

¸ Stainless steel and nickel-based alloys are extensively used inside the reactor. Hence it is believed that there are no issues.

¸ Upon conducting a three-point bending test after subjecting alumina to electron beam irradiation of 300MGy, a slight change in strength 

was observed.

The change was about 15% at most (Fig. 1), and hence it is believed that this issue can be avoided by selecting material with some extra 

margin [1].

(2) Glass fiber

¸ When glass is subjected to radiation exposure, its mechanical strength changes. 

Depending on the elements that glass contains, the mechanical strength either 

decreases or increases [2].

However, as glass material is not ductile, it is believed that degradation due to radiation

exposure is not an issue.

[1] Michikazu Kincho and others ñ Irradiation Effects on Alumina Ceramics for Vacuum Ductò 41st Session of the Vacuum Society of Japan Proceedings, 

Vacuum,

P131. Vol. 44, No. 3, 2001

[2] Norihide Takeyama ñThe Integrated Design Approach of the Lens-Based Space Optical Systemsò Optics, Vol 40, Issue 7, P. 331 (2011)

Fig. 1 Results of the test on irradiated alumina material [1]
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(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Estimation of failure mode

Radiation impact on various materials

(3) Organic material (Polyethylene, PTFE, etc.)

¸ When organic material is subject to radiation exposure, its mechanical strength changes [3].

¸ When the HIC lining is simulated, polyethylene is exposed to gamma rays at 60 C, and the environment is changed (air, water, iron 

hydroxide, calcium carbonate, magnesium carbonate), breaking elongation decreases [4] 

¸ In the case of PTFE, radiation resistance is even lower than polyethylene, and mechanical strength reduces with a lower radiation dose [5].

Summary

Since the mechanical characteristics of organic material change due to radiation, the usage conditions need to be carefully studied.

[3] Seiichi Saiki and others ñSpecial Issue New Radiation Chemistry (Basic edition) 9Effects of ionizing radiation for polymersò RADIOISOTOPES, 66, 469ï477 (2017)

[4] Results of tests related to radiation deterioration of polyethylene National Institutes for Quantum and Radiological Science and Technology (February 19, 2018) 

(https://www2.nsr.go.jp/data/000223970.pdf)

[5] Masayuki Sekiguchi and others, ñEvaluation of the deterioration of polymer material due to X-ray irradiation and the absorbed doseò Tokyo Metropolitan Industrial 

Technology Research Institute Research Report No. 7 (2004)

Â Investigation of the impact that each degradation factor has on the filter

¹ Radiation deterioration

Fig. 2 Results of material testing of the irradiated polyethylene PTFE [5]

Fig. 1 Results of material testing of the irradiated polyethylene [5]
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Fig. 13 Changes in the maximum tensile strength (figure on the left) and the maximum length (figure on the 

right) of PE and PTFE when exposed to various types of radiation
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(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Estimation of failure mode

Â Investigation of the impact that each degradation factor has on the filter

¹ Impact

Events that have an impact

ü During transportation, the likelihood of the container or filter getting distorted / damaged due to the impact of a collision/fall, etc. 

in the event of an earthquake, and the filter losing its functionality, are studied.

Waste storage container

Specifications are assumed considering only the metal part

The weight of the storage container is calculated based on the above-mentioned specifications. The study is conducted assuming 4

ton and 7 ton.

For dismantling waste For secondary waste 

generated from contaminated 

water treatment

Material Carbon steel (density 

7.8g/cm3)

Carbon steel (density 

7.8g/cm3)

External 

dimension

s

1.42m 1.42m 1.0m[1] 2.0m 2.0m 1.5m[1]

Thickness 0.06m 0.05m

Vent part ū100mm1 ū100mm2
Fig. 1 Waste storage container (assumed)

For dismantling 

waste*1

For secondary waste 

generated from 

contaminated water 

treatment*2

*1: Subsidy Project of Decommissioning and Contaminated Water Management in the FY2016 Supplementary Budget ñUpgrading of 

fundamental technology for retrieval of fuel debris and internal structuresò  Final Report

*2: Storage container is assumed based on information related to secondary waste produced during contaminated water treatment

Table 1 Material, external dimensions, etc. of 

the waste storage container (assumed)
Vent

Vent

Approx. 

1.5m

Approx. 

2m
Approx. 2m
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(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities: 

Performance evaluation of vent filters

Estimation of failure mode

Work that is believed to have lead to an impact

VFall after the storage container is lifted up 

(including earthquakes)

VLateral collision of the storage container due to 

swinging while the storage container is being 

transported or shaking during an earthquake

- - - -

- - -

-

-

 -  -

- -

0, 60, 140, 180  

mm

1.4 m 1.4 m 1.0 m

Ҧ 3.a

Ҧ 3.b

ID

1F

> 30 mSv/h : 

< 30 mSv/h : 

Ҧ 5.a

Ҧ 5.b

ʴ

ʰʲ

Ҧ2.a 

Ҧ2.b 

1

500 mm 300 mm Ҧ10016

335 mm 272 mm Ҧ27216

450 mm 272 mm Ҧ14612

535 mm 272 mm Ҧ10180

PCV

Fig. 1   Example of the work undertaken during the flow of collection, transfer and storage 

of waste (assumed)

Dismantling waste[1]

Secondary waste generated from 

contaminated water treatment[2]

Impact on the filter

VWhen the storage container (4 ton, 7 ton) falls from a height of several m, the filter is likely to get distorted/damaged and lose its 

functionality due to the impact of the fall or due to distortion of the lid of the storage container. Further, the condition of the distortion / 

damage differs depending on the height from which the fall occurred, the speed of movement, the portion that comes in contact with 

the ground (storage container falls with its bottom facing down, gets overturned, etc.), the way in which the filter is fixed, etc.

VIf there is a collision, the filter may get distorted / damaged and is likely to lose its functionality. Further, the condition of the distortion / 

damage differs depending on the the speed of movement when the collision occurs, the portion that collides, the way in which the filter 

is fixed, etc.

VIt needs to be considered that depending on the specifications of the inner container, the specifications of the place where the filter is 

installed (shape of the installation location, whether or not a baffle plate is installed, its specifications, etc.), the waste inside the 

storage container could move up and down due to which the filter could get distorted / damaged or blocked.

[1] Quoted from FY2020 Final Report (March 2021) on the ñSubsidyProject of Decommissioning and Contaminated Water Management in the FY2018 Supplementary Budget

(R&D for Treatment and Disposal of Solid Wastes)ò, and edited.

[2] Quoted from FY2020 Research Report (Final Report) on the ñSubsidyProject of Decommissioning and Contaminated Water Management in the FY2018 Supplementary Budget (R&D for Treatment and Disposal of Solid Wastes)ò, 

and edited.

Â Investigation of the impact that each degradation factor has on the filter

¹ Impact

Waste container 
handling cell

Surface dose 
measurement

Storage container 
lid closing 

equipment

Site with high surface 
radiation / contamination:

Storage 
container with 
filter vent

Storage 
container 

transportation 
equipment

Transport cask

3. Placing the inner container in the storage 
container and closing the lid

Site with medium 
surface radiation / 
contamination:

Retrieval cell Storage container 

handling cell

(Maintenance cell)

Measuring 
equipment

Lid

Filter vent

Storage 
container

Trolley
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(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities

: Performance evaluation of vent filters

Estimation of failure mode

Investigation of the impact that each degradation factor has on 
the filter

Dust formation due to vibrations

Å During transportation, due to vibrations in the event of an 
earthquake, or if the container falls, fine particles scatter and 
adhere to the surface of the filter. The filter gets blocked and 
its filtration functionality is lost.

(Method of evaluating dust formation due to vibrations)

The highest reaching point of the fine particles was evaluated
using a physical model in which it is assumed that the fine 
particles gain upward initial velocity due to the vibrations, 
leading to an upward motion while being subject to fluid 
resistance and buoyance in the gravitational field. (Figure 1)

(Initial velocity resulting from vibrations during transportation or 
in the event of an earthquake)

Seismic ground motion: Vibration acceleration during the Great 
East Japan Earthquake 2933 (gal=cm/s2)[1]

Period of vibration 0.3(s) Ҝ Initial velocity: approx. 4.5m/s

Vibrations during transportation [2]

Vibration acceleration during transportation 1.5 (m/s2)

Period of vibration 0.6 to 20(Hz) Ҝ Initial velocity 0.27 to 
1.6m/s

Ҝ Conservatively considered to be 1.6m/s

[1] Quoted from the National Research Institute for Earth Science and Disaster Prevention, K-NET & KiK-NET,  Earthquake Alert, Maximum acceleration distribution map

[2]: Kohei Ogawa, ñSeries <New Chemical Engineering> 1, Analysis of the movement of fluidsò First Edition, Asakura PublishingCo., Ltd., (FY2011), p51

Fluid resistance Rf

Fine 

powder

Initial velocity 

resulting from 

vibrations v0

Gravity

Highest reaching point

Surface of waste

Buoyance Fb

(1.5 0.6)0.5/0.6 =1.5(m/s)

Fig. 3 Sweep acceleration during vibration testing at 

the time of transportation [2]

Fig. 1 Physical model

Fig. 2 Vibration acceleration during the Great East 

Japan Earthquake [1]
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(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities

: Performance evaluation of vent filters

Estimation of failure mode

Vibrations during 

transportation (1.5m/s)

Fig. 2 Estimation of the distance between waste and the filter

Storage container for 

dismantling waste 

(assumed) *1

Seismic motion 

(4.4m/s)

Investigation of the impact that each degradation factor has on the filter

Dust formation due to vibrations

The more the density and larger the particle size the higher is the reach. A maximum distance of 9.23cm is reached due to vibrations 
during transportation and a maximum distance of 46.7cm is reached due to seismic motion.

Based on the distance between the waste and filter, the seismic motion is likely to have an impact on clogging of the filter.

Storage container for 

secondary waste 

generated from 

contaminated water 

treatment (assumed)*2

*1: Subsidy Project of Decommissioning and Contaminated Water Management in the 
FY2016 Supplementary Budgets
Upgrading of fundamental technology for retrieval of fuel debris and internal 

structures  Final Report
*2: Figure drawn using information presented by Tokyo Electric Power Company 
Holdings Inc.

Fig. 1 Correlation between 

particle size and distance that 

the particle reaches in the event 

of an earthquake

R
e
a
c
h
 [
c
m

]

R
e
a
c
h
 [
c
m

]

Particle size [µm] Particle size [µm]

Distance between waste and filter is assumed to be 1.00 ï0.06 = 0.4m
Distance between the waste and filter is assumed to be 1.5 x 1/6 = 0.25m

Vent

Vent

7 pieces

Inner container

Approx. 
1.5m

Water approx. 4t
Filter 
(dehydration 
product) 2.65t
(Converted from 
Bq to W)

Approx. 6m3

in its entiretyApprox. 
2m

Approx. 2m

Gap 1m3
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Investigation of the impact that each degradation factor has on the filter

Wall thinning

(1) Metal filter

Since crevice corrosion takes place at a potential lower than pitting corrosion, wall thinning of the metal filter was evaluated based on crevice corrosion. 

According to Figure 1, under atmospheric environment the chloride ion concentration that gives rise to crevices in SUS316L is 500ppm or more.

As nickel-based alloys and Ti alloys are highly corrosion resistant, the concentration at which crevice corrosion occurs in these is presumed to be higher, but 

its occurrence cannot be denied if it is assumed that particles originating from waste or corrosive ions, water adhere to them under storage environment.

Under alkaline environment, if stainless steel becomes a strong alkali as shown in Figure 3, its corrosion resistance decreases. Nickel-based alloys and Ti 

alloys are highly corrosion resistant to alkalies, but their specific amount of corrosion cannot be estimated.

Fig. 1 Correlation between crevice 
corrosion potential and chloride ion 

concentration (50 C)

Fig. 4 Corrosion resistance of ceramics 
with respect to acids and bases

Fig. 2 Crevice corrosion occurrence threshold potential 
for Ti and various types of stainless steel in a saturated 

aqueous sodium chloride solution environment

Fig. 3 Correlation between salinity threshold and pH

CRIEPI Report Q12001 April 2013
Hiroshi Sato et al, Piping 

engineering, 24, 66 (1982)

Proceedings of the Japan Concrete Institute,  

Vol.30, No.1 (2008)

(2) In the case of ceramics

Alumina (AL203) Corrosion resistant in acid solution but has poor corrosion resistance in an 

alkaline solution.

Higher the extent of purity better is the corrosion resistance

Cordierite 2MgO 2Al2O3 5SiO2) Has poorer corrosion resistance than alumina, but has been 

reported to have stronger corrosion resistance to alkaliies.

Zeolite (SiO4 and AlO4 basically with a tetrahedral structure) There are no reports on corrosion 

resistance.

(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities

: Performance evaluation of vent filters

Estimation of failure mode

* Yoshio et al, Materials and Environment, 44, 405 - 415 (1995)

Corrosion potential 
under open 

atmosphere [2]

Corrosion potential 
under open 

atmosphere (SUS403)

316 stainless steel

No crevice corrosion

Titanium

Occurrence of 
crevice corrosion

Chloride ion concentration
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Table 1   Corrosion resistance of ceramics with respect 
to acids and bases 7

Weakly basic

MgAl2O4  More basic than Al2O3

Amphoteric

Weakly acidic

BeO amphoteric, More basic than Al2O3

A
c
i
d
 
r
e
s
i
s
t
a
n
c
e
 
Ÿ
 

L
a
rg

e

L
a
r
g
e
 
Ŷ
 
R
e
s
i
s
t
a
n
c
e
 

to
 b

a
s
e
s



©International Research Institute for Nuclear Decommissioning107

(3) In the case of glass fiber

E (for general use), C (acid resistant), S (high strength), D (low dielectric constant) are 

the types of glass fiber filters, but only C is manufactured considering its corrosion 

resistance.

Glass fiber is not very alkali resistant. This is believed to be because the Si-O bonds are 

broken.

Moreover, there are no reports on corrosion in neutral diluted sea-water, under water, 

etc.

(4) Polymer

Polyethylene, polypropylene, PTFE indicate good corrosion 

resistance to saline water and alkali solution.

(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities

: Performance evaluation of vent filters

Estimation of failure mode

Fig. 1 Alkali resistance of glass fiber

Kasuga, Journal of the Japan Research Association 

for Textile end-uses, Vol. 6, No 4  (1965

Excerpts from Kayo Corporation

http://www.kayo-corp.co.jp/

Table 1 Corrosion resistance of polyethylene, 

polypropylene, PTFE is good and is indicated by 

Investigation of the impact that each degradation factor has on the filter

Wall thinning
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Na OH 60 C treatment

Treatment time (time)

Soft Hard

PVC PVC PVdC PVA PVAc PS ABS PE PP PIB PA PCM PMMA PC PTFE CA

Potassium chloride

Calcium chloride

Marcurio chloride ₃

Stannic chloride ₃ ₃ x ₃ ₃ ₃ ₃

Ferric chloride

Copper chloride ₃

Thionyl chloride x x x x x x x

Nickel chloride

Barium chloride

Benzyl chloride x x x x

Magnesium chloride

Methyl chloride x x x x x x x x x x x x x x

Hydrochloric acid [10 RT] ₃ ₃ ₃

Hydrochloric acid [20 RT] ₃ ₃ ₃ ₃

Hydrochloric acid [20 SO] x x x ₃ x x x

Hydrochloric acid [38 RT] x ₃

Salt water

Chloride gas (dry) ₃ ₃ x x x x ₃ x ₃

Chloride gas (wet) ₃ ₃ x x x x x ₃

Chlorinated solvents x x x x x x x x x x x x x x ₃ x

Aqua regia x x x x x x x x x x x x x

Octyl alcohol x ₃ ₃ ₃ ₃ ₃ ₃

Ozone ₃ ₃ ₃ ₃ x

Olive oil ₃ ₃ ₃ ₃ x ₃

Oleic acid ₃ x ₃ x ₃×

Perchloric acid ₃ ₃ ₃ ₃ ₃ ₃

Hydrogen peroxide [5 RT] ₃ ₃

Hydrogen peroxide [5 50] ₃ ₃ ₃

Hydrogen peroxide [30 RT] ₃ x ₃ ₃

Sodium peroxide ₃ ₃ ₃ x x x

Sodium peroxide [10 RT] ₃ ₃

Sodium peroxide [30 RT] ₃ ₃

Sodium peroxide [30 70] x ₃ỏ ₃ x x

Polystyrene

Vinyl chloride resin
Vinylidene

chloride

Polyvinyl

alcohol

Polyvinyl

acetate
ABS Polyethylene Polypropylene Polyisobutylene

Cellulose

acetate

Polyamide

(Nylon)

Polyacetal

(Delrin /

Duracon)

Methacryl

(Acryl)
Polycarbonate

Fluorine

(Teflon)

Type of plastic material

Oil, solvent, chemicals (according to the order of Japanese 

syllabary) [mass concentration % and temperature ̃C]
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(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities

: Performance evaluation of vent filters

Estimation of failure mode

[1]: The conceptual diagram has been drawn assuming the storage container based on information related to secondary waste 

produced during contaminated water treatment

[2] Satoshi Kadowaki, ñSea-salt Particles in the Atmosphereò, Aerosol research, Volume 6, Issue 2 (1991)

[3] Akira Yokochi, ñRecent Tendency of High Efficiency Particulate Air (HEPA) filtersò, Health Physics, 19, 249258 (1984)

[4] Li Bao ñInfluence of Fiber Size Distribution on the Collection. Performance of HEPA Filterò, Aerosol research, 12(1), 38 - 44 (1997)

Investigation of the impact that each degradation factor has on the filter

Salt deposition

An event wherein water contained in waste gushes towards the outside of the container, 

it adheres to the filter and after drying salts get deposited on the filter thereby blocking it, 

due to which its filtration functionality is lost.

ҜWater containing salts coming in contact with the filter is a necessary condition

(Dispersibility of droplets of water containing salts)

Droplets get dispersed due to hydrogen generation and due to seismic motion.

Dispersion due to hydrogen generation

Hydrogen bubbles in the water contained in waste rise and reach the water surface. 

When the bubbles burst, micro droplets are formed.

Micro droplets are generally called film drop, and their size is about 5-10ɛm[2]

As the density of water is 1g/cm3, based on the results of evaluating the floating of fine 

particles due to hydrogen generation, even if micro droplets are formed they do not 

reach the filter.

Dispersion due to seismic motion

Water containing salts is highly likely to come in contact with the filter due to vibrations 

caused by seismic motion.

The size of salt particles that are formed when water containing salts dries is assumed 

to be 200-800ɛm[3]

HEPA filter is mainly made up of around 1ɛm  glass fibers, and its porosity is about 

90%[4]. Hence the size of the pores is believed to be roughly about 1ɛm(1-0.9) 

=10ɛm

ҜWater containing salts is likely to come in contact with the filter due to 

seismic motion, and the salt formed when this water dries is likely to 

block the filter.

Waste

Storage 

container

Filter

Water 

containing salts

Hydrogen bubbles

Dispersion of 

micro droplets

Fig. 2 Grain size of the crystals formed 

when saturated salt water vaporizes [3]

Fig. 3 Example of the structure of 

HEPA filter[4]

Maximum water 

content 50wt%[1]

Fig. 1 Conceptual diagram of 

the dispersion of droplets [1]

No. of pieces Surface area

Weight

Particle size
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Investigation of the impact that each degradation factor has on the filter

Electric corrosion

The filter gets wet due to condensation or due to the water in the waste, 

and chloride ions adhere to it as a result of which electric corrosion occurs. 

The formed corrosion products block the filter.

Following are hypothetical conditions

The storage container is made of carbon steel

Structure of filter is according to Figure 1

The housing of the filter is made of stainless steel or nickel-based 

alloys

Since ceramics, glass and polymers are insulators, electric corrosion 

does not occur.

Hence only metal filters were evaluated.

(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities

: Performance evaluation of vent filters

Estimation of failure mode

Fig. 1 Example of the structure of the filter

Table 1 Material of the contact area and occurrence of electric corrosion

Storage 

container 

material

Filter

housing
Filter material

Occurrence of 

electric corrosion 

of the filter

Carbon 

steel
Made of SUS

SUS316L Absent

Nickel-based 

alloy
Absent

Ti alloy Absent Fig. 2 Potential difference in metals under sea water (temperature 25 C)*

* Urban Steel Research Group ñSteel frame landscape material guideò July 1997

If the filter is made of SUS, nickel-based alloys or Ti alloys, there is almost no potential and hence electric corrosion does not occur.

Filter surface
Retainer ring

Taper threaded portion
Threaded portion

Filter housing

Filter lid Filter

Platinum
Titanium

Silver brazing

Lead

Bronze
Aluminum brass

Soldering
Copper
Tin

Brass
Low carbon steel

Mild steel, cast iron
Aluminum. Al alloy

Zinc

Corrosion potential NegativePositive
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(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities

: Performance evaluation of vent filters

Estimation of failure mode

Â Investigation of the impact that each degradation factor has on the filter

¹ Water film

Formation of water film

¸ A water film is likely to be formed on the filter surface due to condensation. Let us assume that the temperature inside the 

container falls from 30 C to 10 C.

Assuming that the amount of saturated water vapor: 30.4g/m3 30 C, 9.4g/m3 10 C, capacity of the waste container is 

approx. 1.5m3, area of the lid is approx. 1.69m2, the amount of condensed water is 31.5g. If the condensed water adheres 

only to the surface of the lid, the amount of water adhered to the surface of the filter is 31.5/1.69 18.6g/m2.

If the specific gravity of water is assumed to be 1g/cm3, the water film will be 18.6ɛm which is extremely thin, but if it piles 

up, the filter element will get blocked by water.

¸ As the formation of water film due to condensation does not depend on the material of the filter, this will be discussed for all

types of filter material.

If the filter gets blocked due to moisture

¸ Condensation can be reduced by appropriately controlling the temperature and humidity, but blockage for a short time 

cannot be denied.

In that case, whether or not the increase in internal pressure due to hydrogen generation can push out the moisture from 

inside the filter element becomes the performance indicator.

¸ After the filter is blocked due to condensation when the pressure inside the container is 1 atm and hydrogen is 0vol%, when 

the hydrogen concentration becomes 4 vol% due to hydrogen generation, the overall pressure becomes approx. 1.04 atm. 

Hence, it is believed that a filter that has gotten wet can be used as long as the pressure is lower than this and air starts

flowing. Meanwhile, if air cannot flow, hydrogen is likely to get accumulated inside the container.

Summary

When the filter element is covered with a water film due to condensation, whether or not ventilation can be brought about before

the hydrogen concentration reaches the lower concentration limit for combustion, needs to be verified by means of a test.
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(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities

: Performance evaluation of vent filters

Estimation of failure mode

Â Investigation of the impact that each degradation factor has on the filter

¹ Freezing

Occurrence of freezing

¸ When a water film is formed on the surface of the filter due to condensation and the air conditioning equipment fails, the 

filter gets exposed to below freezing conditions resulting in freezing. If the entire filter is covered with ice, the filter element 

gets blocked. Also, in the case of organic material, the mechanical characteristics are likely to change due to exposure to 

low temperature.

¸ As blockage due to freezing does not depend on the material of the filter, this will be discussed for all types of filter material.

If the filter gets frozen

¸ Under appropriately controlled temperature and humidity, condensation is very unlikely, and as long as the temperature is 

0 C or more freezing does not occur.

However, if the filter is completely blocked due to freezing, hydrogen is likely to get accumulated.

¸ In that case, it can be evaluated  whether or not the hydrogen concentration will become 4% based on the hydrogen 

generation rate and the time for which freezing continues.

¸ If organic material will be used, it is necessary to investigate its mechanical strength at low temperatures.

Summary

It needs to be verified by means of tests whether or not the prescribed mechanical strength is met if the filter element gets

frozen.

Whether or not the ice melts and ventilation can be brought about before the hydrogen concentration reaches the lower 

concentration limit for combustion, does not need to be verified through tests, but can be evaluated based on the hydrogen 

generation rate and the time for which freezing continues.
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(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities

: Performance evaluation of vent filters

Estimation of failure mode

Investigation of the impact that each degradation factor has on the filter

Dispersion of fine particles

Due to the impact of the ventilation system of the storage facility, a current gets generated inside the storage container. 

As fine particles scatter and adhere to the surface of the filter, the filter gets blocked and the filtration functionality is lost.

(Conditions in which the impact becomes apparent)

When fine particles disperse from the surface of waste due to the current 

generated as a result of ventilation, there is an impact.

As the impact of ventilation does not depend on the filter material, 

this will be discussed for all types of filter material.

(Ventilation conditions)

Passages through which gas streams flow are not present inside the storage container. The differential pressure inside 

and outside the container gives rise to gas streams inside the container.

However, the ventilation system inside the building is supposed to perform air intake as well as exhaust, and hence there 

is no difference in the pressure inside and outside the container.

Ҝ It is believed that the flow rate conditions that would lead to dispersion of particles would not arise.

[1] Kuniaki Goto, ñA Study on Particle Dispersion Technique and Powder Adhesiveness.ò, Pulverization No.59 (2016), p51-59 

Excluded from the failure mode assuming that the ventilation system does not lead to dispersion of fine particles.

Fig. 1 Dispersion of fine particles from the solid 

surface   Conceptual diagram[1]
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(a) Investigation and evaluation of storage methods [2] Investigation of requirements of storage containers and facilities

: Performance evaluation of vent filters

Estimation of failure mode

Â Investigation of the impact that each degradation factor has on the filter

¹ Summary

¸ The impact of each degradation event on filter degradation (blockage, damage) was evaluated.

¸ The following 8 events were selected as degradation events that are likely to have an impact on degradation of the filter 

during the process of collecting solid waste.

Note that, the process in which the impact becomes apparent is mentioned in [ ] and the filter material that is affected is 

mentioned in ( ).

Hydrogen embrittlement [During storage] (Polymer)

Radiation deterioration [During storage] (Polymer)

Impact [During collection / during transportation / during storage] (All materials)

Dust formation due to vibrations [During storage] (All materials)

Wall thinning [During storage] (All materials)

Salt deposition [During storage] (All materials)

Water film [During storage] (All materials)

Freezing [During storage] (All materials)

¸ Hereinafter, degradation simulation and performance assessment methods will be investigated for the 8 events that have 

an impact using the performance test method.
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Â Methods of testing filter materials

¹ Hydrogen embrittlement test

¸ The amount of hydrogen generation is calculated based on the duration of storage of solid waste and the rate of hydrogen 
generation from waste. Based on that, the maximum, intermediate and minimum amount of hydrogen generation are 
selected, and each type of filter material is charged with hydrogen. The filter material charged with hydrogen is mounted on 
the filter performance evaluation equipment and the test is carried out. Hydrogen can be charged either by means of the 
electrolytic method or the high pressure charging method. The method that is suitable for the material is used.

¸ The charged filter is checked for the amount of hydrogen charged. This is carried out using the thermal desorption method.
(Refer to Fig. 1)

Fig. 1 Example of thermal desorption analyzer

(a) Study and evaluation of storage and management methods [2] Study of the requirements for containers and storage 

facilities : Performance evaluation of vent filters

Study of performance testing methods

Thermocouple

Thermocouple

Vacuum chamber

Sample

Quadrupole mass 
spectrometer

Transparent quartz plate

Stage for quartz material

Thermocouple
(For stage temperature)

Quartz pillar for 
introducing infrared rays

Infrared rays
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(a) Study and evaluation of storage and management methods [2] Study of the requirements for containers and storage 

facilities : Performance evaluation of vent filters

Study of performance testing methods

Â Methods of testing filter materials

¹ Radiation deterioration test

¸ The material to be tested is exposed to radiation with the expected radiation dose. The mechanical characteristics before and after 
irradiation are investigated.

It is investigated whether or not the above-mentioned characteristics satisfy the stress expected when the material is used as a filter.

¸ Exposure dose

It is difficult to estimate the exposure dose of the filter as it depends on the amount of radioactivity present in the contents of the 
container,  the distance, moisture content, etc. Hence it is tentatively set at 30mSv/h as shown in Fig. 1 [1]. The cumulative dose over a 
period of 50 years is

30 x 10-3 (Sv/h) x 24 (h) x 365 (day) x 50 (year) = 1.3 x 104(Sv)

It is believed that the material should be irradiated up to approx. 130000 Sv to evaluate the correlation between the extent of 
deterioration and the radiation dose.

¸ Testing the effect

The effect of radiation on the mechanical strength can be evaluated by simulating deterioration during use by exposing the filter to 
radiation beforehand, and then subjecting it to an impact test.

[1] Set using the container surface dose rate mentioned in ñDesign for slurry stabilization treatmentò Special Nuclear Facility Monitoring 
and Evaluation Committee (88th Session) Document 1-2-1, 2021/1/25, as reference.

Fig.1 Example of waste container dose rate [1]

Slurry extraction

Filled in the stabilization 
(dehydration) storage 
container

Supply tank
Storage container

Verification of the 
surface dose of the 
HIC to be treated.

Recording of the surface dose 
and transfer amount after 
homogenization

Management of the surface dose of 
the dehydration product container
(30mSv/h or less)
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(a) Study and evaluation of storage and management methods [2] Study of the requirements for containers and storage 

facilities : Performance evaluation of vent filters

Study of performance testing methods

Â Methods of testing filter materials

¹ Impact test

The filter is subjected to impacts expected to arise during the work undertaken as part of the collection, 

transfer and storage flow. The integrity of the filter after being subjected to impacts is checked.

<Testing the effect>

Å The filter is fixed on to the lid part of the structure simulating the storage container (hereinafter, simulated 

storage container).

Å The simulated storage container is lifted up to the designated height by means of the hoisting accessory.

Å The simulated storage container is detached from the hoisting accessory and allowed to fall freely.

Å The integrity of the filter is checked after the fall External appearance, filter performance test, etc.).

ü Note that the results are likely to differ depending on the method of attaching the filter to the lid part, the shape and 

dimensions of the storage container, the method of attaching the lid part to the storage container, the shape of the 

inner container, etc., and hence it is desirable to conduct the test after the detailed specifications are finalized.

Fig. 1 Example of the direction of the fall of the simulated storage container while testing the effect

Vertical fall Inclined fall Inclined fall

(90 )

Vertical fall

(Falling of storage 

container on a 

storage container)

Simulated 

storage 

container

Hoisting 

accessory
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Methods of testing filter materials

Test on dust formation due to vibrations (Test on dust formation due to seismic ground motion)

A vibration test is conducted in which random vibrations simulating actual seismic ground motion are imparted, and 

fine particles that get airborne as a result are made to adhere to the filter to simulate filter deterioration.

(Testing method)

A vibration table where seismic ground motion can be simulated is arranged for.

Simulated fine particles are selected considering the types of waste

(density, particle size) 

The simulated fine particles are placed on the vibration table, 

and the filter is arranged at a height equal to the distance expected 

between the waste and the filter inside the storage container.

(If the specific structure of the storage container has been finalized, 

a test piece simulating that structure is used.)

Seismic ground motion is simulated to conduct the vibration test.

After imparting vibrations, the amount of matter adhered and the adhesion status is checked based on the weight of 

the filter and by means of a spectral analysis, and the performance is evaluated separately by means of a 

performance assessment test.

# Note that the results are likely to differ depending on the method of attaching the filter to the lid part, the shape and 

dimensions of the storage container, the method of attaching the lid part to the storage container, the shape of the 

inner container, etc., and hence it is desirable to conduct the test after the detailed specifications are finalized.

(a) Study and evaluation of storage and management methods [2] Study of the requirements for containers and storage 

facilities : Performance evaluation of vent filters

Study of performance testing methods

Fig. 1 Schematic diagram of seismic ground 

motion simulation test

Simulated fine 
particles

Vibration table

FilterHousing     

(For attaching the filter)
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Fig. 1 Example of the cyclic corrosion test apparatus

Test piece

(a) Study and evaluation of storage and management methods [2] Study of the requirements for containers and storage 

facilities : Performance evaluation of vent filters

[Study of performance testing methods]

Â Methods of testing filter materials

¹ Methods of testing wall thinning

¸ Cyclic corrosion test (JIS K 5600_7_9): A method used for evaluating the paint by means of a corrosion test in which the 
cycle of salt spray, drying and humidification is repeated. This method is used to evaluate wall thinning and blockage of 
various types of filters.

¸ Using the above-mentioned testing method, various filters are exposed to corrosive environment to develop wall thinning 
and blockage conditions. The filters in which the extent of deterioration changes are placed on the filter performance 
assessment equipment and tested. Thus the extent of deterioration under which performance can be maintained becomes 
clear.

¸ Meanwhile, corrosion tests are conducted on various types of filters by simulating expected environmental conditions, and 
the occurrence of deterioration is studied through relative comparison with the extent of deterioration under corrosive 
environment, and in the expected environment.

The filter is placed inside the equipment illustrated in Fig. 

1, combined cycles are conducted and the filter is subject 

to corrosion.

The tower in the center serves as the spray tower for 

spraying water, saline water, etc. A humidifier is installed at 

the bottom, and water in the form of mist blows in through 

the steam pipe. The temperature is adjusted by means of 

direct steam heating.
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Methods of testing filter materials

Simulation test on deterioration due to salt deposition

Deterioration of filters due to salt deposition is simulated by impregnating 
and drying the filter with saline water.

(Testing method)

A simulated aqueous saline solution is prepared (Type of salt and its 
concentration is simulated).

The ratio of the solution to the waste (simulated) is adjusted, and the 
simulated waste is prepared in the container.

The filter is installed on top of the container.

(The height is adjusted according to the distance between the waste and 
filter)

The lid is closed and a vibration test is conducted by simulating seismic 
ground motion.

After imparting vibrations the filter is removed. After drying it, the amount 
of salt adhered to it and the form of adhesion are evaluated.

The performance is evaluated by means of a separate performance 
assessment test.

* Note that the results are likely to differ depending on type of filter, amount 
of waste filled in the container, moisture content, type and concentration of 
salt in the solution, its pH, dimensions and shape of the container, etc., and 
hence it is desirable to conduct the test after the detailed specifications are 
finalized.

(a) Study and evaluation of storage and management methods [2] Study of the requirements for containers and storage 

facilities : Performance evaluation of vent filters

Study of performance testing methods

Simulated waste

Vibration table

FilterSealed 

container

Fig. 1 Schematic diagram of the simulation test 

on salt deposition
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(a) Study and evaluation of storage and management methods [2] Study of the requirements for containers and storage 

facilities : Performance evaluation of vent filters

[Study of performance testing methods]

Â Methods of testing filter materials

¹ Water film test

Air permeability test of filter that is blocked due to droplets

¸ If the filter is not completely blocked

Frazier Air Permeability Test (JIS L 1096, JIS L 1913) 1

The difference in pressure inside and outside the test piece is kept constant, aeration is brought about using a fan and the amount of air 
(cm3/cm2 s is measured.

If partial blockage is considered equal to reduction in the area of the filter membrane, the margin in the filter area can be evaluated through 
this test.

¸ If the filter is completely blocked

Proposed air permeability test of a blocked filter[2]

The method of testing water resistance of fibers is used for 

evaluating the pressure at which water is discharged from

the filter.

[1] ñAir permeability test of textilesò Aichi Center for Industry and Science Technology News December 2018

(http://www.aichi-inst.jp/other/up_docs/no.201_03.pdf)

[2] Document from W. L. GORE and Associates
https://www.gore.co.jp/sites/g/files/ypyipe116/files/2016-04/PTV-TechInfo-WEP-Testing-US.pdf

Fig. 1 Conceptual diagram of

Frazier Type Air Permeability Test [1]

Fig. 2  Conceptual diagram of the air 

permeability test of a blocked filter 

(Created based on [2])

Hydraulic pressure

SampleSupport plate

Vertical barometer*2

Test piece

Air hole

Air intake fan
*1 Indicates the differential pressure 

between the atmospheric pressure 

above the test piece and .

*2 Indicates differential pressure 

between and .

Vertical barometer*1

The filter is attached, pressure is applied using water and the pressure
when water is discharged from the filter is measured.

The pressure required for discharging gas when condensed water is 
formed can be evaluated with this test.

http://www.aichi-inst.jp/other/up_docs/no.201_03.pdf
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(a) Study and evaluation of storage and management methods [2] Study of the requirements for containers and storage 

facilities : Performance evaluation of vent filters

[Study of performance testing methods]

Â Method of testing the effect of freezing of filter materials

Testing the effect of freezing

¸ The material to be tested is cooled and frozen while it contains water. The mechanical characteristics 
when the material is frozen and after it is thawed are investigated.

It is investigated whether or not the above-mentioned characteristics can handle the stress expected when 
the material is used as a filter.

¸ Freezing conditions

The cooling temperature and cooling period are determined depending on the use conditions of the filter.

¸ Testing the effect

The effect on mechanical strength of the filter material can be evaluated by simulating deterioration of the 
filter material due to freezing and then subjecting it to an impact test.
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(a) Study and evaluation of storage and management methods [2] Study of the requirements for containers and storage 

facilities : Performance evaluation of vent filters

Study of integrity evaluation methods

Â Methods of evaluating the particle collection function

Å There are mainly 2 types of air filter testing methods namely the weighing method and the number counting method. The number counting method is 

used for HEPA and ULPA.

Å In the number counting method, the minimum collection rate (reference number) and the pressure loss when an air current containing aerosol is 

passed at a rated flow specific to the filter, are evaluated.

Â Testing method[1]

Å The testing environment is prepared with temperature 25 10ϴ, humidity 55 15ϴ, flow rate from the fan motor 0.45m/s 20% at the filter portion

Å Aerosol is fed for testing purposes on the upstream side of the filter (1 type (DOP) of the 2 particles for test purposes or an equivalent aerosol is 

used[2])

Å The concentration of the aerosol for test purposes is adjusted (The particle measurement instrument on the upstream side indicating 0.3ɛm or more 

number of particles at 5 106 particles/min or more).

Å The particle measurement instrument[3] on the downstream side is adjusted (Measured in clean air and let to stand until the reading becomes stable).

Å Aerosol for test purposes is fed to the filter, the numbers of particles on the upstream and downstream side are continuously measured at fixed time 

intervals, and the collection rate is calculated.

Å The static differential pressure on the upstream and downstream side of the filter is measured using a manometer and the pressure loss is calculated.

Â Determination conditions[4]

Å Minimum collection rate (Reference number): 99.97% or more for particle size 0.3ɛm in the case of HEPA, and 99.9995% or more for particle size 

0.15ɛm in the case of ULPA

Å Pressure loss: Initial pressure loss 245Pa or less for both HEPA and ULPA

[1] JIS K 3801 Test Method of HEPA Filters for Microbiological 

Use

[2] JIS Z 8901 Test Powders and Test Particles

[3] JIS B 9921 Light Scattering Airborne Particle Counter

[4] JIS Z 8122 2000 Contamination Control - TerminologyFig. 1 Performance assessment test  Equipment configuration (Example) [1]

For HEPA and ULPA, if the filter performance 

after the deterioration test satisfies the 

determination conditions, deterioration effect is 

considered to be absent.
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Â Method of evaluating the hydrogen permeation function

Å The method for evaluating the hydrogen permeation function of filters used in nuclear facilities in the US is described in 

References [1]. Hydrogen of designated concentration (4%) is sealed inside the container with attached filter and it is let to 

stand. The hydrogen concentration inside the container is measured 7 times every 5 minutes. The rate of hydrogen 

permeation (hydrogen diffusivity D) is obtained using the formula listed below.

D: Hydrogen permeation rate (Mol/sec/molFraction),

P: Pressure (atm), V: Container capacity (L), t: Time (seconds),

R: Ideal gas constant (0.082Latm/molK),

T: Temperature (K), H0: Initial hydrogen concentration,

Ht: Hydrogen concentration at time 

Å If being installed inside the container, the required

number of designated filters are installed depending on

the hydrogen generation rate inside the container.

[1] Terry Wickland and John Schierloh "HYDROGEN DIFFUSIVITY THROUGH DRUM AND LINER VENTING FILTERS" WM98 

(http://archive.wmsym.org/1998/html/sess27/27-37/27-37.htm)
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(a) Study and evaluation of storage and management methods [2] Study of the requirements for containers and storage 

facilities : Performance evaluation of vent filters

Study of integrity evaluation methods

Fig. 1 Hydrogen permeation function evaluation test  Equipment configuration (Example)
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(a) Study and evaluation of storage and management methods [2] Study of the requirements for 

containers and storage facilities : Performance evaluation of vent filters

¹ Organizing of input conditions

V Target waste was selected from the Waste List and the waste characteristics.

V Storage conditions and storage environment were organized.

¹ Study of deterioration factors

V Deterioration modes were defined as blockage and damage of the filter.

V The causes and events leading to blockage of filters were organized based on the storage environment of 

solid waste, and 18 deterioration events were identified in all.

¹ Clarification of filter requirements

V Besides filters used in overseas nuclear facilities, manufacturing methods, filter material, application, 

main manufacturers, fine particles collection function, hydrogen permeation function of the filters for 

general industrial use (metal, ceramic, glass fiber, polymer) were investigated and the results were organized.

V Filters for general industrial use that satisfy the fine particle performance specifics (equivalent to HEPA) of 

overseas vent filters can be manufactured. Although the actual value pertaining to the hydrogen permeation 

function has not been specified in the catalog, etc., in principle, it is presumed to be equivalent to overseas 

vent filters.

¹ Estimation of failure mode

V 11 deterioration factors that are likely to have an impact on filter deterioration were identified from 18 

deterioration factors based on input conditions.

V Failure mode scenarios were developed for each process for the 11 deterioration factors.

V Occurrence of deterioration, extent of progression of deterioration when each type of filter is used were 

estimated through literature survey, and 8 affecting events were identified.

¹ Study of performance testing method

V The performance testing methods required for evaluating the impact of the 8 failure modes on the life of the 

filter were studied and organized.

¹ Study of integrity evaluation method

V The filter performance testing methods for evaluating the impact of each failure mode on the integrity of the 

filter were studied.

Â Results of implementation
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Results so far

Issues, etc.

V Characteristics that are common to each type of waste were identified based on the organization of 

the types of solid waste, and in addition, based on the expected treatment processes, the 

environments in which the filters will be placed were assumed as input conditions and organized.

V The function of letting hydrogen permeate and the function of collecting fine particles were defined as 

functions required of a filter, and environmental deterioration factors that are likely to affect these 

functions were identified. Also, general filter specifications were investigated, and prospects of being 

able to select filter material depending on environmental requirements were seen.

V Scenarios likely to impair filter performance were studied based on filter functions and solid waste 

treatment processes, respective failure mode scenarios were investigated and organized, and in 

addition, proposed testing methods for evaluating the impact that the failure modes have on filter life 

were studied.

Summary

V As types of solid waste, treatment methods, storage requirements, environmental criteria, facility 

constraints, etc. serve as input information for determining filter specifications, items pertaining to 

which conditions become concrete as production level work progresses need to be compared with 

the input conditions assumed in this research, and the necessity to reselect the deterioration 

simulation test conditions and failure modes needs to be studied once again.

(a) Study and evaluation of storage and management methods [2] Study of the requirements for 

containers and storage facilities : Performance evaluation of vent filters
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(b) Technological development of contamination evaluation for sorting solid waste 

Â Achievements up to FY2020

¹ Ŭ camera was manufactured and a function verification test of the system was conducted.

¹ A mock-up test of the Ŭ contaminated equipment (flange tank piece) was conducted at the site to assess 
performance.

It was possible to measure the 220Bq, 740Bq, 2960Bq Ŭ ray sources (Am-241) 

affixed on the flange tank piece, but the noise generated was from equivalent or 

higher concentrations.

Â Goal

¹ The factors due to which the flange tank piece generated noise will be 

specified and noise countermeasures will be taken.

¹ Upon undertaking countermeasures Ŭ contamination detection performance 

will be evaluated once again.

Â Details of implementation (See details on next pages)

¹ Issues in the items that affect measurement will be consolidated based on site investigation.

¹ The following will be implemented in response to the consolidated issues.

Ŭ camera: Noise countermeasures will be taken for the flange tank piece.

Distance measurement system: The range within which the TOF conditions are satisfied will be indicated based 
on the results of site investigation.

Means for access: A conceptual drawing of the crawler on which the Ŭ camera is mounted will be provided. (The 
scope of this Government R&D project is up to consolidation of issues)

Â Indicators for the achievements of goal

¹ Presentation of issues based on the mock-up test results for using the Ŭ camera at the site, and corresponding 
countermeasures.

(Target at the completion: TRL: 3Ÿ4) 

2960Bq

220Bq

740Bq

Range up to 

which noise 

has an 

impact

Fig. 1 FY2020 mock-up test results
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(b) Technological development of contamination evaluation for sorting solid waste 

Current status of Ŭ-contaminated waste management and issues thereof

¸ Requirements related to the technology for sorting waste

ü Being able to ascertain surface contamination distribution of target objects from a distance.

ü Being able to ascertain contamination distribution of targets over a wide area in a short time.

Ŭ contaminated area

Ŭ surface contamination 

density distribution on the 

surface of equipment, etc. 

(metal, etc.)

Ŭ surface contamination 

density distribution on 

the surface of building 

concrete

Contamination distribution 

measurement

Surface contamination density 
(Bq/cm2) distribution

Under the lower detection limit

Image of distribution measurement

¸ Current status of Ŭ-contaminated waste management

When Ŭ-nuclide contamination with surface contamination density of 0.4 Bq/cm2 or more is detected by means of 

smear measurement, the waste is sorted and placed in storage containers. Adopting smear measurement for 

ascertaining the status of contamination in the future when full-fledged decommissioning work will be carried out, is 

not practical considering the time required for measurement and from the viewpoint of radiation dose reduction.

¸ Purpose of this project

To develop a technology that can comprehensively and in a short time measure the surface of the object (or area) 

to be dismantled. Also, to clearly specify the applicable process depending on performance.

Fig. 1 Image of distribution measurement using the Ŭ camera
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(b) Technological development of contamination evaluation for sorting solid waste 

Principle of an Ŭ camera and its advantages

Light emission in the 
ultraviolet range

Light emission spectrum

Cited from J.Sand. Remote Optical Detection of Alfa Radiation. IAEA CN-184/23.

Measurement principle

Reaction takes place with nitrogen within Ŭ radiation range (about 

several cm) to produce several 100 photonic ultraviolet rays.

These ultraviolet rays are focused and imaged with a lens, and 

the distribution of Ŭ rays is measured from the distribution of the 

number of photons reaching the light detector.

PMT (Photomultiplier Tube) is shielded from ɔ rays as it is likely to

be affected by Cherenkov light or others when ɔ rays enter PMT.

Lens

MirrorDetector

(PMT)

Shield for ɔ rays

Ultraviolet rays

Light emission
Ŭ rays

Uranium, etc.

Visible-light filter

Examples of main presentations made in connection with Ŭ camera

1. IEEE2013 NSS Remote Detector of Alpha-Ray Using Ultraviolet Ray 

Emitted by Nitrogen in Air

2. ICONE-23 REMOTE DETECTION OF ALPHA RADIATION USING UV 

PHOTONS EMITTED BY NITROGEN

3. Spring meeting of Atomic Energy Society of Japan in FY2013, Technology 

for remote measurement of Ŭ radiation

4. Autumn meeting of Atomic Energy Society of Japan in FY2014, Technology 

for remote measurement of Ŭ radiation - Application to lighting environment -

Fig. 1 Schematic diagram illustrating the principle

Fig. 2 Nitrogen light emission spectrum

Advantages

Can be measured at a distance from the source of Ŭ contamination

A wide area can be measured at once.
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(b) Technological development of contamination evaluation for sorting solid waste 

Development history

Items FY2018 FY2019 FY2020 FY2021 FY2022

Environmental condition setting

Measurement 

system

Ŭ camera alone

Systematization

(With functions of 

pan tilt, 

raising/lowering and 

3D distribution 

preparation)

Improvement and 

countermeasures

Measures in 

response to the 

issues found as a 

result of the mock-

up test

Table 1 Development history

Environmental 

condition setting
Identification of factors from measurement principle, 

setting of required specifications

Designing & Manufacturing Testing

Improvement Testing

Sensitivity improvement, weight reduction of moving 

elements, combination with distance measurement system, 

verification of basic performance

Anti-ghosting*0 measures, 

shielding mechanism 

improvement

*Peak other than the radiation source location

Designing Testing

Evaluation of performance as Ŭ

camera

Additional verification of the 

function for mapping measurement 

results

Manufacturing Performance verification test

Evaluation of sensitivity to material (surface 

condition)

Mock-up tests at 1F site

Site investigation

Identification of issues

CountermeasuresIdentification of the issues through site investigation

Measures in response to issues (Ŭ camera, distance 

measurement system)
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(b) Technological development of contamination evaluation for sorting solid waste 

This yearôs report

The following was implemented in response to the unanticipated noise generation found as a 

result of the FY2020 1F mock-up test.

(1) Common items

Å Obstructive factors concerning the Ŭ camera, distance measurement system, and means 

for access were identified based on the site photographs.

Å Issues in each element were consolidated based on the obstructive factors.

(2) Measures in response to issues with the Ŭ camera

Å Method of implementing measures in response to the site investigation results

Å The Ŭ rays, ɓ rays emission processes were organized quantitatively (This year the focus 

was on nitrogen light emission)

A prediction model was developed based on emission tests and simulations, and was 

evaluated.

Å Countermeasures were comprehensively studied based on the  characteristics of noise 

emission, and their effectiveness was evaluated.

(3) Measures in response to issues with the distance measurement system

Å Clear specification of the range in which distance measurement is feasible

Å Improvement in the distance combination algorithm

(4) Means of access

Å Conceptual drawing assuming that an existing decontamination crawler is used

Å Issues until application to actual equipment
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Fig. 1 External appearance of the location of the large components inspection building

Cited from TEPCO HD ñStatus of installation of large components decontamination 

equipment April 16, 2018ò

Fig. 2 Flange tank piece

Photographed on October 30, 2020

The test was conducted at the building for large component inspection where the flange tank piece decontamination work 

was being carried out.

ɓɔ contamination was spread over a wide area. Hence a flange tank piece with as high a dose rate as possible was 

selected from that area for measurement.

Å Measurement target: 1 flange tank piece meeting the test conditions was selected from flange tank pieces prior to 

decontamination work.

Å Measurement location: Contaminated area (Y zone). Contamination was mainly Sr/Y-90 nuclides emitting ɓ rays.

(b) Technological development of contamination evaluation for sorting solid waste 

Consolidation of issues Looking back at the FY2020 mock-up test (1)

- Details of the test location -

External appearance of large 
component decontamination equipment
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(b) Technological development of contamination evaluation for sorting solid waste 

Consolidation of issues Looking back at the FY2020 mock-up test (2)

Test details Test method Results

Evaluation of correlation 

between ɓ ɔ surface 

contamination density and 

noise (Test )

ɓ ɔ surface contamination density (2 - 5k Bq/cm2) at different sites was measured by 

changing the tilt angle to 10 , 40 , 60 , 90 , 120 , to evaluate the correlation 

between ɓ ɔ surface contamination density and amount of noise.

Correlation between ɓ ɔ surface contamination density 

and noise was obtained. The amount of noise 

increased 20 times than the functional test.

Evaluation of correlation of 

amount of signals with respect 

to sources of Ŭ rays (Test )

Standard sources of Ŭ rays of varied strengths (Am-241, 220, 740, 2960Bq) were 

arranged in the angle of view when the tilt angle was 90 to obtain the correlation 

between Ŭ surface contamination density and the amount of signals*1.

The sensitivity was 0.31 0.16[s-1/Bq/cm2] in the 

performance verification test and it was 0.47[s-1/Bq/cm2] 

in the laboratory test. Thus it was consistent with a 

margin of error.

Evaluation of dependency on 

the measured distance (Test )

Standard source of Ŭ rays (Am-241, 2960Bq) was set up at locations with varied 

measured distance to evaluate the dependency of Ŭ rays sensitivity on the distance.

It was found that just as in the functional verification test, 

the sensitivity was inversely proportional to the square of 

the distance. However, real-time correction was difficult 

due to the impact of noise.

Evaluation of the accuracy in 

ascertaining contamination 

distribution (Test )

Based on data from multiple angles  (10 , 40 , 60 , 90 , 120 ) three dimensional 

contamination distribution was developed from the difference with the 

measurement results obtained when there was no radiation source, to evaluate the 

accuracy of identifying locations with Ŭ surface contamination

The accuracy worsened than the position resolution when 

the test was conducted using standard radiation source 

due to the impact of noise, but it was possible to 

identify the location of radiation source at a position 

resolution of approx. 6 cm which is lower than the 

target 10 cm.

Table 1 Test items by evaluation items

Fig. 3 Distribution after subtracting noise from the 

measurement result (Test )

2960Bq

220Bq

740Bq

Range up to 

which noise 

has an 

impact

Fig. 1 Correlation between Ŭ surface contamination 

density and counting rate (Test )

Fig. 2 Dependency of Ŭ rays sensitivity on 

the measured distance (Test )

*1 Due to the impact of noise, the difference between the value of pixels with radiation source and the value of pixels without radiation source was calculated as the signal originating from the radiation source.

*2 Difference in the data when 
radiation source is present and 
absent as explained in *1

Test 

Test 

Test 

Test 

Difference *2

Ŭ surface contamination density
Measured distance [m]

(Counting rate = a / 
(measured distance)2+b)

Laboratory test
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Example 1) Unit 3 -1F- western passageway

Items Identified issues and factors

Measurement 

of Ŭ rays

Wall Paint

Floor Paint (water accumulated)

Cables Black

Sheet None

Light 

shielding 

property

No light emitting 

substance

Distance 

measurement

No impact

Accessibility Unevenness of floor surface

Example 2) Unit 2 -5F- Eastern service entrance

Items Identified issues and factors

Measurement of 

Ŭ rays

Wall Paint

Floor Paint

Cables None

Sheet Pink covering sheet

Light shielding 

property

External light present

Distance 

measurement

Impact of equipment likely

Accessibility Unevenness of floor surface, dispersion of 

equipment and material

(b) Technological development of contamination evaluation for sorting solid waste 

Identification of issues: Investigation of site conditions

Table 1 Issues and factors identified in Unit 3 Table 2 Issues and factors identified in Unit 2
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(b) Technological development of contamination evaluation for sorting solid waste 

Mapping of site investigation results

Fig. 2 Unit 3 site investigation resultsFig. 1 Unit 2 site investigation results

Accumulated water Several cables Covering sheet

High ɓ ɔ 

contamination density
Light leakage (external light present)

Up to 2m

Up to 5m

Up to 1.1m

Up to 5mEquipment has covering sheet

1m x 2m x 2m (H)

Covering sheet on residual material

Covering sheet on 

the stud bolt tensioner 

and shelf

Covering sheet on the

RPV head support

Translucent plate

Light leakage from service entrance

Covering sheet on shelf

Several cables 

on the stud bolt 

tensioner
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(b) Technological development of contamination evaluation for sorting solid waste 

Consolidation of issues: Items that are likely to have an impact on measurement

Items that are likely to have an impact on measurement are identified from the perspective of measuring the 

contamination distribution of the building before dismantling.

Target system Items Event Site conditions that must be evaluated

Ŭ camera Emission noise 

due to the impact 

of ɓ rays, ɔ rays

Scintillation light Light emission of nitrogen (air)

Light emission besides nitrogen Paint, type of sheets, etc.

Cherenkov light Cerenkov light emission from 

matter having a refractive index

Paint, type of sheets, etc.

Impact on 

amount of Ŭ ray 

signals

Material to be measured Change in Ŭ ray sensitivity due to 

roughness of the surface of the 

material

Presence of rubble

(More the roughness higher the sensitivity)

Wetness of the surface Presence of water accumulation

Limiting 

conditions during 

measurement

Light shielding property Impact of lighting Presence of emergency lighting

Light leakage from outside the building

Distance measurement Impact of matter in the 

vicinity

Shooting angle Direction of access

Infrared transmission Materials

Infrared absorption Materials

Access cart Route for carrying-in The cart cannot be carried in Presence of steps, width of the 

passageway, etc.

Table 1 Items that must be evaluated during site investigation 
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(b) Technological development of contamination evaluation for sorting solid waste 

Issue consolidation drill down: Issues pertaining to the Ŭ contamination measurement 

system

To indicate the 

applicability of the Ŭ 

contamination 

measurement system

Clear specification of 

the lower detection 

limit of the Ŭ ray 

measurement system

Impact on Ŭ ray 

signals

Noise due to light 

emission from ɓ rays, 

ɔ rays

Probability of the 

measurement method

Light shielding 

property

Scintillation light

Material in the nitrogen 
light emission band

Material outside the 
nitrogen emission band

Water

Cherenkov light
Water

Paint, sheets

Occurred phenomenon Environmental / material factors Countermeasure policy

Shielding from external light 

(operation)

Partial light shielding 

mechanism

It has been confirmed that 

the event is  on the highly 

sensitive side (FY2020)
Change in Ŭ ray sensitivity 
due to roughness of the 
surface of the material

Shot blasting concrete

Optical system

Wetness of the 

surface

Lighting, external light

In principle, Ŭ measurement is 

not possible.

Avoid by removing in advance.
Water accumulation, etc.

Development or verification complete

Gap with the wall, etc.

Emergency lighting, etc.

Additional verification 

of the mapping 

function

Clear specification of 

the range in which 

distance can be 

measured

Goal Implementation items Influencing factor

Measurement not 

possible

Shooting distance and 

angle

Reflectivity

(Permeation/absorption)

Direction of access

Material

Verified that mapping is 

possible when the flange tank 

piece is measured (FY2020)

Present the range within 

which distance can be 

measured with shooting angle,

material as parameters.

Roughness of surface

Fig. 1 Drilling down into issues pertaining to the Ŭ 

contamination measurement system
Development underway or requires development

High priority items for which 

measures involving Ŭ camera 

must be undertaken
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(b Technological development of contamination evaluation for sorting solid waste 

Initiatives for addressing Ŭ camera issues

Light emission 

phenomenon

Light emission source Characteristics of light emission

Scintillation light Nitrogen in air Light emission by nitrogen due to Ŭ rays as well as ɓ rays has the same 

wavelength distribution

The condition of spatial light emission is likely to differ depending on the difference 

in the range of Ŭ rays and ɓ rays

Duration of light emission depending on the length of the range

Other than nitrogen (Paint, 

covering sheet)

The amount of light emitted differs depending on the material

The wavelength distribution differs depending on the material

The duration of light emission is in the ns order

Cherenkov light Paint

Sheet

Water

Optical system

The wavelength distribution is Ӓɚ-2, which is different from the light emission by 

nitrogen due to Ŭ rays

Amount of light emission depends on the refractive index n.

The direction of light emission is conical at an angle of cosɗ=c/nv (v: velocity in a 

medium) with respect to the incident direction of charged particles.

The duration of light emission is in the ps order

Noise due to light 

emission from ɓ 

rays, ɔ rays

Scintillation light

Material in the nitrogen 
light emission band

Material outside the 
nitrogen emission band

Water

Cherenkov light
Water

Paint, sheets

Optical system

Fig. 1 Excerpts from the process of drilling down issues

Table 1 Light emission sources and their characteristics

<Matters that must be considered with respect to issues>

Amount of light emitted by various material and the 

signals detected by Ŭ camera need to be closely 

examined

Actions need to be taken so as to be able to deal with 

unanticipated light emitting sources at the site

Measures must be taken in response to items for which 

measures can be taken in advance

, : Makes it possible to quantitatively ascertain each light emission and provide estimates based on simulation.

: The possible countermeasures are comprehensively studied based on the characteristics of light emission.
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(b) Technological development of contamination evaluation for sorting solid waste 

Course of action for FY2021

2960Bq

220Bq

740Bq

Range up to 

which noise 

has an impact

Status in FY2020 and preconditions for evaluating noise

Å Surface dose rate of ɓ rays (ɓ) is about 20mSv/h

Å The noise signal count rate is about 500cps

Overview of the FY2021 policy

1. Quantitative ascertaining of the light emission process

1-1. Light emission test using sources of ɓ rays

1-2. Development of simulations

1-3. Quantitative ascertaining of the light emission 

phenomenon

2. Noise countermeasuresFig. 1 FY2020 mock-up test results

1-1. Verification of the light emission measurement 

characteristics of Ŭ camera and comprehensive study based 

on the characteristics of each light emission

1-2. Evaluation of the effectiveness of noise countermeasures

Implemented up to quantitative ascertaining of light 

emission by nitrogen due to Ŭ rays and ɓ rays

Effectiveness of various measures evaluated
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(b) Technological development of contamination evaluation for sorting solid waste

Overview of the method of quantitative organization of the light emission process

- Process of light emission by nitrogen due to Ŭ rays -

Bibliography and analysis

Test / Geant4

Design value

Bibliographic survey

Estimation by means of on-paper calculations 

based on literature data, etc.

Acquisition of basic data through Ŭ rays light 

emission test

(Previously reported: Implemented in FY2020)

Development of simulation model using Geant4

Comparison between the test results and the 

simulation, improvement in simulation accuracy

Re-verification of design information of the Ŭ 

camera detection system

Fig. 1 Flowchart of light emission by 

nitrogen due to Ŭ rays

Ŭcontamination 
source

Range of Ŭ rays

Energy transfer

Light emission

Spread of photons

Incident to the optical 
system

Concentration 
of light

Incident to the 
photoelectric surface

Electron 
multiplication

Signal detection

Evaluation methodEvent

Bibliog
raphy

Analysis

Test

Design 
value

Energy

Evaluation items

Bibliography

Analysis

Design 
value

In air range

Energy imparted

Amount of light 
emission

Solid angle

Number of 
photons

Reflectivity

Quantum 
efficiency

Signal 
processing
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(b) Technological development of contamination evaluation for sorting solid waste

Overview of the method of quantitative organization of the light emission process
- Process of light emission by nitrogen due to ɓ rays -

Bibliography and analysis

Test / Geant4

Design value

Bibliographic survey

Estimation by means of on-paper calculations 

based on literature data, etc.

Acquisition of basic data through ɓ rays light 

emission test

Development of simulation model using 

Geant4

Comparison between the test results and the 

simulation, improvement in simulation accuracy

Re-verification of design information of the Ŭ 

camera detection system

Fig. 1 Flowchart of light emission by 

nitrogen due to ɓ rays

Source of ɓ 
contamination

Event Evaluation method Evaluation items

Bibliography

Analysis

Test

Design 
value

Design 
value

Range of ɓ rays

Energy transfer

Light emission

Spread 
of photons

Incident to the optical 
system

Concentration
of light

Incident to the 
photoelectric surface

Electron 
multiplication

Signal detection

Energy

In air range

Energy imparted

Amount of 
light emission

Solid angle

Number of 
photons

Reflectivity

Quantum 
efficiency

Signal 
processing

Bibliography

Bibliography
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(b) Technological development of contamination evaluation for sorting solid waste 

Purpose of the ɓ ray light emission test and means of implementation

(1) Ascertaining the amount of light emission under high ɓ radiation dose: Straight line system

Fig. 1 Schematic diagram of the set-up for testing light 

emission from high dose ɓ rays

Source of 

ɓ rays

Black-

out 

sheet

Sample

ɓ rays
Light 

emission

Ŭ camera

Source of ɓ rays is equivalent to 1F mock-up 

environment (Approx. 15mSv/h)

Only scintillation light (nitrogen light emission) 

when samples are not provided.

Scintillation light as well as Cherenkov light 

when samples are provided.

Camera 

obscura

(2) Separating the scintillation light and Cherenkov light to ascertain the amount of light emission: 

Right-angle system

Source of ɓ rays

ɓ rays

ɓ rays

Light emission (Cherenkov)

Light emission (Scintillation)

Sample

Camera 

obscura

Ŭ camera

Fig. 2 Schematic diagram of the test set-up in which light 

emission phenomena are separated

Considering the direction of emission of Cherenkov 

light, the source of ɓ rays - sample - Ŭ camera are 

placed at right angles.

Light emission is measured in varied conditions of 

occurrence of Cherenkov light by using high energy 

as well as low energy* radiation sources.

*Radiation sources that have very few ɓ rays that 

exceed critical energy, are selected.
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Radiation 

source

Dose rate*1 Distance*2 Evaluation

target

External 

appearance

Sr-90/

Y-90

15.6

mSv/h

(98mSv/h)

50cm

(20cm)

Nitrogen light 

emission, scintillation 

light, Cherenkov light

Pm-147 0.21

mSv/h

20cm Scintillation light 

(excluding 

Cherenkov light)

(b) Technological development of contamination evaluation for sorting solid waste 

Test set-up for the ɓ ray light emission test

Source of 

ɓ rays

Camera 

obscura

Ŭ camera Power 

supply

Sr-90/Y-90 are measured at a distance where 

the dose rate is equivalent to the dose rate 

around the 1F flange tank piece.

Scintillation light and Cherenkov light are 

measured when nitrogen light emission + 

sample are placed.

As a maximum of approx. 220keV of ɓ rays 

are produced by Pm-147, the amount of 

Cherenkov light emitted is so small that the 

amount detected by Ŭ camera from the 

direction of occurrence can be ignored.

ɓ rays

Source of 

ɓ rays

Camera 

obscura

Ŭ camera

Power 

supply

Sample

Fig. 1 External appearance of a straight line system

Fig. 2 External appearance of a right angled system

Table 1 List of sources of ɓ rays

*1 Dose rate at the surface where the sample is placed

*2 Distance from the source of ɓ rays to the sample
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(b) Technological development of contamination evaluation for sorting solid waste 

Energy distribution of the ɓ ray source

0.00E+00

1.00E-02

2.00E-02

3.00E-02

4.00E-02

5.00E-02

6.00E-02

7.00E-02

8.00E-02

9.00E-02

1.00E-01

1.10E-01

1.20E-01

1.30E-01

0.000 0.030 0.060 0.090 0.120 0.150 0.180 0.210 0.240

a
.u

.
Energy (MeV)

Fig. 1 ɓ ray energy distribution of Sr-90/Y-90 Fig. 2 ɓ ray energy distribution of Pm-147

184keV (Refractive index 

1.5  Acrylic)

257keV (Refractive index 

1.33 Water)

Critical energy

SOURCE

Entries

Mean

Std Dev

0.5498

100

0.78490.12

0.1

0.08

0.06

0.04

0.02

0
0 0.2 0.4 0.6 0.8 1 1.2 1.4 16 1.8 2 2.2

Energy (MeV)

a
.u
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(b) Technological development of contamination evaluation for sorting solid waste 

Straight line system for the ɓ ray light emission test

Organization of light emission phenomenon

No. Light emission/phenomena Memo

Nitrogen light emission before the sample Nitrogen light emission in the 50cm between the radiation source and 

the sample

Nitrogen light emission after the sample Nitrogen light emission from attenuated electrons

Shielding of due to the sample Permeability differs depending on the sample

Shielding of due to the frame Shielding effect is assumed to be the same regardless of the conditions

Light emission from the sample  Scintillation light Phenomenon to be clarified 1

Light emission from the sample  Cherenkov light Phenomenon to be clarified 2

Light emission inside the Ŭ cameraGenerated by the bremsstrahlung or the electrons that have reached the 

optical system

ɓ rays

Ŭ camera
Sr-90/Y-90

Permeated ɓ rays

Black-out sheet

Camera 

obscura wall

Scintillation light + Cherenkov light

Nitrogen light emission 

Sample

Nitrogen light emission Sample

Frame (Aluminum frame)

Fig. 1 Light emission phenomena in a Sr-90/Y-90 straight line system

Fig. 2 External appearance of sample

Pink covering sheet

Table 1 List of light emission phenomena in a Sr-90/Y-90 straight line system

75mm
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1.3 2.3 2.7 3.1 3.2 2.7 2.1 1.0

1.8 3.5 4.9 5.5 5.1 4.3 3.2 1.5

2.4 5.2 7.4 9.9 9.2 6.2 4.2 2.1

2.6 5.9 9.5 37.9 32.1 8.2 4.6 2.2

2.6 5.8 9.7 37.2 32.1 8.3 4.6 2.2

2.1 4.8 6.9 8.8 8.7 6.3 4.1 2.1

1.8 3.2 4.3 4.9 4.5 4.0 2.9 1.6

1.3 2.2 2.7 2.9 2.9 2.6 2.1 1.1

(b) Technological development of contamination evaluation for sorting solid waste 

ɓ ray light emission test: Test conditions of the straight line system and affecting factors

No. Sample Supplementary 

information Pre N2 Post N2 Shielded 

by 

sample

Shielded 

by frame

Scintillati

on light

Cherenk

ov light

Light 

emission 

inside 

the 

camera

1 None (Nitrogen)

2 White paint t0.3mm

3 White paint t0.5mm

4 White paint t1.0mm

5 Gray paint t1.0mm

6 Black paint t1.0.mm

7 Pink covering sheet

8 Transparent covering 

sheet

9 Ŭ camera light 

shielding

10 Frame only

11 Frame + shielding

12 Transparent covering 

sheet + shielding

Other test conditions

Measurement time 10 min

BG measurement 5min

Signal is the difference with BG

Room temperature 21.3ϴ to 21.9ϴ
Atmospheric pressure 1005.8hPa to 

1011.2hPa

Humidity 26.7% to 41.7%

Analysis of test results

Sum total of the data in the 2 2 cells in the center

Ÿ Size of view equal to that of the sample

Sum total of the data in the 4 4 cells in the center

Ÿ Light from outside the frame is considered as well

Sum total of the data in all the 8 8 cells in the center

Ÿ Entire light emission is considered

Processing of detection results

Measurement is started after 

sample to be measured is set up.

After completing measurement, 

the radiation source is removed 

and BG is measured.

The difference between BG and 

the sample measurement for each 

ch is obtained and that value is 

used as the evaluated test result.

Legend

: There is an impact

: Although small there is an 

impact

ˈ: There is no impact

Table 1 Sr-90/Y-90 straight line system: Affecting factors in each condition

Fig. 1 Example of test results (No. 7) Unit: cps
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1.1 1.9 2.4 2.7 2.7 2.4 1.7 0.7

1.7 3.4 4.2 4.8 4.3 3.9 2.7 1.4

2.2 4.7 6.4 7.9 7.6 5.4 3.6 1.8

2.6 5.4 7.7 16.3 15.4 6.7 4.0 1.9

2.4 5.3 7.9 15.9 15.0 6.6 3.9 2.1

2.1 4.3 6.0 6.8 6.8 5.3 3.7 1.9

1.7 3.2 3.9 4.2 4.1 3.5 2.8 1.5

1.1 1.9 2.5 2.6 2.5 2.3 1.8 0.9

1.0 2.1 2.5 2.8 2.5 2.5 2.0 0.9

1.7 3.3 4.2 4.8 4.6 3.9 2.9 1.6

2.2 4.6 6.2 7.5 7.1 5.3 3.8 1.8

2.4 5.1 7.2 10.2 10.6 6.6 3.9 2.1

2.4 5.0 7.5 9.9 10.5 6.7 4.0 2.2

2.0 4.2 5.7 6.5 6.7 5.3 3.6 2.0

1.7 3.2 3.9 4.2 4.1 3.5 2.8 1.6

1.1 1.9 2.4 2.5 2.6 2.4 1.9 1.0

1.4 2.0 2.7 3.2 2.9 2.8 2.1 1.1

1.8 3.5 4.6 5.1 4.7 4.0 3.0 1.4

2.4 5.1 6.8 8.2 7.7 5.9 3.9 1.9

2.8 5.7 8.1 15.5 14.2 6.8 4.2 2.2

2.7 5.5 8.2 14.7 14.1 6.6 4.1 2.1

2.3 4.5 6.3 7.4 7.3 5.6 4.0 2.0

1.8 3.3 4.0 4.4 4.3 3.5 3.0 1.6

1.1 2.1 2.5 2.9 2.8 2.6 2.0 1.0

0.8 1.1 1.1 1.2 1.3 1.2 1.1 0.7

0.9 1.0 1.1 1.1 1.1 1.1 0.9 0.8

1.0 1.2 1.2 1.1 1.1 1.0 1.1 0.9

1.2 1.2 1.0 1.1 1.0 1.0 1.0 0.9

1.0 1.2 1.2 1.2 1.1 1.0 1.0 0.9

1.1 1.2 1.3 1.1 1.2 1.1 1.2 1.0

0.9 0.9 1.2 1.0 1.1 1.0 1.0 0.8

0.7 1.0 1.3 1.3 1.2 1.1 1.1 0.6

1.2 2.4 2.7 3.0 2.6 2.7 2.2 1.1

1.8 3.8 4.6 5.2 5.0 4.1 3.3 1.6

2.5 4.9 7.1 8.6 8.1 5.8 4.1 2.1

2.7 5.8 8.6 20.2 17.9 7.1 4.2 2.2

2.5 5.7 8.5 19.3 17.4 7.2 4.2 2.1

2.1 4.8 6.4 7.8 7.6 5.8 3.9 2.1

1.8 3.4 4.2 4.4 4.4 3.9 3.0 1.7

1.2 2.1 2.7 2.8 2.8 2.6 2.0 1.1

0.8 1.5 1.9 1.9 2.1 1.8 1.4 0.6

1.2 2.6 3.4 3.7 3.5 3.1 2.3 1.0

1.5 3.6 4.8 5.8 6.0 4.3 3.0 1.4

1.9 4.2 6.0 11.0 10.3 5.2 3.2 1.4

1.6 3.9 5.8 10.7 10.7 5.2 3.3 1.6

1.5 3.3 4.5 5.5 5.5 4.1 3.0 1.4

1.2 2.6 3.1 3.2 3.3 2.8 2.2 1.2

0.7 1.4 1.8 1.8 1.8 1.7 1.4 0.6

0.7 1.4 1.9 2.1 2.1 2.1 1.5 0.7

1.1 2.5 3.2 3.8 3.9 3.4 2.6 1.1

1.5 3.2 4.3 6.0 6.5 5.0 3.7 1.6

1.7 3.8 4.9 9.1 11.1 6.3 3.6 1.8

1.7 3.6 5.4 9.0 11.4 6.4 3.6 1.6

1.6 3.2 4.5 5.6 6.1 4.9 3.5 1.6

1.2 2.5 3.3 3.4 3.6 3.2 2.5 1.2

0.7 1.5 1.8 2.1 2.1 1.9 1.5 0.7

0.7 1.5 2.0 2.1 2.3 1.9 1.4 0.7

1.0 2.6 3.2 3.5 3.5 3.0 2.5 1.0

1.5 3.6 4.8 5.9 5.6 4.4 3.1 1.4

1.8 4.0 5.5 8.9 9.1 5.4 3.3 1.6

1.7 3.8 5.8 7.6 8.5 5.6 3.2 1.5

1.5 3.2 4.4 5.1 5.2 4.1 3.0 1.5

1.0 2.3 2.9 3.1 3.2 2.9 2.4 1.1

0.7 1.5 1.8 1.8 1.8 1.8 1.4 0.7

0.9 1.6 2.0 2.3 2.3 2.1 1.6 0.6

1.3 2.9 3.6 4.1 4.1 3.4 2.6 1.2

1.8 3.8 5.2 6.6 6.5 5.1 3.7 1.6

1.9 4.5 5.9 10.6 11.2 6.2 3.7 1.7

1.7 4.1 6.0 9.1 10.1 6.0 3.5 1.6

1.7 3.4 4.7 5.6 5.9 4.8 3.2 1.7

1.2 2.4 3.2 3.5 3.6 3.1 2.5 1.3

0.7 1.6 2.0 2.1 2.2 2.0 1.5 0.7

0.8 1.5 1.9 2.2 2.1 1.9 1.5 0.5

1.1 2.9 3.6 3.9 3.8 3.3 2.4 1.2

1.7 3.9 5.3 6.7 6.3 4.8 3.3 1.6

2.1 4.5 6.5 10.1 9.7 5.7 3.4 1.6

1.8 4.4 6.3 8.6 8.9 5.5 3.4 1.4

1.6 3.6 4.9 5.5 5.4 4.3 3.1 1.5

1.1 2.6 3.1 3.3 3.3 2.8 2.3 1.2

0.9 1.5 1.9 1.9 1.9 1.7 1.5 0.7

1.7 3.1 3.9 4.1 3.9 3.5 2.9 1.7

2.5 4.8 5.9 6.8 6.4 5.4 4.1 2.1

3.3 6.4 9.1 11.3 10.5 7.6 5.3 2.7

3.8 7.4 11.1 20.2 19.7 8.8 5.4 2.7

3.5 7.4 11.1 20.1 19.6 9.0 5.5 2.9

3.2 6.0 8.6 10.7 10.2 7.3 4.9 2.7

2.4 4.6 5.5 6.3 5.9 5.1 4.0 2.2

1.9 3.1 3.6 3.8 3.8 3.5 2.8 1.5

1.3 2.3 2.7 3.1 3.2 2.7 2.1 1.0

1.8 3.5 4.9 5.5 5.1 4.3 3.2 1.5

2.4 5.2 7.4 9.9 9.2 6.2 4.2 2.1

2.6 5.9 9.5 37.9 32.1 8.2 4.6 2.2

2.6 5.8 9.7 37.2 32.1 8.3 4.6 2.2

2.1 4.8 6.9 8.8 8.7 6.3 4.1 2.1

1.8 3.2 4.3 4.9 4.5 4.0 2.9 1.6

1.3 2.2 2.7 2.9 2.9 2.6 2.1 1.1

(b) Technological development of contamination evaluation for sorting solid waste 

ɓ ray light emission test: Straight line system test results

No. 1

No sample 

(Nitrogen)

No. 2

White paint 

t0.3mm

No. 3

White paint 

t0.5mm

No. 5

Gray paint 

t1.0mm

No. 6

Black paint 

t1.0mm

No. 7

Pink

Covering sheet

No. 4

White paint 

t1.0mm

No.8

Transparent

Covering sheet

No.9

Ŭ camera light 

Shielding

No. 10

Frame only

No.11

Frame + 

shielding

No. 12

Transparent 

covering sheet 

+ shielding

0 4020

Unit: cps

Fig. 1 Test results under all conditions
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Differential

No.*1 Sample
Supplementar

y information Pre N2 Post N2

Shielded 

by 

sample

Shielded 

by frame

Scintillati

on light

Cherenk

ov light

Light 

emission 

inside 

the 

camera

2 2*2 4 4*2 8 8*2

2-11 White paint t0.3mm
-3.9 -15.2 -41.1 

3-11 White paint t0.5mm
-0.1 -10.0 -31.4 

4-11 White paint t1.0mm
-7.1 -23.7 -56.1 

5-11 Gray paint t1.0mm
-0.6 -12.9 -39.9 

6-11 Black paint t1.0mm
1.6 -14.2 -46.3 

8-11 Transparent covering 

sheet
33.7 43.8 55.7 

8-12 Transparent covering 

sheet
12.2 19.7 32.4 

7-11 Pink covering sheet
98.2 119.2 134.1 

1-9 No sample Nitrogen light 

emission
75.3 176.9 322.3 

Legend    Results of 
obtaining the differential

: There is an impact
: Although small there is an 

impact
ˈ: There is no impact

(b) Technological development of contamination evaluation for sorting solid waste 

ɓ ray light emission test: Analysis of straight line system test results

Table 1 Results of difference processing and remaining effect

Fig. 1 Results of difference processing and remaining effect (including statistical error)

2-11 3-11 4-11 5-11 6-11 8-11 8-12 7-11

D
if
fe

re
n

c
e

 (
c
p

s
)

200

150

100

50

0

-50

Paint: Little light emission

Covering sheet: Lot of pink light emission

Transparent covering sheet
Pink covering sheet

-100

*1 Difference with the test results on P.146, *2 Refer to Fig. 1 on P.145

Corresponding differential no.
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(b) Technological development of contamination evaluation for sorting solid waste 

Right-angled system for the ɓ ray light emission test

Organization of light emission phenomena

No. Light emission/phenomena Memo

Nitrogen light emission before the sample Nitrogen light emission in the 20cm between the radiation source and 

the sample

Nitrogen light emission after the sample Nitrogen light emission from scattered electrons

Reflection of by the sample Reflectivity differs depending on the sample

Light emission from the sample  Scintillation light Phenomenon to be clarified 1

Light emission from the sample  Cherenkov light Phenomenon to be clarified 2, level that can be ignored in the case 

of Pm-147

Light emission inside the Ŭ cameraGenerated by the bremsstrahlung or the electrons that have reached the 

optical system

Table 1 List of light emission phenomena in a right-angled system

ɓ rays

Ŭ camera

Sr-90/Y-90

Scattered ɓ rays

Black-out sheet
Camera 

obscura wall

Scintillation light

Nitrogen light 

emission

Cherenkov light

ɓ rays

Pm147

Camera obscura wall

Scintillation light

Nitrogen light 

emission

Cherenkov 

light

Ŭ camera

Scattered ɓ rays

Fig. 1 Light emission phenomenon in a Sr-90/Y-

90 right-angled system
Fig. 2 Light emission phenomenon in a Pm-147 

right-angled system
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0.1 0.0 0.1 0.0 0.1 0.0 -0.1 0.0

0.2 0.3 0.2 0.2 0.2 0.0 0.0 0.0

0.4 1.2 1.1 0.6 0.2 0.1 0.1 0.1

0.6 7.1 5.7 1.9 0.2 0.1 0.0 0.1

0.5 10.0 8.9 3.5 0.2 0.1 0.0 0.0

0.3 1.8 1.7 0.8 0.2 0.0 0.0 0.0

0.1 0.4 0.3 0.2 0.1 0.1 0.0 -0.1

0.0 0.1 0.2 0.2 0.1 0.1 0.0 0.0

(b) Technological development of contamination evaluation for sorting solid waste 

ɓ ray light emission test: Test conditions of the right-angled system and affecting factors

No. Sample Supplementary 

information Pre N2 Post N2 Reflected 

by sample

Scintillation 

light

Cherenkov 

light

Light 

emission 

inside the 

camera

1 None (Nitrogen)

2 Pink covering sheet

3 Transparent covering 

sheet

4 White Paint

5 Light gray

(Gray)

Paint (Same as the 

flange tank piece)

Other test conditions

Measurement time 10 min

BG measurement 5min

Signal is the difference with BG

Room temperature 20.0ϴ to 20.4ϴ
Pressure 1003.8hPa - 1022.3hPa

Humidity 31.2% to 43.0%

Processing of detection results

Measurement is started after 

sample to be measured is set up.

After completing measurement, 

the radiation source is removed 

and BG is measured.

The difference between BG and 

the sample measurement for each 

ch is obtained and that value is 

used as the evaluated test result.

Legend

: There is an impact

: Although small there is an impact

ˈ: There is no impact

Table 1 PM-147 straight line system : Affecting factors in each condition

No. Sample Supplementary 

information Pre N2 Post 

N2

Reflected 

by sample

Scintillation 

light

Cherenkov 

light

Light 

emission 

inside the 

camera

6 None (Nitrogen)

7 Pink covering sheet

8 Transparent covering 

sheet

9 White Paint

10 Light gray (Gray) Paint (Same as the 

flange tank piece)

11 Ŭ camera light 

shielding

Table 2 Sr-90/Y-90 straight line system : Affecting factors in each condition

Fig. 1 Data processing position in a right-
angled system

Unit: cps
Sum total of the data in the 2 2 cells in the center

Ÿ Size of view equal to that of the sample

Sum total of the data in the 4 4 cells in the center

Ÿ Light from outside the frame is considered as well

Sum total of the data in all the 8 8 cells in the center

Ÿ Entire light emission is considered
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0.1 0.1 0.0 0.1 0.1 0.0 0.1 0.0

0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

0.2 0.0 0.0 0.1 0.1 0.1 0.1 0.1

0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

0.0 0.1 0.1 0.0 0.1 0.1 0.1 0.1

0.1 0.1 0.0 0.0 0.0 0.1 0.1 0.0

0.1 0.0 0.1 0.0 0.0 0.1 0.1 0.0

0.2 0.1 0.2 0.1 0.1 0.1 0.1 0.1

2 4 6 8 8 9 7 4

3 8 13 16 19 19 17 7

5 18 32 39 34 27 21 9

7 75 81 49 32 24 19 9

7 95 90 45 31 23 17 9

6 24 39 34 27 21 16 8

3 9 13 15 16 15 13 6

3 5 7 8 8 8 7 3

2 4 6 7 8 8 7 3

3 8 12 16 18 18 16 7

6 19 32 38 32 25 19 8

7 76 82 47 27 20 16 8

7 98 92 44 26 19 14 8

6 25 39 32 24 18 14 7

3 9 13 15 16 14 12 6

3 5 7 7 8 7 6 3

2 4 6 8 8 9 7 3

3 8 13 17 18 19 17 7

6 20 35 40 34 27 22 10

8 79 118 65 37 28 22 11

8 101 150 70 36 28 21 11

6 26 41 35 26 21 18 9

3 10 14 15 16 14 13 6

2 5 7 7 8 8 6 3

2 4 6 8 9 9 7 4

3 9 13 17 19 19 17 7

6 21 36 42 35 27 22 10

9 82 136 72 37 27 22 11

9 105 183 83 36 26 20 11

7 28 44 37 27 21 17 9

3 10 14 16 16 15 13 6

3 5 7 8 8 8 7 3

2 4 6 7 8 9 8 4

3 8 12 16 19 20 18 8

5 17 31 39 36 31 25 12

7 75 79 54 42 33 26 13

7 97 87 52 40 32 25 13

6 23 37 33 29 25 20 10

3 9 12 15 16 15 14 7

3 4 6 7 7 8 6 3

0.1 0.0 0.0 0.1 0.0 0.0 0.0 -0.1

0.0 0.1 0.2 0.0 0.0 0.0 0.0 -0.1

0.3 1.0 0.8 0.3 0.1 0.0 0.0 -0.1

0.5 6.3 2.9 1.3 0.1 0.1 0.0 -0.1

0.6 8.7 4.1 2.3 0.0 0.0 0.0 0.1

0.3 1.5 1.4 0.6 0.1 0.0 0.0 0.0

0.1 0.3 0.4 0.2 0.1 0.1 0.0 0.0

0.2 0.2 0.1 0.2 0.1 0.0 0.0 0.0

0.0 0.0 0.1 0.1 0.1 0.0 0.0 0.0

0.1 0.2 0.2 0.1 0.1 0.0 0.0 0.0

0.3 1.1 0.9 0.3 0.0 0.0 0.0 -0.1

0.5 7.1 3.0 1.5 0.0 0.0 0.1 0.0

0.6 10.2 4.3 2.6 0.1 0.1 0.0 0.0

0.3 1.6 1.4 0.6 0.2 -0.1 0.0 0.0

0.1 0.3 0.3 0.2 0.1 0.0 0.0 0.0

0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0

0.1 0.1 0.2 0.1 0.0 0.0 0.0 0.0

0.1 0.2 0.2 0.1 0.0 0.0 0.0 0.1

0.4 1.0 1.0 0.4 0.1 0.1 0.0 0.1

0.4 6.9 4.2 1.8 0.2 0.1 0.1 0.0

0.5 9.7 6.2 2.6 0.1 0.1 0.1 0.0

0.4 1.6 1.5 0.5 0.1 0.0 0.1 0.0

0.2 0.4 0.4 0.1 0.1 0.0 0.0 0.0

0.1 0.1 0.1 0.1 0.0 0.0 0.1 0.0

0.1 0.0 0.1 0.0 0.1 0.0 -0.1 0.0

0.2 0.3 0.2 0.2 0.2 0.0 0.0 0.0

0.4 1.2 1.1 0.6 0.2 0.1 0.1 0.1

0.6 7.1 5.7 1.9 0.2 0.1 0.0 0.1

0.5 10.0 8.9 3.5 0.2 0.1 0.0 0.0

0.3 1.8 1.7 0.8 0.2 0.0 0.0 0.0

0.1 0.4 0.3 0.2 0.1 0.1 0.0 -0.1

0.0 0.1 0.2 0.2 0.1 0.1 0.0 0.0

0.0 -0.1 0.1 0.0 0.0 -0.1 0.0 0.0

0.0 0.2 0.2 0.0 0.1 0.1 0.0 0.1

0.2 0.9 0.8 0.2 0.1 0.0 0.1 0.1

0.5 6.2 2.2 0.7 0.1 0.1 0.1 0.0

0.5 8.9 3.1 1.2 0.2 0.1 0.0 0.0

0.3 1.5 1.2 0.4 0.2 0.1 0.0 0.0

0.1 0.3 0.3 0.1 0.1 0.0 0.0 0.0

0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0

(b) Technological development of contamination evaluation for sorting solid waste 

ɓ ray light emission test: Right-angled system test results

No. 1

Pm Nitrogen

No. 2

Pm Pink 

covering sheet

No. 3

Pm 

Transparent 

covering 

sheet

No. 5

Pm Gray paint

No. 4

Pm White 

paint

No. 7

Sr Pink 

covering sheet

No.11

Sr Camera 

light shielding

No.8

Sr Transparent 

covering sheet

No.9

Sr White paint

No. 10

Sr Gray paint

0 105 Unit: cps

Fig. 1 Test results under all conditions

No. 6

Sr Nitrogen

0 200100 Unit: cps

Results of Pm-147 Results of Sr-90/Y-90 (Reference)
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(b) Technological development of contamination evaluation for sorting solid waste 

ɓ ray light emission test: Analysis of right-angled system test results

Differential

no.
Sample

Supplementary 

information Pre N2 Post N2 Reflection
Scintillation 

light

Cherenkov 

light

Light emission 

inside the camera

2 2 4 4 8x8

1 Pm Nitrogen light 

emission

No difference 

processing
ˈ ˈ ˈ 20.4 28.7 31.6 

2-1 Pm Pink covering 

sheet
ˈ ˈ ˈ 11.3 17.3 19.0 

3-1 Pm Transparent 

covering sheet
ˈ ˈ ˈ 6.6 10.5 11.7 

4-1 Pm White Paint
ˈ ˈ 4.2 7.7 7.8 

5-1 Pm Gray Paint
ˈ ˈ 1.5 4.1 4.3 

6-11 Sr Nitrogen light 

emission

No sample

ˈ 337.6 648.6 1339.7 

7-6 Sr Pink Covering sheet
ˈ ˈ 167.6 249.0 206.9 

8-6 Sr Transparent Covering sheet
ˈ ˈ 110.7 159.2 111.7 

9-6 Sr White Paint
ˈ ˈ 11.1 2.3 -128.3 

10-6 Sr Gray Paint
ˈ ˈ 3.1 -0.8 -78.4 

Table 1 Results of difference processing and remaining effect
D

if
fe

re
n

c
e

 (
c
p

s
) 20

15

10

5

0
2-1 3-1 4-1 5-1

Covering sheet: Scintillation light

Reflection influence of 

nitrogen light emission

Fig. 1 Results of difference processing and remaining effect (including statistical error)

Amount of light emission 

from Sr is absolutely small

Legend

: There is an impact

: Although small there is 

an impact

ˈ: There is no impact

Corresponding differential no.
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(b) Technological development of contamination evaluation for sorting solid waste 

Purpose of simulation and details of implementation

<Details of FY2021 implementations>

The following was implemented with a system similar to the ɓ rays light emission test as the basic 

model.

1. Matching the actual nitrogen light emission counting rate in the system in which Am-241 is placed 

in space.

2. Matching the actual nitrogen light emission counting rate in the system in which Sr-90/Y-90 are 

placed in space.

<Purpose of simulation>

To secure Ŭ contamination detection performance range (lower Ŭ contamination detection limit 

depending on the on-site environmental conditions) for ɓ ɔ surface contamination that gets spatially 

distributed.

1. Simulation of Ŭ contamination density and spatial distribution

2. Simulation of ɓ contamination density and spatial distribution

3. Provision as a tool for predicting factors that do not have a measured value or it is difficult to 

measure their value

Example 1 Impact of ɓ rays that are incident on the optical system by chance

Example 2 Light emission of new material
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(b) Technological development of contamination evaluation for sorting solid waste 

Simulation Geant4 basic model   Straight line system

Camera obscura
Sample

Ŭ camera

Mirror

Lens

Irradiation conditions

Dose: 15.6mSv/h@50cm

Source: Sr-90/Y-90

Source size: ű6cm

Radioactivity (equivalent): 3.32 108Bq

Radiation source

Analytical conditions

Number of events: 6 109[beta]

Statistical amount: equivalent to 36.1[sec]

Fig. 1 Basic simulation model

8
3
0
m

m

550mm

75mm
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0.3 -0.2 0.2 0.8 1.2 0.0 0.4 0.4

-0.3 0.1 0.3 0.7 0.6 0.0 0.1 -0.1

-0.3 0.3 0.7 1.1 1.0 0.3 -0.3 0.3

-0.3 0.1 1.6 16.8 6.6 0.3 0.5 0.1

-0.1 0.4 0.8 4.4 2.2 0.0 -0.2 -0.2

0.0 -0.2 0.3 0.8 0.6 -0.1 0.0 0.3

-0.2 0.4 0.0 0.0 0.2 -0.3 -0.2 0.2

0.2 0.4 0.1 0.2 0.4 -0.6 -0.2 0.1

0.1 0.1 0.3 0.3 0.1 0.1 0.1 0.1

0.2 0.4 0.7 0.9 0.5 0.2 0.1 0.0

0.2 0.9 3.2 4.8 2.5 0.7 0.1 0.1

0.4 1.1 5.3 21.4 3.8 0.8 0.2 0.1

0.2 0.5 3.0 4.5 3.0 0.6 0.2 0.2

0.3 0.3 0.6 1.0 0.6 0.3 0.1 0.1

0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1

0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.1

(b) Technological development of contamination evaluation for sorting solid waste 

Simulation: Ŭ source system

It was verified that simulation is possible with an 

accuracy of 0.5֔ (calculated value)/(actual 

measured value)֔2 (=Factor2) for radiation source 

locations in multiple cases

0 4020 Unit: cps

605.2mm

6
0
5
.2

m
m

Am-241

To be measured

Measured value of the visual field of the 

source (Am-241)

Simulation: 21.4cps

Actual measured value : 16.8cps

Irradiation conditions

Source: Am-241 (5.4Mev, Ŭ)

Source size: ű3.6cm

Direction of emission: 2ˊ

Analytical conditions

Number of events: 1 106[Alpha]

Statistical amount: equivalent to 

xxx[sec]

Fig. 1 Ŭ rays nitrogen light emission 

simulation results

Fig. 2  Ŭ rays nitrogen light emission simulation results (previously reported in FY2020)
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0.2 0.6 0.5 0.2 0.5 0.9 0.6 0.4

1.4 0.9 0.8 1.1 1.6 2.0 1.9 0.9

0.8 -0.5 -0.6 -2.2 -1.4 1.0 2.0 0.6

-0.2 -0.4 -2.0 -9.1 -8.5 -0.6 1.4 0.7

1.0 -0.4 -1.9 -8.5 -8.6 0.2 1.6 0.3

0.9 0.3 -1.3 -1.4 -1.7 1.8 1.8 0.5

0.7 1.1 1.1 1.5 1.9 2.6 2.5 0.3

-0.2 0.2 0.9 0.9 1.3 0.5 0.8 0.4

1.1 1.2 1.1 1.1 1.1 1.3 1.2 1.2

1.5 1.2 1.1 1.2 1.3 1.4 1.5 1.4

1.2 0.9 0.9 0.8 0.9 1.1 1.4 1.2

0.9 0.9 0.8 0.5 0.6 0.9 1.3 1.3

1.3 1.0 0.8 0.6 0.6 1.0 1.3 1.1

1.3 1.0 0.8 0.9 0.8 1.2 1.4 1.2

1.3 1.2 1.2 1.2 1.3 1.5 1.6 1.1

0.9 1.1 1.2 1.2 1.4 1.1 1.3 1.3

1.9 3.7 4.4 4.3 4.3 4.4 3.5 2.1

3.9 5.7 6.6 7.9 8.0 7.4 6.0 3.1

4.0 6.0 8.5 9.1 9.1 8.5 7.3 3.3

3.6 7.0 9.1 11.1 11.2 8.2 6.9 3.4

4.5 7.0 9.2 11.7 11.0 9.2 7.1 3.2

4.1 6.3 7.3 9.2 8.5 9.0 6.7 3.1

3.1 5.7 6.6 7.8 7.8 7.7 6.5 2.6

1.7 3.3 4.5 4.7 5.1 4.0 3.6 1.9

1.7 3.1 3.9 4.1 3.9 3.5 2.9 1.7

2.5 4.8 5.9 6.8 6.4 5.4 4.1 2.1

3.3 6.4 9.1 11.3 10.5 7.6 5.3 2.7

3.8 7.4 11.1 20.2 19.7 8.8 5.4 2.7

3.5 7.4 11.1 20.1 19.6 9.0 5.5 2.9

3.2 6.0 8.6 10.7 10.2 7.3 4.9 2.7

2.4 4.6 5.5 6.3 5.9 5.1 4.0 2.2

1.9 3.1 3.6 3.8 3.8 3.5 2.8 1.5

(b) Technological development of contamination evaluation for sorting solid waste 

Simulation: ɓ source straight line system

Results of evaluating the number of detections of ɓ rays 

nitrogen light emission by means of simulation

Results of evaluating the number of detections of ɓ rays 

nitrogen light emission by means of a test (Repeated)
0.5 21 Unit: -

Comparative evaluation of the simulation and actual 

measurement

-10 100 Unit: ᴅ cps

Percentage

Differential

It was verified that simulation is possible with an accuracy of 0.5֔ (calculated value)/(measured 

value)֔2 (=Factor2)

0 4020 Unit: cps

Fig. 1  Results of comparative evaluation of ɓ rays nitrogen light emission (Straight line system)
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(b) Technological development of contamination evaluation for sorting solid waste 

Organization of the light emission process: Light emission by nitrogen due to Ŭ rays

Event

Ŭ contamination 

source

Range of Ŭ rays

Energy transfer

Light emission

Spread of photons

Incident to the optical 

system

Concentration of light

Incident to the 
photoelectric surface

Electron multiplication

Signal detection

Evaluation 
method

Bibliography

Analysis

Analysis

Bibliography

Test/

Geant4

Design value

Design value

Evaluation items

Energy

In air range

Energy imparted

Amount of light 

emission

Solid angle

Number of photons

Reflectivity

Quantum efficiency

Signal processing

Evaluated value

5.486 Mev

4.1cm

5.486 MeV/alpha

20.38 0.98 photon/MeV

to 110 Photon/Alpha

2ˊ

2-3 Photon/Alpha

80% or more (ɚ>300 nm)

Quantum efficiency (Refer to P.158

Appendix. 1)

Signal processing
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(b) Technological development of contamination evaluation for sorting solid waste 

Organization of the light emission process: Light emission by nitrogen due to ɓ rays

Event

ɓcontamination 

source

Range of ɓrays

Energy transfer

Light emission

Spread of photons

Incident to the optical 

system

Concentration of light

Incident to the 
photoelectric surface

Electron multiplication

Signal detection

Evaluation 
method

Bibliography

Bibliography

Analysis

Bibliography

Design value

Design value

Evaluation items

Energy

In air range

Energy imparted

Amount of light 

emission

Solid angle

Number of photons

Reflectivity

Quantum efficiency

Signal processing

Evaluated value

(Refer to P.143 Fig. 1)

Up to 10m

Refer to P.159 Appendix. 2

4ˊ

3.6x10-8 Photon/Beta

Signal processing

Quantum efficiency (Refer to P.158

Appendix. 1)

80% or more (ɚ>300 nm)

20.38 0.98 photon/MeV

/ 2x10-6 Photon/Beta

Test/

Geant4
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Appendix. 1 Quantum efficiency of PMT

Wavelength range of 

nitrogen light 

emission due to Ŭ rays
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Appendix. 2 Stopping Power of ɓ rays

ñStopping-Power & Range Tables for Electrons, Protons, and Helium Ionsò

Source: National Institute of Standards and Technology (NIST) ESTAR Database

NIST Standard Reference Database 124

DOI: https://dx.doi.org/10.18434/T4NC7P
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Quantitative organization of the light emission process

<ɓ rays light emission test>

Light emission test with Sr-90/Y-90, Pm-147 as the radiation source was completed.

It was verified that paint emits little light.

It was verified that the covering sheet emits lot of light.

It was verified that scintillation light is generated. Meanwhile, it was found that whether or not Cherenkov light is 

generated needs to be studied in further detail.

It was verified that there is lot of nitrogen light emission in air.

It was confirmed that the noise in FY20202 was likely to be mainly due to covering sheet (pink) and nitrogen light 

emission.

<Summary of simulation>

As a result of developing a model simulating the phenomenon of light emission by nitrogen due to Ŭ radiation 

source and evaluating the amount of light detected by the Ŭ camera, it was found that it had a Factor2 accuracy (in 

comparison with the actual measured value).

As a result of developing a model simulating the phenomenon of light emission by nitrogen due to ɓ radiation 

source and evaluating the amount of light detected by the Ŭ camera, it was found that it had a Factor2 accuracy (in 

comparison with the actual measured value).

<Quantitative organization of the light emission process  Important items>

2 to 3 Photon were detected around the Ŭ rays, and 3.610-8Photon were detected around the ɓ rays.

The number of photons detected around Ŭ rays as well as ɓ rays largely change depending on the contamination 

density and the air dose rate.

In the light emission test conducted this year, as against a maximum of approx. 17cps at 1ch for Am-241 of 900Bq, 

in the case of Sr-90/Y-90 it was a maximum of approx. 20cps for a ch with an air dose rate of 15.6mSv/h.

The model needs to be extended to include a spatial spread of contamination and change in density in its 

simulation.
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Noise countermeasures: Overview of the policy

Light emission 

phenomenon

Items that must be considered Possible countermeasures

Scintillation light <Nitrogen light emission>

Light emission by nitrogen due to Ŭ rays as well as ɓ rays has the same wavelength 

distribution

The state of light emission is likely to differ depending on the distribution and 

density of Ŭ contamination and ɓ contamination.

The duration of light emission is longer than that from the sample.

<Light emission other than from nitrogen>

The wavelength range differs depending on the material of the source of light 

emission.

The amount of light emitted differs depending on the material of the source of light 

emission.

Light spreads from where the source of light emission is present.

The duration of light emission is in the ns order

<Nitrogen light emission>

Distinction using the difference in the state of 

light emission

Indication of the range within which Ŭ 

contamination can be detected with respect to  

ɓ contamination (lower detection limit of Ŭ 

contamination depending on the on-site 

environmental conditions).

<Light emission other than from nitrogen>

Filter that uses the difference in wavelength 

range

Distinction using the difference in duration of 

light emission

Prevention by taking measures such as not 

using samples that become a source of light 

emission, elimination in advance, etc.

Distinction using the concurrence of light 

emission

Cherenkov light The wavelength distribution is Ӓɚ-2

Amount of light emission depends on the refractive index n.

The direction of light emission is conical at an angle of cosɗ=c/nv (v: velocity in a 

medium) with respect to the incident direction of charged particles.

The duration of light emission is in the ps order

Filter that uses the difference in wavelength 

distribution

Distinction using the difference in duration of 

light emission

Distinction using the concurrence of light 

emission

Table 1  Possible countermeasures for each light emission phenomenon

<Noise countermeasures implementation items>

1. Measuring the scintillation light and Cherenkov light by means of the ɓ rays light emission test

2. Checking the current Ŭ camera signal processing circuit, and verifying the possibility of temporal discrimination 

of each type of light emission by means of the above-mentioned test

3. Comprehensively determining the countermeasures that must be taken based on the above
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Study of noise countermeasures: Current Ŭ camera signal processing circuit

The possibility of temporal discrimination based on the light emission phenomenon and the circuit 

time constant is studied as a means for noise discrimination.

Fig. 1 Current Ŭ camera signal processing circuit

Portion of the circuit that affects the time constant (The effect is 

explained in the following pages)

HV circuit board HV module Voltage monitor

HV set-up

Upper set-up

Power 

supply 

unit

FPGA card
ñCycloneÈVò
Or ñCycloneÈIVò

X 64 circuit board (Configuration: 16ch/ board x 4 boards, etc.)

(In a batch)
Preamplifier Waveform shaping unit Signal detection unit

Lower set-up

F
P

G
A

 c
a

rd

ñ
S
p
a
r
t
a
n
6
ò

HV buffer HV module

Latch
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Noise countermeasures: Signal processing time constant and count

Circuit Impact

Charge sensitive

Gain (x500, 1MHz max)

Signal amplification

Baseline restorer

Pole-zero cancellation

Waveform shaping

t t

I V

Several ɛs

Circuit Impact

Window discriminator Cut at the upper 

and lower

Schmitt trigger

V 1 event Multiple events

1 Count 2 Counts

Threshold range that sufficiently 

includes light emission due to Ŭ, ɓ

Other

No counts

Table 1 Signal processing from photon incidence to signal

Fig. 1  Example of signals before and after signal processing (1 event)
Table 2 Signal counts

Fig. 2  Example of conversion to the count 

Current Ŭ camera circuit has a time constant in the ɛs order

Ÿ Distinction cannot be made based on duration of light emission by the Cherenkov light or the scintillation light
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Noise countermeasures : Results of evaluating the time constant of the current circuit

(Verification of the actual signal)

Fig. 1 Signal waveform when Ŭ ray source is measured

Around 

800mV

(Gain 500)

Approx. 2ɛs

When 1 photon is incident, the output is 1.6mV, and by Gain 500 the peak height is around 800mV.

The width of the output waveform is approx. 2ɛs between 10% and 90%.

Ÿ The current Ŭ camera circuit does not have a temporal resolution of less than ɛs.

Trigger type 
edge

Source Coupling
Slope Level

Values Average value

Period cannot be found

Standard 
deviation

Mode, normal 
and hold-off

Frequency
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Noise countermeasures: Study of the likelihood of speeding up

Light emission 

phenomenon

Items that must be considered Possible countermeasures

Scintillation light <Nitrogen light emission>

Light emission by nitrogen due to Ŭ rays as well as ɓ rays has the same 

wavelength distribution

The state of light emission is likely to differ depending on the distribution and 

density of Ŭ contamination and ɓ contamination.

The duration of light emission is longer than that from the sample.

<Light emission other than from nitrogen>

The wavelength range differs depending on the material of the source of light 

emission.

The amount of light emitted differs depending on the material of the source of 

light emission.

Light spreads from where the source of light emission is present.

The duration of light emission is in the ns order

<Nitrogen light emission>

Distinction using the difference in the state of light 

emission

Indication of the range within which Ŭ 

contamination can be detected with respect to  ɓ 

contamination (lower detection limit of Ŭ 

contamination depending on the on-site 

environmental conditions).

<Light emission other than from nitrogen>

Filter that uses the difference in wavelength range

Distinction using the difference in duration of 

light emission

Prevention by taking measures such as not using 

samples that become a source of light emission, 

elimination in advance, etc.

Distinction using the concurrence of light emission

Cherenkov light The wavelength distribution is Ӓɚ-2

Amount of light emission depends on the refractive index n.

The direction of light emission is conical at an angle of cosɗ=c/nv (v: velocity in 

a medium) with respect to the incident direction of charged particles.

The duration of light emission is in the ps order

Filter that uses the difference in wavelength 

distribution

Distinction using the difference in duration of 

light emission

Distinction using the concurrence of light emission

1) Use of a high-speed amplifier with a band frequency of 100Ghz or more

Ÿ Not realistic considering the cost of improving the circuit system, compatibility with 64ch, etc.

2) Replacement of the I/V amplifier of the ns order with a charge sensitive amplifier

Ÿ Since the peak height of the I/V amplifier depends on the number of incident photons, if the number of incident photons changes depending on the 

duration of light emission, the peak height changes as well.

(Expected phenomenon)

In the case of scintillation light that is emitted for ns and Cherenkov light that is emitted for ps, if light is detected continuously throughout the duration 

of light emission, the peak height of the scintillation light rises.

Verification by means of the light emission test in which scintillation light and Cherenkov light are separated

Table 1  Possible countermeasures for each light emission phenomenon
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Noise countermeasures: I/V amplifier verification by means of the ɓ rays light emission test

ɓray source (Sr-90)

ɓ raysLight emission (Scintillation)

Camera obscura

PMT

(H3165-10)

PMT

(H3165-10)

Black-out sheet

Layout 

Layout 

Fig. 1 Light emission measurement system using the I/V amplifier

50ɋ I/V amplifier unit

C5594-44 Oscilloscope

PMT 

Layout

Perceived light emission phenomenon

Nitrogen light emission (scintillation light) was measured at the location 

where incidence of the beams of electrons was avoided.

Nitrogen light emission was shielded and Cherenkov light was 

measured by allowing incidence of electron beams.

Table 1 Layout and light emission phenomenon to be measured
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Noise countermeasures: Results of I/V amplifier verification by means of the ɓ rays light emission test

Scintillation light from nitrogen

Incidence of nitrogen light emission was 3.6 10-8Photon/Beta 

(P.157)

1Photon to several Photon were detected in this system as 

well

Cherenkov light from the window

Fig. 1 Waveform in which light emission is 

detected in layout 

Fig. 2 Waveform in which light emission is detected in 

layout 

Approx. -0.5V Approx. -2.5V

Number of incident photons was extremely numerous in 

Cherenkov light from the window

There were waveforms in which large quantities of photons 

were detected in this system as well

As it is assumed that 1 photon onwards per event is detected at the site, for example in a low air dose rate 

environment it is difficult to identify based on peak height.

In a high air dose rate environment where photons from multiple events are detected over a certain duration, the light 

emission duration and number of incident photons are likely to be correlated, and in such a case it is possible to identify 

them.

Ÿ The possibility needs to be ascertained considering multiple factors such as spatial distribution of contamination, its 

density, placement of the source of light emission, etc.
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Noise countermeasures: Simultaneous counting method

*Principle of the simultaneous counting method and its effect

Å This is a technique for distinguishing between signal and noise using the concurrence of light emission detection. Hence the 

same view is measured in 2 PMTs.

Å If nitrogen light emission is considered as the target example, as against ɓ rays, since the number of incident photons per event 

in the case of Ŭ rays are larger, the decrease in ɓ rays nitrogen light emission counting rate can be expected to be far greater

than the decrease in Ŭ rays nitrogen light emission counting rate. (S/N improvement can be expected)

Å This effect is presumed to be a decreasing effect common to noise generated at random times such as thermal noise, electrical 

noise, noise generated by light, noise generated by ɔ rays, etc. regardless of the light emission principle.

Å However, when the frequency of noise generation increases, noise gets accidentally counted simultaneously leading to a false 

detection.

Ҝ The sensitivity* of the signal from an ancillary detector that optimizes S/N should be evaluated.

*Generally, if the sensitivity to Ŭ rays are enhanced, noise sensitivity such as sensitivity to ɓ rays increases as well.

Detector 1

(Ŭ camera)

Detector 2

(Ancillary detector)

time

Signal from 

Detector 1

Signal from 

Detector 2

Signal from Ŭ rays

(Detected)

Signal that is generated 

at random times 

(eliminated)

Noise that is counted 

simultaneously by 

accident (false detection)

Light emission of Ŭ rays:

Amount of light emission: approx. 100 

photon/Ŭ ray

Duration of light emission: About 

several nsec

Ŭ rays

Fig. 1 Principle of the simultaneous counting method
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Lens

Mirror
Detector

(PMT)

Shield for ɔ rays

Transmission of 

ultraviolet rays

Light 

emission

Ŭ rays

Filter

The combination of detectors that are expected to have the best lower detection 

limit in a stand-alone set-up is selected.

The sensitivity of the option that appears to be theoretically feasible is evaluated.

Detector

8x8 array

Single PMT array /

Line (2x2)

Single PMT of

about ű100mm

Single PMT of

about ű10mm

Elements affecting the detector sensitivity

Narrow

Composition Sensitivity ratio Remarks

Current system

8 8 array + Short focus lens

1 Camera measurement 

target distance 1m

ű10mm Single PMT

+ Long focus lens

4.2

ű100mm Single PMT3.6

Broad

A
n

g
le

 o
f 

v
ie

w

Lens

ű100mm, short focus 

lens

Long focus lens of 

about ű10mm

None

Filter

Band-pass filter

(UG11, etc.)

Filter with a 300nm to 400nm 

nitrogen light emission range

Single nitrogen light emission 

wavelength filter such as with a 

light emission range of 337nm

None

(b) Technological development of contamination evaluation for sorting solid waste 

Noise countermeasures: Study of the composition of the ancillary detector

Table 1 List of prospective elements

Fig. 1 Principle of the Ŭ camera

Table 2 Results of evaluating the sensitivity for each composition
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Classifi

cation

Composition

A Current system

8 8 array + Short focus lens

B ű10mm Single PMT

+ Long focus lens

C ű100mm Single PMT

No. Filter conditions Transmission rate (%) Remarks

Nitrogen light 

emission

Cherenkov

1 275nm to 375nm 100 100 Past

2 315nm to 375nm 100 52.4 Entire nitrogen light 

emission

3 337nm to 375 79 31 Part of the nitrogen 

light emission

4 337nm 10nm 42 18.2 Part of the nitrogen 

light emission

The combination simulating the simultaneous 

counting method

A, A-B, A-C, B-B (Reference)

Filter condition number

L
o
w

e
r 

d
e
te

c
ti
o
n
 l
im

it
 (

B
q
/c

m
2
)

Lower than the lower detection 

limit of4Bq/cm2

Ÿ Evaluation of the simultaneous 

counting method with Combination 

A-B

(b) Technological development of contamination evaluation for sorting solid waste 

Noise countermeasures: Preliminary evaluation of the simultaneous counting method

Table 1 Evaluation system Table 2 Analytical conditions

Fig. 1 Results of evaluating the lower detection limit

Combination A

Combination A-B

Combination A-C

Combination B-B

12

9

6

3

0

1 2 3 4
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Noise countermeasures: Test manufactured ancillary detector and the test set-up

H12428-100

64Ch array PMT

H3165-10

ű10mm-PMT

ű130mm

Lens unit

Ancillary detector

Ŭ camera

45 mirror

ű100mm

Lens unit

Fluorescence produced when

Ŭ particles collide against 

nitrogen in air

4379 (s-1 in 2ˊ)
APU1801

64ch-PMT amplifier

APU1801

64ch-PMT amplifier

Simultaneous counting

FPGA board

Software for 

measurement

Windows-PC

LAN

Trg-out

Trg-in

Using only 1 ch Trg

Ch1

Ch2

Ch3

tw

:
tw: 200ns, 500ns, 1ɛs, 1.5ɛs, 2ɛs

Ÿ0

Ÿ1

Ÿ1

Example of the simultaneous counting method

Fig. 3 System for evaluating the simultaneous counting method

Fig. 1 External appearance of the ancillary detector

Filter

Fig. 2 Composition of ancillary detector

Band-pass

filter Lens
ű10mmPMT

H3165-10

Step

motorTilt
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Noise countermeasures

Evaluation of the effectiveness of the simultaneous counting method

0.78 0.97 0.82 1.45 3.43 2.16 0.98 1.69

0.51 0.80 1.07 1.93 1.89 1.25 0.65 0.72

0.53 1.13 2.67 2.93 1.91 1.28 0.72 0.62

0.64 1.25 7.86 5.81 5.99 1.36 0.69 0.57

0.52 1.00 3.98 10.68 15.21 1.59 0.91 1.05

0.46 0.72 1.42 3.48 2.90 1.59 0.91 0.57

0.45 0.83 0.76 0.86 1.31 0.91 0.58 0.41

2.32 0.60 0.84 0.85 0.85 0.85 0.62 0.46

1.5E-02 2.9E-03 2.8E-03 2.4E-03 1.6E-03 1.1E-03 1.5E-03 1.5E-02

4.0E-03 1.0E-03 6.2E-04 8.2E-04 8.2E-04 7.2E-04 6.2E-04 4.5E-03

4.3E-03 1.0E-03 1.3E-03 3.9E-03 3.6E-03 2.0E-03 6.2E-04 3.2E-03

9.5E-03 1.9E-03 2.3E-03 3.0E-02 4.3E-02 3.4E-03 2.4E-03 7.2E-03

5.9E-03 1.0E-03 3.8E-03 4.5E-02 8.2E-02 5.0E-03 2.3E-03 9.3E-03

3.0E-03 5.1E-04 1.9E-03 4.1E-03 5.9E-03 2.0E-03 1.2E-03 3.2E-03

4.8E-03 1.1E-03 3.1E-04 2.2E-03 2.8E-03 1.3E-03 9.3E-04 2.5E-03

1.6E-02 5.2E-03 2.9E-03 4.6E-03 6.9E-03 4.1E-03 3.9E-03 1.3E-02

Fig. 1 Before adopting the simultaneous counting method Fig. 2 After adopting the simultaneous counting method

Testing conditions

Measurement time: 9720sec

tw (time gate width): 1ɛs

0 15 Unit: cps 0 8x10-2 Unit: cps

Noise such as BG, etc. besides the Am-241 view is reduced

The counting rate is lowered to 0.5%, measurement time is approx. 16 times (Measurement time in this test / 

normally 10 minutes)

Ÿ It is essential to narrow down the process to be applied (Example: high radiation dose region, etc.)

Placement of Am-241
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Noise countermeasures: Noise reduction by means of the band-pass filter

Cherenkov light Ӓɚ-2

Nitrogen light emission

Image of scintillation light other than from nitrogen

PEN: Polyethylene 

naphthalate(*)

PET: Plastic bottle(*)

(*)H.Nakamura et.al., ñEvidence of deep-blue photon emission at high efficiency by common plasticò, EPL, 95 (2011)

Fig. 1 Spectrum of each type of light emission and filter characteristics of the conventional band-pass filter

Conventional band-pass filter

Wavelength (nm)

240 260 280 300 320 340 360 380 400 420 440

1
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Each band-pass filter is evaluated for sensitivity after it is applied

(b) Technological development of contamination evaluation for sorting solid waste 

Noise countermeasures: Frequency characteristics of the prospective band-pass filter

Fig. 1 Filter characteristics of the prospective band-pass filter

Wavelength (nm)

240 290 340 390 440

1.0

0.8

0.6
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0.2
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)

Past

Option 1

Option 2

Option 3

Option 4

Nitrogen 

light 

emission
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Noise countermeasures

Evaluation of S/N ratio after the application of the prospective band-pass filter

The following prospects were seen based on the evaluation of prospective band-pass filter 3 that had its 

peak at a wavelength longer than 337nm which was the maximum peak of nitrogen light emission.

The amount of Cherenkov light reduced to approx 1/2 as compared to the conventional band-pass filter

S/N improved to 1.7 times.

Band-pass

filter

Amount of nitrogen light 
emission (S) (*)

Amount of Cherenkov light (N) (*) S/N Priority

Past 1.00 1.00 1.00 5

Option 1 1.15 0.75 1.54 4

Option 2 0.96 0.59 1.62 3

Option 3 0.96 0.57 1.68 1

Option 4 1.08 0.66 1.62 2

Table 1 Results of evaluating the S/N for each type of prospective band-pass filter

*Standardized with numerical values of conventional band-pass filters
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Noise countermeasures: Conclusion

Proposed countermeasures were selected based on the characteristics of the Cherenkov light and 

scintillation light and their effectiveness was evaluated.

Feasibility of distinction using the difference in duration of light emission

It was verified that the current Ŭ camera signal processing circuit has a temporal resolution of ɛs.

As a result of studying the applicability of the I/V amplifier having a temporal resolution of ns, it was found that the 

number of detected photons has a correlation with the peak height, however, it was confirmed that the relation 

between the time taken to detect photons with the Cherenkov light and scintillation light depending on the site 

environment and the number of photons detected needs to be sorted out.

Feasibility of distinction using the difference in wavelength distribution

Several band-pass filters were selected in which the transmission characteristics were shifted to the longer side 

of the wavelength for Cherenkov light that is distributed on the shorter side of the wavelength as compared to 

nitrogen light emission. 

It was confirmed that the S/N ratio improved to approx. 1.7 times by using band-pass filters that bring about the 

most improvement in S/N.

Noise reduction using the simultaneity of light emission detection

The composition that provides approx. 4 times the sensitivity was selected as the ancillary detector for using the 

simultaneous counting method.

The counting rate and measurement time were evaluated by means of the verification test using the test 

manufactured ancillary detector.

Noise components such as BG, etc. reduced, but it was found that the counting rate decreased to 0.5%.

It was found that the required measurement time was approx. 16 times.

It was found that the process to be used for simultaneous counting needs to be narrowed down.
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Consolidation of issues: Issues in distance measurement

Assumed target Material Shape
Typical 

dimensions
Shooting distance Shooting angle

Wall surface, floor 

surface

Epoxy coating

(Gray)
Flat plate

Selected from the Ŭ 

camera angle of view 

and the actual 

dimensions of the 

target object

Uniformly spaced 

from 1000 to 3000mm

0 (Front facing) to 

90

Covering sheet Polyethylene Flat plate
0 (Front facing) to 

90

Cables
Vinyl chloride

(Black)
Cylindrical -

Instrument window Acrylic Flat plate
0 (Front facing) to 

90

Instrument window Glass Flat plate
0 (Front facing) to 

90

Water accumulation Water -
0 (Front facing) to 

90

Items Details of the issues Study plan

Issues related to distance 

measurement

Since distance is measured based on the time-of-

flight of infrared rays (859nm), and unless the 

infrared rays return their time-of-flight cannot be 

measured, the conditions are such that distance 

cannot be measured.

Whether or not distance can be measured with 

respect to the material found during the site 

investigation, using the angle of incidence of the 

infrared rays as the variable, will be evaluated.

Issues related to 

synthesizing the distance 

measurement results

Since the results are synthesized based on the 

shape characteristics, it may not be possible to 

synthesize results in the case of wall surfaces, etc. 

where there is absolutely no change in shape.

Whether or not it is possible to synthesize results 

pertaining to objects that do not change their shape, 

by using an image of the outer appearance, and 

combining the characteristics of the image as well 

while synthesizing the results, will be clarified.

Table 2  Test conditions for verifying the range in which distance measurement is feasible

Table 1  Issues based on site investigation
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Evaluation of the range in which distance measurement is feasible: Test set-up (1)

TOF 

Camera

Measurement target

Infrared 

rays

ɗ
L

: 
1

0
0

0
 t
o

 3
0

0
0

Assumed target Material Shape
Typical 

dimensions
Shooting distance Shooting angle

Wall surface, floor 

surface

Epoxy coating

(Gray)
Flat plate

Selected from the Ŭ 

camera angle of 

view and the actual 

dimensions of the 

target object

Uniformly spaced 

from 1000mm to 

3000mm

0 (Front facing) to 

90

Covering sheet Polyethylene Flat plate
0 (Front facing) to 

90

Cables
Vinyl chloride

(Black)
Cylindrical -

Instrument window Acrylic Flat plate
0 (Front facing) to 

90

Instrument window Glass Flat plate
0 (Front facing) to 

90

Water accumulation Water -
0 (Front facing) to 

90

TOF Camera

Measurement target 

(Epoxy resin)

Rotating shaft

1000mm to 3000mm

Unit mm

Table 1 Test conditions for verifying the range in which distance measurement is feasible

Fig. 1 Test set-up
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Evaluation of the range in which distance measurement is feasible: Evaluation results

Material 0 (Front facing) 45 60 75

Epoxy resin

(100mm square)

Concrete

(Solid, 100mm 

square)

Concrete

(Chipped, 100mm 

square)

Results of verifying the difference in the surface of concrete

(1) The middle section of the front facing part could not be measured because of regular reflection. 

Can be imputed.

(2) Epoxy resin cannot be measured at 60 , but it becomes impossible to measure concrete 

(solid) at 75 .

This is presumed to be an impact of the reflectivity or unevenness of the object to be measured.

(3) Concrete (chipped) can be measured up to 75 .

Table 1 Results of verification with concrete as the target of measurement and L=1000mm

Red portion: Distance measurement results not available
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(b) Technological development of contamination evaluation for sorting solid waste 

Evaluation of the range in which distance measurement is feasible: Evaluation results

Material 0 (Front facing) 15 30

Ethylene propylene 

rubber

(Black, ű20)

Polyvinyl chloride

(Black, ű7)

Polyvinyl chloride

(Black, ű3)

Table 1 Results of verification with cable as the target of measurement and L=1000mm

Results of verification with cable as the target of measurement

(1) A cable of ű20 cannot be measured

(i) A cable of ű20 cannot be measured at 15or less (data missing)

(ii) It is not possible to measure the reflection from the cable in the case of a cable of ű20 at 30or more 

and a cable that is ű7 or smaller. Light reflected from the wall surface in the background is measured in that 

case.

Fig. 1 Distance image

Color is the same as the 
background (same distance), 
and hence it has not been 
possible to measure the 
distance of the cable

Fig. 2 To be measured

(Top: Ethylene propylene rubber (Black, ű20)

Center: Polyvinyl chloride (Black, ű7)

Bottom:  Polyvinyl chloride (Black, ű3))

Scope of 

measurement
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(b) Technological development of contamination evaluation for sorting solid waste 

Evaluation of the range in which distance measurement is feasible: Evaluation results

Material 0 (Front facing) 30 60

Acrylic

(100mm square)

Glass

(100mm square)

Table 1 Results of verification with transparent materials as the target of measurement and L=1000mm

Results of verification with transparent materials as the target of measurement

(1) The middle section at 0 could not be measured. This is presumed to be because of the 

high reflection intensity caused by regular reflection.

(2) As the distance to the background is included in the measurement result of the target 

portion, it is not possible at any angle. In the case of transparent material, the reflection 

intensity of the target is weak, and it is presumed that the reflection of the transmitted 

background is measured.

Fig. 1 Distance image

Color is the same as the 

background (same distance), and 

hence it has not been possible to 

measure the distance of the 

target

Fig. 2 To be measured

(Left: acrylic, right: glass)

Red portion: Distance measurement results not available
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(b) Technological development of contamination evaluation for sorting solid waste 

Evaluation of the range in which distance measurement is feasible: Evaluation results

Distance 0 (Front facing) 45 60 75

1m

2m

3m

Results based on the difference in distance (covering sheet as the material, with infrared permeability)

(1) At a distance of 1m, at 60 or more, distance cannot be measured.

(2) At a distance of 2m or more, distance cannot be measured at any angle. In the case of transparent 

material, the intensity of reflected light is weak, and it is presumed that it gets weaker as the distance 

increases.

Table 1 Results of evaluating the impact of the distance when the covering sheet is the target of measurement

Red portion: Distance measurement results not available
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(b) Technological development of contamination evaluation for sorting solid waste 

Evaluation of the range in which distance measurement is feasible : Test set-up (2)

Verification of the impact of water accumulation found on the floor surface on distance measurement

The depth of the water accumulation is assumed to be approx. 1mm to 20mm

Assuming that a TOF camera is installed on a remotely operated cart, it is fixed at a height of approx. 900mm.

Since the tilt angle range of the remotely operated cart is 0 to 55 (ɗ = 35to 90 ), ɗ is considered to be 

30 onwards

Since the distance becomes greater than 3000mm when ɗ = 75, measurement is carried out with ɗ in the 

range of 30 to 60 .

TOF 

Camera

Target of measurement (100mm square x 20mm)

Infrared rays
ɗ

d
: 
A

p
p

ro
x
. 
1

m
m

 t
o

 2
0

m
m

9
0

0
m

m

Water

Tilt angle

Fig. 1 Test set-up with water surface as the target of measurement
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Material 30 45 60

Epoxy resin

(100mm 

square)

Concrete

(Solid, 

100mm 

square)

Only water

(b) Technological development of contamination evaluation for sorting solid waste 

Evaluation of the range in which distance measurement is feasible: Evaluation results

Material 30 45 60

Epoxy resin

(100mm 

square)

Concrete

(Solid, 

100mm 

square)

Only water

Material 30 45 60

Epoxy resin

(100mm 

square)

Concrete

(Solid, 

100mm 

square)

Only water

Results based on the difference in depth of water and angle

Measurement was possible regardless of the depth of water and angle in the scope of this evaluation.

Table 1  Evaluation results when d = approx. 1mm Table 2  Evaluation results when d = 10mm

Table 3  Evaluation results when d = 20mm
Red portion: Distance measurement results not available
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Assumed target Material Shooting distance

Range in which shooting 

is feasible

(Angle)

Wall surface, floor surface

Epoxy coating (Gray)

1000mm 0 (Front facing) to 45

2000mm 0 (Front facing) to 45

3000mm 0 (Front facing) only

Concrete (Solid)

1000mm 0 (Front facing) to 60

2000mm 0 (Front facing) to 60

3000mm 0 (Front facing) to 45

Concrete (Chipped)

1000mm 0 (Front facing) to 75

2000mm 0 (Front facing) to 60

3000mm 0 (Front facing) to 45

Floor surface

(covered)

Covering sheet + Epoxy coating

(Gray)

1000mm 0 (Front facing) to 60

2000mm 0 (Front facing) to 60

Covering sheet + Concrete (Solid)
1000mm 0 (Front facing) to 60

2000mm 0 (Front facing) to 60

Covering sheet Polyethylene

1000mm 0 (Front facing) to 45

2000mm Measurement not possible

3000mm Measurement not possible

Instruments
Glass 1000mm to 3000mm Measurement not possible

Acrylic 1000mm to 3000mm Measurement not possible

Wires, cables

Ethylene propylene rubber (Black, 

ű20)
1000mm to 3000mm Measurement not possible

Polyvinyl chloride (Black, ű7)1000mm to 3000mm Measurement not possible

Polyvinyl chloride (Black, ű3)1000mm to 3000mm Measurement not possible

(b) Technological development of contamination evaluation for sorting solid waste 

Evaluation of the range in which distance measurement is feasible: Summary of evaluation results

Assumed target Material Depth of water
Range in which shooting 

is feasible (Angle)

Water accumulation

Water +

Epoxy coating (Gray)

Approx. 1mm 30 to 60

10mm 30 to 60

20mm 30 to 60

Water + Concrete (Solid)

Approx. 1mm 30 to 60

10mm 30 to 60

20mm 30 to 60

Table 1 Summary of the results of the test for verifying the range in which distance measurement is feasible

The direction of access for each material shall be based on input from the site
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(b) Technological development of contamination evaluation for sorting solid waste 

Evaluation of the synthesis of distance measurement results: Configuration study

When there is no change in the shape of the target object, or when the shape of the target object 

is repeated, the position at which the difference in shape (error) is the minimum is uniquely not 

asked.

Countermeasures

Using the color information (texture, pattern) of the images that are simultaneously photographed, the 

difference in shape and difference in color information is evaluated, and the point cloud is moved to 

the position where this difference is the least.

Fig. 1 Past algorithms for synthesizing distances

The offset (error) is minimized by comparing 3 dimensional point clouds using ICP (Iterative Closest 

Point) algorithms.

Ÿ This is repeatedly carried out for all measurement data to minimize overall offset.

An ICP algorithm involves the following:

1. Every point is mapped to its 

corresponding point in point clouds for 

aligning positions

Here the nearest neighbor is mapped

Point cloud A

Point cloud B
(Positions are aligned)

2. The distance between the mapped 

points is calculated

L1 L2

L3
L4 L5

L6

3. The position at which the sum total of 

the distances is the minimum is calculated, 

and the point cloud is moved

Repeated until convergence
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(b) Technological development of contamination evaluation for sorting solid waste 

Evaluation of the synthesis of distance measurement results: Test set-up

Test conditions for evaluating the synthesis of distance measurement results

Å The target object does not have any characteristic shape, it is either a plane surface or the shape is repeated.

Å The target object has texture (pattern)

TOF 

Camera

Measurement target

Infrared 

rays

1000mm

Tilt angle

A
p

p
ro

x
. 
9

0
0

m
m

Floor

W
a

ll 
s
u

rf
a

c
e

Pan angle

Measurement target 

(wall surface)

The synthesis of distance measurement results when images are captured under the above-mentioned conditions is verified.

Assuming that a TOF camera is installed on a remotely operated cart, the camera is installed at a height of approx. 900mm.

Assuming the measured distance expected at the time of measurement, the camera is installed 1000mm from the front 

facing wall surface.

The tilt angle is in the range of -60 to 60 , and the pan angle is in the rage of 0 to 30 .

Measurement target (floor)

Fig. 1 Distance synthesis evaluation test set-up and external appearance of the object to be evaluated
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(b) Technological development of contamination evaluation for sorting solid waste 

Evaluation of the synthesis of distance measurement results: Evaluation results

The effectiveness of the distance synthesis algorithm that uses color information is verified.

Overall result of synthesis

Enlarged wall surface Synthesis using this 

method

Fig. 1 Results of distance synthesis of each target object

Synthesis using the

conventional method

The misalignment has not 

been corrected with shape 

information alone

Results of synthesis using 

the conventional method
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(b) Technological development of contamination evaluation for sorting solid waste 

Distance measurement system: Summary

<Issues concerning the distance measurement system>

Materials found during the site investigation were subjected to a measurement test. It was found that 

those materials can be measured within the following ranges.

Epoxy resin : 0 to 45

Concrete coat: 0 to 45

Solid concrete: 0 to 60

Chipped concrete: 0 to 75

ū3-20mm cable: Cannot be measured

Acrylic, glass: Cannot be measured

Covering sheet: 0 to 45 1m, Cannot be measured 2m or more

Concrete coating under water: Entire area

<Issues related to synthesizing the distance measurement results>

The following was implemented for wall surfaces and floor surfaces in which the shape does not 

change or in which the same shape is repeated.

Modified to an algorithm for evaluating the difference in color information (texture, pattern)

It was verified that distance synthesis is possible even though it could not be performed for the target 

object using conventional algorithms.
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(b) Technological development of contamination evaluation for sorting solid waste 

Reference material: TOF camera and stereo camera

Items TOF Camera Stereo camera

Measurement 

principle

Active distance measurement using the TOF of 

infrared rays

Passive distance measurement using trigonometry

Characteristics Measurement is possible if the target object 

reflects infrared rays

Ambient light has little impact (Measurement is 

possible even in low intensity light)

Not suitable for measuring long distances as 

infrared rays get diffused and their intensity 

reduces

The target object needs to have a pattern on the 

surface (Not suitable for uniform planes such as 

walls, floor, etc.)

Sufficient ambient light is required

The range within which measurement is feasible 

can be adjusted based on the distance between 

the angle of view and the camera

Table 1 TOF camera and stereo camera comparative chart 

Measurement target

Infrared rays

The distance is calculated based on the time-

of-flight of infrared rays

Measurement target

The distance up to the pixel where 

it is perceived as the same point is 

calculated using trigonometry

2 cameras

Fig. 1 Schematic diagram of TOF camera Fig. 2 Schematic diagram of stereo camera

A TOF camera is used for this system considering the range of distances measured by Ŭ camera, and the likelihood 

of not being able to provide sufficient lighting as dismantling is underway,
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(b) Technological development of contamination evaluation for sorting solid waste 

Consolidation of issues: Issues concerning access

Items Details of the issues Study plan On-site action plan

Issues related to 

movement

Cannot pass due to level difference on the 

floor surface.

The location of level difference that 

hinders movement will be clearly 

specified based on the architectural 

drawings of the building and 

photographs.*

Temporary slope will be 

provided where the level 

difference hinders movement.

Cannot pass due to narrow passageways, or 

the range within which measurement is 

possible gets restricted as the direction of the 

cart cannot be changed due to narrow 

passageways.

The locations where passageways are 

narrow will be identified based on 

architectural drawings of the building and 

photographs, and the range within which 

measurement is possible will be clarified 

based on the position of the cart while 

passing.

ˈ

Issues related to 

measurement

Due to its combination with the remotely 

operated cart, the Ŭ camera is installed at a 

higher location. Hence the area in the vicinity 

of the floor surface where measurement is 

feasible is likely to get restricted.

The area where measurement is possible 

will be clarified by studying the 

arrangement when the camera is 

combined with the remotely controlled 

cart.

ˈ

*To be studied: Unit 3 - 1F, Unit 2 - 5F

Image when combined with a remotely operated 

cart (decontamination system for elevated location)

Ŭ camera

Pan tilt mechanism

Hoisting mechanism

Crawler

Table 1 Issues based on site investigation results
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(b) Technological development of contamination evaluation for sorting solid waste 

Schematic diagram of the Ŭ camera measurement system mounted on the cart

Proposed structure when the camera is mounted on the existing crawler will be developed

Outline of the Ŭ camera including the ancillary detectorDrawing of the Ŭ camera including the ancillary detector
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Fig. 1 Outline of the Ŭ camera including the 

ancillary detector

Fig. 2 Detailed drawing of the Ŭ camera 

including the ancillary detector
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(b) Technological development of contamination evaluation for sorting solid waste 

Conception picture of the camera mounted on the cart and the results of consolidating 

the issues

Decontamination 

crawler

Pan-tilt

Ŭ camera

Power supply box

Ancillary detector

Cable drum

Fig. 1 Conception drawing of mounting the camera on the decontamination crawler

(a) Position when retracted (b) Outrigger is unfolded (c) Upper hoisting limit

<Issues concerning the access cart>

Avoiding the risk of turning over (center of gravity of the crawler)

The height of the floor surface exceeds the height required for the Ŭ camera (Additional installation of 

hoisting mechanism, etc.)

Power shortage for the pan tilt mechanism  (due to increase in weight as a result of mounting the ancillary 

detector)

The decontamination crawler can handle a level difference of approx. 40mm. For larger level differences 

slopes need to be additionally installed.

Height from 

the floor surface

Pan-tilt

control panel

Outrigger

Hoisting position: 
lower limit
Outrigger: Retracted

Hoisting position: 
lower limit
Outrigger: Unfolded

Hoisting position: 
upper limit
Outrigger: Unfolded
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V The light emission processes from light emission due to Ŭ rays and ɓ rays to signal detection were quantitatively 

organized, and a simulation model was developed. Further, the accuracy of simulation was evaluated by verifying 

the bare minimum simulation model consisting of the radiation source and Ŭ camera built based on the light 

emission test.

V Nitrogen light emission was evaluated using the basic model and it was confirmed that accuracy was 0.5֔
(calculated value)/(measured value)֔2 (=Factor2).

V The physical quantity of each process of nitrogen light emission was quantitatively organized based on the 

simulation results.

V Temporal discrimination using high speed circuit as a noise countermeasure, simultaneous counting method using 

the concurrence of light emission, filters that use the difference in wavelength range, were studied, and their 

respective effectiveness was verified.

V Based on site investigation results, the range within which measurement is feasible was clearly specified focusing 

on materials that could become a hindrance in the distance measurement system. Also, it was confirmed that the 

distance measurement results can be synthesized for surfaces that do not undergo any change in shape (wall, etc.).

V The conception drawing of the access cart on which the improved Ŭ measurement system is mounted was created. 

And, the issues anticipated until application to actual equipment were clearly specified.

V Development of a simulation model simulating the spatial distribution of ɓ contamination

V Development of a simulation model simulating light emission sources such as paint, sheets, etc.

V Indication of the Ŭ contamination detection performance range (lower Ŭ contamination detection limit depending on the 

on-site environmental conditions) when the air dose rate (+ distribution) and material expected on the site are 

simulated.

V Applicability assessment of Ŭ camera based on the Ŭ contamination detection performance range and clear 

specification of the incidental on-site environmental conditions

Results so far

Issues, etc.

(b) Technological development of contamination evaluation for sorting solid waste 

Summary
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b. Establishment of concepts of treatment and disposal, and development of

safety assessment  methods

(a) Establishment of selecting advance treatment methods 

[1] Low-temperature treatment technique 

[2] Study on approach to assessing applicability for treatment technology 

(b) Provision of disposal methods and development of safety assessment methods

[1] Information organization to study the disposal concepts and to establish

safety assessment methods

[2] Development of techniques for assessing impact of affecting substances,

etc. on disposal 

2. Project details (No. 2)
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Â Achievements up to FY2020
¹ Techniques (approaches) that enable multifaceted evaluation of technology were presented by identifying the evaluation axes for 

evaluating both waste characteristics and treatment technology.
¹ Of the evaluation axes that were considered in connection with low-temperature treatment technologies (cement solidification and

Alkali Activated Materials (AAM) solidification), where data on characteristics of solidified substances was insufficient, it was 
acquired through simulated mixed waste system.

Â Goal
¹ To acquire and evaluate data on high temperature treatment technologies and low temperature treatment technologies, required for

identifying stabilization and solidification technologies expected to be applicable to actual treatment, so as to contribute to the 
establishment of techniques for selecting advance treatment methods.

Â Implementation items and overview

Implementation items Overview Indicators for the achievements of goal

Low 

temperature 

treatment 

technologies

i. Study on techniques for verifying 

the feasibility of low-temperature 

treatment solidification

Study of quantification by means of image determination Screening technique incorporating the image 

determination method is presented.

Study of applicability while taking the extensive waste generated at the 

Fukushima Daiichi Nuclear Power Station into consideration, and in addition, 

acquisition of required data

ii. Investigation of the change in 

properties of solidified material due 

to heating, etc.

Acquisition of data on cyclical conditions, etc. simulating the storage 

environment

Data concerning the constituent phase of 

solidified material under storage environmental 

(cyclic) conditions are investigated and 

investigation results are presented.

iii. Evaluation of the relationship 

between the inventory of Cs, etc. 

and temperature of solidified 

material

Analysis related to the impact during accumulated storage of square 

shaped containers

The temperature attained when square shaped 

containers are accumulated and stored is 

evaluated and the method of calculating it is 

presented.

iv. Investigation and evaluation of 

factors affecting long-term 

degradation

Investigation of the method of accelerated testing of degradation

Data acquisition through accelerated testing and study of applicability

The method of accelerated testing of 

degradation is investigated and the investigation 

results are presented.

Study on 

approach 

towards 

evaluating 

applicability of 

treatment 

technologies

i. Organization of acquired data 

and evaluation axes used for 

comparing technologies

Summarization of the data acquired through tests along with existing data, 

and organization of evaluation axes

Techniques (approach methods) for evaluating 

solidification technologies that are likely to be 

applicable to various solid waste are presented.

ii. Investigation related to volume 

of Cs volatilization during high 

temperature treatment and its 

control

Acquisition of data related to Cs volatilization control based on tests Results of investigation of the volatilization 

control effect of various events is presented.

(a) Establishment of selecting advance treatment methods 
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AAM

A

A

[Treatment technology selection process]

[Treatment parameter selection process]

Inspection 

method

Technical 

information

(a) Establishment of selecting advance treatment methods 

- Relationship between the developed techniques and the technology selection process -

Scope of 

application

Analysis 

methods
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Selection 

process

Analysis of properties 

of waste

Identification of prospective applicable 

technologies
Selection of treatment technology

Selection 

process

Analysis of properties of 

waste
Verification of solidification/composition study Setting actual treatment conditions

Techniques to be developed 

during this study
Techniques to be developed 

during this study

Economic 
efficiency

Versatility
Safety

Correlation 
with policies

Maintainability
Social 

acceptability
Compatibility

Ease of 
operation

Items analyzed

(Evaluation axis)
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(a) Establishment of selecting advance treatment methods 

- Flow of the study for establishing the approach (techniques) towards evaluating applicability of treatment technologies -

Fig. 1 The time period during which performance factors and properties of major 

solidified substances determining the limit values (waste filling rate) determined 

by waste properties during the solidification treatment are required

V During low temperature solidification treatment, the relationship 

between change in properties of solidification material due to the 

physical and chemical properties of waste, and the performance 

required of the solidified material needs to be considered.

V The required time period differs depending on the performance 

(Fig. 1)

¸ Ascertaining performance during and after treatment

¸ Confirming changes in the constituent phases focusing on long-

term stability (heating, drying (radiation), duration)

Ascertaining performance 

during and after treatment

Changes in 

properties due to 

heating and drying

Evaluation of highest 

temperature attained

Changes in 

properties with 

passage of time

Comparison

Temperature attained 

depending on filling rate

Temperature 
conditions leading to 
change in properties

Hydrogen generation rate

Nuclide leaching rate

Solidification inhibitors

Limit values of the waste filling 

rate based on basic 

characteristics  ( to )

Limit values

of waste filling rate based on 

stability

Long-term stability

Investigation of property 

information on each 

treatment technology

Limit values

of waste filling rate

Limit values

of waste

Actual facility

configuration

Performance of 
solidified 

substances

ÅOrganization of technical comparison 

items (evaluation axis)

ÅConsolidation of information on 

restrictions

ÅConsolidation of technical information

Preparation of figures 

and tables

Evaluation of applicability of 
treatment technologies

Establishment of approaches 
(techniques)

Effect of Cs 

volatilization 

control

Effect of 

volatilization control 

by operation

Verification method 

of solidification

Waste package 

specifications

Information on process, 

etc.

Concluded in FY2020

Concluded in FY2020

Performance Treatment Storage Disposal

Fluidity

Hardening rate

Compressive 
strength

Hydrogen 
generation rate

Nuclide 
leaching rate

Evaluation of the scope 

for

high-temperature 

solidification treatment



©International Research Institute for Nuclear Decommissioning199

(a) Establishment of selecting advance treatment methods [1] Low-temperature treatment technique 

i. Study on techniques for verifying the possibility of low-temperature solidification treatment

- Details of implementation -

Â Achievements up to FY2020

Å Techniques for determining the feasibility of low-temperature solidification treatment (cement, AAM) were studied based on properties of various 

types of solid waste, and a technique consisting of primary screening  (evaluation of possibility of solidification) and secondary screening 

(composition study and verification of performance of the solidified substances) was developed. Also, quantification was carried out on a trial 

basis using image determination during the primary screening, to verify applicability.

Å The following issues were identified with respect to on-site application and further refinement of data.

V Creation of quantitative criteria for determination during primary screening.

V Extensive verification using chemical reagents, etc. assuming various effects on the solidification material, in order to generalize the 

examination method.

Â Objective

To study quantification by means of image determination for the low-temperature solidification treatment technologies of cement solidification and 

AAM solidification, and make proposals. Also, to study applicability of the proposed technique taking the extensive waste generated at Fukushima 

Daiichi Nuclear Power Station into consideration, and in addition, to acquire and compile the required data.

Details of implementation

Verification of the effect of fluidity improvement due to chemical admixtures

Å Chemical admixtures (water reducing agents) that are expected to have a fluidity improvement effect with respect to 

cement and AAM will be investigated, and selected.

Å As secondary screening (composition study and verification of performance of solidified substances), the effect of 

adding the selected chemical admixtures expected when actual solidification conditions are set up will be studied.

Study of quantification by means of image determination

Å Addition of inspection items and the method of acquiring data on solidification properties will be studied.

Å Quantification by means of image determination equipment will be studied and will be reflected in the screening 

technique.

Indicators for the achievements of goal

Screening technique incorporating the image determination method is presented.
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Type Molecular structure 

(Schematic diagram)

Effect in the presence of cement Effect in the presence of AAM Name

Lignin sulfonic 

acid based

Adheres to cement particles, because of which the 

particles get negatively charged and an electrostatic 

repulsion effect is achieved.

Advantage: Cheap

Disadvantage: Cement hydration is delayed. Water 

reduction effect is low.

There are only a few examples of research using AAM.

Some of the research reports indicate water reduction 

effect but the views are not consistent.

Tolerant to highly alkaline substances (expected).

Pearllex DP

Pearllex NP

Naphthalene 

sulfonic acid 

based

Adheres to cement particles, because of which the 

particles get negatively charged and an electrostatic 

repulsion effect is achieved.

Advantage: It is difficult to delay hydration reaction

Disadvantage: Fluidity reduces easily with to passage 

of time.

There are comparatively many examples of research 

using AAM.

Some of the research reports indicate water reduction 

effect but the views are not consistent.

Tolerant to highly alkaline substances (expected).

Mighty 100

Melamine 

sulfonic acid 

based

Adheres to cement particles, because of which the 

particles get negatively charged and an electrostatic 

repulsion effect is achieved.

Advantage: It is difficult to delay hydration reaction

Disadvantage: Fluidity reduces easily with to passage 

of time.

There are very few examples of research using AAM.

Water reduction effect is unknown.

Tolerant to highly alkaline substances (expected).

SikamentFF86

Polycarboxylic 

acid based

Adhered to cement particles. Charging effect is weak, 

but steric repulsion effect is achieved for particles 

belonging to the same side chain.

Advantage: Fluidity is easily maintained even with 

passage of time. Water reduction effect is high.

Disadvantage: Expensive. Cement hydration is 

delayed.

*The largest number of use examples are found in the 

civil engineering and architectural domain.

There are comparatively many examples of research 

using AAM.

Some of the research reports indicate water reduction 

effect but the views are not consistent.

There are concerns about tolerance to highly alkaline 

substances.

Sikament 

1200N

Table 1 Selected chemical admixtures

(a) Establishment of selecting advance treatment methods [1] Low-temperature treatment technique 

i. Study on techniques for verifying the feasibility of low-temperature solidification treatment

- Selection of chemical admixtures -

Å This study focused on 4 types of typical chemical components from amongst water-reducing agents and high-performance water-reducing 

agents (hereinafter described as chemical admixtures) used for improving the fluidity of cement-based material.

Å From the investigation results, prospective chemical admixtures were selected which had varied chemical compositions that played a role 

in water reduction (Table 1).

Å The name was selected considering experience or track record of past use or information obtained from the manufacturer.
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(a) Establishment of selecting advance treatment methods [1] Low-temperature treatment technique

i. Study on techniques for verifying the feasibility of low-temperature solidification treatment

- Verification of the effect of fluidity improvement due to chemical admixtures -

Table 1 Selected chemical admixtures

Class Type Product name Manufacturer

Chemical 

admixture

Lignin sulfonic acid based

Pearllex NP (OPC)
Nippon Paper 

Industries Co., Ltd.

Pearllex DP (AAM)
Nippon Paper 

Industries Co., Ltd.

Naphthalene sulfonic acid 

based
Mighty 100 Kao Chemicals

Melamine sulfonic acid based SikamentFF86 Sika Japan Ltd.

Polycarboxylic acid based Sikament 1200N Sika Japan Ltd.

Å Tests were conducted using the selected chemical admixtures (Table 1) to find out the kind of impact that the chemical admixture has on physical 

properties of solidification material (cement, AAM).

Å As there are differences in the usage results of and research on chemical admixtures with respect to cement and AAM, implementation details were 

established for each solidification material.

Å Cement: As there are ample findings indicating fluidity improvement effect in general, the tests will be conducted focusing on studies related to 

simulated mixed waste systems (carbonate slurry: CS, iron co-precipitation slurry: IS).

Å Verification of the effect of the selected chemical admixture (base material, simulated mixed waste system)

Å Acquisition of data pertaining to properties of solidified substances in the simulated mixed waste system when the chemical admixture is 

added (Adjustment of the chemical admixture addition rate and the waste filling rate (Fig. 1)) 

Å Investigation of the impact of radiation on chemical admixtures

Å Investigation of the change in properties of chemical 

admixtures due to irradiation

Å Investigation of the irradiation characteristics of solidified 

cement containing chemical admixtures

Å Besides acquisition of data on each solidification material, the 

changes in properties of chemical admixtures due to radiation were 

investigated as well. 

Å AAM: As there are only a few research examples concerning the addition of chemical admixtures, whether or not the chemical admixture has 

an effect will be investigated.

Å Verification of the effect of the selected chemical admixture (base material, simulated mixed waste system)

Å Investigation of the composition of AAM that has a fluidity improvement effect

Fig. 1 Definition of waste filling rate

ü Verification of the effect of fluidity improvement due to chemical admixtures

Waste filling rate (mass%)

Waste

Pulvulerant base material + liquid base material + waste

Waste filling rate 30mass%
Ratio of water and solids 45mass% (ratio of water 

and cement 80mass%)

Water Cement Dried and milled simulated waste

Dried and milled simulated wasteCementWaterWaste filling rate 50mass%
Ratio of water and solids 45mass% (ratio of water and 

cement 164mass%)

When the ratio of water and solids is kept constant, as the waste filling rate increases, the proportion of cement or AAM powder decreases.
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(a) Establishment of selecting advance treatment methods [1] Low-temperature treatment technique

i. Study on techniques for verifying the feasibility of low-temperature solidification treatment

- Verification of the effect of fluidity improvement due to chemical admixtures (Cement) -

ü Impact of chemical admixtures on cement

Å A paste of base material and simulated mixed waste was made and fluidity data was acquired through a small flow test 

(Fig. 1) using a small ring (ű2550 mm) to understand the fluidity improvement effect of the selected chemical 

admixtures.

Å There were 5 types of simulated waste, namely, light calcium carbonate, silica powder, heavy calcium carbonate, 

simulated carbonate slurry, and simulated iron co-precipitation slurry.

Å The obtained small flow values were compiled in terms of the rate of increase in fluidity as against systems that do not 

contain chemical admixtures (Table 1).

*1 Explanation of the evaluation symbols : Large improvement ( 30% or more), : Improvement (0 to +30%), : No improvement

Type Evaluation based on the rate of increase in small flow values*1

Base material Simulated mixed waste system

Cement

Light calcium 

carbonate Silica powder

Heavy calcium 

carbonate

Simulated 

carbonate slurry

Simulated iron 

co-precipitation 

slurry

Lignin sulfonic acid based Pearllex NP

Naphthalene sulfonic acid 

based
Mighty 100

Melamine sulfonic acid based Sikament FF86

Polycarboxylic acid based Sikament 1200N

Table 1 Results of verifying the fluidity of the selected chemical admixtures

V All chemical admixtures showed fluidity improvement effect except in simulated carbonate slurry.

V Only lignin sulfonic acid based admixture showed an improvement effect in simulated carbonate slurry.

V All chemical admixtures showed fluidity improvement effect in simulated iron co-precipitation slurry, but the effect was particularly high with 

polycarboxylic acid based admixture.

V In the case of cement it was found that there is a chemical admixture having a fluidity improvement effect with respect to all simulated waste.

Fig. 1   Small flow test
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(a) Establishment of selecting advance treatment methods [1] Low-temperature treatment technique

i. Study on techniques for verifying the feasibility of low-temperature solidification treatment

- Acquisition of data on properties of solidified substances when chemical admixtures are added (Cement) -

Â Data on properties of solidified substances containing chemical admixtures was acquired for simulated carbonate slurry and simulated iron co-

precipitation slurry which are simulated secondary wastes generated from contaminated water treatment.

ü Test method

Å The chemical admixture that showed the maximum fluidity improvement effect on each simulated slurry was used based on the results of verifying the 

fluidity improvement effect of chemical admixtures.

Å Simulated carbonate slurry: Lignin sulfonic acid based admixture (Pearllex NP)

Å Simulated iron co-precipitation slurry: Polycarboxylic acid based admixture (Sikament 1200N)

Å Data was acquired by changing the waste filling rate (Table 2) based on the evaluation criteria (Table 1) and the method for testing properties of the 

solidified substances.

Å The amount of chemical admixture to be added was indicated as weight % of the effective amount of admixture for the weight of the pulverulent 

material (cement + simulated waste) (P).

Fluidity Condensation Compressive strength Material segregation (Cement)

Test 

method

Small flow test

Small ring of ū25 x 50 [mm]

Condensation test using the 

vicat needle

Measurement of 

compressive strength

Small solidified body of 2 x 2 

x 3 [cm] 

Verification of the number of days 

until bleeding disappears

Evaluation 

criteria

Small flow test

= 66 to 81 [mm] (Cement)

= Unit 110 to 130[mm] 

(AAM)

No flash setting, and solidifies 

without bleeding within 24 

hours

1.47 [N/mm2] or more

(Material age 28 days)

In principle disappears within 24 

hours

Not observed after 3 days in the 

case of waste for which it is difficult 

to attain the criteria.

Table 1 Method of testing the properties of solidified substances and the evaluation criteria

Table 2  Composition of the mixture

Ratio of water and powder (W/P) 

[mass%]
Waste filling rate [mass %]

Simulated carbonate slurry 

mixture system
53.8 30 to 40

Simulated iron co-precipitation 

slurry mixture system
43.0 20 to 50




