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1. Approach to Research & Development
Background and purpose of research & development

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

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

E To ensure safety in the storage and management of solid waste, a system for rationally selecting

treatment (preceding processing) methods for waste stabilization and solidification shall be

developed, and preceding processing methods shall be selected based on the developed system

before determining the technical requirements for disposal.

E Research and development (R&D) projects related to characterization, treatment, and disposal of
solid waste shall work in close cooperation to promote efficient R&D on the treatment and disposal
of solid waste. R&D is promoted by sharing progress and issues of the study among the R&D
teams, obtaining an overview of all activities pertaining to solid waste management, and
identifying necessary R&D tasks.

e ——

By around FY2021

[ Technical prospects of treatment and disposal measures, and their ]
safety are indicated.

*Mid-andLong-Ter m Roadmap Toward the Decommi ssioning of TEPCOG6s Fuk u sipértsofeom B-5, partlg flewordétiuc |l ear Po

I e ———————————————————————————————————————
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1. Approach to Research & Development
Goals for achieving the milestones of the mid- and long-term roadmap

A The following specific goals for the milestones to be achieved until around 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 (hereinafter referred to as 1F) 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.

* 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)

_—
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1. Approach to Research & Development
Goals of R&D

A With regard to solid waste management at the Fukushima Daiichi Nuclear Power Station,
solid waste shall be stored and managed safely and rationally in accordance with its

(—

properties.
A A system for rationally selecting methods of preceding processing shall be developed.
*Goal excerpted from A2. Contents of Projecto of Guidelineater for a
\. Management (Research and Devel opment of Processing and Disposal /
Study on storage and s Development of selection system N
management .
) char;/ZZ?}sation » Properties of
A Study and evaluation of ethod waste
storage and management o
methods '% %
ATechnological development of 5 83
contamination evaluation for ( . ) Q. “EJ_ <
sorting solid wastes |  Options of , s 5 &
\ J : disposal concept ,. Disposal safety a sl Ll o o
Disposal safety g evaluation 1o S S
. L = Q2 0m
@ evaluation method R Scenario = o §§
Reflection on the storage and Parameters B > o 9
management methods of 1F ~ g g 9
H g
1: Process composition of treatment Method of 2 1
: i Feedback to studies
technology, operating conditions, etc. assFTSSIt?.IQ thef | Waste package
2: Conditions for a more rational system applicability o "|  specifications
such as specifications of waste treatment
packages and nuclides of focus* technologies
3: Combination of applicable disposal .| Information on
concepts and treatment technologies "|_processes. etc.!
\_ J

* 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.

TRID
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1. Approach to Research & Development
Reflection of R&D results to decommissioning

Waste management R&D Milestones
(waste)

(project)
A Technological development
of contamination evaluation
Generation of waste for sorting solid wastes
A Efficient characterization
A Development of sampling

. tEChn()lOgy » 2019
~ uStorag A Study and evaluation of ~
' storage and management
methods
Present

Stabilization .
\/ A Integration of
| research results ., 2020

A Establishment of R
selecting advance —
Storage treatment methods —

1 R 2021
Y Indicate treatment
" i and disposal
Treatment — measures and their

—— technical prospects

A Study on disposal methods appropriate for solid waste classifications pertaining to safety

A Collection and organization of information for the development of safety

/ evaluation method

Disposal A Method for assessing the impact of affecting substances, etc., on disposal

*Classify waste according to the results of treatment and disposal study and then undergo waste conditioning and storage process
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1. Approach to Research & Development
Association with other research

Input into this project

Implementation items and specific

details Required information Timing Source REINEE
(use of information)

Consumables of equipment used for fuel debris

retrieval, specifications of water treatment and air- Debris Retrieval Exchange information
L : o . As needed :

conditioning equipment, and specifications of retrieval project as necessary

containers

Identification of storage conditions of high-
level radioactive waste that will be studied
for waste management

Identification of storage conditions of high-
level radioactive waste that will be studied
for waste management

Specifications of equipment used for collecting, . . Exchange information
: . . ) As needed Canister project
transferring, and storing fuel debris canisters as necessary

Identification of fundamental knowledge

concerning study on waste streams and  Information on high-temperature treatment
study on approach to treatment technology technologies

applicability assessment

Output from this project

Coordinate through

As needed Some proposers MR

Implementation items and output
details

Use at output destination Destination Remarks

Research results of the subsidized project Grasping of information as basic data for study on

so far high-temperature treatment technologies A8 MEEEEE | SEE PIERRsEs |SRalelieis vk Mir

- - N As needed .
regulation of conditions for coordination process project as necessary

Confirmation of conditions for the
evaluation of the amount of hydrogen
generated

Sharing of storage management results and Verification of conformance with the debris retrieval Debris Retrieval Exchange information
Comparison with the evaluation of the amount of . : Exchange information
3 . As needed Canister project
hydrogen generated by fuel debris as necessary
(Note) Debris Retrieval project: Development of Technology for Further Increasing the Scale of Retrieval of Debris and Internal Structures project
Canister project: Development of Technology for Collection, Transfer, and Storage of Fuel Debris project

_—_— S
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1. Approach to Research & Development
Implementation schedule (1/4)

Planned
schedule

FY2019

FY2020

Details of implementation

Actual
schedule

First half Second half

First half Second half

a. Storage management

(a) Study and evaluation of storage and management methods

[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes

Organization of the latest information on high-|

Study on the handling process of high-level radioactive wastes

Study on the measures for long-term storage of high-level radioactive wastes

Study on the storage methods appropriate for the properties of wastes

. . - Organization of preconditions and investigation of previous research and existing technologies
[2] Study on the requirements of containers and storage facilities H

Study on the rational shape of inner containers

Study on the concepts (scenarios) of filter vents, storage containers, alnd transport casks

Study on the requirements of the drying treatment facility

Organization of the measurement requirements

Study on the requirements of filter vents

Study on the requirements of storage
containers and transport casks

Study on the basic functions of the
drying treatment facility

Study on the concept of the drying treatment facility

Study on the measurement items

Study on the measurement methods

Study on the measurement facilities

(b) Technological development of contamination

evaluation for sorting solid wastes

Improvement of prototypes

tests, preliminary tests for systemization, and designi

Element

ng of the measurement system

Development of the measurement system

Mockup tests, performance evaluation

b. Concepts of treatment and disposal, and developm

ent of safety evaluation methods

(a) Establishment of selecting advance treatment methods

[1] Low-temperature treatment technologies

i. Acquisition and evaluation of data on low-temperature tre;

atment technologies that contribute t¢ the identification of technologies

Study on the methods for examining|

the possibility of solidification by low-temperature treatment (verification by means of carbonate slurry)

Acquisition of data on the properties of solidified cement and AAM in the slurry (carbonate slurry)

ination methods,

)

Investigation on special cement (bibliographic purvey, base material performance evaluation)

cquisition of data on the properties of solidified cempnt and AAM in the slurry (iron coprecipitation slurry)

Investigation on special cement (identification pf the scope of application using simulated waste)

1IRID
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1. Approach to Research & Development
Implementation schedule (2/4)

Planned gy
. . . FY201 FY2020
Details of implementation  |5hed'® _ 9 :
schequle S First half Second half First half Second half
Investigation into the degradation of solidified substances by heating, etc. (bibliographic survey, base material performance evaluation)
Investigation into the degradation of solidified substances by heating, etc.

(acquisition of missing data and verification of performance evaluation)

ii. Investigation related to the degradation of

solidified substances
Evaluation of the relationship between the inventory of Cs, etc., and the temperature---
of solidified substances (OPC model trial analysis, etc.

Evaluation of the relationship between the inventory of Cs, etc., and the temperature of solidified
substances (AAM model trial analysis, etc.)

Investigation into and evaluation of factors influencing long-term degradation
(study on changes in the mineral phase of carbonate slurry, etc.)

Investigation into and evaluation of factors influencing long-term degradation
dy on the changes in the mineral phase of iron coprecipitation sluri

[2]Study on the approach for evaluating the applicability of treatment technologies
i. Investigation and study related to the impact of waste

- e
ion;-ete:;-on-the-performance-of-solidified-substances

omp
Acquisition of data on vitrification tests and analysis based on the characteristic model (evaluation of waste-filling density)

Verification of properties b

Evaluation of ffiiing density when multiple
types of waste are mixed

, of treatment facilities
ciency, etc.)

Investigation and study related to the configuration, etc., of treatment facilities

nfiguration;

etc.,.of treatment.technologies. . Investigation and study related to configuration, etc.
(supplementation of data on economic effi

[ated 16 C Volatilization voluitie Bibliographic survey related to Cs volatilization volume and organization of engineering test results
Measurement of volume of Cs volatilization due to high-temperature
treatment and evaluation of volatilization control effect

riuring hinh-tpm,neraturp treatment.and.its.coniral.

(b) Proposal of disposal methods and development of safety evaluation methods
[1] Study of disposal methods in accordance with classification of solid waste and collection & consolidation of information for establishing safety assessment techniques
Organization of characteristics of wastes and study on disposal concepts and safety assessment methods (wastes selected in FY2019)

Study on the requirements for the process from disposal to waste conditioning
Organization of characteristics of wastes and study on disposal concepts

and safety assessment methods (wastes selected in FY2020)

1
Specification of data acquisition conditions, investigation, and acquisition of data (focusing on actinide nuclides)
Specification of data acquisition conditions, investigation, and acquisition of data (focusing on transition metals)

[2] Devéelopmerit of technigues Tor assessing impact of
affecting.substances,.etc..on.disposal..
- Investigation of fundamental data

Specification of conditions for acquiring internal test data, acquisition of data through testing (boric acid)
Specification of conditions for acquiring internal test data, acquisition of data through testing -

(supplementing boric acid)

Investigation and development of

impact assessment methods I
- Investigation of impact assessment methods — Specification of parameters based on data acquired in FY2019
— Investigation and development of impact assessment methods

(supplementary investigation and trial run by means of data acquisition)

©International Research Institute for Nuclear Decommissioning 8
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1. Approach to Research & Development
Implementation schedule (3/4)

Details of implementation

Planned .
schedule

FY2019

FY2020

Actudl  p—
schedule

First half

Second half

First half

Second half

c. Efficient characterization

(a) Efficient characterization

[1] Establishment of a characterization method through a combination of analysis data and evaluation data based on migration models

Identification of contamination mechanism (study on target contaminants and case study)

I
Evaluation related to the representativeness of the analysis data (organization of properties of data on wastes and their relationship with the analysis data)

Evaluation related to the representativeness of the analysis data
review of method for classifying data on wastes and evaluation of representativeness’

Evaluation related to the representativeness of the analysis data
organization of properties of data on wastes and their relationship with the analysis data)

Ir igation related to the characteristics of the analysis data (study on contamination distribution of wastes and storage facilities)

|nvestigation related to the characteristics of the analysis data (study or|1 contamination distribution of storage containers)

---- related to the of the analysis data (study on the development of -
model that shows the uneven distribution of contamination in different forms of storage)

lication of statistical methods and typification of waste)
Statistical inventory estimation method (study on estimation method and evaluation of aj

Evaluation and management of analysis data (operation and maintenance of )

Evaluation and management of analysis data (study on the applicability of the Bayesian estimation;

Evaluation and management of analysis data (proposal of analysis planning method for 1F waste)

Acquisition of analysis data (sampling, transportation, and analysis)

1
[2] FaCilitatiOn, accelel’ation, etC_’ of ana|ysis method Tests for the identification of optimal conditions and designing of mockup equipment

i..Development of sampling technology.

Manufacturing of mockup test equipment

Study on sampling method

ii. Study on the streamlining of separation process

Tests using simulated samples (radioactivity measurement method, non-actinide)

Tests using simulated samples (radioactivity measurement method, actinide)

Organization of separationjmethods

Proiosal of rational analisis methods

Proposal of calibration methods

Tests using simulated samples (ICP-MS method, non-actinide)

Tests using simulated samples (ICP-MS method, actinide)

1IRID
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1. Approach to Research & Development
Implementation schedule (4/4)

. . . Planned mum— FY2020
Details of implementation |3 . FY2019 _
schedule M First half Second half First half Second half
Extraction separation test(non-actinide)

iii. Development of automation technology

Extraction separation test(actinide)

Feasibility evaluation test (radioactivity measurement method, non-actinide)

vity measurement method, actinide)

iv. Establishment of standard analysis methods

Feasibility evaluation test (radioacti

Feasibility evaluation test (ICP-MS method, non-actinide)

Feasibility evaluation test|(ICP-MS method, actinide)

Designing of element test equipment|

(b) Development of sampling technology
Manufgcturing of element test equipment

Manufacturing of simulated absorption towers, etc.
Study on the element test procedures

Element test

d disposal (ideal storage conditions, etc.)

d. Integ ration of research results Study on options based on treatment an
Organization of concepts of narrowing down

ltreatment options (establishment of waste streams)

E—
©International Research Institute for Nuclear Decommissioning 10
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1. Approach to Research & Development
Project organization chart

Tokyo Electric Power Company Holdings, Inc.

A Coordination from the perspective of onsite
application
(coordination of the reflection of
decommissioning status of the site, etc.)

development (a - e)

International Research Institute for Nuclear Decommissioning

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

A Coordination related to technological development (a - €)

FY2020

As of March 1, 2021

Japan Atomic Energy Agency
A Management of technological
development (a to d)
A Development (b, c)
A Operational assistance (d, e)

Hitachi-GE Nuclear Energy, Ltd.
A Development (a - d)

96 16 8
persons persons persons!

Toshiba Energy Systems &
Solutions Corporation
A Development (a, b, d

Mitsubishi Heavy
Industries, Ltd.
IA Development (a)

3
persons

Atox Co., Ltd.
A Development (b, c)

20

persons

QJ Science Co., Ltd. A4 (b. (b))
Investigation and analysis of method for
assessing the impact of a variety of affecting
substances that accident wastes contain on
nuclide migration

|| nuclides under coexistence with affecting

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

JGC Japan Corporation (b)

of safety evaluation methods

Proposal of disposal methods and development.

Tokyo Power Technology Ltd. (c)

Organization of information and investigation
related to the waste list

Acquisition of basic data on the sorption of

substances that accident wastes contain

Kaken Co., Ltd. A3 (b. (a) [2])
Acquisition of data on the sorption of elements
that are subjects of evaluation to barrier materials
under the existence of materials coexisting with
accident wastes

Central Research Institute of Electric Power
Industry (b. (a))

Acquisition and organization of data used for stud
on evaluation approach (outsourced research)

Taiheiyo Consultant Co., Ltd. (b. (a) [1])
Acquisition of data on the formulation of cement
solidification technology and long-term behavior
(outsourced research)

Hokkaido University (b. (a) [1])
Study on the evaluation of long-term behavior of
alkali-radio-activated materials (AAM) (outsourced
research)

Japan Chemical Analysis Center (c. (a) [2])
Research on a simplified and speedy analysis
method for the treatment and disposal of solid
wastes at the Fukushima Daiichi Nuclear Power
Station (outsourced research)

ST Lab Co., Ltd. (c. (a) [2])
Manufacturing of mockup equipment related to 3D
radiation mapping equipment

Unica Co., Ltd. (c. (a) [2])

Hitachi, Ltd. (c. (a) [1])
I——1 Inspection and calibration of radiation measuring
equipmentin FY2020

Chiyoda Technol Corporation (c. (a) [1])
+ Inspection and calibration of APD in FY2020

Nuclear Development Corporation (c. (a) [1])
Execution of radioactivity analysis on accident
wastes, etc. in FY2020

Hitachi, Ltd. (c. (a) [1])
L{ Inspection and calibration of GM measuring
equipmentin FY2020

Sanwa Co., Ltd.
AProduction of achievement summary booklet
(English version)

Tokiwa Copy Co., Ltd.
APrinting and bookbinding of the IRID design
review material collections 27 and 28

Inspection Development Company Ltd. (c. (a) [1])
Servi ce cont r aaoclideanalysis e

and cc 1 of results regarding contaminated;
water in Fukushima and secondary waste
generated from contaminated water treatment

Hitachi Transport System East Japan Co., Ltd.
lc@m

Transportation of analysis samples from Fukushima

Daiichi Nuclear Power Station to the analysis facility

Nippon Nuclear Fuel Development Co., Ltd.

(c. (a) [1])

Nuclear Engineering Co., Ltd. (c. (a) [1])

| Contract job of operation and maintenance
related to building for the development of
backend technologies

Analysis and evaluation of highly contaminated
substances related to the accident at Fukushima
Daiichi Nuclear Power Station

E&E Techno-Service Co., Ltd. (c. (a) [1])
Execution of test related to the evaluation of

Inspection and maintenance of power receiving
equipment at building for the development of
backend technologies

Mitsubishi Materials Techno Corporation (c. (a) [1]

contamination distribution using samples from
1F (Fukushima Daiichi Nuclear Power Station)

National Nuclear Laboratory (UK) (c. (a) [1])
Statistical sampling of wastes at Fukushima
Daiichi Nuclear Power Station and development

Ascend Co., Ltd. (c. () [1])

Manufacturing of mockup equipment related to
equipment used for taking samples from solid
waste

T1TRID

Service contract concerning analysis and testing
related to the investigation of properties of
secondary waste generated from contaminated
water treatmentin Fukushima

of analysis plan (outsourced research)

Central Research Institute of Electric Power
Industry (c. (a) [1])

Research on the sophistication of statistical inventory

estimation method (outsourced research)

General Engineering Co., Ltd. (d)
Assistance in the organization of information related to
the study on waste streams

Hamamatsu Photonics K.K. (a)

Designing and manufacturing of fluorescent detector of

surface U contamination

dlet

Showa Optronics Co., Ltd. (a)
Designing and manufacturing of optical system of
surface U contamination

Triterm Co., Ltd. (a)
Designing and
contamination detector

manufacturifng

det

of

Toshiba Plant Systems & Services Corporation (a)
Execution of onsite test
detector at 1F

of

Management of radiation at site and radiation monitoring

ning

Toshiba Power Systems Radiation Techno-Service Co.

Ltd. (a)

ufsing surface U contamin

aftijon

Orano ATOX D&D Solutions Co., Ltd. (c)
Designing and manufacturing of element test
equipment

Kyoyei Co., Ltd. (c)
Manufacturing of simulated absorption towers, etc.

FitTeck Co., Ltd. (c)
Collection of samples from inside the premise of 1F

Kubota Kasui Corporation (b)
Inspection and maintenance of filter press equipment

Legend indicating the work for which the organizationis

responsible
a. Storage management

b. Concepts of treatment and disposal, and development of

safety evaluation methods
. Characterization
. Integration of research results
e. R&D Management

oo

e

sz ssssEEss s EEEsSEsSs EEEsEEsEEESEEEEsEEmel

ector

ector

circuit

surface U

detector
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2. Project Detalls

a. Storage management

(a) Study and evaluation of storage and management methods

[1] Investigation and evaluation of information on wastes and study
on the methods of storing high-level radioactive waste

[2] Study on the requirements of containers and storage facilities

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

TS S
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Progress of the study on high- (a) Study and evaluation of storage and management methods

level radioactive waste
generated by fuel debris retrieval

Examples of input necessary for study

A Information on waste properties: no direct

2\ FY2017: The study started. Information on _ information _
A Scope of fuel debris and waste: TBD

wastes _ ; .
o A Method and size of cutting: several options under
The preconditions of the study * The study in FY2018 mentioned in this
Q study were specified. _ B o _ material is the study conducted by FY2016
Alnformation on wastes A?;guwements for transfer inside the premise: Suppl ementary Budgets
AProcess requirements Process ARequirements for acceptance at waste storage Decommissioning and Contaminated Water
requirements _building: TBD Management (Research and Development
. A Material t licy: TBD i i
The process flow was studied based ASce)‘rteirrllga: ?;CDoun aney polley of Processing and Dis

on the safety requirements, and the EI
primary proposal was presented. !
- Theprimary proposal on the scenario is
regarded as the starting point of this study.

Study of process in FY2018
example of lid closing and transfer inside the premise)

Work 3. Collection of inner container in a storage container, closing of lid 6. Transfer inside the premises

Transportation by truck with driver

]

. 1 1 1 1 ] « | [Carry-in/carry-out gell
A FY2019: This subsidized project started. e _‘ R
[ F (g
- - . o | OOV TS e —
The preconditions were specified again o :/\ .]-: = w
based on the latest information. i
AThe latest information on other projects was collected, and !
information on wastes was updated.
- Prevention of contamination of carrying-in/carrying-out cell - Transfer inside the premises.
vy e doubldor syem Dol sovveen the rengih i revens e comemts ofhe ets contaner om eaking
. A . maintenance cell and carrying-in/carrying-out cell. in case the container falls.
O The concepts of equipment and facilities were concretized. epestoatons o srage o curir
. - The container has a shielding function. - The carrier has a function that prevents the storage container from
Alnner container e conainer can be paced side a ranspor cask by remote | o
AStorage container with vent filter e | et canbe cesed by remeteconto
“pe - The container has corrosion resistance (during storage).
ATransport cask Identified through Ao i st
ADrying equipment studies up to the last ’ ’
AMeasuring equipment fiscal year
saf Equipment and facilities Saf Equipment and facilities.
ntons | storage comaner | Meenance o carying-| (UL [ e comaner | Tanstercask | Tanspon enice
The collection, transfer, and storage flow was reviewed. Sl NN ool I e
internal exposure agent and filter vent. EiEPA fitor ot Y using - mm:& e concinerhas a
AThe preconditions were specified again, and concretization |
of concepts of equipment and facilities was reflected. vior [ omeso s | Toioncam g e , N R e Rt
. . . event shielding material. hielding materal without drivers.
& AConsistency throughout the entire process was verified. ==
To list down multiple possible scenarios of the handling process of wastes ;
. . . . . . assinl | ety | suchinatican s raned - Operati . Amecaskrasatar | Ao wncetasaran
generated by fuel debris retrieval as typical high-level radioactive wastes of Rl ' - ;
the Fukushima Daiichi Nuclear Power Station based on the latest o
information on wastes.

B 3
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(a) Study and evaluation of storage and management methods
Results of studies so far [1]: example of specification of preconditions; information on wastes

|

Shield plug

E © PCV head Waste® Classification*
}
= | #58 RpV neat insulation Shield plug Solid radioactive waste
- e
s | / » PCV head Solid radioactive waste
} Steam-dryer

*—, T .

Top guide

RPV bottom

{7 Section outside

Qontaminated Water Management (Project of Upgrading Approach and

Example of past study

~

Study on the basic concept of waste while carrying-

out discussions with related projects (held 23 times

RPV heat insulation material
RPV head
Steam-dryer
Shroud head
Top guide
Shroud
Jet pump

Fuel debris inside the reactor core

Solid radioactive waste
Solid radioactive waste
Solid radioactive waste
Solid radioactive waste

Fuel debris

Shroud head

[E—

. Reactor core

Fuel debris

Fuel debris

Fuel debris

Fuel debris at the bottom of the RPV

|

Fuel debris

Fuel debris adhered to the CRD

Section inside housing and the lower part of the RPV

the pedestal
2

Fuel debris

Structures inside the pedestal Fuel debris

CRD exchanger _
Fuel debris inside the pedestal

Structures outside the pedestal
Fuel debris outside the pedestal

Fuel debris
Fuel debris

Solid radioactive waste I

Fuel debris

the pedestal

FY2014 Supplementary Budgets fAPre¢ject

System for Retrieval of Fuel DEbris

between FY2017 and FY2019) with past study as the
starting point.

Basic concept of items treated as waste (provisional)

[1] Removed wastes
Structures above the fuel loading position (shroud head to shield plug)
and outside the pedestal

[2] Other wastes
Wastes that retain their original form and will unlikely reach criticality

Extraction 01:j| information on wastes from the
° 8tudy°resufts of relevant projects and
t arganizatioa ©f such information

of Decommi s

and I nterna

-

Waste classification Generated waste

Retrieval equipment
Air-conditioning and water
\ treatment system wastes

Organization of information on wastes (edited based on FY2018 Final Report)

Shield plug, PCV head, RPV heat
insulation material, RPV head,
steam-dryer, separator, etc.

Removed wastes
(the reactor internals, etc.)

ton

ton

Drill, manipulator, camera, etc. JER

HEPA filter, water treatment filter,
waste adsorbent, etc.

Estimate of amount generated
per rea

A Top-access debris retrieval: 670

A Side-access debris retrieval: 67

These information needs to be updated
in step with the progress on the study
conducted by relevant projects.

Estimated dose

3.4E+12 to 1E+16
Bg/t

In this subsidized project, information
on wastes shall be updated based on
the reports on the latest method.

(depends on the retrieval method)

Examples of other preconditions (specified provisionally based on the current status of the management of wastes at 1F)

[1] Requirements for transfer inside the premises
A Surface dose rate of transport cask: 30 mSv/h or less

--- Specified by reference to the present transfer of waste inside the premises at 1F

A Transport cask: sealed type
—-—-From the viewpoint

T1TRID

of preventing

[2] Requirements for acceptance at the storage building
A Surface dose rate of storage container: 10 Sv/h or less
--- Specified by reference to the operation of solid radioactive waste storage facility No. 9
A Weight of storage container (including shielding and contents): 7.5 ton or less
s p r e a d--- $pécifidd bycrefemehca to the apératian of solid radioactive waste storage facility No. 9
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(a) Study and evaluation of storage and management methods

Results of studies so far [2]: study on safety functions and measures against hydrogen
é Investigation into the cases of storage of high-level radioactive waste in and )

4 ; Safety functions were -
Study on safety functions Y outside Japan
edited based on the FY2018 Final Report

studied based on the

(excerpts from the FY2018 Final Report)

preconditions. - -
Measures against Examples of major Issues in application
Possible major Safety function Z — method vdroagen applicati il
accidents requirements Dry and sealed storage A Development of drying technology
Sproad of . Dry, without vent coryntainer 9 AZion (USA) AScale of drying equipment and
contamination [ *s-. Confinement drying time
ey Trea, Corrosion Dry, with vent* Exhaust through filter vent ATMI-2 (USA) A Development of suitable filter vent
T, resistance
Internal exposure [=-.._ . ) A shroud replacement A Contamination of pool
ey Tt Wet, without Flooded and open storage A p -
.o ly . work, etc. Necessity for the provision of pool
*|structural strength vent CeniEImEr (in Japan) and water treatment system

External exposure|
A Development of vent pipe

Shielding Wet, with vent Vent pipe or compensator APaks-2 (Hungary) AProvision of pool
Fire I Meaﬁ;&fggzgna‘"“ Focusing on dry storage that does not require pools to be secured or managed
: and taking into account the results of investigation into overseas case studies
industrel Operability on filter vents, the fAdry, without venft
chosen as candidates.
Primary factor . ——— Conceptual image of the storage method
o e (left: dry and with vent, right: dry and without vent)
N = Filter vent
g A
. g . . . R Y f
(" dentification of major issues A ~O D ) *ﬁ?ﬂ?éfggn‘) “Dust )
APrevention of nuclide dispersion Hydrogen 7dy ng UL generationt ™3 dy ng U)
o O Orrrrrsd -0 Oerrrr ) )
(ensure sealability) waore T riod waste
= L ;
Measures to achieve balance W Storage container W Storage container
between these contradicting safety . ) ] o
function requirements are needed. Wast_e is packed in a sealed transport cask (overpack) for transfe_r inside the
premise, and the amount of hydrogen generated is managed by time.
\_ J
ARelease of hydrogen gas . . . o . .
(ensure permeability) In this subsidized project, concretization of concepts of the filter vent system and drying
\_ ) method suitable for wastes from fuel debris retrieval shall be studied.

(Study on measures against the generation of gas and drying treatment for item (a) [2])

©International Research Institute for Nuclear Decommissioning 15
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(a) Study and evaluation of storage and management methods

Results of studies so far [3]: study on process flow

Process flow of wastes generated by fuel debris retrieval up to storage

(example in which measures against hydrogen is implemented by using a storage container with a vent filter in the side-

access retrieval method PLAN-B)

(edited based on the FY2018 Final Report)

Retrieval, collection in container, delivery,

Legend

Transfer inside the
remises

transfer inside premises Study on rational inner Stud " @i T —— : High contamination area
__________________ i i udy on storage container wi . N
—— Reslor |— ‘I container _Shape and 9perat'°” vent)f/ilter and t?ans ort cask : Medium contamination area
—buiding | (study on inner containers for ansp . = : Low contamination area_
! Liing item (a) [2]) (measures against generation of — — . : Process under study for its
| maCh'”e Additi Lifting machine gaS fOf |tem (a) [2]) neceSSIty
| fion | / / , .
I \ /
I = 7 hf
1 Waste [ Waste container | " Deliverveell |
1 treatmentcell | handling cell J . |__Deliverycell |
\ner container 1 | Dose level measurement ‘ _é‘_ Delivery S—
Fae e ! ' , e s o - (ncuing sutace  closng equpment _. i\
soment = 1 Cers ' __ = ‘ \ ' dose measurement) \
II [ ‘Access } / - J q ] —
Fuel debris tunnel & ‘

- -

W=l -';'-'gﬂ-g H.n —

Transport cask transfer equipment Transfer rack  Transfer vehicle

V> ‘ / Bl ol asomer i hesrgie  [Sample T owaE )\ . Transfer cask ”
(1 T i R \wpnom T
\, y, \. equipment | TSR NN R e - iter vent
N e e e - = = = = a-% ———
Scope of study by the - Study on measurement
Debris Retrieval project i
prel Study on drying treatment  ™~_T] wastes and methods

Acceptance at storage building, (drylgg treatment for item (study on measurement for vent
treatment, storage @) [2]) - item (a) [2])

Lifiing machine.

[Carryin area. _ Drying area

(Litting machine) [Storage area |

Conceptual image of storage container

/ 142 m approx. 2,000 (for 3 reactors)

A Four levels of shielding (no
shielding to 180 mm) are used
according to the dose of the
waste.

A Maximum weight: 7.1 ton

A Estimated number of containers:

Transport cask transfer equipment

Concept
A Storage containers with vent filters shall be used as a measure against hydrogen during storage.

AA sealed transport cask shall be used for transfer

be managed by time during transfer.

A The areas shall be classified into three or more categories (red, yellow, green) based on the level of contamination to prevent the spread of

contamination and to reduce exposure during operation.

i nsi daeentratibneshalh r

T1TRID

In this subsidized project, the
conceptual study on the main
equipment and facilities shall be
worked on, and the results of such

€ study shall be reflected to the 5

collection, transfer, and storage flow
for review.

©lnternational Research Institute for Nuclear Decommissioning 16



(a) Study and evaluation of storage and management methods

[1] Investigation and evaluation of information on wastes and study on
the methods of storing high-level radioactive waste
A Investigation and evaluation of information on wastes
A Evaluation of the amount of hydrogen generated
A Study on the concept of long-term storage

A Study on the storage methods appropriate for the properties of
wastes

[2] Study on the requirements of containers and storage facilities
A Study on the rational shape of containers
A Study on measures against generation of gas

A Study on drying treatment
A Study on measurement methods and measurement equipment

Reviews of the collection, transfer, and storage flow

S T T T T T T T T e e e T e
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(a) Study and evaluation of storage and management methods
[1] Investigation and evaluation of information on wastes and study on methods for storing high-level radioactive wastes
Overview

Achievements up to FY2019

Methods for safely collecting, transferring, and storing high-level
radioactive wastes generated by fuel debris retrieval were
studied, and a plan for a process flow up to storage was
proposed.

The latest information on wastes was organized, and high-level
radioactive wastes were evaluated for the amount of hydrogen
generated. (FY2019 model)

The latest information on wastes was organized, and the
requirements for containers and storage facilities were studied,
after which the flow was updated.

Goal of FY2020

Storage methods based on the latest information on wastes are
proposed.

Details of implementation
Achievements of H1 FY2020
A Wastes were evaluated for the amount of hydrogen generated
considering the shape of the wastes, etc.
A The concept of long-term storage was studied.
Implementation plan for H2 FY2020
A The storage methods appropriate for the properties of wastes
will be studied.

Indicators for the achievement of goal
Handling process appropriate for the properties of typical high-
level radioactive wastes based on the latest information (e.g.,
types and quantities of high-level radioactive wastes) is
proposed.

T1TRID

[2] Collection of storage
container into transport
cask, verification of delivery

[1] Measurement of
inner container

Contaminated area Contaminated area
Contaminated area (high-surface dose): s d ; ow-surface dose):

|

Retrieval cell

Measuring equipment (sampling equipment)

[3] Transfer inside the
premises and carry-

[4] Removal of storage
container and temporary

in to the building storage
Contaminated area (low-surface dose):
Contaminated area (medium-surface dose):
Waste storage building Waste storage building

Carry-in area | Drylngarea " Temporary storage

— . ] g quipment
Acceptance inspection equipment
. q
IJI

g m! ﬁ'ﬁ%a’%

1 T e e
Figure 1. Example of high-level radioactive waste (the reactor internals) storage and
management flow (outline)

Vent filter

1.00 m

/1.42 m

1.42m
Figure 2. Conceptual image of the external appearance of the storage container

(proposal of lightweight container)

. 40
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(a) Study and evaluation of storage and management methods
[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes
Investigation and evaluation of information on wastes (1/3)

Investigation and evaluation of information on wastes
- Reports on relevant projects that were investigated

AFY2016 Supplementary Budgets
and Contaminated Water Management (Advancement of
Fundamental Technologies for the Retrieval of Fuel Debris and

nternal Structures)o
AFY2016 Suppl ementary Budgets

Contaminated Water Management (Advancement of Retrieval

Met hod and System of Fuel Debri

_ |lnvestigation items

n

n

. Mainly collected mformatlon
0 €dhtem&@ddw s?ega?\dnm S S

retrieval equipment

0 | ®airly calldcteddrdoomationmi s s
on secondary wastes in

oni

oni

s andliqidor gag phasé St ruct ur

Awaste classification (removed wastes, retrieval equipment, secondary wastes in liquid phase,

secondary wastes in gas phase)
AName of equipment and wastes
AProperties of wastes (material, shape)
AAmount generated
ADose, etc.

~ Main items updated based on the investigation

AEstimated amount of removed wastes (organized by method)
Ashape of removed wastes after cutting
AName of retrieval equipment as wastes (concretized)

AName of secondary wastes in liquid or gas phase as waste (concretized)

AAmount of a portion of the generated secondary wastes in liquid phase

. Evaluation item
AHydrogen generation rate of the removed wastes

1IRID
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(a) Study and evaluation of storage and management methods
[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes
Investigation and evaluation of information on wastes (2/3)

Organization of information on wastes associated with debris retrieval

Common preconditions of studies mentioned from
the next page onward

Wastes removed from 15t floor

Shield plug

Side-access retrieval

Plate (sum of length and width: 260 to

500 mm)

Table 1. Overview of the organized information on wastes associated with fuel debris retrieval

ClEesieE e Main wastes generated Method of generation SHET
generated waste

Items
removed
from the
floor

Estimated amount
generated*
per reactor

Estimated
dose

1 ton (PLAN-C)
24 ton (PLAN-A, B)

DS slot plug Top-access retrieval Plate (1,800 I 306 mm) 4 Sv/h
from PCV head, RPV heat APlate (sum of length and width: 108 to
. . ) . . 4 to 400
eniellglyl=ll® insulation material, RPV head, Top-access retrieval 500 mm) svih
VESEIEERE  steam-dryer, separator ATube (diameter: 150 mm)
pressure
vessels _—
Structures outside the . . APlate (sum of length and width: 108 to 38 ton (PLAN-A)
edestal Side-access retrieval 500 mm) 157 ton (PLAN-B, C)
P ATube (diameter: 150 mm) '
Retrieval equipment Pit, cutter, wire, grip claw, Top-access retrieval,
quip cable, sealing material side-access retrieval
Secondary wastes in Filter material. packin Top-access retrieval, (a portion of the wastes
liquid phase P 9 side-access retrieval estimated based on
element test)
Secondary wastes in Filter material. packin Top-access retrieval,
gas phase P 9 side-access retrieval
*PLANS A to C and Routes A and B are names of methods studied in FY20:
Contaminated Water Management (Advancement of Fundamental Technol ogi ¢
.

©lnternational Research Institute for Nuclear Decommissioning
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(a) Study and evaluation of storage and management methods
[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes
Investigation and evaluation of information on wastes (3/3)

Evaluation of the amount of hydrogen generated with regard to typical wastes

IZ» Input conditions of measures against the generation of gas for item (a) [2]*

* In FY2019, measures against the generation of gas for item (a) [2] were studied based on
the results of this evaluation.
The evaluation model was revised in FY2020 based on the results of the study.

Table 1. Hydrogen generation rate (indicates the maximum value of metal and concrete wastes retrieved by access from the top or side)

Metal waste Concrete waste Metal waste Concrete waste
Iltems : : . : . .
(top-access retrieval) (top-access retrieval) (side-access retrieval) (side-access retrieval)

Amount of radioactivity

(per unit weight) (Bq/t) Cs-137 1.90E+15 3.40E+12 3.40E+12 3.40E+12
Capacity of storage container (t) 0.6 2.08 1.3 2.08
g’(‘]‘)’””t of radioactivity g 437 1.1E+15 7.1E+12 4.4E+12 7.1E+12
Energy release (MeV/s) 1.3E+15 7.9E+12 4.9E+12 7.9E+12
Hydrogen generation rate (m°/d) 1.8E-02 ) 1.1E-04 7.1E-05 1.1E-04
(Reference) Drver Shield olu Item removed from Item removed from
Conceivable wastes y piug outside the pedestal outside the pedestal

Aln the evaluation performed in FY2019, a large amount of hydrogen was generated, and there were concerns that excessive
requirements for the containers would be imposed as a result. (Trial calculations suggested that when the hydrogen generation
rate is 1.82E-2 (m?/d), 3.25 mS3 of void is needed inside the transport cask to keep the hydrogen concentration below the lower
explosion limit during transfer.)

Awastes were evaluated for the amount of hydrogen generated considering the shape of the wastes, etc., in 1H FY2020.

B
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(a) Study and evaluation of storage and management methods
[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes
Evaluation of the amount of hydrogen generated (1/6)

Hydrogen generation rate =P ? rate of absorption in@r)

ANuclide i, ray type j: no changes  ADecay heat: revised AG value: no changes ARate of absorption into water: revised
- Nuclide is represented by Cs-137 - Number of hydrogen molecules
-Ray types are 9 and b generated per 100 eV

- 0- a n d-rays shall both be
0.45 [/100eV]

Decay heat

FY2019 model: AThe amount of radioactivity is estimated based on the weight of wastes per storage container and the amount of
radioactivity per unit weight.

AT he e n e fray is catcilatetl by maximum energy.

g

FY2020 model: AWaste cutting and situation concerning the collection of wastes in inner containers studied by the Debris Retrieval
project* are taken into consideration.

AThe situation concerning the collection of inner containers in storage containers is taken into consideration based on the
study on inner container shapes conducted in FY2019.

AT h e-rapenergy is spectrally given and calculated by PHITS.

PHITS: Monte Carlo simulation code that uses nuclear reaction
Rate of absorption into water models and nuclear data to simulate radiation behavior in materials

FY2019 model: AB o t Ha nad-rays are calculated as 1 for a conservative approach.

g

FY2020 model: AThe shape of the wastes and situation concerning collection are taken into consideration.
AThe change in the absorption rate caused by the change in amount of moisture is taken into consideration.
AThe absor pt ia@mdramareecalculatéd separately by PHITS.

*Advancement of Fundamental Technologies for the Retrieval of Fuel Debris and Internal Structures

I EEE-S S
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(a) Study and evaluation of storage and management methods
[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes
Evaluation of the amount of hydrogen generated (2/6)
FY2019 model

Vent

AThe weight of waste per storage container is estimated at approximately 0.6 t.

111;00 (Inner capacity of container: 0.76 m3, collection rate: 10%, specific gravity (metal): 7.8 t/m3)
AThe amount of radioactivity is estimated based on the amount of radioactivity per unit
/ weight (1.90 1 10 Bq/t) (dryer).
142 m

1.42 m

FY2020 model

Water screen ATo observe the change in the rate of absorption into water caused by the change in the amount of moisture,

calculations were made by changing the thickness of the water screen? on the surface of cut pieces between
0.05to 13.2 mm.

1: The value used is the value provided in the Final Report of
Contaminated Water Management (Project of Upgrading Approach and System for Retrieval of Fuel Debris and Internal Structures). 0

2: The condition in which the thickness of the water screen is 13.2 mm is equivalent to when the inside of the storage container is
completely filled with water.

ABy reference to the study of the Debris Retrieval project, the shape of the wastes (dryer) after cutting is specified
as 480 mm in total in length and width and 12.7 mm in thickness. It is assumed that seven pieces of cut pieces
will be stored in an inner container.

AThe amount of radioactivity is estimated based on the amount of radioactivity per unit area (1.30 T 10° Bg/cm?)
(dryer)?.

Alt is assumed that eight inner containers can be stored in a storage container based on the study on the shape of
the inner container.

T e
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(a) Study and evaluation of storage and management methods
[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes
Evaluation of the amount of hydrogen generated (3/6)

E Computational model (per storage container)

U Storage container U Radiation source U Volume of water
: : , ANuclide: Cs-137 AWater layer thickness:
78 inner containers (no casing) ADistribution of radiation source: 0.05, 0.5, 5.0 mm
Surface contamination 13.2 mm (= submerged*)
Note: | tai ASource intensity: * Distance between the processed
ote. Innher container 1.30 T 10° Bg/cm? dryer pieces: 26.4 mm

A7 processed dryer pieces
Awaste: SUS316L equivalent
ANo container case

Conceptual image of storage container

Vent

7 pieces

Length and width 500 mm, height 300 mm
IRID m



(a) Study and evaluation of storage and management methods
[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes
Evaluation of the amount of hydrogen generated (4/6)

U Absorption rate evaluation results (in the case of one storage container)
E o-ray (total energy: 31.9 W) 0

O O— —0—0
iy rat i |
\Water capacity ratio 2662 0863 0083  0.008 5 ° ° o __-8
(against waste) a 01
. o Water
\(/r\/nzirt]cir layer thickness 13.2 5 05 0.05 g o +g”i5‘§ )
IS ©==container
\Water absorption rate 0.210 0.090 0.011 0.001] S 0.001 :
Waste absorption rate 0.640 0.713 0.757 0.760 o001 01 1 10 100
Outside the container 0.150 0.196 0.232 0.238 _
Water layer thickness (mm)
~ 1
E b-ray (total energy: 14.2 W) _ :>4E —s—o
, - S
\Water capacity ratio 2662 0863 0083  0.008 B
(against waste) g 0.1 ° —@—\ater
\Water layer thickness 13.2 5 0.5 0.05 ‘_c: —o—waste
(mm) e ° conaner
\Water absorption rate 0.592 0.592 0.541 0.215 0.01
\Waste absorption rate 0.408 0.408 0.434 0.656 0.01 01 1 10 100
Outside the container 0.000 0.000 0.017 0.076 Water layer thickness (mm)
- - - 1
E or a_t y .ra!y b
Water capacity ratio 2662 0863 0083  0.008 5 |
(against waste) g o
. o
\Water layer thickness 13.2 5 0.5 0.05 5 o1 / o o
(mm) -f% =@\ ater
\Water absorption rate 0.326 0.243 0.173 0.067 ‘Tg o \ase
Waste absorption rate 0.569 0.620 0.658 0.728 = Ouside e
Outside the container 0.104 0.136 0.166 0.189 001
0.01 0.1 1 10 100

Outside the container: the ratio of energy that are not absorbed in the
container and are released from the container Water layer thickness (mm)

_— ]
l Rl D ©International Research Institute for Nuclear Decommissioning 25



(a) Study and evaluation of storage and management methods
[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes
Evaluation of the amount of hydrogen generated (5/6)

U o-r a y-ray flox (per storage container)

Water layer thickness: 0.05 mm Water layer thickness: 5 mm

o-ray S o B8 3 8 S o B & B
T I ;—-nf I
F:: [Vemfaouce] h R

8 A

:auwmﬁmwz

s 3 3 8 3 3 & 3§
.
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(a) Study and evaluation of storage and management methods
[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes
Evaluation of the amount of hydrogen generated (6/6)

Comparison of evaluation on hydrogen generation rate per storage container (target removed item: dryer)

Decay heat G value Rate of absorption | Hydrogen
(MeV/s) into water generation rate
(B ay -r&y) o (m3/d)
FY2019 model 1.271 10% 0.45 1 1.841 102
FY2020 | Water screen: 2.881 104 0.45 0.067 2.801 10+
model 0.05 mm
0.5 mm 2.881 1014 0.45 0.173 7.281 104
5 mm 2.881 104 0.45 0.242 1.0271 103
13.2 mm 2.881 1014 0.45 0.326 1.36 1 103

A Decay heat esti mated based on -mayerergyspectmumoetiuced s t e
approximately 5/22.

A As aresult of calculation based on PHITS with consideration to the form of collection in containers,
the rate of absorption into water was 0.067 to 0.326. (Water layer thickness: 0.05 to 13.2 mm)

A As a result, the maximum hydrogen generation rate of the FY2020 model was 1.36 1 10" 3m3/d.
(Approximately 1/13.5 of the FY2019 model)

< =

Incorporate results to the study on measures against the generation of gas of the
study on the requirements of containers and storage facilities

S S
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(a) Study and evaluation of storage and management methods
[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes
Study on the concept of long-term storage (1/5)

Background

The necessity of measures for iIintegrity and agai:
overthelong-t er mo has been pointed out

Objective

To organize events that are generally expected when wastes are stored over the long-term and
concepts for ensuring safety with regard to such events based on the safety functions for temporary
storage that have been studied so far and results of investigation into examples of storage of high-
level radioactive waste in and outside Japan.

Study procedures

4 N\

1. Among typical high-level radioactive wastes, those that are expected to be stored for around 30 to 100 years are
investigated regarding the measures taken at storage from the viewpoint of long-term storage.

\ 4

2. Possible events during long-term storage are organized based on the investigation results.

\ 4

3. Concepts for ensuring safety with regard to the possible events are organized based on the investigation results.

T e
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(a) Study and evaluation of storage and management methods
[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes
Study on the concept of long-term storage (2/5)

Examples of long-term storage of typical high-level radioactive waste (e.g., the reactor internals)

Target waste Equipment and facilities Storage Examples Outline of major measures for long-term storage

that have safety functions period

L1 waste A Ductile c2vpt| 20yeas |(AWade Storage | The facility stores L1 wastes generated when
radiation shielding container | or longer Facility No. 2 dismantling JPDR (Japan Power Demonstration

Astorage facility (past of Japan Reactor). The radiation shielding container has a drain
record) Atomic Energy | hole, and the head has a vent hole. The sealing
Agency boundary is sealed with packing and fixed with bolts.
GTCC ASealed storage container Upto 20 AZion Nuclear The waste is not intended for long-term storage that
(USA) (stainless-steel cask) years Power Station exceeds 20 years. As with spent fuel, the waste is
AcConcrete pad (ISFSI) (estimate) stored in a stainless-steel cask. Generation of gas and
ADrying equipment (including corrosion are prevented by vacuum drying and helium
gas injection equipment) gas substitution. The internal pressure is monitored.
APressure monitoring The waste is stored inside a concrete structure called
equipment ISFSI.

Class C (USA) Astorage container with a Up to 20 AZion Nuclear The waste is generally stored in a 55-gallon drum with a
vent filter (or sealed years Power Station vent filter. It is dried through a simplified procedure and
container) (estimate) stored. The hydrogen gas generated is released

ADrying equipment through the vent.

ILw ADuctile cast iron container 100 to ABradwell This type of waste does not require consideration of
(DCIC) (container with vent 150 years production of heat. Hydrogen gas that is generated is

(intermediate- filter or sealed container) (estimate) released through the vent. Even if stainless-steel

level radioactive
waste in the UK)

Or

Astainless-steel container
(container with vent filter or
sealed container)

Astorage facility

containers are used, soft iron and chlorine need to be
removed from the surface, and the temperature and
humi dity need to be contro
conditioning system if the storage period exceeds 100
years.

©International Research Institute for Nuclear Decommissioning
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(a) Study and evaluation of storage and management methods
[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes
Study on the concept of long-term storage (3/5)

Example of long-term storage of high-level radioactive waste, fuel debris, etc.

Target waste Equipment and Storage Examples Outline of major measures for long-term storage
facilities that have period
safety functions
ASolidified glass 30 to 50 ATokai The waste is stored for 30 to 50 years for cooling. Storage buildings can
High-level A Stainless-steel container years AReprocessing Plant | be cooled through the air-cooling method or water-cooling method. The
: : PR (canister) : High-Level air-cooling method is regarded as advantageous in terms of cost.
radioactive liquid ASolidified glass storage (estimate) Radioactive Waste Generation of gas and dispersion of fine particles are prevented by
waste facility Storage Center vitrification.
(Rokkasho Village)
Spent fuel ADry cask 40 to 50 ATokai No. 2 Power The temperature of the outer surface of the cask is 40 AC to 50 AC, and
AConcrete module years Station heat is dissipated by natural convection. Stainless-steel casks are used.
ADrying equipment (estimate) Alnterim spent fuel Generation of gas and corrosion are prevented by vacuum drying and
ASurface temperature storage facility in helium gas substitution. Internal pressure and temperature are monitored.
monitoring equipment Mutsu (plan) Casks are fixed to the building with bolts. Deterioration is identified at an
APressure monitoring AFukushima Daiichi early stage by patrol inspection. Consumables are replaced.
equipment Nuclear Power
APatrol inspection Station (temporary
storage facility)
Fuel debris AcCanister (stainless-steel) | 20 years or Aldaho National After debris is collected in a stainless-steel canister, the canister is placed
(TMI-11) AcCask (carbon steel) longer Laboratory in a carbon steel cask which is then fixed in the silo. Generation of gas is
AHorizontal silo (concrete) (past prevented by hot air-drying. Hydrogen that is generated is released
AHot air-drying P through the HEPA filter. In addition, the amount of hydrogen generated is
AVent filter (HEPA) record) measured regularly.
AHydrogen measurement
1F fuel debris A Storage canister Up to 100 Long-term storage is studied in the Canister project*. Debris is collected
(stainless-steel, with years in a stainless-steel storage canister. The debris is expected to be stored
vent filter) (estimate) (dry) over the long-term for a maximum of 50 years after it has been
APool stored temporarily for up to 50 years. Pool storage and dry storage are
ADrying equipment studied for temporary storage. Measures against corrosion and drying for
ADry cask (with vent filter) the prevention of hydrogen generation are implemented before dry
A sStorage facility storage. The hydrogen gas generated is scavenged to the gas treatment
facility through vent pipes. When consumables such as packing of
storage canisters are damaged, confinement is ensured by the cask.
*FY2016 Suppl ementary Budgets fAProject of Decommi ssi

(Devel opment of

Technol ogies for Containing,
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(a) Study and evaluation of storage and management methods
[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes
Study on the concept of long-term storage (4/5)

Conceivable events during long-term storage and their measures

AConceivable events (A to D) were specified with reference to examples of long-term storage of high-level radioactive waste.
AThe proposal of measures against such events was identified based on the investigation results. It is assumed that the actual
measures that will be taken against high-level radioactive wastes associated with fuel debris retrieval will be determined by

sorting and combining the proposals based on the properties of wastes, etc.

Conceivable . .
Action policy Proposed measures
events

A. Damage to the  Use corrosion-resistant AUse stainless-steel containers (e.g., SUS316L)
container due to materials AUse ductile cast iron containers
corrosion Conduct treatment before ADry the waste
storage ARemove dissimilar metals, chlorine, etc., from the surface of the
container before storage
Manage the atmosphere AControl the temperature and humid
ventilating and air conditioning system
B. Generation of Conduct treatment AConduct solidification treatment
gas (hydrogen) ADry the waste, inject inert gas in the container, and store the waste in
over the long-term an airtight container
Release gas through the vent  ADry the waste through a simplified procedure and release hydrogen
through the vent
Use occlusion materials, etc. AUse hydrogen occlusion materials

Monitor the generation of gas ~ AMonitor the stored waste

- S
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(a) Study and evaluation of storage and management methods
[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes
Study on the concept of long-term storage (5/5)

Conceivable events during long-term storage and their measures

Conceivable Action policy Proposed measures
events

C. Occurrence of Protect the storage container AStore containers in a facility that takes measures against external
external events from external events by events, such as seismic resistance
(e.g., earthquakes)  structures ACollect storage containers in concrete modules
Prevent falls in the event of AFix storage containers to the building with bolts
an earthquake
Use containers with high AUse containers with structural strength that takes into account falls
structural strength and inspect and repair containers as necessary
D. Deterioration of  Address wear and tear by AMonitor airtightness by monitoring the pressure (if sealing
consumables monitoring, inspection, and measures are taken after drying)
(filters, seal, etc.) maintenance AFind wear and tear at an early stage by patrol inspection, and work
toward maintaining the function (replace worn parts)
Reduce the number of AAdopt a structure that does not require consumables, or weld the
consumables lid to the storage container
Use overpack AEnsure confinement by overpack when consumables are damaged

Based on the results of the evaluation on the amount of hydrogen generated, the maximum calorific value per storage container is 50 W
or less, and heat can likely be dissipated by natural convection. For this reason, long-term heat generation is excluded from the
conceivable events. (Reference: calorific value of spent fuel put into dry cask storage is approximately 12 kW per cask (in the case of a
large cask for BWR fuel))

=
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(a) Study and evaluation of storage and management methods

[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes

.S

Study on the storage methods appropriate for the properties of wastes (1/12)

AThe study conducted so far took the approach of studying the collection, transfer, and storage flow that is feasible for
wastes that need to meet the strictest safety function requirements compared with the wastes that are generated by fuel
debris retrieval.

AAlthough this approach guarantees the feasibility of the flow for all of the wastes generated by fuel debris retrieval, the
safety function requirements may be excessive depending on the properties of the waste, and there is room for
improvement in terms of streamlining.

Alt is necessary to specify rational classifications and study handling methods appropriate for the properties of the
wastes.
z

AProvisional classifications and categories of high-level radioactive wastes associated with fuel debris retrieval shall be
specified through comparison with preceding cases.

tudy procedures

Ve

A

-
1. Waste classifications and canisters used for dismantling JPDR (Japan Power Demonstration Reactor) are investigated
as a preceding case in Japan, in which wastes including reactor internal structures went through the processes of

dismantling to storage (published documents available).

2. The assumption of the current condition inside the reactor vessel and the method of handling wastes associated with
fuel debris retrieval in the Debris Retrieval project are organized and compared with the conditions of JPDR.

'

4 N\

3. The provisional classifications and categories are specified based on the current information on wastes associated
with fuel debris retrieval. In addition, the method of storage and issues of the provisional categories are provided based
on the results of the study conducted so far in this project.

AN J

T
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(a) Study and evaluation of storage and management methods

[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes
Study on the storage methods appropriate for the properties of wastes (2/12)

Waste classification in JPDR*

AAt JPDR, large amounts of radioactive wastes were
contained in containers safely and efficiently and
classified by material, property, and radioactivity level
to enable treatment and disposal in the future.

Classification by material
- Metal
- Concrete
- Secondary waste

Classification by property (radio-activated,

contaminated)
- Neutron-activated metal
- Neutron-activated concrete
- Contaminated metal
- Contaminated concrete

Classification by radioactivity level

- Radioactivity levels | to IV

AThe high-level radioactive equipment inside the
pressure vessel is classified as radioactivity level |
and was collected in a radiation shielding container.

*JPDR: Japan Power Demonstration Reactor

Reference: i Management

T1TRID

of

JPDR Di

Journal of the RANDEC No.15, 1996.

S

Radioactivity level
Neutron-activated
concrete

0.7%

Radioactivity level Il
Neutron-activated metal
3.5%
Radioactivity level Il
Contaminated metal
0.07%

Radioactivity level Ill
Neutron-activated concrete
4.8%
Radioactivity level IlI
Neutron-activated metal
0.3%
Radioactivity level Ill
Contaminated concrete
1.8%

level IV
Contaminated

Radioactivity level IlI
Contaminated metal
4.0%
Radioactivity level IV
Neutron-activated concrete l
2.3%

Radioactivity level IV
Neutron-activated metal

amount of
radioactive
Radioactivity | aste generated:
1,190 tons

Radioactivity level |
Neutron-activated

/" concrete

5%

Radioactivity level |
L~ Neutron-activated

Wastes of radioactivity
level | are neutron-
activated items.

Radioactivity
level IV
Contaminated
metal
63.2%

*Excluding secondary wastes
As of the end of March 1992

0.13%
T Classification of |
Eae Y radioactivity level I M m l \V
Unit of radioactivity level = . —

B/ 4x 10%or  4x 10'or andlessthan4 4 x 10'or and lessthan Less than 4
A® © %g_) greater greater x 10° greater 4x 10t | 10%(10)

° (107) (10%) (107) (10%) (109)
B cm? 4 x 10°or x 10%0or andlessthan4 4 x 10'or and less than Less than 4
B® (e G(Imth) greater ter x 10° greater 4x 103 10%(10-3)

(10Y) (10° (10Y) (107%) (10

1: Neutron-activated metal and concrete wastes
2: Contaminated metals

}adioactivity of 41 105 Bg/cm?2 or greater is

classified as radioactivity level |

Number of items necessary
Material Weight Radiation ;hieldingl 3m? square steel 1m? square steel 200-L drum Packaging
container container container
Metal 889 34 26 271 1,982 728
Concrete 301 0 16 9 778 224
Secondary 319 0 1 m 477 0
waste | |. As . .
ma 1Tt irg wWwa St y O
Total 1,509 34 43 391 3,237 952
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(a) Study and evaluation of storage and management methods
[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes
Study on the storage methods appropriate for the properties of wastes (3/12)

ASix types of radiation shielding containers were used to suit the different shapes of reactor internal structures.
AcContainers with different shielding thicknesses were used according to the radioactivity level. (The radioactivity level of the

wastes are all 1.)

Table 3 Designs and Specifications of Radiation Shielding Containers for Decommissioning Wastes

Radiation shielding container A Radiation shielding container B Radiation shielding container C Radiation shi(e:lging container | Radiation shi(;lfling containe JRadiafion shiglging container
1 e
- JE i
H l; a4
P
Fisw—" 1. |
38 1370 = B
Outline v :"4 ga Ebs
drawing
E: o L O
| -ﬂ} D
|._Lu_p.n. '._ﬁ_.PZ I~ -? .
1370 122 9 0. it 8 ‘ NL
e 848 IR '_uwn
06l 100 ]
.1
Shroud of reactor core Pressure vessel (center section) | Pressure vessel (top and bottom  {Control rod Plug Poison curtain
Collected | IN-COre monitor tube, etc. Hold-down frame ends) Neutron source
waste Channel box, etc. The reactor internals of low
radioactivity level
Feel 0.36 of 073 ol 1.33 nf 0.40 nf 0.18 nf 0.M ot
l\‘;;teri; Spheroidal graphite cast iron (FCD-37) Spheroidal graphite cast iron (FCD-37) Spheroidal graphite cast iron (FCD-37) SpheroidazIFgcraDl?gi;;e castiron Spheroida(ll:%r;;?g;t;e castiron Spheroida(lF%raDegi;)e castiron -
Weight of 15.0 tons 13.4 tons 4.7 tons 16.4 tons 17.7 tons 17.0tons
container
g 30w I m 700 305 on 315 m 325
HRadiation Av. 12 Av. 1" Av. 19 Av, 12 Av. " Av. 1
dose 7T8x10° Bg 4.2 x10 Bq 33 x10 Bq 2810 Bq 26 X100 Bq 24 %10 Bq
Ao Max Max Max Max Max Max
rate of 10 Sv/h 200 mSe/h 20 mSv/h 10 Se/h 10 Sv/h 10 Sv/h
waste
el £ ) 16 § 1 2 2
BEEE)
* The number of wastes st red
Reference: fiManagement of JPDR Dismantl in Wast e g i he I
9 9 * e vafe 4 of March 1992.

e
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(a) Study and evaluation of storage and management methods
[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes
Study on the storage methods appropriate for the properties of wastes (4/12)

Conditions of wastes associated with the retrieval of debris at 1F

ADebris is retrieved by robots at 1F, so after the reactor internal structure is cut into a size that fits inside an inner container, it is
collected in an inner container and delivered to the waste-handling facility. The shape of the inner containers are restricted so that it is
of a size that can fit through the opening of equipment of each method or smaller and is of a weight that is no greater than the weight
limit of the retrieval robot.
(Reference: Final Report of FY2016 Supplementary Budgets APr ogemeanttof of
Fundamental Technologies for Retrieval of Fuel Debris and Internal S

AThe radiation inside the reactor well at 1F is high due to contamination caused by the accident. (Compared with neutron-activated
items that are mainly composed of Co-60, contaminants that are mainly composed of Cs-137 is likely to have high radiation over a
long-term.)

(Refer to the next page.)

AThe maximum dose of reactor internal structures of JPDR (Japan Power Demonstration Reactor) is approximately 10 Sv/h, whereas
the estimate of the maximum dose of wastes generated by debris retrieval at 1F is 400 Sv/h.

A1F has a large amount of radioactive waste as it is a commercial reactor and is contaminated due to the accident.

——]W[—
'{ _building :
| I 1
I Lifting machine | Addition | Retrleval
ition | .

: : container
| 1l =5 (equivalent to
| I . .
| | inner container)
: Fuel debris [Inner : 1

retrieval | container 1
: equﬂnent ‘ l : (’ 2
| Fuel debris f | l 5 ' :
| ] =]
| = T ; <=
1\ / ) wansier | |equipment measuring
e s e ot " _equipment / equipment

. Handling of retrieval container by retrieval equipment
Scope of StUdy of the Debris (Reference: Advancement of Fundamental Technologies for Retrieval of Fuel

Retrieval project Debris and Internal Structures)
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(a) Study and evaluation of storage and management methods

[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes

Study on the storage methods appropriate for the properties of wastes (5/12)
State of contamination inside the reactor at 1F

ASurface contamination density inside the reactor well at 1F is estimated to be 1.20 T 108 Bg/cm?2.
(Equivalent to or greater than the radioactivity level | at JPDR (Japan Power Demonstration Reactor))

—{ Surface contamination ification }

Surface contamination density and its dose contribution
[1] Contribution from floors and walls on operation floors, etc., is excluded from the

contamination density.

(Itis difficult to make an estimate as it is performed before rubbles are removed.)
The dose equivalent rate shall be contribution from surface contaminationin the
working area (inside the reactor well, inside the PCV head, etc.).
(Neutron-activated equipment shall be those provided in the right column and shall
be excluded.)

Inside the reactor well (A)
A Surface contamination densitil.20E+08 Bg/cm2
A Dose equivalent rate: 4.0E+00 Sv.

A Key nuclides: Cs-137, Cs-134

Inside the PCV head (B)
A Surface contamination densit§ 1.20E+08 Bg/cm2
A Dose equivalent rate: 4.0E+00 S

A Key nuclides: Cs-137, Cs-134

————id-

| Inside RPV (C)

(1) Inner surface of RPV
A Surface contamination dersity: 1.30E+09 Bg/cm:
A Dose equivalent rate: 3.0E+0T"Sw
A Key nuclides: Cs-137, Cs-134

(2) Dryer
A Surface contamination dengify: 1.30E+09 Bg/cm8
A Dose equivalent rate: 4.0EMQ2 Sv/h
A Key nuclides: Cs-137, Cs-134

(3) Separator
A Surface contamination dengffy: 1.30E+09 Bg/cn
A Dose equivalent rate: 2.0ENQ2 Sv/h
A Key nuclides: Cs-137, Cs-134

-

A Total amount of contaminated radioactivity (assumption):
approx. 3.1E+16 Bq
A Inside PRV: approx. 3.0E+16 Bq (1/10 of the amount of Cs generated)
A Inside reactor well and PCV head: approx. 1.0E+15 Bq
(estimated by multiplying the contamination density by area),

- |
- T -1
i |
l
— |
== o AL A’
| ll‘ \
SIPTYY SETTEIRTYINIFTNRRITINIPTETRIRY P
= : A

Figure 4.1.1.2-1. Unit 1 plant information

] _i Activation cl ification }

Degree of activation and its dose contribution

A The degree of activation is for estimating the value that takes into
consideration attenuation based on values in the reference documents.
The value is converted by multiplying the ratio of the dose rate.

(Rough evaluation)

Top guide

A Dose equivalent rate: 1.0E+03 Sv/h (contribution by
activation)

A Key nuclide: Co-60

Shroud in the upper portion

A Dose equivalent rate: 3.5E+02 Sv/h (contribution by
activation)

A Key nuclide: Co-60

Core support plate (assuming that it is equivalent to the shroud in
the upper portion)

' A Dose equivalent rate: 3.5E+02 Sv/h (contribution by activation)
A Key nuclide: Co-60

Shroud in the lower section
| A Dose equivalent rate: 2 Sv/h (contribution by activation)
A Key nuclide: Co-60

Fuel debris
A Dose equivalent rate: 1.5E+02 Sv/h
(contribution by decay of fission products)

A Key nuclides: FP nuclide, actinide nuclide

(Reference)

Final Report of the FY2014 Supplementary Budgets
AProject of Decommissioni
Water Management (Project of Upgrading Approach
and System for Retrieval of Fuel Debris and Internal
Structures)o
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(a) Study and evaluation of storage and management methods
[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes
Study on the storage methods appropriate for the properties of wastes (6/12)

Wastes associated with the dismantling of

JPDR (Japan Power Demonstration Reactor)

Wastes associated with the fuel debris
retrieval at the Fukushima Daiichi
Nuclear Power Station

As JPDR is a demonstration reactor, it has less
waste than commercial reactors. The amount of
waste overall is approximately 1,200 tons,
approximately 100 tons of which are classified as
radioactivity level I.

Amount of waste

Ratio of high-level

Only a small fraction of the wastes are classified as
radioactivity level | (8.5%).

Different container shapes are used for wastes
classified as radioactivity level | according to their
dose.

radioactive waste

Ratio of activation and
contamination

Approximately 80% of the wastes are
contaminants, and the remaining 20% are neutron-
activated items.

All of the radioactivity level | wastes are neutron-
activated items.

(excluding secondary wastes)
Shape of high-level

The shape is close to the original shape. There are
long wastes and relatively small wastes. Storage
containers appropriate for the shape are used.

radioactive waste

Reactors at 1F have a large amount of
waste as they are commercial reactors and
had an accident. The amount of waste
associated with fuel debris retrieval alone
from three reactor cores is 1,500 tons or
greater (depends on the method of fuel
debris retrieval).

All of the wastes have a dose equivalent to
or greater than the wastes of JPDR
classified as radioactivity level I.

The wastes are mainly contaminants.

Approx. 400 Sv/h

Metal and concrete
(excluding secondary wastes)

Aside from some of the large wastes,
wastes are cut to a size that can be
collected in an inner container and
transported in the inner container.

=
©lnternational Research Institute for Nuclear Decommissioning 38



(a) Study and evaluation of storage and management methods
[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes
Study on the storage methods appropriate for the properties of wastes (7/12)

Concepts for the provisional classifications of wastes associated with fuel debris retrieval at 1F

Classification by material

0 The wastes shall be separated into three classifications in the same manner as those of JPDR (Japan Power Demonstration
Reactor): metal (M), concrete (C), and secondary waste?!.

(1: including secondary waste in liquid or gas phase)

Classification by property (radio-activated, contaminated)

i  Contamination is the main property, and all the wastes are contaminants?. Therefore, classifications by property shall be removed
from the provisional classification.

(2: including items activated before the accident)

Classification by shape
0  Wastes shall be classified into waste that fits in an inner container and large waste.

Classification by radioactivity level
U  All of the wastes will fall under radioactivity level | if the same classification used for JPDR is applied. Therefore, wastes shall be
separated into classifications of higher radiation.

Dose classification of wastes associated with fuel debris retrieval at 1F (provisional)

Range of dose <10 Sv/h 10~40 Sv/h 40~400 Sv/h
Reason behind the setting  ANot more than the provisional AAssumption that wastes witha  AAssumption that wastes with the
requirement for acceptance at dose of around 30 Sv/h (e.g., highest level of dose (e.g., dryer and
storage building (surface dose rate of RPV head) are included shroud head) are included
storage container: 10 Sv/h)
AWwastes that do not require additional AWastes that require additional Awastes that require additional
shielding in storage containers shielding (60 mm) in storage shielding (140 mm) in storage
AAssumption that wastes in great containers to satisfy the containers to satisfy the provisional
quantities (e.g., shield plug, DS slot provisional requirement for requirement for acceptance at
plug, wastes removed from 15t floor) acceptance at storage building storage building
are included

T
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(a) Study and evaluation of storage and management methods

[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes
Study on the storage methods appropriate for the properties of wastes (8/12)

Reference

Study on equipment specifications

A Storage container (proposal of lightweight container)

AThe containers are lighter than the current storage container dimension type studied in
FY2017.

AThe dimensions of containers with maximum shielding are specified so as not to exceed the
strictest weight limit (7.5 t) of handling of waste that is currently imposed for the collection of
waste.

AFour shielding thicknesses are prepared for the different dose levels of wastes.

The shielding thickness is specified so that the surface dose rate is less than 10 Sv/h when
wastes of maximum dose of each dose level are collected.

Table 1. Weight of the lightweight container and trial calculation of the number of containers required

Estimated number
of containers
required
(for three
reactors)

Shielding [Weight of

Total weight (t)
(container and
waste)

Inner
thickness |container| capacity

(lining) (m3)

Dose of
contents (Sv/h)

0.33 400 to 1,000 7.3 Approx. 40
0.46 40 to 400 6.4 Approx. 400
0.77 10 to 40 3.8 Approx. 300
1.19 Less than 10 1.3 Approx. 1300

Vent filter

Achievements of FY2018 (study on the shape of storage containers)

y N
v
L\‘
N
N
3

1.42 m

Reference: other storage
container proposals

1. Current storage container
dimension type

ADimensions: 2.17 2.1T 1.49m

Ashielding thickness: 0, 60, 140,
180 mm

AMaximum total weight: 23.7 t

Astorage container with vent filter

2. L1 disposal container type

ADimensions: 1.6 1 1.6 1 1.6 m

Ashielding thickness: 50, 100,
150, 200 mm

AMaximum total weight: 20.3 t

ASealed container
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(a) Study and evaluation of storage and management methods
[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes
Study on the storage methods appropriate for the properties of wastes (9/12)

Classifications and categories of removed wastes (provisional)
AOrganization of latest information on high-level radioactive wastes in 1H FY2019 based on reports of other projects in FY2018

Conceivable removed wastes of top-access debris retrieval

: Provisional classification isi
method (top-access retrieval Route B method) Provisional category

Name of Shape Estimated o ial ~ Category
wastes after cuttin dose | ssification| classification |classification| _ (Material classification T Shape
( 9) (Sv/h) classification i Dose classification)
Shield plug 465 Length and width 4
1,800 mm | height 306 mm
_ Concrete (C) Large (L) C-L-[1]
DS slot plug 121 Length and width 4
1,800 mm | height 306 mm
[1]
PCV head 48 Length and width 4
480 mm 1 height 30 mm
M-S-[1
RPV heat insulation 13 Length and wjdth _* [1]
material, piping 480 mm | height 6 mm
RPV head 66 Length and width 30 Size that fits
480 mm T height 90 mm Metal (M) in an inner (2] M-S-[2]
container (S)
Dryer 31 Length and width 400
480 mm1 height 12.7 mm
Shroud head 48 Length and width 200 (3] M-S-[3]
(including steam 480 mm | height 7 mm
separator)

*As it is not provided in the reference, it is hypothesized as being equivalent to dose classification [1].

(Reference: Final Report of FY2016 Supplementary Budgets [2] 3]
AiProject of Decommissioning

Management (Advancement of Fundamental Technologies Range of dose <10 Sv/h 107 40 Sv/h 407 400 Sv/h
for Retri eval of Fuel Debri s a-n-d L nternal ernr‘fnrnc)r\)

Dose classification [1]
b n d Cont aminat d Walit or

B
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(a) Study and evaluation of storage and management methods
[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes
Study on the storage methods appropriate for the properties of wastes (10/12)

Classifications and categories of removed wastes (provisional)
AOrganization of latest information on high-level radioactive wastes in 1H FY2019 based on reports of other projects in FY2018

Conceivable removed wastes of side-access debris retrieval

method (side-access retrieval PLAN-B method)

Estimated

Provisional classification  Provisional category

Material Category

dose (Material classification i Shape

classification |classification| classification

(Sv/h) classification i Dose classification)

Name of Shape

WESES] (after cutting)
Iltems removed 24.2 Length and width tox
from 15t floor 389 mm | height 20 mm
CRD rall 0.9 Length and width Lok

389 mm 1 height 10 mm

Structures outside 156 Length and width tok
the pedestal 389 mm I height 40 mm

Concrete (may

contain metal) C-S-(1]
©
Size that fits
Metal (M) in an inner ((0))
container
(S) M-S-[1]
Metal (M)

*As it is not provided in the reference, it is hypothesized as being equivalent to dose classification [1].

(Reference: Final Report of FY2016 Supplementary Budgets
AiProject of Decommissioning
Management (Advancement of Fundamental Technologies
for Retrieval of Fuel Debris

T1TRID

h Pase classificationn at p[d] wat er | [2] [3]

Range ofdeser na1 T 10Vihy ¢ e|s30b40 Sv/h 401 400 Sv/h
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(a) Study and evaluation of storage and management methods
[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes
Study on the storage methods appropriate for the properties of wastes (11/12)

Collection of inner containers of each category in storage containers
Based on the study on the rational shape of inner containers (conducted in 1H FY2019)
Top-access retrieval Route B & side-access retrieval PLAN-B (dimensions of the inner containers used: length

Category fhickness of Number of inner Number of storage

(Material classification i Shape SECIIE insid.e thf containers collected e containers necessary
classification | Dose classification) Storag?nf%r;tamer per storage container |  C2tedory (ton) (per one unit) _
C-L-[1] 0 27 586 346
C-S-[1] 0 27 24.2 15
M-S-[1] 0 27 218 207
M-S-[2] 60 8 66 211
M-S-[3] 140 8 79 252

* Value calculated so that the surface dose rate of storage containers is equivalent to the standard of acceptance on the second floor in the basement of solid
radioactive waste storage facility No. 9 (< 10 Sv/h)
(study on the outline specifications of equipment (FY2018))

**Trial calculation when the waste is cut to a size that fits in the inner container ’ ' '

Inner container When 27 inner containers are When 8 inner containers are
stored in a storage container stored in a storage container
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(a) Study and evaluation of storage and management methods
[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes
Study on the storage methods appropriate for the properties of wastes (12/12)

Summary of storage methods for provisional categories

Thickness of NI l5Er G [ Measures aga!nst hydrogen based on the FY2020 models*
Estimated? Material of shielding inside  containers (measures against hydrogen based on the FY2019 model)

Drying method
Category amount  the storage  the storage collected per Required volume of voidl 1+ ¢ o
(ton) container?  container3 storage Typeof vent | Numberof 15, 4o nsport cask efore storage
(mm) container4 filter vent filter (md)
C-L-[1] 586 0 27 (NFO16L) (2) (0.02)
C-S-[1] 24.2 0 27 (NFO16L) () (0.02)
Ductile cast Convection (static)
iron method or conduction
WA 218 (or stainless- g 2l (IAEAE) (1) o (static) method
steel)
NF019™ 2" 0.24"
M-S-2] 66 60 8 (NFO16S) @) (3.25)
NF019 2 0.24
M-S-(3] 9 140 8 (NFO16S) 2) (3.25)
(1)...Results of Investigation and evaluation of information on wastes (4)...Results of study on the rational shape of inner containers
(conducted in FY2019) (conducted in FY2019)
(2)...Results of study on the concept of long-term storage (5)...Evaluation of the amount of hydrogen generated and study on measures
(conducted in FY2020) against the generation of gas (conducted in FY2019 and FY2020)
(3)...Results of study on the shape of storage containers (6)...Study on drying treatment (conducted in FY2019 and FY2020)

(conducted in FY2018)

e . *Water screen: 13.2 mm (assumption)
Dose classification [1] (2] [3] **Measures against hydrogen for M-S-[2] shall be included in the measures
against hydrogen for M-S-[3].
Range of dose <10 Sv/h 10~40 Sv/h 40~400 Sv/h “+*NFxxx is a model of a filter used in nuclear facilities in the USA.

AAs a preceding case in Japan, waste classifications and canisters used for dismantling JPDR (Japan Power Demonstration Reactor) were
investigated and compared with the conditions of wastes associated with the retrieval of debris at 1F, after which the provisional classifications
were specified.

Aalong with the future progress in grasping the condition inside the reactor vessel and studying the fuel debris retrieval methods, these
classifications will likely be updated or changed.

ASecondary wastes (including secondary wastes in liguid phase and gas phase) need to be studied in the future. including characterization.
— % : g
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities

. _ Overview
A Achievements up to FY2019

1 Measures against hydrogen gas for high-level radioactive wastes taken in foreign countries
were investigated, and measures against the generation of hydrogen and concepts such
countries take or have were organized.

1 The shape of storage containers and the rational shape of inner containers that can be used
with multiple shielding thicknesses were studied.

1 Measures against hydrogen were studied based on the results of evaluation on the amount of
hydrogen generated performed in FY2019.

1 Drying treatment technologies were studied.

A Goal of FY2020
1 To list down the requirements of containers and storage facilities required for the collection,
transfer, and storage of high-level radioactive wastes.

A Details of implementation
t Achievements of H1 FY2020

Figure 1. Example of a typical transport cask used
for high-level radioactive wastes

Measures against hydrogen were studied based on the results of evaluation on the amount
of hydrogen generated performed in FY2020.

Requirements and study policy of vent filters were organized.

Drying treatment methods were compared, and basic functions were studied.
Policy of investigation of measurement methods and equipment was studied.
1 Implementation plan for H2 FY2020

To Do Do I»

A Requirements of storage containers and transport casks will be studied.
A The concept of the drying treatment facility will be studied.
A Measurement methods and equipment will be investigated.

A Indicators for the achievement of goal
1 A rational inner container that can be used for multiple shielding thicknesses is presented.
Requirements of storage containers with filter vents and transport casks are presented.
Requirements of equipment for drying treatment, etc., are presented. Measurement methods,
requirements of measuring equipment, measuring locations, measuring timing, etc., are

presented. Figure 2. E)_(ternal appearance of a remote
control filter vent attachment system
Transport cask: a container in which storage containers are collected for transfer inside the premises (DVS: drum venting system)

I
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on the rational shape and operation of inner containers (1/3)

Background and purpose

I [
Inner container: primary container for collecting waste cut from inside the PCV 4 . | 7
BSES — =S5
Examples of functions: [1] Wastes cut off are collected. l Im‘:mlm" l <! ¥
[2] The mesh structure allows water to be drained. ,,I,,m'b fcominer (A :
[3] Waste can be collected efficiently in the storage container. SN =3 L= 3 - SR\ R ,;-, |-
Il 8

o \
Radioactivity. prying Equipment for - ycongziner |_analysis facility. | Storage
equipment  measuring the | FAGINAG i container
——a e je St e

0N

e 1Sample
Inner Draining
container  gquipment  €¢
transfer measuring
equipment equipment

Studies so far: In the process flow studied until FY2018, it was tentatively assumed
that one inner container will be collected in one storage container
(Figure 1).

hydrogen (gas)
generated

Figure 1. Processes up to storage

Issues (excerpts of sections related to inner containers)

[1] Storage containers use different shielding inside appropriate for the dose of the waste
and therefore requires the use of inner containers of different sizes.

[2] The dimensions of an inner container suitable for the equipment of each retrieval method
was later reported by the Debris Retrieval project (Table 1).

Table 1. Dimensions of inner containers for
different methods in the Debris Retrieval project

The dimensions were smaller than those estimated in the previous fiscal year, and Method Retrieval container
several inner containers are assumed to be collected in one storage container. dimensions
Side-access retrieval i
Purpose PLAN A
Side-access retrieval 0 5503 400
To present the primary proposal of the shape and usage method of inner containers suitable for PLAN B (G 3903 400)
the storage and management of waste. Evaluation from the viewpoint of Side-access retrieval _
0 4003 810
storage and management PLAN C
Top-access retrieval _
Study procedure: The number of storage containers requirmmth the evaluation index. ROFL)Jte A 0 4003 400
[1] Estimate the number of storage containers needed based on the latest retrieval method. :
: . - . Top-access retrieval ~
[2] Study the shapes of inner containers so as to efficiently reduce the number of storage containers Route B é 50032 300

needed.

[3] Study the usage methods so as to efficiently reduce the number of storage containers needed.

[4] Study the rational inner container shapes and usage methods based on the studies above.

T1TRID
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on the rational shape and operation of inner containers (2/3)

Study results [1]: study on the dimensions of inner containers

Number of inner Number of storage
containers containers
required required(per The assumed
(per reactor) reactor) method delivers low

Provisional proposed method When top-access retrieval Route B and inner containers storage (_aff|C|ency
1 (example of top-access retrieval of the latest retrieval method (length and width of 500 T 10016 1425 and requires many

Route B) height 300 mm) are used storage containers.

Name of study case Details of study*

When the dimensions (length, width, and height) of the [1] 27,216 [1] 807 Changing the
inner containers are changed (following are examples of . X
three patterns that require the least number of storage dimensions can cut
2 [Study on inner container dimensions | containers) § [2] 14,612 [2] 867 the number of

[1] Length and width 335 mm | height 272 mm i

[2] Length and width 450 mm T height 272 mm contalneri by U
[3] Length and width 535 mm T height 272 mm (3] 10,180 [3] 956 43%.

*Container dimensions are outer dimensions. ]
Table 1. Method of calculating the number of storage

Inner container size containers and inner containers (reference

. . . . Y . STEP Calculation details Calculation formula | Conceptual image of study
Retrieval container: length and width 500 mm | height 300 mm
N N . N N - < L — Inner dimension (length or width) of the storage container (m) = outer dimension (length or Thc-nncrmmvns-wavccalcu\m«igmm
Inner container with modified size: length and width | mm | b Frsetons | g o e (Ui s, | [

" of the storage container (assuming thatthe
container Inner dimension (height) of the storage container (m) = [outer dimension (height) of the containercan be used up t 85% of the height

hel h t Y storage container - 2  (shielding thickness + storage container thickness) - gap] x 85% with the lid closed),
T / Case 1: value obtained by subiracting the inner container thickness from the inner
. " Calculation of the inner dimensions of the storage container
C 0 nt ainers can b e f| I Ied 7 B Gent Cases 2, 4, 5: value obtained by subtracting the container thickness from the outer
I
. el IS Case 3: value determined based on the results of evaluation in which the dimensions of the
u p to 85% of the he|g ht inner container are used as parameters | et

Length: inner dimension (length) of the storage container / outer dimension (length) of the

W|th con Sideratio nto the inner container = X inner containers (round down 1o the nearest 1)

T Atoughtne value iflers by case, he inner
dimensions hallbe, in principe he valle

I obtainedby subtaciingthe containerthickness
(assuming2 mm) from the outer dimensions of

I the inner container.

dimensions of the retrieval container for top-access retrieval Route B

Container thickness

(6 4 m m) + Calculation of the number Width: inner dimension (width) of the storage container / outer dimension (width) of the inner e e e e meEre]
. 5 Of inner containers that container = Y inner containers (same as above) containerto figure out how many inner
gap 25 mm L3I ey e per Height: inner dimension (height) of the storage container / outer dimension (height) of the Conteinerscan it thewicth lengthj and
inner container = Y inner containers (same as above) height directions.

shielding
thickness?! +
gap (25 mm)

storage container
Number of inner containers that can be collected per storage container = XYZ containers
Metal fillng

rate: 109 | The amountof waste that can be collected per
- inner containeris calculated by multiplying the

Calculation of the amount of  Amount of waste collected in a single inner container (m3/container) W = inner dimension

[4] waste collected per inner (length) of the inner container (m) x inner dimension (width) (m) x inner dimension (height)

container (mé/container) (m)x waste-filling rate (metal: 10%, concrete: 50%) inner capacity of the inner container by the
fillingrate of each material,

Waste storage rate of inner I =
container Sl

1: 3 types Metal waste: 10% LI
(O, 60, and 140 mm) Concrete WaSte' 50% [6] Amount of waste (m?) Use the setting value of top-access retrieval Route B

Amount of waste collected in a single storage container (m?/container) = amount of waste that
can be collected in the inner container (m3/container) W x XYZ containers

Calculation of the number of
" orage containers ‘e

Calculation of the number of

8] inner containers 7> @

Figure 1. Conceptual image of study on the retrieval container and

inner container of modified size
— :
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Name of study case

(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities

Study on the rational shape and operation of inner containers (3/3)
Study results [2]: study on the usage method

Number of inner
containers

Details of study

Number of storage
containers

required required(per

(per reactor)

reactor)

(For comparison) Provisional AWnhen top-access retrieval Route B and inner
1 proposed method containers of the latest retrieval method (length 10016 1425
(example of top-access retrieval and width 500 I height 300 mm) are used.
Route B) ANo refil More storage
AWaste is refilled into storage containers. containers are
AAll inner containers are discarded. .
2 Refill Alt is assumed that waste inner containers* shall 10016 1786 used in the case
be discarded after collected them in a storage of refill only.
container with shielding thickness of 0 mm.
Alt is assumed that waste inner containers can be
3 Refill, compression compressed to 30% its height under the same 10016 952 Compression or
conditions as in Case 2. reuse depends on
Altis assumed that waste inner containers are the method.
4 Refill, reuse of inner container returned to the inside of the PCV and reused 10 1002 660
times under the same conditions as in Case 2.
* Waste inner container: An inner container that was uged to store wastes and is empty after Summary and consideration
the wastes have been transferred to a storage container. " )
- N 7 ~N As preconditions (e.g., amount of wastes per dose) are revised
continually, quantitative comparisons of optimal dimensions and
Collected Waste Collected in To the transfer numt_Jer of storage containers used are not deemed significant.
Waste || shredded | »{ storage container |~ | and storage U TIPS MIENIEe b B1tE 6 lloms -
In Inner 5 (refill) [0CESS [1] Changes in the dimensions of inner containers will likely change
container E ’g y'y 7'y D the number of storage containers drastically and have a great
o T Case?2 - impact on storage. However, it is not realistic to fix the dimensions
7= \ I of the inner containers at the present time. It is desirable that the
. s 8 | design is somewhat flexible to change.
= I \ [2] If it is difficult to optimize the dimensions, there is a prospect of
S L AN —_ alternative usage methods. However, study on refill equipment,
Case 4 Case 3 reuse route (route for returning to PCV), etc., is necessary. It is
. . also necessary to ensure traceability of the wastes.
Inside the PCV \_ Outside the PCV Y, Exchange of views was conducted with the Debris Retrieval

J

Legends for the process of waste inner container

=emenne Case 2 :Case 3

= = = Case4 : Common

project, and the results of the study have already been
incorporated.

Figure 1. Conceptual image of study on the retrieval container and inner container of modified size

1IRID
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Evaluation conditions

(a) Study and evaluation of storage and management methods

[2] Study on the requirements of containers and storage facilities
Study on measures against the generation of gas (1/9)
Study results [3]-1: number of vent filters needed and volume of void in the transport cask
The number of vent filters that need to be installed to maintain the hydrogen concentration in the storage container below 4 vol% and
the volume of void required to maintain the hydrogen concentration in the transport cask (sealed) below 4 vol% were evaluated.

A The type of vent filter was tentatively selected from those with a proven track record in the USA and that satisfy the hydrogen diffusion performance.

A Itis known that the hydrogen diffusion performance of the vent filter depends on the temperature: the lower the temperature, the lower the performance.
Therefore, the temperature was corrected at 2 AC, which is the minimum design temperature of the storage facility.

A The maximum transfer period of waste inside the premises was 7 days (in accordance with the assumed conditions when spent fuel is transferred).

Table. Results of evaluation on the number of vent filters required and the
volume of void required in the transport cask

Metal waste Concrete waste Metal waste Concrete waste
Assumed cases (top-access (top-access (side-access (side-access
retrieval) retrieval) retrieval) retrieval)
Material Metal Concrete Metal Concrete
Hydrogen generation rate
(md) 1.8E-02 1.1E-04 7.1E-05 1.1E-04
(restated)
[1] Minimum hydrogen
release rate @4 vol% 2.3E-04 1.5E-06 9.2E-07 1.5E-06
(mol/s/mol fraction)
Type of vent filter NF016S NFO16L NFO16L NFO16L
[2] Hydrogen diffusion
performance of vent filter 1.43E-04 3.22E-06 3.22E-06 3.22E-06
(T=2"0C)
Mlnlm.um numbe_r of 2 1 1 1
vent filters required
id i i 3
VeI O ol Tisie Bl 0.02 m3 or more 0.01 m3 or more 0.02 m3 or more
the transport cask more

-
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The hydrogen release rate required to maintain the hydrogen
concentration inside the storage container below 4 vol% is
calculated using the following formula. (Based on the results of
the investigation carried out in FY2018 on measures against
hydrogen taken in the USA) [1] _

V]

6 0 @

“Y: hydrogen release rate (mol/s/mol fraction)
0: decay heat (Joule/s)
"Qjvalve (molecules/100eV)
0 : Avogadro constant (molecules/mol)
0 conversion constant (Joule/eV)
@ : hydrogen concentration inside cask (4 vol%)

The hydrogen diffusion performance (catalog value*) of the vent
filter was temperature-corrected using the following formula.
(Based on the results of the investigation performed in FY2018
on measures against hydrogen taken in the USA) [2]

o 8

T+ = hydrogen diffusion performance at temperature T
(mol/s/mol fraction)

T, = temperature at known hydrogen diffusion performance
(K)

*Results of tests at 21 AC (294 K)

Number where [2] > [1]

Volume of void required to maintain the
hydrogen concentration inside the transport
cask under 4 vol% for 7 days
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on measures against the generation of gas (2/9)

Study results [3]-2: number of vent filters required and volume of void required in the transport cask for different water layer thicknesses based
on the evaluation of the amount of hydrogen generated

The number of vent filters required and the volume of void required in the transport cask were calculated in the same manner as the previous
page using the results of the evaluation on the amount of hydrogen generated for different water layer thicknesses (0.05 to 13.2 mm) in the
case where the dryer is the target item of removal.

In this table, only one type of vent filter was used so that the changes in the number of vent filters needed according to the water layer
thickness can be detected. Other evaluation conditions are the same as the study results [3]-1.

Table. Results of evaluation on the number of vent filters required and the volume of void required in the transport cask

Object to be removed Steam-dryer

Case Water screen: 0.05 mm Water screen: 0.5 mm Water screen: 5 mm Water screen: 13.2 mm

Hydrogen generation rate (m3/d)
(restated) 2.80E-04 7.280E-04 1.02E-03 1.36E-03

[1] Minimum hydrogen release
rate necessary @4 vol% 3.62E-06 9.40E-06 1.32E-05 1.76E-05
(mol/s/mol fraction)

Type of vent filter NF019 NF019 NF019 NF019

[2] Hydrogen diffusion

performance of one vent filter 1.61E-05 1.61E-05 1.61E-05 1.61E-05
(T=20)
M|n|m_um numbgr of vent 1 1 1 5
filters required
el oif Wi te] sl e 0.05 m3 or more 0.13 m3 or more 0.18 m3 or more 0.24 m3 or more

transport cask

S
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on measures against the generation of gas (3/9)
Study results [4] (1/2): study on vent filter events that need to be taken into consideration as well as the proposal of
measures against such events with reference to the process flow studied in FY2019

Table. Work steps and vent filter events that require consideration (1/2)

During transfer .
bl S (including transfer inside the premises) Ui P (Eng-ieiin) STl e

Contaminated area (low-surface dose): = Contaminated area (medium-surface dose):
( ) [:r?m porary waste storage building|
Building | L
A Vf[entilation Monitoring
lllustration of the { 1
operation T
. 111
(1) Clogging of the vent filter (3) Corrosion and deterioration of the vent filter

The contents stir up during the transfer, clog The vent filter corrodes or deteriorates due to long-

the vent filter, and prevent the release of term storage and ceases to satisfy the hydrogen

hydrogen. diffusion performance (the side where the opening
narrows). Or, the contents are more likely to

Vent filter events  (2) Contamination due to dispersion of contents disperse (the side where the opening widens).
that need to be Fine particles or gas components released from
considered the vent filter contaminate the inside of the (4) Performance degradation due to filter
building and that of the transport cask. condensation
Moisture inside and outside the container condenses
on the vent filter part and blocks the vent filter. As a
result, the vent filter ceases to satisfy the hydrogen
diffusion performance.
—

I EEESS
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Proposed
measures*

1IRID

(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on measures against the generation of gas (4/9)
Study results [4] (2/2): study on vent filter events that need to be taken into consideration and proposal of measures against
such events with reference to the process flow studied in FY2019

Table. Work steps and vent filter events that require consideration (2/2)

Work step During transfer During temporary (long-term) storage

(3) Corrosion and deterioration of the vent filter

(1) Clogging of the vent filter
A

A
A

Install multiple vent filters (multiplexing) so that even if one
clogs, hydrogen can be released through the others.

Make the mounting structure of the vent filter like a labyrinth
so that the contents do not directly reach the vent filters.

As it is assumed that the vent filter gets clogged due to the
contents stirring up during transfer, use a lid with a vent filter
that is exclusively used during transfer (when storing the
container, replace the lid with a lid having a vent filter, which is
exclusively used during storage).

Evaluate the impact on the storage container in the event of
an explosion at the expected hydrogen concentration.

(2) Contamination due to dispersion of contents

A

For fine particles, require a particle collection efficiency
equivalent to that of HEPA (99.97% particle collection rate for
0.3 ¢ npatrticles).

Develop area classifications (red, yellow, green) based on the
assumed dispersion from vent filters to control contamination.
Inspect the storage container for surface contamination
(decontaminate if necessary) before transfer inside the
premises and before storage.

A

Select SUS316L or carbon composite materials
that are corrosion-resistant in atmospheric
environment for the vent filter media (sintered
porous filter).

Confirm corrosion resistance with test pieces of
the same material under the same conditions (or
harsher conditions).

(4) Performance degradation due to filter

A

condensation

Control the temperature and humidity using
ventilation system of the storage facility to
prevent condensation.

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%. Ensure that the hydrogen concentration
inside the storage container does not exceed 4
vol% within the estimated time that is required
for restoring the ventilation system. If it exceeds
4 vol% (the time margin cannot be secured),
ensure that the ventilation system is running at
all times by multiplexing the ventilation system
or by preparing an emergency power supply.

*These examples are only proposals, and not all the measures are provided in the table.
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Safety aspects

Confinement

3
4 Criticality
5 Shielding
6 Hydrogen
explosion
—

1IRID

(a) Study and evaluation of storage and management methods

[2] Study on the requirements of containers and storage facilities
Study on measures against the generation of gas (5/9)

Study results [5]-1 (1/2): organization of requirements and study policy of vent filters
The requirements of vent filters when storing waste in a storage container with a vent filter and the policy of study are organized as follows.

Table. Requirements and study policy of vent filters (1/2)

m Requirements of vent filters Policy of study on vent filters Remarks (issues, concerns, etc.)

Gas shall be removed, and leakage of
radioactive materials from the storage
container shall be prevented.

The leakage of radioactive materials
associated with the release of gas from the
vent filter shall be appropriately reduced.

The leakage of radioactive materials shall
be appropriately reduced, even in the event
of a fall, which is an event that should be
envisioned.

(Not applicable)

(No requirements)

The design used shall be able to maintain
the hydrogen concentration inside the
container below the design value.

The applicability of HEPA filter,
which is well proven in foreign
countries and for secondary
waste generated from water
treatment, shall be evaluated
and vent filters (mesh size and
structure of filter), that can
provide both hydrogen release
performance and confinement
function shall be studied.

(Not applicable)

The vent filter shall not have a
shielding function.

A vent filter that can keep the
hydrogen concentration in the
storage container below 4 vol%
in reaction to the amount of
hydrogen generated shall be
selected.

A The design condi
of hydrogen generated needs to be
established to specify the mesh size

of the vent filter (or the size of the

vent filter).

AThe contents that pass through the
vent filter need to be evaluated on

the amount released and the amount
of exposure dose resulting from the
release.

A 1t is a premise
possibility of criticality.

A Measures such as
(unsealed) with a shielding function

on the top section of the vent filter

need to be taken.

A 1t is necessary
margin shall be given for the
flammability limit of hydrogen (4
vol%).
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on measures against the generation of gas (6/9)

Study results [5]-1 (2/2): organization of requirements and study policy of vent filters
The requirements of vent filters when storing waste in a storage container with a vent filter and the policy of study are organized as follows.

Requirements of vent filters Policy of study on vent filters

Handling aspects

1 Remote control

Drying
treatment
(when waste
undergoes
drying
treatmentin a
storage
container)

Condensation
during storage

T1TRID

Table. Requirements and study policy of vent filters (2/2)

If the vent filter requires A 1f the vent filt
replacement, it shall be possible to  shall have a structure that enables
detach and attach the vent filter easy attachment and detachment by
through simple actions by remote remote control.

control.

(If the vent filter does not need
replacement, remote control does
not need to be considered.)

A Il'n the event th
to need replacement, it is

necessary to reflect the design to

the lid of the container.

A The vent filter Asihkl maxkeirbial béatA The dispersion

resistance that can withstand the equivalent to those of the containers. during drying needs to be dealt

drying temperature. A The contai ner s h aithbythesexhaustaas treatsmenp p
I't shall be pos andbxhastnorzlegpattashedanda | isgstem of the drying equipment.

on the vent section. have a structure in which the vent filter

can be closed with a cap. Or, the vent
filter shall be attachable to and
detachable from the lid of the storage

container.
Condensation during storage shall It is necessary to confirm whether
be dealt with by the building condensation causes lower
(ventilation and air-conditioning). performance of vent filters.
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follows with reference to the technical requirements (Atomic Energy Society of Japan Standard) of L1 containers.

No. Function fechnical elements of L Technical requirements of L1 containers Study policy of 1F
containers containers

(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on measures against the generation of gas (7/9)

Study results [5]-2: organization of requirements and study policy of containers
With regard to the requirements of containers when storing waste in a storage container with a vent filter, the study policy is organized as

Table. Requirements and study policy of storage containers (1/2)

Measures for preventing spread of contamination

Evaluation method
(container design
1 specifications, lid
attachment
methods)

Margin
(requirements that
should be
managed during
manufacturing of
containers)

1: A2.1

T1TRID

Management of

1)  Appropriate container
specifications (structures
and materials) shall be
adopted.

2)  Appropriate specifications
of joint between the
container and its lid
(structures and materials)
shall be adopted.

3)  Appropriate method for
attaching the container
and its lid shall be
adopted.

The management requirements
for manufacturing containers
that enables the container to
maintain its sealability shall be
pointed out explicitly.

radi oacti ve

1)  Specifications of container

1.1) Quality of materials used

1.2) Overall structure of container

2) Specifications of the container and its lid

2.1) Structure of the joint between the lid and
container

2.2) Material of joint (physical properties)

2.3) Conditions for the attachment of lid

3) Method for attaching the container and its lid

3.1) Management items for the method of
attaching the container and lid

3.2) Iltems for inspection when attaching the lid

1) Inspection and management at container
manufacturing stage
2) Management during the attachment of lid

wasteo of

Fukushi

AcConformity to the storage
of solid waste at 1F shall be
confirmed.

(e.g., rubbles with dose that
exceeds 30 mSv/h shall be
stored! on the second floor
in the basement of solid
radioactive waste storage
facility No. 9)

AManagement that suits the
properties of the waste is
needed.

(e.g., secondary waste
generated from water
treatment (such as slurry
generated by multi-nuclide
removal system) shall be
stored in a container with a
vent filter)

Dai Planh i Nucl e
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on measures against the generation of gas (8/9)
Study results [5]-2: organization of requirements and study policy of containers
With regard to the requirements of containers when storing waste in a storage container with a vent filter, the study policy is organized as
follows with reference to the technical requirements (Atomic Energy Society of Japan Standard) of L1 containers.

Study policy of
1F containers

AStrength that can
withstand the stacking load
during storage, strength

Table. Requirements and study policy of storage containers (2/2)

. Technical elements
Function :
of L1 containers

Physical stability (strength to withstand load): in the case of providing stability with the container

Technical requirements of L1 containers

1) The load

SUELElEn conditions that

conditions (load 1) Load conditions

3 conditions that
should be taken into

should be taken
into account

1.1) Hoisting load
1.2) Stacking load

that can withstand a fall
from an imaginable height

account) shall be 1.3) Load for filling inside pit (stacking is also adopted at
indicated. the 1F solid radioactive
waste storage facility)
1) Design 1) Requirements regarding container design

specifications
1.1) Quality of the materials used (physical
properties, limit of stress intensity)
1.2) Container manufacturing specifications
- Container structure

specifications of
the container
(material quality,

. AContainer structure that
manufacturing

Evaluation method takes into account nozzles

(container design zﬁzlﬁlgga;fr}isgm - Container dimensions for drying and vent filters
4 specification and pointed outp y - Requirements of the container manufacturing AContainer dimensions that
strength evaluation ) An analysis. shall method take into account inner
model) be conducted 2) Analy_sis of waste using strength evaluation model cor?t_ainers and storage
using a strength 2.1) DeS|gn_events and development of the facility
evaluation model evaluatlc_)n model for the stress created
appropriate for 2.2) Calculat!on method _
the waste. 2.3) C_alc_ulat_lon results (state of deformation,
distribution of stress, etc.)
—
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on measures against the generation of gas (9/9)

Summary

Achievements so far

V The number of vent filters that storage containers require and the minimum volume of void
necessary in the transport cask were evaluated based on the results of the evaluation on the
amount of hydrogen generated. The results gave a prospect that measures against the generation
of hydrogen can be taken without major changes based on the performance of existing equipment.

V Requirements of vent filters and containers were organized with reference to L1 containers and
track record related to secondary waste generated from water treatment at 1F.

Challenges

V The challenges are to study the process up to storage appropriate for the waste and to study the
failure modes and method of evaluating the impact on the performance of vent filters.

V Itis necessary to develop a concrete design considering the troubles that may occur in the future
and measures against such events when the period of storage of the container becomes longer.
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on drying treatment (1/13) Investigation of existing drying treatment technologies

FY2019 implementation details

(1) Investigation of existing drying treatment technologies (including organization of conditions);

(2) study on the requirements of the drying treatment facility

(1) Results of investigation of existing drying treatment technologies

U The preconditions concerning drying treatment (Table 1) were studied.
U  Eight methods were identified by combining heat transfer forms (four methods) and waste transportation (two methods) based on the
basic principle of drying.
0  The above methods were compared?. It was confirmed that the convection (static) method and conduction (static) method may be
applicable to existing technologies, and multiple heat transfer forms (convection, conduction, radiation) can be used together.

1: Applicability with regard to bulky metal and concrete waste (considering the shape, moisture, and radiation), interaction with other studies (container, storage building), items to be studied for container
corrosion countermeasures, and impact (dust, hydrogen) during the drying process

Table 1. Preconditions concerning the drying treatment

Table 2. Investigation results of existing technologies concerning the drying treatment
(results of comparative study on the eight identified methods)

1IRID

Mi Investigation items Investigation results
. . nor -
Major items| . 0 Conditions Shape  [Inner Four forms (static): can be static or stationary inside the drying equipment
items o container Conduction (transfer): cannot be stationary inside the drying equipment
Properties Status of ARemoved wastes associated with debris retrieval 3 Collected Convection (static, transfer), conduction (static), radiation (static): does not require additional processing and is
- . . 2 bulky waste |applicable to bulky waste
of the raw waste | (wet due to the cooling water in the reactor; wastes g Conduction (transfen): needs additional processing in addition to retrieval from the inner
wastes are in bulks and are assumed to be drained) g o ) ) container ) ) » _
targeted o Radiation (transfer), microwave (static, transfer): requires retrieval from the inner container and additional processing as
9 Treatment | AThe raw wastes generated during debris retrieval s zecel_ssat:{ o bulk o with bt wat wati
. . . 8 pplicable to bulky waste with no or slight water penetration
for IS Cl_‘lt in the PC_V toa _Slze e_qual to _Or smaller t'han 8 Moisture |Reduction |Absence of moisture: possible up to equilibrium moisture content
temporary | the inner container. It is drained by its own weight. B index Presence of moisture: has a limit to the moisture content and a depth from the surface from which it can be irradiated for
y 9 £
storage : H 3 each method
9 and no treatment other than drymg 1S performed i=) Amount Four forms (static), convection (transfer), radiation (transfer), microwave (transfer): has no limitation
before temporary storage. 2z brought in Condugction (transfer): has limitation
T n " - =t Considerations related |Four forms (static): requires shielding appropriate for the amount handled; requires maintenance for only a
Appllc_atlon AThe options Of_ measures against hydroggn are - § to radiation small number of sites as there are only few drive parts and interior parts inside the
to retrieval complete drying method (sealed container) or | 2 equipment
H =3 Four forms (transfer): requires shielding appropriate for the amount handled; requires maintenance for a large number of
flow vent m‘_athOd (U nsealed (_:O ntain er). % sites as there are many drive parts and interior parts inside the equipment
AThe drying treatment carried out at the storage @ > Container Four forms (static):  dimensions, structure, and transportation method of inner container
building maimy contributes to the confinement in E E E @ Convection (transfer), radiation (transfer), microwave (transfer): tmo(i:1heo:bo(:\}(reansferinsidethe drying equipment in addition
the container (measures against corrosion). §2 E Conduction (transfer): method of retrieving wastes from the inner container, method of collecting waste in the inner
. N N E= N .
(Containers for wastes shall be refillable until the 8% — —toniainerafier diving -
tai . duri t Storage building Common methods: air supply and exhaust systems, power (electric power) system
container COI'.I'OSIOH measures during storage Study items required for Common methods: status of adhesion of free water on target waste (metal, concrete)
become fea5|b|e.) container corrosion measures Corrosion margin based on the amount of residual water after the drying treatment
o Dust (solid) Common method: requires confinement (filtering) in the air supply and exhaust system, including the generation of
£ airflow in the drying equipment
i) Hydrogen Convection (static, transfer), conduction (static), radiation (static): scavenge from the system by exhaust
E E (including vacuum
o £ Conduction (transfer): requires confirmation on the complexity of the structure of the drying equipment (degree of
5 § difficulty of scavenging) and the possibility of controlling the temperature of the heat transfer part
= (hydrogen ignition prevention)
g Radiation (transfer), microwave (static, transfer): requires confirmation on the possibility of controlling the temperature of
g the waste (hydrogen ignition prevention) even though hydrogen is
— scavenged from the system through the exhaust
*The comparison results of applicable methods are in bold.
— :
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on the drying treatment (2/13) Study on the requirements of the drying treatment facility (1/2)

(2) Results of the study on the requirements of the drying treatment facility (1/2)

0 The Atomic Energy Society of Japan Standardi Tec hni c al requirements and tsefaceindudriallwase f
package :wad tefertedtd for the requirements of burial disposal of radioactive waste packages within Japan (Table 1), and the
concepts of drying treatment for the wastes in this study were compared and organized*? (Table 2).

0  As aresult of the above study, it was confirmed that among existing technologies, the convection (static) and conduction (static)
methods are expected to be applicable to the requirements of the drying treatment, response to procedures of the drying treatment for
individual containers, and concept of operation management indicators.

*2: The following seven matters were organized.

A Conditions of the target waste to be considered ~ AMethod of removing free water AMethod of drying free water ~ AEvaluation of appropriate removal or drying method
ARequirements for ensuring that the waste does not include a large amount of free water ~ AAdaptability to the procedures of the drying treatment for individual containers

A Operation management indicators and treatment conditions

Table 1. Comparison of the Atomic Energy Society of Japan Standard and concepts Table 2. Comparison of existing technologies and drying treatment requirements*5
of drying treatment for wastes generated during debris retrieval (excerpt)
Concept related to the drylng treatment in the Atomic Energy Concept of the drying tre?tment B |Formof heat transfer Convection Conduction Radiation Microwave
Society of Japan Standard i Te [orwastsgenerated during 5 |
. . . T f Stati Transf Stati Transf Stati Transf Stati Transf
method for manUfaCtUrlng SUb'SUrface |ndustr|a| waste package: debris retrieval ransport of waste atic ransfer tatic ransfer tatic ransfer atic ransfer
2 0 1*]5 0 Conditions of target Of the conditions of targef wastes present in fhe PCV, a plan can b made for information on the types, shapes, and storage locations (the wastes are currently in
It \waste the PCV adjit is before retrieval).jHowever, the state of the free water is uncertain.
m:
ems & Free water can b removed by folfpwing the &r Same as on the tr Free water can be removed by
~ ) Method of removing free | method. left. following the method.
; ﬁggﬁgnm Methods used by operators to [EVIEW conformance with Treatment from o |water & Time required for fhe removal deppnds on the O There are r Time required for the removal
. - - . . . 2
i reguirements and technical standards during generation during retrieval 2 amountof momugu::tm. — g’ls:‘?'"‘s-l gfgjq”rfj,f” the amount of moisture
e . R . ° ere are i e existing itional =
waste COﬂdItIOnlng for marginal depth disposal. up to temporary storage ﬁ U The existing many sites technologies arg] processing is O The temperature of wastes needs to
(Excluding technical requirements from waste disposal facilities £ technologiesare  fthatrequire  Japplicable. required. be measured remotely.
ini i . Method of drying free applicable. maintenance jir Same as on
or pertaining to transportation) (Not applicable to the treatment for _g water r The conditions fin the the left.
waste conditioning) EA and retentiop_time gquipmem. [¢] Tr_a_nsferring . U The ;o_nditions and retention time can
4.1 Requirements |Based on the marginal depth disposal report*® and burial disposal ~ [When using a sealed container for : can be specified.  Jir Same as conditions are B |peseecified.
(Attachment D  |project declaration** (Table D.1), it is interpreted that the removal  |temporary storage, free water is k=S s S inth ‘.)r:.theAleEf;J sihdard gor_:slex' ol t g 3 1tis difficultt v s of
; & H R S u Concepts In the ekisting gndard are e model for Is difficult to apply the concepts of
(reference)) of free kwater Comn\bmes to the n~ sufficient str enlgholedBeforelaAdtd prevent 9 |Evaluation of appropriate f applicable. transfer inside the S |temperaturein the existing AESJ
’() a C ? g € E ? and ;ne asu { € S to ;) r E the generation of § removal or drying method| drying equipment is % Standard.
airtig ness o containers).¢ e complex. z
hydrogen gas and Requirements for &r The operation tredtment conditionf and necessary | O The specification of % O The specification of operating
i i N retention time can b specified. the time required for > conditions (temperature) is complex.
4.2.1 Removal of |[If free water remains in the waste package, free water is removed \.,F)I'!'OSIOH (achieve . S"S“r'"g ?hall Ige WIaSte transfer inside the g
freewaterwhen |before sealing the container ( |artightness of container). aomeosunn?oufnf?:ea;;rge drying equipment is S
enclosing in a dryingo and Aothei ntgbgn vacuur [(Excludingcomplete drying for the complex, <
container strength of waste packages or for & The methodis J*Sameason [*Sameasonthqd O The contents need § O The impact of containers on
disposal) adaptable. the left. left. to be taken out. £ irradiation needs to be checked.
Ac ility to the procedures of (Equipment for 8
the drying treatment for individual preventing the
*1: The Atomic Energy Society of Japan St afedagzersd ATechpical rjerepdefi 1 je me nt and tept
method for manufacturing sub-s ur f ace industrial waste package: |20150 (standard f ¢FoEEdratorf to
per_f(_)_rm burial disposal of radloac_tl_ve _Waste generated from nuclear power plants and reprocessing = » - & The conditions ® The specification of operating
facilities by means of waste cond|t|on|ng) é g Operating conditions can be specified. & The specification of conditions (temperature) is complex.
*3: Safety regulations related to the marginal depth disposal of low-level radioactive <) 3 — the time for transfer is - -

2o A t of residual water | The conditions complex. O The impact of containers on
waste (January 2008, Advisory Committee on Energy and Natural Resources, Nuclear and Industrial s OmeorL:I‘io(; tﬁé ual water | ., be specified. plex. irradiation during operation time
Safety Sub-committee, Waste Safety Sub-committee) i (retention time) needs to be checked.

*4: The Regulation related to the Project for Category 2 waste disposal resulting from *5: Below are the legends for the results of method comparison.
nuclear fuel substances or from wastes contaminated by nuclear fuel substances (Burial Project 6: can satisfy the conditions, z : difficult to or cannot satisfy the conditions
EmmmRegulations)

S S
l Rl D ©International Research Institute for Nuclear Decommissioning 59



(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on the drying treatment (3/13) Study on the requirements of the drying treatment facility (2/2)

(2) Results of the study on the requirements of the drying treatment facility (2/2)

i Therequirements for the drying treatment facility are set out by organizing the investigation results of existing technologies and

requirements.

Table 1. Requirements of the drying treatment facility

Items Requirements of the drying treatment facility Remarks Items Regquirements of the drying treatment facility Remarks
It shall be possible to handle wastes associated with debris Specification of types, shapes, storage locations, and state of
retrieval (bulky metal or concrete waste that is wet with Based on the properties free water adhesion shall be possible.
reactor cooling water and drained) by storage containers  |specified for conceivable (As it is difficult to conjecture the state of free water adhesion at |1 o concepts in the existing
(containing inner containers). \Wwastes Conditions of _ [this pointin time, itis specified as management category | for Atomic Energy Society of
Shape target waste metal Wastes_anq management ca}tegory 1 or Il for concrete _ |sapan standard are
' wastes (considering the moisture inside) based on the concepts in applicable.
Applicability properties It shall be possible to reduce the amount of free  |Applicable technologies the existing Atomic Energy Society of Japan Standard
o the water brought in along with wastes associated with [are identified by (Attachment E).)
targeted debris retrieval to a level where it can be temporarily investigati'ng existing The confinement of radioactive substances in the container
waste stored. technologies. and at the drying treatment facility before and after the drying
- - - — - Measures for treatment should be possible.
Considerations [It shall be possible to have shielding appropriate breventing spread [Material: carbon steel SS material
fe't?}te_d to to m_e amount of waste handled. The treatment of contamination  |Structure of the container: Attachment of a vent filter that can
radiation facility shall not have any actuators or internal Same as above prevent the spread of contamination to a square-shaped container
parts inside, or if it does have actuators or internal that is being used in the premises of 1F is being studied.
parts, their maintenance should be possible. Substances that  |The facility shall dry free water, which may impair the

Treatment for temporary
storage

Raw wastes associated with debris retrieval shall be cut
inside the PCV to the size of an inner container or
smaller, drained by its own weight, and transported to and
received by the drying treatment facility. In the drying
treatment facility, the only treatment provided shall be the
drying treatment before temporary storage.

Based on collection, transfer,
and storage flow

Application to retrieval flow

Hydrogen measures shall be classified for

sealed or non-sealed containers, and the drying

treatment in the storage building shall mainly be
performed for confinement in the container

(measures against corrosion) .

1: Containers for wastes shall be refillable until the container
corrosion measures during storage become feasible.

Studied based on the
target waste

may compromise
the soundness

confinement function of sealed containers.

There shall not be any material that significantly promotes corrosion_(waste acid:|
hydrogen ion concentration index of 2.0 or less, waste alkali: hydrogen ion

concentration index of 12.5 or more) or generates significant amount of gas

Based on the properties
specified for conceivable

(pyrophoric substances, water-reactive substances).

Method of
removing free
water, method of
drying, and
evaluation

Technological requirements for drying

It shall be possible to remove free water and evaluate the
drying method using the methods of existing technologies.

(The time required for removal depends on the amount of
moisture brought in along with the waste, and the conditions and
retention duration can be specified.)

The technology that can be
applied to the requirements of
the drying treatment shall be
identified through
investigation of existing
technologies.

The concepts in the existing
[Atomic Energy Society of
Japan Standard are
applicable.

Requirements for
ensuring that the
waste does not
include a large
amount of free
water

It shall be possible to specify the operation and treatment
conditions and required retention time.

Same as above

Drying treatment for
individual containers

The drying treatment shall be performed for individual
containers after collecting radioactive substances (waste) in

the container.

Same as above

1IRID

Compatibility The container (dimensions, structure, transport Applicable technologies
with container  |method) and storage building (air supply and are identified by
and storage exhaust systems, power systems) shall be investigating existing
building compatible. technologies.
To prevent the spread of contamination, radioactive
substances (dust) shall be removed (filtered) in
Impact the air supply and exhaust systems of the dryin
during the [Dust (solid), T ying
. treatment facility. Same as above
drying hydrogen . )
The hydrogen generated during the drying
treatment
treatment shall be scavenged from the system
without allowing it to remain inside the facility.
N

(Amount of
residual
water
Operating
conditions

Operation
management
index

Operation
time

It should be possible to specify the amount of residual water
(representative value), operating conditions (pressure,
temperature, amount of exhaust and ventilation), and
operation time (retention time determined based on the tests)
using the methods of existing technologies (vacuum-drying,
those other than vacuum-drying) appropriate for the
condition of radioactive waste (management classification).

Same as above
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on the drying treatment (4/13) Study on the basic functions of the drying treatment facility (1/4)

FY2020 implementation details
(3) Study on the basic functions of the drying treatment facility (4) Study on the concept of the drying treatment facility

Precondition: The drying treatment shall be conducted after transferring the storage container to the storage building.

Reactor de|Id|ng: L of Addition: collection and 1Ffpre_m|_zes:h Storage building: acceptance
generation and retrieval o delivery of wastes transfer inside the and storage of wastes
wastes premises
[2] Study on the requirements of containers and [2] Study on the requirements of containers and
storage facilities storage facilities

: study on the measurement methods and measurement equipment : study on Ihe drying treatment

Inner
Waste container

"' -
| [2] Study on the requirements of containers and

| storage facilities
I : study on the rational shape of containers

[1] Investigation and evaluation of information Overview of the study and evaluation of storage and management methods
on wastes and study on methods for the
storage of high-level radioactive wastes

[2] Study on the requirements of containers and storage facilities
: study on measures against the generation of gas

(3)-1 Comparative evaluation of the drying treatment methods

i InFY2019, the convection (static) method and conduction (static) method were evaluated to be applicable.

i The possible methods of carrying in target objects (wastes) into the drying equipment are the method of carrying in the storage
container and the method of taking out and carrying in the inner containers. Both methods require the lid of the storage container to be
opened for the drying treatment, and there are concerns about contamination spreading across a wide range of area. (When taking out
the inner containers, placement of storage container outside the cell is considered.)

i As a method that prevents the spread of contamination and conducts drying treatment on individual storage containers, there is a
method in which the container is connected to the drying equipment with a nozzle, and only the nozzle is decontaminated.
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on the drying treatment (5/13) Study on the basic functions of the drying treatment facility (2/4)

Table 1. Comparison of the drying treatment methods: convection (static) method

Drying treatment A [1] Deliver storage container into the A [2] Remove inner container and place in A [3] Attach nozzles to the
methods drying equipment the drying equipment storage container

Storage container ~ Re€mote Inner container Remote
control cell control cell
(Open storage Drying
container lid) Jequipment
Conceptual diagram Hot air * Drying | |
of the methods __\ => equipment |0t air Exhaus

_ | , Exhaust ' HOt ai » =) [
A ;i rExhaust

|
I
Outside the remote control cell

N
’

’
N
s

Necessity of the Needs to be opened Same as that on the left Does not need to be opened
opening storage
container lid
Target of handling Storage container (remote control) Inner container (remote control) Air supply and exhaust hoses
(control method) (direct operation)
Range of Outer surface of the storage container Lid of the storage container Connecting portion of the
decontamination nozzles
Matters that need to Requires installation of the entire drying Same as that on the left Prevent the dispersion of
be considered to equipment inside the cell Ensure airtightness between the remote control contamination when attaching/
prevent the spread cell and the outside of the cell detaching the nozzle connection
of contamination

A Thedrying equipment is large. A Residual moisture in the storage container needs to A Nozzles need to be attached to

A The range of decontamination is wide. be treated. the storage container.
Issues A Remote control cell is required. A There is no double seal function for the size of the

A Passage of hot air into the storage container storage container lid.

needs to be secured. A Remote control cell is required.

Applicability T [ 3

*The method is likely applicable if the drying treatment is carried out immediately after retrieving the waste from the reactor building (after collecting in the inner container).
_—
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on the drying treatment (6/13) Study on the basic functions of the drying treatment facility (3/4)

Table 2. Comparison of the drying treatment methods: conduction (static) method

Drying treatment B [1] Deliver storage container into the B [2] Remove the inner container and place B [3] Attach nozzles to the
methods drying equipment in the drying equipment storage container

Storage container ~ Rémote Inner container BN | (The image shows an example of
control cell control cell | vacuum; an air supply nozzle shall
(Open storage Drying also be installed for atmospheric air
container lid) equipment supply and exhaust)
. [ ]
Conceptual diagram * Drymg [ { Exhaust
of the methods - equipment . = =)
—— E— Exhaust : :
o ® PR r-’ ( (J
° ° 1 ® ® [ Bxhaus
o . s o o ° °
(Examples of vacuum) seecoe / eee o000
LN Outside the remote control cell IR
Necessity of the Needs to be opened Same as that on the left Does not need to be opened
opening storage
container lid
Target of handling Storage container (remote control) Inner container (remote control) Air supply and exhaust hoses
(control method) (direct operation)
Range of Outer surface of the storage container Lid of the storage container Connecting portion of the
decontamination nozzles
Matters that need to Requires installation of the entire drying Same as that on the left Prevent the dispersion of
be considered to equipment inside the cell Ensure airtightness between the remote control | contamination when
prevent the spread of cell and the outside of the cell attaching/detaching the nozzle
contamination connection
A Thedrying equipment is large. A Residual moisture in the storage container needs A Nozzles need to be attached to the
A The range of decontamination is wide. to be t!'eated. . ) storage container.
Issues A Remote control cell is required A There is no double seal function for the size of the
' storage container lid.
A Remote control cell is required.
Applicability T I* 3

*The method is likely applicable if the drying treatment is carried out immediately after retrieving the waste from the reactor building (after collecting in the inner container).
B

I
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on the drying treatment (7/13) Study on the basic functions of the drying treatment facility (4/4)

(3)-2 Basic functions of the drying treatment facility
U  The basic functions (heating, exhaust, confinement, grasping of dryness) of nozzle connection methods that are applicable to
convection (static) and conduction (static) methods are organized.
(As the storage container will be used without opening the lid, the shielding function can be ensured by the container.)
U In addition to the above, methods for installing nozzles are provided as part of the container structure.
0 The conduction method of B [3] is separated into fivacuumod and

Table 1. Basic functions of the drying treatment facility

Drying treatment Heating Exhaust Confinement Grasping of Method of installing
methods dryness nozzle

A [3]: Convection (static) Install a blower and A Collect disper s e dinstabfiter@an t sMeasurathehunsdity [1] Attach the nozzle to
method, nozzles attached heater to the air Acollect moisture the exhaust side of the exhaust the body of the storage
supply side and AExhaust through blower on the (take account of container
supply hot air exhaust side responses such as
(dehumidified air or dry closing the vent [2] Attach the nozzle to
nitrogen is used) filter with regard to

the lid of the storage

the storage : ;
: container (take into

container with a

vent filter) account the use of vent
Hot ai xhaust _ filter)
=) = Alnstall a sealing
lid on the (Install a connection coupler
connection to the nozzle connection)
coupler
B [3]: Conduction (static) Heat the container Vacuum Same as above Vacuum Same as above
method, nozzle attached from the bottom and AcCollect dispersed contents and dust Measure the degree of (vacuum: one for exhaust,
sides of the storage Acollect moisture vacuum atmospheric pressure:
container with AExhaust with a vacuum pump one for air supply and one
(Example of vacuum) heaters Atmospheric air supply  for exhaust)
0 ) Atmospheric air supply and exhaust and exhaust
— WSI Acollect dispersed contents and dust Measure the humidity
® ) AcCollect moisture of the exhaust
® ® AExhaust through blower on the
® °® exhaust side
Heater

e
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(4)-1 Study on the method of nozzle installation

(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on the drying treatment (8/13) Study on the concept of the drying treatment facility (1/5)

The introduction of hot air supply to the lower section of the inside of the container can heat and dry all of the inside of the container.
If the hot air supply nozzle is attached to the container lid, it is difficult to insert the end where the hot air comes out to the lower section

a
V
of the container.
V  For this reason, the hot air supply nozzle shall be attached to the body of the container, and the end shall be placed at the lower section
inside the container. (Refer to the diagram below for the placement plan.)
U  There are three possible exhaust nozzle installation methods as shown below. The method studied is [1], which does not require modification
of the vent filter.
[1] Attach the exhaust nozzle to the container body (place a sealing lid on the vent filter section on the container lid)
[2] Attach the exhaust nozzle to the vent filter section on the container lid (use the vent filter for exhaust)
[3] Remove the vent filter from the container lid and attach the exhaust nozzle to the vent filter section
Exhaust of . .
Hot air supply off-gas Hot air Hot air
supply supply,
Air | \ ) Air supply
'nffzﬁg Y End of hot air Exhaust Air supply End of hot air nozzle End of hot air
supply nozzle nozzle nozzle supply nozzle supply nozzle~
(Top view) (Top view) (Top view)
Lid of the storage o Exhaust |
container /Seallng lid Xhaust nozz e\ Exhaust of off-gas Exhaust nozzle\ Exhaust of off-gas
. =N Exhaust of Hot air J%L Hot air JFHa
Hot air supplyf ' - - . o
/ off-gas supply / supply
. f Vent filter X f Vent filter . f
Air supply Al | Air supply
nozzle Exhaust |r:§up72 y ) nozzle
Storage End of hot air nozzle i End of hot air End of hot air
container supply nozzle < supply nozzle - supply nozzle ~,
body
(Side view) (Side view) (Side view) ]
[1] Install an exhaust nozzle onto [2] Install the exhaust nozzle onto [3] Remove the vent filter and install
the body of the container the vent filter section the exhaust nozzle
©International Research Institute for Nuclear Decommissioning 65
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on the drying treatment (9/13) Study on the concept of the drying treatment facility (2/5)

(4)-2 Study on the method of hot air supply
With regard to hot air supply, there are cases where dry air is used and cases where dry inert gas (nitrogen) is used.

]
[1] An air supply system that uses atmospheric air as dry air can be used by combining a dehumidifier.
[2] Gas cylinders can be used to supply dry nitrogen if the amount used is small. (Blower may be eliminated.)
[3] If the amount of dry nitrogen used is large, there are options of using nitrogen generators (e.g., PSA* nitrogen generators) and
recycling nitrogen. *Pressure Swing Adsorption
The different uses of dry air and dry nitrogen need to be determined by whether measures against fire and explosion are
required. However, as it cannot be denied that hydrogen accumulates inside the storage container immediately after transfer to
the storage building, therefore the method that uses dry nitrogen is selected.
—>
[1] Dry air Storage
container
Dehumidifier Blower  Air supply heater
[2] Dry nitrogen (supply from cylinder) Storage
container
It is likely possible that nitrogen can be supplied as part _ _ _
of the utility system as it is shared with canister drying. Nitrogen cylinder Air supply heater
A nitrogen generator shall be installed as a utility
equipment.
Air Nitrogen
[3] Dry nitrogen — Storage
(manufacturing of nitrogen) container
Nitrogen generator _
(Separates hydrogen Blower Air supply heater

and moisture
B 5
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on the drying treatment (10/13) Study on the concept of the drying treatment facility (3/5)

(4)-3 Study on the method of exhaust
U  The options of exhaust methods are atmospheric exhaust and decompression exhaust.
[1]Atmospheric exhaust is a method in which heated dry nitrogen is supplied from the air supply nozzle and exhausted from the

storage container with the blower on the exhaust side.
A condenser for the collection of moisture and a filter for the prevention of the spread of contamination are installed on the

exhaust side.
[2]Decompression exhaust is a method of exhausting air with a vacuum pump in the exhaust side while heating the storage

container with a heater to raise the temperature and prevent freezing.
A prefilter to maintain the operation of the vacuum pump (active component), a vacuum pump necessary for decompression, a

condenser to collect moisture, and a filter to prevent the spread of contamination are installed on the exhaust side.

{4p)
OO =
Connected to the off-
Nitrogen gas supply 4 4 > . gas treatment system
. Storage
[1] Atmospheric exhaust :
container
Condenser Filter Blower
j: Connected to the off-
£ > > » gas treatment
_ system
[2] Decompression exhaust @ Storage
container
® Prefilter Condenser Filter
@
' T XXX X Vacuum pump
Heater for storage
container
E—
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on the drying treatment (11/13) Study on the concept of the drying treatment facility (4/5)

(4)-4 Study on the outline of the overall system

U  The outline of the overall system was specified by combining the results of the study on the hot air supply method and exhaust method. The
basic concept is as follows.

[1]

[2]

[3]

[4]

Nitrogen gas = 2I=|:

supply

Convection (static) method: This is advantageous for heating waste but requires time to raise The inside of the container
the temperature inside the container. » is heated efficiently by
Conduction (static) method: This raises the temperature inside the container faster but requires combining both methods.
time to heat the waste inside.
Drying operation shall be conducted while preventing the decline of the temperature inside the storage container caused by
decompression exhaust using both the atmospheric air supply and exhaust method and the decompression exhaust method alternately.
V  In atmospheric air supply and exhaust, the air supply valve is opened, and the nitrogen gas is exhausted by running a vacuum
pump while supplying heated nitrogen.
V  In the decompression exhaust, the air supply valve is closed, and the nitrogen gas is exhausted by running a vacuum pump
while heating the container with a heater for storage containers.
In atmospheric air supply and exhaust, nitrogen is supplied from the nitrogen generator (utility equipment). The blower is not installed in
the air supply side to operate under minor negative pressure inside the storage container for reasons of confinement, and the system
exhausts the gas with a vacuum pump.
In the decompression exhaust, after the inside of the storage container is heated by atmospheric air supply and exhaust, the air supply
valve is closed, and the heater for storage containers and vacuum pump is started, vacuuming air from the storage container.

» Exhaust of
off-gas

Y

Y

Storage container

Air supply heater Heater for storage container Prefilter Condenser Filter

Air supply valve Vacuum pump
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on the drying treatment (12/13) Study on the concept of the drying treatment facility (5/5)

(4)-5 Rough layout plan Prefilter
i e e 2 AT
STV Air supply hose T/ I
- -
Air supply Exhaust hose = — E>Ef)g1ga;35t o
heater ~~g \ .y f
Ni”;?;;fas l=>1'$i i 1 Filter
Storage
I container u é
Heater for
storage — Vacuum pump Condenser
container
Top view ‘
- Sm -
N AT .
A —'ﬁ Prefilter
Air suppl ) [ /
Va|Vpep 4 ~d Storage container £
Nitr;?s,; ;]as = % // {
— Exh f
% | —— :$Of>;_ga;Ssto
'p.J 7 3
_______
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on the drying treatment (13/13)

Summary

Achievements so far

V  With regard to the concepts of facility for the drying treatment, etc., it was confirmed that the convection
(static) and conduction (static) methods are applicable to solid wastes based on the investigation on
existing technologies. The technical requirements of the drying treatment of both methods were
identified based on the Atomic Energy Society of Japan Standard.

V Regarding the requirement of facility for the drying treatment, the basic functions were organized from
the viewpoint of preventing the spread of contamination. The concept of the drying treatment facility in
case nozzles are attached to the storage container was formulated based on such functions. (Nozzle
installation, air supply and exhaust method, overall outline system, outline layout plan)

Challenges

V There is a lack of information on the amount of moisture the waste holds after draining. Evaluating the
time required for the drying treatment will be a challenge to be addressed moving forward.

V  Astructure in which air supply and exhaust nozzles are attached to the storage container and the end of
the air supply nozzle where air flows out is placed inside the container is studied. This structure needs to
be concretized in the future.

V In the engineering study phase of the drying treatment facility, the physical properties of the wastes,
structure of the storage container, etc., need to be clarified, and the operating conditions of the drying
treatment facility need to be specified.

S s
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on measurement methods and measurement equipment (1/10)

Background and purpose
Background

Study so far: It was assumed that measurements would be taken in the process flow studied until FY2018. The measurement

items, methods, equipment, etc., were not studied.

Issues

[1]Inputs (waste properties, requirements of transfer inside the premises, storage requirements, etc.) are not determined.

[2] There are restrictions on the measurement time, space for equipment installation, etc., for making the entire fuel debris
retrieval process feasible (quantitative design requirements are not determined).

[3]It is not practical to take measurements for all confirmation items. A logic for selecting the items is needed.

Purpose

To concretize the concept of the measurement equipment (listing the measurement method, requirements of the
measurement equipment, measurement location, measurement timing, etc.).

Study procedures

(1. The requirements of verification items that may be
measured or inspected in the process flow that was
__studied in FY2018 are organized.

\ 4

\ 4

2. The priority of measurements for the organized
confirmation items are studied.

4. The measurement methods and measurement
equipment for high-priority measurement items are
investigated.

A

3. A primary proposal of the measurement flowchart is
presented based on the priority of each measurement
item.

5. The measurement flowchart is reviewed, and the
requirements for each measurement are organized.

Figure 1. Process of study on the measurement methods and measurement equipment

1IRID
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on the measurement methods and measurement equipment (2/10)

1. '_I'he requm_aments of verification items that may be measured 2. The priority of measurements for the organized
or inspected in the process flow that was studied in FY2018 ssrratan tems e sl

are organized. ~ \

N

Confirmation items Assume that the revision of the Evaluate the confirmation items
When collecting in an inner container preconditions will continue in the future and based on the information on
’ ] } organize possible confirmation items wastes and status of study on
Basic properties . : S
) _ ) _ comprehensively. methods at this point in time.
Dimensions, capacity, weight,
condition of surface iori
Properties of waste (composition) Organized requirements Priority by purpose
Material, water, organic matter, _ Whether the item requires confirmation (e.g.,
corrosive substance Purpose_ and intent requirements for acceptance by facility,
Radiochemical properties Requirements for acceptance at the requirements for transfer inside the premises)
Surface dose rate, amount of delivery facility Difficulty of t
radioactivity, amount of nuclear material Requirements for transfer inside the IThicully ot measuremen
Heat generation characteristics premi_ses Whether there is a chance in terms of technology
} ) Requirements for acceptance at the that measurements can be made during the
Hydrogen generation properties storage building processes up to storage
ing i i Reflection to processes up to storage o . .
» When collecting in & storage container Reflection to processes from storage Possibility of estimation based on other
External appearance and onward measurement values
Weight ' Whether it is possible to make an estimate
Waste-filling rate Details and target of measurement relatively easily based on alternative
. measurement items
Surface dose raFe i Implementation method o o
Surface contamination Timing of implementation Possibility of avoiding measurement by
Surface temperature Place of implementation operation, evaluation, preliminary
Hydrogen generation rate Required value investigation, etc.
Amount of nuclide emission Whether it is possible to replace
. When collecting in a transport cask Potential ideas, issues measurement by operation, etc.
External appearance
Weight Proposal for measurement technology
Surface dose rate Conceivable issues

Surface contamination
Surface temperature
Sealing

_— ]
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on the measurement methods and measurement equipment (3/10)

Concept of identifying priority

Premise

A A's -lekel radivactive waste associated with fuel debris retrieval is produced around the same time as fuel debris, the time
and space required for collection, transfer, and storage could have an impact on the throughput of the entire fuel debris retrieval

process.
AWith regard to the measurements taken in the collection, transfer, and storage flow, it is desirable that only measurements of a

bare minimum are taken in the shortest time and smallest space possible.

Priority by purpose

Altems necessary in the collection, transfer, and storage flow of wastes shall have the highest priority as confirmation items.
V  Requirements of transfer inside the premises: surface dose rate of transport cask, surface contamination of transport

cask, etc.
V  Requirements for the acceptance of wastes at storage building: surface dose rate of storage container, surface

contamination of storage container, etc.

Altems necessary for the treatment and disposal in and after the storage process have a relatively low priority compared with the
above as it is possible to take measurements in and after the storage process. However, a sample port shall be established as an
alternate solution so that samples for analysis can be collected.

Possibility of estimation based on other measurement values and possibility of avoidance of measurements

N Lower a priority of items that could be estimated using other measurement values.
Example: Estimate the amount of radioactivity (92, b, U) &
N Lower a priority of items for which measurement can be avoided through operation, evaluation, preliminary investigation, etc.
Example: Ensure that the amount of nuclide emission is within the design value by confirming the lid closing

_— ]
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on the measurement methods and measurement equipment (4/10)

3. A primary proposal of the measurement flowchart is
presented based on the priority of each measurement item.

Confirmed at the time of planning
(Preliminary investigation and evaluation
of the objects to be removed)

Estimated from the surface dose rate
(If an estimation method cannot be
established, it is confirmed through

measurement, etc.)

Presence of organic matter
Presence of corrosive substances
Amount of radioactivity (noble gas)

Calorific value/surface temperature
Amount of radioact

Amount of nuclear material

Confirmation based on external Hydrogen generation rate

Concept

debris retrieval.

appearance (camera).

If the number of measurement items increases, there is concern that the
measurement time and equipment installation space will affect the overall plan for fuel

Therefore, the policy shall be to avoid measurement as much as possible for items
that can be estimated from other measurement results, items that are likely to be
evaluated in advance, and items that can be confirmed based on their external

ivity (U0, b,

Ensured by means of

Confirmation based on external
appearance (camera)

(camera)

Confirmation based on
external appearance

appearance (camera)

Dimensions/external appearance

External appearance
Amount of nuclide emission
(Are the lid and vent properly

vent filter design

Amount of nuclide

External appearance
Sealing performance
(Is the lid properly installed?)

Surface condition
Material (concrete/metal)

i)

emission

installed?)

Confirmation using a
measuring equipment

Confirmation usi

Ensured through draining

Weight

measuring equipment

ng a

Confirmation using a
measuring equipment

Weight

Weight

T1TRID
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Reactor
buiding Presence of moisture content/ Surface dose rate
amount of moisture content Surface dose ra_te . Surface dose raFe .
/ / Surface contamination Surface contamination
/ A\ | T T
| [ Z | [ [/ | [
| e s e e IS
[ weamancel | ] | el ey o
Dose-level [, 4
Inner container b . i ; Delivepy confimation rancpon cask i
rut s [ (RO ; ¢ et \ 8 Sffor dne S e s, | [t e et
[ g = ‘ . A
i\ Y < gy — l S & ",_,“ & . F % (T e
Fuel debris | 'tunnel l | ' Y o e o I ! d - .premises___
_— ! 1l (== - - =
— > et Ik_" l : & . s \ = g o o .
(R o R i P caspment o pessreg | e | [T b ' ;
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Fig. 1 Primary draft of measurement flowchart
A Altkms for which it is believed that measurement can be avoided through operation, evaluation, preliminary investigation, etc.
A Altkms that could be estimated from other measurement values
A Altkms that are believed to require confirmation using measuring equipment
. —
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on the measurement methods and measurement equipment (5/10)

4. The measurement methods and measurement equipment for
high-priority measurement items are investigated.

Items with high
measurement

Items Proposal for measurement technology It is determined that the need for a detailed
investigation is low since there are many
Weight There are many existing technologies existing technologies for weight
measurement.
Surface A ZnsS s ur A@MWsurmey meer §|_|

contamination

AGas flow meter ASmear method

priority
*

Surface dose rate

Alonization chamber survey meter AGM tube survey meter
AScintillation survey meter

It is considered that the principle of
detectors is the same as that of the system
for the measurement of the amount of

radioactivity (]|U

AOptical fiber dosimeter A G a ntanzera

Items with high
measurement
priority when
estimation from
the surface dose
rate is impossible

Calorific value

ADifferential thermal analysis (DTA)
ADifferential scanning calorimetry (DSC)
AThermogravimetry (TG)
AThermomechanical Analysis (TMA) ]
ADynamic mechanical analysis (DMA) ACalorific mete(

Surface AThermography n Thermocouple \
temperature
Amount of AUray spectrometer AOr gani ¢ scintill af
radioactivity ASi (Li) semicondd@arfldew emd
(U, b, 92)| Adrayspectrometer AGamma camera

ASPECT
Amount of AActive neutron method APassive neutron method

nuclear material

AActive o ray method APassive o ray method
AX ray CT (multi-energy system)

ARegarding fAcal orifi q
temperature, 0 it i s |c
be estimated from the other that has been
measured.

It is considered that the temperature
measurement on the surface is prioritized
since it is difficult to conduct thermal
analysis in the collection, transfer, and
storage flow.

Altis determined that the need for a
detailed investigation is low since it is
considered possible to measure the surface
temperature using existing technologies,
such as thermography and thermocouple.

Hydrogen AGas chromatograph APressure measurement
generation rate AUltrasonic hydrogen concentration measurement
Excerpt from the table fAArrangement of Measurement and | nspregaedinFEYA019 t
Select four items (surface dose rate, amount of radioactivi

generation rate) as items for the investigation of measurement methods and measurement facilities.

1IRID
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on the measurement methods and measurement equipment (6/10)

Applicability evaluation items

Measurement Applicability study .

Common

(Surface dose rate,
amount of

radi oacti
),

nuclear material,
hydrogen
generation rate)

Equipment size

Equipment weight

Radiation resistance

Possibility of remote
measurement

Usage results

Measurement of
the surface dose
rate

Measurement range

Does the size conform to the objects to be measured and the equipment characteristics?
Example:

AThe equipment can be operated by workers manually

AThe equipment can be mounted on a robot/manipulator

AThe equipment can be installed in an expanded building/storage building

Does the weight conform to the objects to be measured and the equipment characteristics?
Example:

AThe equipment can be operated by workers manually

AThe equipment can be mounted on a robot/manipulator

AThe equipment weight can fall within the load limit of the building floor

Can the measurement be conducted under high background environment during the fuel debris
retrieval at the Fukushima Daiichi Nuclear Power Station?

Can the remote measurement be conducted for objects to be remotely measured?

Are there any usage results at the Fukushima Daiichi Nuclear Power Station or other nuclear-related
facilities?

A When the inner container is targeted, can it be determined to be one of the following ranges: [1] more
than 400 Sv/h, [2] 31 to 400 Sv/h, [3] 10 to 30 Sv/h, or [4] less than 10 Sv/h? (provisional dose
classification)

A When the storage cask is targeted, can it be determined to be 10 Sv/h or less? (provisional
acceptance requirement for the storage building)

A When the transport cask is targeted, can it be determined to be 30 mSv/h or less? (provisional
requirement for transportation inside the premises)
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on the measurement methods and measurement equipment (7/10)

Applicability evaluation results

Surface dose rate

in For the measurement of the surface dose rate of inner containers, only the semiconductor detectors (with Si diode) and
optical fiber dosimeters have been rated as highly applicable since the measurement range of over 400 Sv/h is required.

N For the measurement of the surface dose rate of storage casks, some of the GM tube survey meters have also been rated as
moderately applicable in addition to the above detectors since the measurement range of up to approximately 10 Sv/h is
required.

N For the measurement of the surface dose rate of transport casks, many measuring instruments, such as the ionization
chamber survey meter and the scintillation survey meter, have been rated as highly applicable since the measurement range
of up to approximately 30 mSv/h is required.

Measurement of the amoulnt of radioactivity (U, b)

N Many measuring instruments have been rated as less applicable since most instruments are laboratory-based analytical ones.
Uray spectrometry analysis (thin diamond semiconductor detector) and alpha camera, which have been developed
considering its partial application to the site at the Fukushima Daiichi Nuclear Power Station, have been rated as moderately

applicable*.

* Applicability for the collection, transfer, and storage flow of waste from the debris retrieval (in the inner container case).
It is considered that the above measuring equipment and ZnS survey meters are also applicable for the surface contamination measurement of
storage and transport casks.

Measurement of the ampunt of radioactivity (92)

N Measuring equipment that has a proven track record of use at the Fukushima Daiichi Nuclear Power Station, such as a 2 ray
spectrometer (CdTe semiconductor detector) and pinhole-type gamma camera (CdTe semiconductor detector), was regarded
as highly applicable. However, the radiation resistance needs to be studied.

N
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(a) Study and evaluation of storage and management methods
[2] Study on the requirements of containers and storage facilities
Study on the measurement methods and measurement equipment (8/10)

Applicability evaluation results

Measurement of the amount of nuclear material

n The applicability of candidate technologies, such as the passive/active neutron method, passive 9 ray method, X ray
transmission method, and cosmic-ray muon scattering tomography, needs to be studied. (They have been rated as moderately
applicable provisionally)

n Since there are many relatively large components, there is a problem in their installation in the limited space of the expanded
building during the fuel debris retrieval.

n Even if the component is too large to be installed in the expanded building, it may be possible to install it in the storage building
if it is necessary to measure the amount of nuclear material from the viewpoint of treatment and disposal.

Measurement of hydrogen generation rate

N The hydrogen generation rate is calculated from the time variation obtained by measuring the hydrogen concentration.

N As candidate technologies for the hydrogen concentration measurement, gas chromatography and ultrasonic measurement
methods have been rated as moderately applicable after taking measures, such as pipe connection and gas flow.

N It is necessary to verify the applicability of radiation resistance and measurement range.

S S
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(a) Study and evaluation of storage and management methods
Reference [2] Study on the requirements of containers and storage facilities
Study on the measurement methods and measurement equipment (9/10)

Surface dose rate measurement technology

Name: Semiconductor detector (Si diode)

Measurement ray type: o ray

Measurement range: 1 mSv/h to 1,000 Sv/h

Equi pment sli98em (sizé af datestion probe)
Radiation resistance: 5 kSv/h

Operating temg®wb®Eure: 130
Pressure resistance: up to 0.8 MPa (based on the
description AUsable up to a water depth of mo

Remote measurement: Possible (50-m cable provided) Fig. 1 Semiconductor detector (with Si diode)
Usage results: Reference: MI RIREN UHR,r afi ST g F | u

Applicability: (Inner container) Applicable https://mirion.s3.amazonaws.com/cms4_mirion/files/pdf/spec-
’ sheets/c39078_sthf-r_super_spec_2.pdf?1562763882

Name: Optical fiber dosimeter v PClordata |
Measurement ray type: o ray, X ray R
Measurement range: 0.01 to 1E+05 (Gy/h) [t | P ] esiirmpancn |
Equi pment silza6cm G4. 0 cm About d4@mmm - ‘ :
(Detection area, EB2mment size/ G2 mmolam
Radiation resistance: 5 MGy (Co-60) : |
Operating temperature: Max. 300 “C (for 3.5 consecutive days) e — ¥ Praons of 1054 mmveclengnare et
Pressure resistance: up to 1 MPa ARy
Remote measurement: Possible (up to approximately 300 m with K> ﬁ*—' | L’?SSI.“JS?‘““"“Q“°"“°a'“y“e"P“°t°” g
optical fiber connection) Mool Jomdnm | e o
Usage results: Investigation on basement floor inside 1F-1PCV L e e
(B2 investigation) (FY2017) Fig. 2 Optical fiber dosimeter

Applicability: (Inner container) Applicable N
Reference: T. Tadokoro (2016), Development of Optical Fiber

Based Radiation Monitor, the 60th Radiation Measurement
Workshop
—
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(a) Study and evaluation of storage and management methods
Reference [2] Study on the requirements of containers and storage facilities
Study on the measurement methods and measurement equipment (10/10)

Measurement of the amaodunt of radioactivity (U)

Name: Uray spectrometry analysis (thin diamond semiconductor detector)
Measurement ray type: Uray

Measurement range:

Equipment size: assumed to be approximately several cm3

Radiation resistance: BG 350 Sv/h (confirmed in the laboratory test)

Reference: K. Ueno, Y. Nagumo, Y.
Kometani (2019), Diamond semiconductor-
Based U-Particle Detector for High Radiation
Environment, Proc. of 2019 IEEE Nuclear

Operating temperature: Science Symposium and Medical Imaging
Pressure resistance: Conference, 26 Oct.- 2 Nov. 2019,
Remote measurement: It can be mounted on a robot, etc., with a payload of Manchester, UK, N0.1110.
approximately 20 kg if a small preamplifier can be
applied

Usage results:
Applicability: Not preferable

Measur ement of the amgunt of radi Composite caple
Name: o ray spectrometer (CdTe semiconductor detector) —N

Measurement ray type: o ray

Measurement range:

Resolution: 12.9 keV (@662 keV)

Equipment size: 8.5 kg (including the shield weight when used inside PCV)
Radiation resistance: BG 19.4 Sv/h

Operating temperature:

Pressure resistance:

Power supply/signal
processing unit

CdTe semiconductor

e Bimm,
-~ | M e

___Improved compact B-10
| detector

Remote measurement: Possible (remote measurement while mounting on | SHoowm
ROV is planned)
Usage results: (planned to be used for detailed investigation inside Tungsten shield with collimator and water-seal container
1F'1PCV) Reference: I RID (2019), #fASub:
Applicability: Applicable and Contaminated Water Management in the FY2017
Supplementary Budgets Development of Technology for
Detailed I nvestigation insi de

L
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(a) Study and evaluation of storage and management methods
Review of collection, transfer, and storage flow (1/4)

1. Acceptance of inner containers/various measurements

(for inner containers)

2. Storage of inner containers into storage casks/various
measurements (for storage casks)

High surface dose/Contaminated Site: s
L ]

Retrieval cell

Measuring equipment

(Sampling

equipment)

.

Retrieval
from
PCV

Inner container

Medium surface dose/
Contaminated site:

High surface dose/ s
Contaminated site:

Storage container
handling cell
(maintenance cell)

Retrieval cell

B

\

Measuring equipment

L/ Lid A

Filter vent

_~ Storage
container

AAccept inner containers containing the waste generated from the fuel debris
retrieval work and perform various measurements.

<Major renewal points>

Alnner container specifications (provisional)

Reasonable profile is set considering the collecting efficiency in the storage
containers with multiple shield thicknesses

(Provisional: 450 mm square T 272 mm high)

AThe dose rate is measured to determine a provisional dose classification
(Candidates: Semiconductor detector or optical fiber dosimeter)
[1] > 400 Sv/h, [2] 30 to 400 Sv/h, [3] less than 10 to 30 Sv/h, [4] < 10 Sv/h

AEsti mate data such as the amount of
generation rate based on the dose rate. Take measurements if it is difficult to
estimate and can be measured

AcConduct the sampling for analysis as necessary

AStore an inner container into the storage cask with a shield thickness
appropriate to the provisional dose classification

<Major renewal points>
Acandidate material of storage casks (ductile cast iron or stainless steel)
A Additional (inner lining) shield thickness of storage casks for each provisional
dose classification
[1] /(none) , [2] /60 mm, [3] /140 mm
ANumber of inner containers per one storage cask for each provisional dose
classification
[1] /27 pieces, [2] /8 pieces, [3] /8 pieces
ARequired number of bent filters of storage casks for each provisional dose
classification
r(14 /d piexe [@]/1ipiede 3} /2 giezes

b, U) and the hydr

AConfirm the acceptance requirement for the storage building by measuring the
surface dose rate of the storage cask (provisional value: < 10 Sv/h)
(Candidates: Semiconductor detector, optical fiber dosimeter, or GM tube
survey meter)

AConfirm the surface contamination using the smear method, ZnS survey
meter, etc.
(Candidates: Uray spectrometry analysis (thin diamond semiconductor

detector), alpha camera, scintillation survey meter, smear method)

olgen
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(a) Study and evaluation of storage and management methods
Review of collection, transfer, and storage flow (2/4)

3. Storage of storage casks into transport casks/lid closure of the 4. Delivery confirmation and loading of transport casks/transportation
transport casks of casks to the premises
. Low surface dose/
Medmm_surface_ d(,)SE/ Low sur_face dos_e/ — Contaminated site:
Contaminated site: Contaminated site: [
| | ) Building

Storage container Carrying-in/ [

handling cell i . % — carrying-out cell ——
(maintenance cell) m carrying-out cell l
o
Q [ 1 [
T ‘

Pre-delivery inspection equipment

J)
=
Lid
Waste transport
cask

Dolly

To the storage
= building

AStore the storage cask into the sealed-type transport cask. AcConduct the delivery confirmation of the transport cask

AConduct the visual inspection

ASet the pore volume of the transport cask so that the hydrogen concentration in AAssume that unmanned transportation should be conducted at night in case the
the transport cask does not reach the lower explosive limit during the transfer dose rate exceeds 30 mSv/h
period inside the premises (assumed to be up to 7 days).

<Major renewal points>

<Major renewal points> ABy measuring the surface dose rate of the transport cask, confirm the requirement
ARequired pore volume of the transport cask for transportation inside the premises (provisional value: <30 mSv/h)
3.25 m® or above (based on the FY2019 model for the evaluation of the (Candidates: Semiconductor detector, optical fiber dosimeter, GM tube survey
amount of hydrogen generated) meter, ionization chamber survey meter, scintillation survey meter, etc.)
z
0.24 m?3 or above (based on the FY2020 model for the evaluation of the A Confirm the surface contamination using the smear method, survey meter, etc.
amount of hydrogen generated) (Candidates: Uray spectrometry analysis (thin diamond semiconductor detector),

alpha camera, scintillation survey meter, smear method)

e
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(a) Study and evaluation of storage and management methods
Review of collection, transfer, and storage flow (3/4)

5. Acceptance test of transport casks/carrying-in of casks to the 6. Lid removal of transport casks/Carrying-in of storage casks
storage building
Low surface dose/Contaminated Site: s Low surface dose/ Medium surface dose/
Contaminated site: Contaminated site:
| Storage building | I Storage building

3 [ )

oo

-]

Measuring equipment
Acceptance inspection ?quipment rﬁ
i £ e LJ .
Lid
Reactor o >
buildin =
AConduct the inspection of the transport cask ARetrieve the storage cask from the transport cask to conduct the acceptance
AcConduct the visual inspection test
APerform various measurements as necessary AConduct the visual inspection
APerform various measurements as necessary
<Major renewal points> AAssume that unmanned and/or remote operation should be conducted when
AcCandidates for measurement: surface dose rate of the transport cask storage casks are handled inside the storage building
(Candidates: Semiconductor detector, optical fiber dosimeter, GM tube survey
meter, ionization chamber survey meter, scintillation survey meter, etc.) <Major renewal points>
AcCandidates for measurement: surface dose rate of the transport cask
AcCandidates for measurement: surface contamination of the transport cask (Candidates: Semiconductor detector, optical fiber dosimeter, or GM tube
(Candidates: Uray spectrometry analysis (thin diamond semiconductor survey meter)

detector), alpha camera, scintillation survey meter, smear method)

AcCandidates for measurement: surface contamination of the transport cask
(Candidates: Uray spectrometry analysis (thin diamond semiconductor
detector), alpha camera, scintillation survey meter, smear method)

e
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(a) Study and evaluation of storage and management methods
Review of collection, transfer, and storage flow (4/4)

7. Drying treatment 8. Temporary storage

Medium surface dose/Contaminated site:

| Storage building |

— 1} )

Drying equipment

Medium surface dose/Contaminated site:
|  storagebuilding |

L
| Drying area !Temporary storage area’
1

|
[ 1 4
Ventilation
system

Monitoring
equipment

ATake measures against corrosion of containers during storage and perform
drying treatment to reduce the amount of hydrogen generated

<Major renewal points>
Drying apparatus specifications (provisional)
A Should combine the convection (standing) method with the conduction
(standing) method
A The apparatus comprises a nitrogen supply system, air supply heater, heater
for storage casks, intake valve, pre-filter, vacuum pump, condenser, and
filter.
A Air supplied to the storage cask should be passed through the nozzle
installed in the storage cask to prevent scattering

ATemporarily store storage casks

APrevent the increase in hydrogen concentration by ventilation in the storage
building or hydrogen treatment facility

AMonitor the hydrogen concentration, radiation, etc.

<Major renewal points>
AMeasures for long-term storage
A Conduct the treatment before storage as necessary (such as container
cleaning)
A Manage the air conditioning of the building as necessary to prevent a
corrosive environment
(such as temperature, humidity, and salinity)
A Take measures to prevent storage casks from tipping over during an
earthquake, or set the structural strength assuming a fall from a high place
A Replace worn parts after monitoring and/or inspection

AConduct the measurement supporting treatment and disposal as necessary
A candidate technologies for measuring the amount of nuclear material
(such as the passive/active neutron method, passive 2 ray method, X ray
transmission method, and cosmic-ray muon scattering tomography)
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(a) Study and evaluation of storage and management methods
[1] Investigation and evaluation of information on wastes and study on methods for the storage of high-level radioactive wastes

Summary

Achievements so far

V  The latest information such as the type, quantity, and cutting profile of waste generated from the fuel debris retrieval work was
presented by investigating the reports of projects related to fuel debris retrieval.

V  On the basis of waste information obtained through the investigation, the evaluation of the amount of hydrogen generated for
removed wastes, which would be an input of AStudy of meas
absorption rate of radiation into water was evaluated in consideration of the waste storage profile, and sensitivity was also
evaluated while the amount of water was changed.

V  Considering the scenario of long-term storage, investigation was conducted on measures during the storage of radioactive
materials such as domestic and foreign reactor internals and spent nuclear fuel. On the basis of the results of the investigation,
four assumed events during long-term storage (damage of containers due to corrosion, long-term gas generation, occurrence
of external events such as earthquake, and deterioration of consumables) have been selected, and multiple action policies and
proposed measures have been presented.

V  Provisional classification (material, profile, and dose) was set through comparison with waste generated from fuel debris
retrieval in JPDR (Japan Power Demonstration Reactor) and Fukushima Daiichi Nuclear Power Station cases, which are
precedent examples of dismantling and storage of in-core equipment to present the storage method for each provisional
classification.

Challenges

V  Since the report of the debris retrieval-related project at this stage is used as the input, it is necessary to rearrange the waste
information and, if necessary, review the classification of waste generated during the fuel debris retrieval when the input
information is updated because of the understanding of the future condition inside the reactor vessel and/or the progress of
the study for the fuel debris retrieval method.

V  After the concept of the (liquid and gas phase) safety system for fuel debris retrieval is established, it is necessary to
rearrange the type, property, and generated amount of the liquid- and gas-phase secondary waste.
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(a) Study and evaluation of storage and management methods
[2] Study on container and storage facility requirements

Summary
Achievements so far

V  Reasonable inner container dimensions that can correspond to multiple shield thicknesses were presented (Provisional: 450 mm
square I 272 mm high)

V  On the basis of the evaluation of the amount of hydrogen generated, there is a prospect that containers can be handled in the
same way as the existing general storage and transport casks for high-dose waste by presenting the number of vent filters
required for storage casks and the required pore volume of transport casks.

As a result of the study on the container based on the technical requirements of the L1 container, there is no major difference from
the existing adsorption towers for secondary waste generated from water treatment and the domestic and foreign general storage
casks for high-dose waste.

V  Regarding the concept of equipment for drying treatment, the technical requirements for drying treatment in the convection
(standing) and conduction (standing) methods were identified.
In addition, regarding the requirement of equipment for drying treatment, the basic functions were organized and the concept of
equipment was prepared from the viewpoint of preventing the spread of contamination. (Nozzle installation, air supply and
exhaust method, overall outline system, outline layout plan)

V  The measurement items and methods in the collection, transfer, and storage flow were presented. It was confirmed that there is a
technology with high applicability to the flow regarding the surface dose rate and 2 rays (gamma rays).

Challenges

V  For vent filters and containers, it is necessary to consider the failure modes and the problematic events that may occur when
storage is prolonged.

V  Itis necessary to consider coming up with details for the drying time and the structure of the drying apparatus into practice as
soon as the information on the waste properties is obtained.

V. A method for estimating the amount of radioactivity (U,sob),
the surface dose rate and o ray is required. If the estimation method is not established, it is necessary to consider the
measurement method.
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(b) Technological development of contamination evaluation for sorting solid wastes
- Overview -

>

Actual schedule

L InFY2019, a prototype (Fig. 1) was developed as a measuring
equipment that can measure U contamination remotely (alpha camera)
keeping in view the on-site environment and an element test was
performed. Issues related to this method were identified on the basis of
the element test results, and the applicable range was specified.

Goals

1 To develop a measuring system with the pan/tilt mechanism of alpha
camera to scan the shooting area as a system for measuring U
contamination attached to the building concrete and the surface of the
equipment and the image synthesis function for preparing three-
dimensional (3D) contamination distribution To design and develop
systems for on-site application and conduct functional verification
testing In addition, to conduct mock-up test for U-contaminated
equipment on the site and carry out performance evaluation

A Details of implementation

L In FY2019, the prototype was improved on the basis of the FY2018 Fig. 1 Developed prototype
element test results, and element tests continued to be performed. In
addition, preliminary systemization test was conducted, and the data Alpha camera ,
required for designing the measuring system were collected. (Fig. 2) N

1 In FY2020, a system based on the design will be developed and
functional verification test for the system will be performed. Also, a
mock-up test will be conducted for U-contaminated equipment on the it _
site, and performance evaluation will be carried out. mechanisni

A Goal achievement index
1 The data required for design completion should be acquired. (FY2019) Eghamsm
L Performance evaluation should be conducted by means of a mock-up

>

Synthesize
contamination
distribution in

camera image

Receiver of signals
(ultraviolet rays)
produced by Urays

Control unit of
transport trolley
equipment

Power supply unit for
alpha camera

.' ,,

teSt (FYZOZO) (Pan drive motor)  (Tilt drive "'JR Wire type pont‘iqm_@

Fig. 2 Image of Uray contamination measuring system
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(b) Technological development of contamination evaluation for sorting solid wastes
- Current status of U-contaminated waste management and issues thereof -

Current status of U-contaminated waste management
When smear measurementdetectsUnucl i de contaminati on at s uBgfcm2c e
the waste has been segregated and stored in a storage cask. However, decommissioning work will
commence on a full scale in the future, and a large amount of waste will be produced. Hence, it is not

realistic to carry out smear measurement and segregate all waste after dismantling, considering the time
required for measurement and radiation exposure to workers.

. Reguirements pertaining to waste segregation technology
U Identify the surface contamination distribution of the target objects before dismantling.
U Reduce the measuring time and reduce the exposure dose associated with measurement.

. Purpose of this Project

To examine its applicability to site and develop a technology that can measure the object (or area) to be
dismantled before dismantling in an exhaustive manner and also within a short period of time

. . Usurface contamination
U contaminated density distribution on

area the surface of the
equipment (metals, etc.)

U surface contamination
density distribution on

building concrete surface Image of distribution meas
urement
D Surface contamination density
(Bg/cm?) distribution
Below lower limit of detection

Contamination distribution
measurement

~
[ il

Fig. 1 Image showing distribution measurement using alpha camera
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(b) Technological development of contamination evaluation for sorting solid wastes
- Concept for identification of contamination distribution of building to be dismantled -

By qualitatively identifying the U contamination distribution in the work area and performing
appropriate management, it can be expected to prevent exposure of workers, reduce U contamination
waste, and prevent the spread of contamination.

[1] Prevention of workers' exposure to radiation (Radiation safety)

Because the workers must evacuate when the dust concentration may exceed the standard value of 41 10" 8[Bg/cm3]*, it is necessary
to identify the contaminated area before work and take decontamination or anti-scattering measures.

*4] 10" ¢[Bg/cm?3]: Equivalent to the case where U-contaminated substances of approximately 108 [Bq] are scattered in a space of

31 31 3 m3 Assuming that contamination of 108 [Bq] is concentrated at one position, it is equivalent to approximately 1 Bg/cm2
(standard area 100 cm?).

[2] Controlling useless waste generation

It may be possible to reduce the amount of waste stored as U-contaminated waste if it is possible to identify and decontaminate the area
with U surface contamination that may exceed 0.4 Bg/cm2, which is the site control standard. It is best to be able to quantify the U
surface contamination of 0.4 Bg/cm2, which is the control standard, but it has the effect of suppressing the amount of U-
contaminated waste generated by only identifying the location with high-concentration contamination.

[3] Prevention of spreading contamination

By decontaminating the U-contaminated area obtained with the measurement, it has the effect of suppressing the spread of U
contamination in the dismantling work and reducing the U-contaminated waste.

Investigation of
environment Identification of
(Dose rate, U structures
measurement, (Pictures and 3D models)
etc.)

Shielding and Main

Shielding and

el decontaminati construction
decontamination plans

on works work

Study of the shielding and
decontamination methods

Figs. 11 7 Currently estimated work flow
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(b) Technological development of contamination evaluation for sorting solid wastes
- Requirements of Uray measurement and items to be studied in this project -

A The applications for remote measurement technology of U contamination (with alpha camera) have been arranged by purpose.
A In this project, verification of the technical feasibility of the alpha camera and development of equipment for identifying the
contamination distribution of building to be dismantled for events, such as debris retrieval preparation work, that are about to be

applied will be carried out.

Measurement for
solid waste

segregation

Contamination
inspection during
the item
transportation

Main purpose of this project

Contamination
inspection of
building to be
dismantled

Identification of
contamination
distribution of building
to be dismantled

Presence of debris
attached on the
surface of dismantling
waste

Purpose Measurement for
determining the
treatment and
disposal method

Objectsto  General waste

be

measured

Measurem  Radioactivity

ent items concentration by
nuclide (Bg/kg)

Equipment  Fixed type can be

movability  also used.

Mapping Not required

function

—

T1TRID

Confirmation of
absence of
contamination

Canister and
equipment for waste,
etc.

Surface
contamination density
(Bg/cm?)

Fixed type can be
also used.

Not required

Confirmation of
absence of
contamination

Building and
equipment to be
dismantled

Surface contamination
density

(Bg/cm?)

Quantitative
measurement

Required

Required

Understanding of
contamination status for
work planning
preparation

Building and equipment
to be dismantled

AcContrast of surface
contamination density
AQualitative evaluation

Required

Required
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Determination of debris
and solid waste

Dismantling waste

Presence of debris

Fixed type can be also
used.

Desirable
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(b) Technological development of contamination evaluation for sorting solid wastes
- Principle of alpha camera -

Measurement principle

[1] Reaction takes place with nitrogen within U radiation
range (several cm) to produce several 100 photonic
ultraviolet rays.

[2] These ultraviolet rays are focused and imaged with a
lens, and the distribution of Urays is measured from the
distribution of the number of photons reaching the light
detector.

[3] PMT (Photomultiplier Tube) is shielded as it is likely to
be affected by Cherenkov light or others when 2 rays
enter PMT.

Example of presentations made in connection with

the alpha camera

1. IEEE2013 NSS, Remote Detector of Uray Using Ultraviolet Ray Emitted by
Nitrogen in Air

2. ICONE-23, REMOTE DETECTION OF h RADIATION USING UV PHOTONS

EMITTED BY NITROGEN

3. Spring meeting of Atomic Energy Society of Japan in FY2013, Technology for
remote measurement of U radiation

4. Autumn meeting of Atomic Energy Society of Japan in FY2014, Technology for
remote measurement of U radiation - Application to lighting environment -
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(b) Technological development of contamination evaluation for sorting solid wastes
- Development history -

A In FY2018, target specifications taking into consideration the on-site environmental conditions were
set. Since FY2018, the design, development, testing, and improvement of the alpha camera unit and
system corresponding to the target specifications have been carried out.

A For each result, the overview is shown on the following pages.

Table 1 Development history

Environmental Identification of factors from

Environmental condition setting condition setting easurementpninciple/Setting
I of required specifications
Evaluation of
environmental conditions
Design/development Test for detector alone
Alpha camera —Z
alone I Evaluation of material to be
Improvement Test measured and measurement
performance of Usurface
system .
Systemization Design Test
(with functions of % I Performance
panttilt, raising/ / Development verification test
lowering, and 3D n Performance evaluation as U 1 ]
distribution camera Improvement
preparation) n Verlflcatlon.of 3D d|§tr|but|on EEEEEER
preparation functions
*1:FY2018 Supplementary Budgets fASubsidy Project of DR& dommi ssi or
Treat ment and Disposal of Solid Radioactive Waste (R&D for Pr
*2: FY2019 Supplementary Budgets ASubsidy Project ofR&Dfercommi ss
Treat ment and Disposal of Solid Radioactive Wasteo
E—

T
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(b) Technological development of contamination evaluation for sorting solid wastes
- Factors influencing the measurement with alpha camera alone -

yldentification of factors for setting of environmental conditions

N Identify factors affecting the amount of signals and factors causing noise (in black bold text) according to the measurement principle
of the alpha camera.

N Add the design parameters of the alpha camera out of the identified factors (in blue bold text) to the evaluation items.

Detector:

Alncrease in heat noise caused by temperature rising of the detector
(temperature)

Alncrease in noise caused by electric noise

l Visible-light filter Visible-light filter:

Detector Lens ADecrease in light transmission rate in the UV range

. (filter thickness)
(PMT) Mirror AShielding of lighting, environmental light (visible light) (lighting)

Lens:

. AcChange in sensitivity due to increase/decrease in aperture (solid
Shield for o rays angle) (Lens aperture)

AReduction of peak intensity due to blur (Lens profile)
\__. Shield:

Misdetection of light generated by the incident 2 ray on the lens and
detector after transmitting through the shield (e.g., Cherenkov light)
(Air dose rate, shield profile)

UV propagation

UV propagation:

A Absorption of ultraviolet rays due to powdery dust
concentration, light reduction due to scattering, etc.

A Light reduction due to humidity

K Py ] Light emission by radiation other than Urays
Factor mamly ~ A Misdetection of UV emission by o rays (b and o surface contamination
. . Urays —
causing noise ensity) o o
Light A Misdetection of UV emission by b rays (b and o surface contamination
Y density)
Factor mainly EmiSsios

Light emission by Urays:

affecting the A ‘ _
amount of signals grézr;%t:elg release rate due to surface profile (roughness) to be

Fig. 1 Pattern diagram showing principle of alpha camera A Increase in self-absorption due to amount of water to be measured
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(b) Technological development of contamination evaluation for sorting solid wastes
- Setting of required specifications -
y'Setting of environmental conditions

0 Among the factors affecting the measurement identified on the previous page, the required specifications are set as environmental
conditions for factors other than the design parameters of the alpha camera.

U Asamethod of applying the evaluation technology of U contamination distribution, target values of quantitativeness and position
resolution are set on the assumption that the pollution density in the building to be dismantled is comprehensively measured.

TablelRequired specifications for envi rldraymeasurementperformdricd i ons a

: About 50 mSv/h : . " . .
Air dose rate (Max: approximately 150 mSv/h) Set according to environmental conditions on the operation floor of Unit 2

Environmental £

Set according to annual maximum and minimum temperature data in Hirono-

F r { A ) )
<_acto S temperature I 3C 035/ machi, Fukushima Prefecture
causing noise [ o L S
Lighting Lighting is required in some cases. Assume the worst conditions.
DEUERIETlETS Max: 300 kBg/cm? Measurement values on the operation floor of Unit 2

contamination density

Set as a distance that can measure walls, floors, and ceilings considering the

ST ISR ol lifting function of the trolley

IS CIEIIN 51 ofile of object to be | Spherical, concavei convex, and

affecting the [OSRS plane surface

aggzglt:f Environmental humidity Max: 100% Assume the worst conditions.

Set assuming the wall, floor, and pipes (cylinders)

Application location is assumed to be inside the building, but the dust level may
be almost the same as that in an outdoor environment in the worst case.

Powdery dust Same as the amount of outdoor dust

Mol Set in consideration of application to prevent exposure of workers and suppress
Quantitativeness Being able to identify the distribution . - PPl P P PP
. the generation of U-contaminated waste
Uray at order level

measurement
performance

Equivalent to the surface density limit for U radioactivity in the standard for the

Lower limit of detection - (Approximately 4 Bg/em®) transferring items from the controlled section

Set as a value equivalent to the standard range of 10 cm I 10 cm for general U

Position resolution 10 cm S .
surface contamination density
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(b) Technological development of contamination evaluation for sorting solid wastes
- Test results corresponding to required specifications (1/3) -

yEvaluation of assumed environmental conditions for detector alone
0 Itwas confirmed that temperature, humidity, and dust have little impact on measurement
0 Itwas confirmed that there was little change in sensitivity when measured from an oblique direction to the radioactive

source and that the sensitivity decreased when there was contamination on the concave portion
) ) o ) o (Blue text: Updated information with the actual value
Table 1 Test results regarding required specifications for environmental conditions and measured using the equipment developed in

t ar get vlady measurementfperformance 2020)

| items | Required specifications Overview of test results

About 50 mSv/h Evaluate the properties by applying 2 rays of up to 100 mSv/h at the irradiation facility
(Max: approximately 150 mSv/h) A Confirmed o ray sensitivityof2 . 8 sT 1/ mSv/ h

. Conduct the test under the condition that the equipment is placed in the thermostatic chamber, and evaluate the
Environmental = < e
temperature 1 BCto 35/C temperature inside the detector.
P A The temperature control system keeps the detector temperature below 254C, which is not affected by noise.
Factors S L Install filters that can eliminate the visible light. Sensitivity reduces to 66% since signals to Uray sources are
. . s Lighting is required in some o .
causing noise Lighting - eliminated because of the AR-coated* filter.
’ * Coating for reducing light reflex

Air dose rate

b and o surface
contamination 300 kBg/cm?
density

Measure Sr-9 0 b ,-1 £B0o, a2Aldsources 1 m ahead. Acquire relative sensitivity based on sensitivity to Urays.
b ray (Sr/Y-90): 0.05%, 2 ray (Cs-137): 0.009%

Measure the Uray source Am-241 by changing the measuring distance and confirm the following:
3m A Sensitivity is inversely proportional to the square of the distance.
A Sensitivity at measuring distance of 1 m: 0.47 s'/Bg/cm?

Measuring
distance

Install Am-241 source (flat plate) on the curved surface and concave portion to evaluate the change in sensitivity.
Factors Profile of object to Spherical, concavei convex, and A Measurement direction (spherical surface): 0Ato 90AY | mpact : Low
affecting the be measured plane surface A Sensitivity deteriorated to 71% during contamination measurement on a concave portion at a depth of 25mm. 67% at a
depth of 50 mm
amount of _ —— . . o
. | Place the equipment and the radioactive source in the thermostatic chamber, and control the humidity to evaluate the
signals Environmental Max: 100% sensitivity to Urays.
humidity ' ADecrease in sensitivity is O3% even when humidity is 9
is added to the radioactive source.
ViIEE (T (2 eI 65 GUIREET Evaluate th_e UV transmittance under the S|mu|ate_d du_st environment with the dust generation system. _
B AConfirm that the sensitivity change is O1% even in an o
*Air cleanliness standard (1ISO14644-1): In CLASS 8, the upper limit is 3.52 1 10° for particles of 0.5e m. St i pul ated for

Powdery dust

o Being able to identify the A Confirmed that there is a correlation between radioactivity and signals at up to 9.2 kBq during the measurement of the
= Quantitativeness .~ 7 " ~ ! !
Uray distribution at order level standard Uray source Am-241 under the noiseless environment
measurement LOWEI"|ImIt @ (Approximately 4 Bg/cm?) A Confirmed that the contamination of 0.4 Bg/cm? can be identified even if it is under the noiseless environment
detection
performance
Position resolution 10 cm A Confirmed that the position resolution was 2.1 cm under the noiseless laboratory environment
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(b) Technological development of contamination evaluation for sorting solid wastes
- Test results corresponding to required specifications (2/3) -

yPerformance evaluation of alpha camera

0  As a measurement system, the evaluation of the measurement angular field, position resolution, and distance correction
method of the alpha camera has been completed. _ o
U Confirmed that the distance can be corrected under the noiseless environment Blue text: Updated information with the actual value
measured using the equipment developed in

Table 1 Overview of test methods and results 2020

Test methods

Measurement anqular I nst amhAmiZBsource* 1 mahead, Confirmed the ideal angular field (red dashed Referto Fig. 1.
1 field 9 and evaluate the sensitivity at each position  line in Fig. 1) and the effective angular field Ar ea where sensitivity
within the visual field. (orange dotted line in Fig. 1) defined as an effective angular field.

Evaluate position resolution from measured

72 |Position resolution distribution by simulating Am-241 point 21 mm e BN 5 Une GIpeElen Cif Uiy emiig

source at the aperture. region.
T N———— Carry out the measurement by changing the thecgnzrar?:gftt';aeté?slsar:r;\éersew proportional to
installed position of Am-241 source between q Refer to Table 2.

method Confirmed that it can be corrected with

0.5and 3 m. distance data

* Source intensity = 3080 Bq

Ideal angular field
(Red dashed line)

Table 2 Distance property and correction results

. Counting Corrected
Distance .
rate counting rate
[m] o o

Effective angular field T T
(Orange dotted line) < <
20 17.4

Fig. 1 Measurement results for each source position

I
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(b) Technological development of contamination evaluation for sorting solid wastes
- Test results corresponding to required specifications (3/3) -

yEvaluation of material to be measured and measurement performance of U surface contamination

U  The surface condition to be measured considering the on-site contamination status (surface roughness and presence of water) and the
performance during the surface contamination measurement were evaluated.

0 Itwas confirmed that sensitivity would reduce to 44% due to the amount of water to be measured and that sensitivity tends to increase

as surface roughness increases.

Local
contamination

Control the amount of Am-241 source dropped onto the specimen,
create a source with
the measurement from a location 1 m away.

Impact of source
distribution

Lay solid concrete tiling of 10 cm T 10 cm, and carry out measurement
from a location 1 m away. Compare tile laying and counting rate.

Impact of amount  Put a drop of solvent of 20 ul (containing Am-241 at approximately

of water 400 Bq) onto solid concrete, and perform measurement before and
after drying the solvent. Compare the sensitivity
Impact Apply Am-241 at 4 Bg/cm? in the form of mesh on solid concrete,
assessment of painted concrete, and blasted concrete (2 types) with different surface
surface roughness and carry out measurement from a location 1 m away
roughness
1.2
—_ 1.00
“ 1
- » Experi ®
2 o >
Unit: Bq B 9 %a . ' T g, 08
— S o - 3 ©
] E 3 E%¢
Tt - 822 0.
A +r
i ® oK
° 0.4
Pixel No. s A 2 8 . VQ :
1l2lsfals]lelzls)] | ' ¢ ' 0.2

Pixel No.

Layout of radioactive
sources

Counting rate in a center 0
position

Dry state

Fig. 1 Measurement example of 10-cm2
concrete with U contamination

T1TRID

a mm, and camyaout g i ningredse when thé €ize of the sbukrc2 is

Fig. 2 Comparison of the presence of water
in the contaminated area

Table 1 Test results (summar

Confirmed that sensitivity tends to It is assumed that emission

spreads over multiple pixels if
small the size of the source is large.
Confirmed that distribution equivalent to

actual source can be measured

Refer to Fig. 1.

Confirmed that sensitivity will reduce to
44% when the cement contains
moisture

Refer to Fig. 2.

Altis assumed this it is
because of the increase in
surface volume and increase
in the rate of release into air.

AThe higher the surface roughness, the
more the sensitivity.

ABlasted concrete was found to be 6
times more sensitive than solid

concrete. (Refer to Fig. 3.)
-
_ 0-35 5-mm blasting process
® 03 { J
o 1-mm blasting process
m 0.25
] °
T 02 _ -
L No blasting process (painted)
()

0.44 g 0.15 °
g’ 0.1 ® Solid concrete
I Blasted
8 0.05 @ Blasted concrete
o

0
Water-containing state 0 0.5 1 1.5

Deviation of sample surface depth [mm]
Fig. 3 Correlation between surface
roughness and counting rate
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(b) Technological development of contamination evaluation for sorting solid wastes
- Required functions and current issues -

i Evaluation of the basic performance in the laboratory has been completed for the required specifications.

i The performance verification test was conducted in terms of evaluation on the amount of noise in a widely contaminated
environment like the on-site at the Fukushima Daiichi Nuclear Power Station, distance correction using measurement data
obtained under the noisy environment, lower limit of detection, and position resolution.

Black text: Results until FY2019

Table 1 Test results (summary) Red text: Issues to be solved in
Items Re_q_uwgd Overview of test results
specifications
About 50 mSv/h A Confirmed that there was positive correlation between the dose rate and the amount of noise up to 100 mSv/h in the
Air dose rate (Max: approximately irradiation test using Cs-137 point sources (9 rays)
150 mSv/h) A Noise under the widely contaminated environment with scattered 2 rays mixed has not been evaluated.

b and o surface
contamination density

A Confirmed that sensitivity to Sr/Y-90 point sources (brays)i s O0. 05% ofUrayensitivity to

2
E00 [ EET A Noise under the widely contaminated environment has not been evaluated.

Factors

causing noise

Environmental i #C to 35/C Confirmed that the measurement performance (noise) does not change within the temperature range even when installing a

temperature cooling system |l owering AAhe PMT temperature to 025

Lighting is required in

A Impacts of visible light decreased by installing optical filters
some cases.

Lighting
A Confirmed that sensitivity to Urays is inversely proportional to the square of the measuring distance

iEeRLig EsErnse S A Confirmed that the distance can be corrected under the noiseless laboratory environment

Factors . . Spherical, concavei A There is less impact from the measuring angle with objects to be measured.
g Profile of object to be . . } e .
affecting the [SOSSamEs convex, and plane A Sensitivity decreased in a section where the contact range with air was small (such as a concave portion at a depth of
amount of surface 25 mm).
signals Environmental Max: 100% A Confirmed that the decrease in sensitivityto Ur ay s was O3 % under the condition wit!l
humidity ’ A Confirmed that sensitivity would reduce to 44% when the surface to be measured contains moisture

Powdery dust S&?gofsdtjhs? EmITE Gl Confirmed that the change in sensitivitytoUr ays i s O1% even in the outdoor dust e

| | tems | Targetvalues

A Confirmed that there is a correlation between radioactivity and signals at up to 9.2 kBq during the measurement of the

Being able to identify standard Uray source Am-241 under the noiseless environment
Quantitativeness the distribution at order A Confirmed that sensitivity to Urays changes by approximately 6 times depending on surface roughness of objects to be
_ level measured
Uray A The distance correction accuracy under the noisy environment has not been evaluated
measurement - . A The lower limit of detection expected from the test results including the standard radioactive sources has already been
Lower limit of (Approximately
performance : 2 evaluated.
detection 4 Bg/cm?)

A The lower limit of detection based on noise data under the on-site environment has not been evaluated.

A Confirmed that the position resolution was 2.1 cm under the less-noisy laboratory environment

e (ESeLiEn UG A The position resolution under the noisy environment has not been evaluated.

S
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(b) Technological development of contamination evaluation for sorting solid wastes
- Measuring system for performance verification test -

YEquipment overview

A Measurement is conducted with combination of horizontal (manually), raising/lowering, and swinging (remotely) motions
with the alpha camera mounted on the trolley.

A Preparation of 3D model and distance correction of measurement results are conducted with images and distance data
obtained using a ToF camera mounted on the alpha camera*! and horizontal position coordinates (relative values) obtained
by using a camera for confirming the amount of horizontal movement*2

*1: ToF stands for Time of Flight. It is a camera equipped with technology for measuring distance using infrared rays.
*2: A camera with simultaneous localization and mapping (SLAM) function

yMonitoring of the on-site environment

A The temperature and brightness inside the system obtained with the environmental monitor*3 (built into the alpha camera)
and the air dose rate obtained with the dosimeter installed outside the alpha camera are used for data evaluation.

_.il,"“i""-"ii *3: Damage on
(built into alpha camera) photoelectric surface

due to temperature of
(for air dose evaluation) the photomultiplier tube

b forpnicorirland eveling  [ReicHo
monitored

image processing

e d OU O
horizontal movement

3D model preparation

System operation i

S Alpha camera control
— Power - --

Fig. 1 Diagram of measuring system with alpha camera
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(b) Technological development of contamination evaluation for sorting solid wastes
- Development of measuring system for performance verification test -

Improve the equipment for the performance verification test based on testing and design up to FY2019

Alpha camera

Trolley with lifting
function

3D model
preparation software

Table 1 Improvement items from design details in FY2019

improved points Reasons for change

Lens

Filter

PMT amplifier circuit
PMT cooling system
Shutter

Power supply unit for alpha camera
Alpha camera control software

Pan/tilt mechanism
Outrigger
3D model preparation

High-sensitive illuminometer

o I o o o o I o I o T I o

No change in profile and

Light incider
side

-

Effective diameter:G 94 (reference)
Effective diameter:i54 (reference

configuration of lens
Aberration (blur) was
reduced by changing the
profile of the third plano-
convex lens into an
aspherical surface

Fig. 1 Schematic of lens

T1TRID

Changed some parts into aspherical lens (Fig. 1)

Added anti-reflective coating on filter surface
Adjusted filter thickness

Increased in gain

Changed in layout of radiation system
Changed in layout

Enhanced radiation measures

Added parallax correction function during synthesis
(Fig. 2)

Changed in drive range

Modified structure so that arms can fold during
transportation

Accelerated processing
Corresponded to horizontal movement

Added for evaluation of the on-site environment

A

b

Do B Do B Do D P>

Position resolution and
sensitivity improved
Sensitivity improved

Sensitivity improved
Performance stabilized

Parts installation accuracy
improved

Noise reduced
Position resolution improved

Measurement system
automated

Accessibility during

transportation improved

The measurement range

Without parallax correction

Am-241 source

(red frame) was corrected
in consideration of the
difference in angular field
and optical axis of the ToF
and alpha cameras

Fig. 2 Examples of parallax correction

©lnternational Research Institute for Nuclear Decommissioning
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(b) Technological development of contamination evaluation for sorting solid wastes
- Overview of measuring system with alpha camera (1/2) -

U The appearance of the system with the improvements described on the previous page. In the

performance verification test, it is used in a state where the whole area is cured except for the
entrance window and the camera

ToF camera

Entrance
window

| Lighting

Power supply

Camera for 3D synthesis unit for alpha

software (SLAM camera)

camera

ToF camera

Shutter closed Shutter open

Panttilt drive

Entrance window control system

Tilt rotation axis

Fig. 2 Pictures of shutter open and closed

Pan rotation axis

Sensor for
trolley height

Fig. 1 Appearance of system developed in 2020

~ Dy -
~~~~~~~~
----------

(a) Outrigger with arms unfolded (b) Outrigger with arms folded
(during measurement) (during transportation)

Fig. 3 Pictures of outrigger with arms folded and unfolded
E—

e
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(b) Technological development of contamination evaluation for sorting solid wastes
- Overview of measuring system with alpha camera (2/2) -

U After evaluating the basic performance of the improved system in the functional verification test
using a standard radioactive source, the sensitivity is slightly increased overall by improving the lens

and others.

Table 1 Improved items from design details in FY2020

ltems Values Remarks

Sensitivity to Urays 0.47 s' ¥Bg/cm?

Measurable distance of Urays 70cmto3m

Operable temperature T 3C~35AC

Noise sensitivity to b rays 0.09 s' ¥kBq

Allowable measuring angle 0A-70A
range for objects to be (forward-facing: 04
measured

Objects to be measured that
cannot be measured*!

*1:In principle, the alpha camera is sensitive to Urays emitted into the air. However, from the viewpoint of measuring the
contamination

Usurface

Wire mesh, glass, space, etc.

Measuring distance: 1 m, results during Am-241 measurement

Almages cannot be synthesized with measurement results due to
the parallax between the ToF and alpha cameras when the
distance is <70 cm

ASensitivity to Urays is available even when the distance exceeds
3m.

Itis confirmed that the alpha camera unit can be operated at up to
40/C.

However, the operating temperature limit for the ToF camera and
built-in systems is 35AC.

Sensitivity when Sr/Y-90 is located at 75 cm

Average value on the air dose rate at alpha camera installation
position

ACondition that distance data can be obtained for concrete blocks

AMay restrict the angle between 0Aand 50Awhen an object painted

in black is measured

ASurface contamination density cannot be evaluated because the
distance data cannot be obtained using the ToF camera

density, those for which the

defined as the objects that cannot be measured.

©lnternational Research Institute for Nuclear Decommissioning
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(b) Technological development of contamination evaluation for sorting solid wastes
- Data processing flow (1/2) -

yMeasuring method of the amount of signals and noise with alpha camera

[1]Background is measured by closing the shutter for shielding ultraviolet rays derived from Urays (BG measurement).
This is regarded as noise inside the housing generated in the housing.

[2]The amount of signal + noise generated outside the housing is obtained from the difference between the amount
when the shutter is open (noise inside the housing + noise outside the housing + signal) and the amount when the
shutter is closed.

Signal: Signal derived from Urays
Noise inside the housing: Thermal noise in the detector, electric noise in the circuit, light emission through the lens with o lays
Noise outside the housing: Light emission with b rays, nitrogen light emission with 2 rays, and environmental light

Lighting S
O

Start of _ . .
Close oiply sy
L
b Closed ol Record Record ¥
measurement
1 TOSHIBA
- Actual Displays image  _ Displays image Figl 2 Alpha camera software screen (during BG measurement)
measurement CIF=  Open measurement during BG during BG - .
measurement measurement
Actual measurement DiSP lays data Dis_plays data
Result output C¥h Closed - Noise measurement during BG during BG
measurement measurement
Moving/synthes R Closed . Display Display
is process

Fig. 1 Alpha camera measurement flow diagram

T -

Fig. 3 Alpha camera software screen (during actual measurement)

LSS
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(b) Technological development of contamination evaluation for sorting solid wastes
- Data processing flow (2/2) -

A The measured signals and noise are displayed in real time as a two-dimensional (2D) contamination
distribution and used to prepare a 3D contamination distribution.

A Performance of alpha camera is evaluated with the obtained 3D contamination distribution and
environmental data during the measurement

Real-time display IPre|oaration for 3D contamination distribution
Output on 2D image | Output on 3D model
' |
[
Distribution I Distance Preparation for 3D
Alpha camera Signal -’ evElIETaT -|-> correctlon/s§n5|t| contamination
vity evaluation distribution
measurement |
values |
(Counting rate) | Lower
Noise ] [ * limit of
| detection
|
ToF camera — Imaging data !
|
|
Distance data | . J
_______________________ e ——
Environmental data Air dose rate (at alpha camera position) Data for perfo rmance evaluation
b and o surface contamination density
(measurement with smear method)
Temperature inside the
system
Fig. 1 Flow diagram for evaluating data obtained with alpha camera

I EEES
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(b) Technological development of contamination evaluation for sorting solid wastes
- Proposed measuring procedure -

YAssumption during measurement with the alpha camera

A Inthe alpha camera, a signal (sensitivity) decreases inversely proportional to the square of the measuring distance.

A In order to obtain the same lower limit of detection, the measurement duration will be more than doubled if the signal
amount is halved (constant noise condition).

A As the measuring distance becomes long, the area measured by one pixel of the alpha camera also changes, so it is
desirable that the measuring distance should be specified under the same condition.

yMeasuring procedure by measuring distance

If there are two or more measurement objects with different distances in the visual field, the measurement objects that are
at least v/¢ times the reference distance are excluded, and the alpha camera is moved separately to perform
measurement within the reference distance again.

*1: Reference distance

Set according to the required lower limit of detection
and environmental conditions. Approximately 1 to 2 m
when the lower limit of detection is assumed to be

approximately 4 Bg/cm2.

Start of
measurement
Start of Change the

measurement measurement
conditions

Fig. 1 Verificatlon of measuring distance during the measurement with alpha camera
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(b) Technological development of contamination evaluation for sorting solid wastes
- Purpose of performance verification test -

yPurpose of performance verification test

For the on-site environment at the Fukushima Daiichi Nuclear Power Station, examine the applicable range for the alpha
camera by evaluating the amount of noise in a widely contaminated environment that has been insufficiently
evaluated in the past tests; distance correction using measurement data obtained under the noisy environment, lower
limit of detection, and position resolution; and acquire information that can give feedback to the basic design.

Table 1 Summary of past testing results (excerpt of parts regarding noise)

specifications

A Confirmed that there was positive correlation between the dose rate and the amount of

Approx. 50 mSv/h noise up to 100 mSv/h in the irradiation test using Cs-137 point sources (2 rays:
Air dose rate  (Max: approximately = gamma rays)
150 mSv/h) A Noise under the widely contaminated environment with scattered o rays mixed

has not been evaluated.

b and o surface A Confirmed that sensitivity to Sr/Y-90 point sources (brays)i s O0. 05% ofU se

contamination 300 kBg/cm? rays
density A Noise under the widely contaminated environment has not been evaluated.

Confirmed that the measurement performance (noise) does not change within the

Sl T 3C~35/C temperature range even when installing a cooling system lowering the PMT temperature to
temperature d2/5

Lighting is required

. A Impacts of visible light decreased by installing optical filters
in some cases.

Lighting

E— S T T T T T T T T e T e e e
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(b) Technological development of contamination evaluation for sorting solid wastes
- Items to be tested at Fukushima Daiichi Nuclear Power Station -

For the alpha camera, the result obtained through the difference processing by opening and closing the shutter is regarded as the

U surface contamination distribution.

Therefore, the U surface contamination distribution cannot be measured when the noise component cannot be subtracted or when an
error in the difference processing result is large because the amount of noise is large.

U Performance evaluation is required for the air dose rate and b and o surface contamination density, which have
alarge impact as noise.

Table 1 Amount of noise expected during the measurement with alpha camera in Unit 3 R/B

Possibility of
difference
processing

The measured amount of noise
estimated in the Unit 3 R/B

Noise factors

environment from the

Differences that could arise between the laboratory test
and Fukushima Daiichi Nuclear Power Station
environments

laboratory test results*1

Air dose rate: 18[s' 11 *2 Accepted N The shielding effect of the shield increased and noise
Light generated by the incident 9 decreased because of scattered 0 rays with reduced energy
ray on the lens and detector n Noise decreased as 9 rays from the floor and back were
shielded by trolleys, power supply units, etc.
b and 2 surface 03. 51% s Not accepted Light emitted by the b-ray source outside the angular field
contamination density: existing in the b-ray range in the air (maximum 1.3 m) was
UV rays generated by reaction of measured and noise increased.
b rays with nitrogen
*1: Air dose rate (92): 9 [ mSv/kBgcm? sutemper@ontrami ®86i on density: 30
*2: Calculated from the sensitivity of 2.0 sT1-137 puitgdurbe inoFya0®i ned t hr oug
*3: Calculated from the relative sensitivity of 0.05% fortheUr ay sour ce and t he Bg/en?sortheiUvay dbtained throughttie3ests T

using the Sr-90 point radiation source in FY2019. However, since b ray signals fell below the lower limit of detection, the lower limit of detection for

sensitivity was described

Evaluation of correlation between b and 2 surface contamination density and amount of noise that may cause a difficulty in difference

processing and an increase in noise is required.

Considering the risk of exposure and others, test and evaluate the air dose rate with a large amount of noise, the position resolution in a

noise environment, and the distance correction accuracy that can be verified.

T1TRID
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(b) Technological development of contamination evaluation for sorting solid wastes
- Details of performance verification test -

yTest items
Evaluation of correlation between the air dose rate/b and 2 surface contamination density and the amount of noise is the top
priority evaluation item as resistance to the environment. Furthermore, the lower limit of detection and the distance correction
accuracy as the Uray measurement performance and the position resolution of the alpha camera as the display function are
evaluated.

- Required functions Evaluation items Test details

Uray measurement

Display
function

Resistance to environment

performance

Applicable for the air
dose rate, b and 2
surface
contamination
density, temperature,
humidity, and dust at
the Fukushima
Daiichi Nuclear
Power Station
environment

Being able to identify
the U surface
contamination density
at order level

Measurement results
at multiple points can
be compared

Contamination point
can be identified

T1TRID

Amount of noise

Lower limit of
detection

Accuracy of the
method for
correcting the
measuring distance

Position resolution
of alpha camera

Table 1 Test items by evaluation item

Evaluation of correlation between air dose rate and amount of noise
(Test [1]):

Correlation between the air dose rate and the amount of noise should be
obtained under the condition where a radioactive source exists over the
entire area.

Evaluation of correlation between b and 2 surface contamination
density and amount of noise (Test [2]):

Correlation between the surface contamination density and the amount
of noise within the angular field should be obtained under the
environment where contamination exists widely.

Evaluation of correlation for the amount of signals to Uray source
(Test [3]):

Install the standard U ray source to acquire the relation of the amount of
signal for the Uray intensity.

Evaluation of dependence on measuring distance (Test [4]):

Confirm that the same results can be obtained when measuring standard
Uray sources with the same intensity under the different measurement
conditions (such as distance).

Evaluation of accuracy for identifying contamination distribution
(Test [5]):

Install the standard U ray source to confirm that the measured
contamination distribution corresponds to the source position.

©International Research Institute for Nuclear Decommissioning

Air dose rate at alpha
camera position

b and o surface
contamination density
within the angular field
of alpha camera

Intensity of standard U

ray source

Distance to the object
to be measured

Layout of standard U
ray source
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(b) Technological development of contamination evaluation for sorting solid wastes
- Requirements for noise evaluation -

Extract the following three items as conditions for the test location in order to perform five test items (relation
between air dose rate/b and 2 surface contamination density and amount of noise, lower limit of detection,
distance correction accuracy, and evaluation of position resolution). Consider a test location that meets the
conditions

The environmental condition that can detect noise derived from the air dose rate and b and 2 nuclide surface contamination

density is required.

Different environmental conditions are required to be set for each item to evaluate noise sensitivity

Condition in which contamination is widely spread*! that has not been evaluated is required.
*1: A radius of the maximum range of b rays in the air (approximately 1.3 m) is required to confirm the impact of light emission by

b rays

5

5

5

Table 1 The expected amount of noise amount estimated from the FY2019 test results and the conditions required for the test

Noise generation mechanism Conditions that generate noise Requirements for the test
equivalent to the amount of U

signals*2
(Element test results in FY2019)

Air dose Detect the emitted light by the 0.1 mSv/h A Air dose rate at alpha camera position:
rate incident o ray on glass such as (Point source: Cs-137 direct ray) O 0 m3v/h*3

PMT window and lens A Planar source

A Including scattering rays

b and o b ray reacts with nitrogen and 2 kBg/cm? A b and o2 surface contamination density within
surface emits light (Point source: Sr-90/Y-90) the visual field of the alpha camera: O &Bg/cm?
contamin A Contaminat ed?@8lela8m?203. 2
ation Length of piece: 1.8 m = Alpha camera angular field:
density 0.5 m + Maximum range of b rays: 1.3 m

*2: U surface contamination density = 1 Bg/cm2
*3: Noise may be less than expected when low-energy 2 rays are present, so set it with double margin.

T e
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(b) Technological development of contamination evaluation for sorting solid wastes

- Study of performance verification test: Study of test location -

A flange tank piece on the 1st floor of Unit 3 R/B or of the building for large component inspection is selected,
considering conditions required for a test location, interference with other works, and workspace.

U Lower I i mit

of

contamination density are required in order to obtain the correlations with noise.
U  Evaluation of accuracy for distance correction: Space of 2 m | 3 m where data with different measuring distance can be

obtained is required

det ectO2mB v/ dir falrph & ec arkBg/cah?dos the brard o Buclidensdrfac® 8

U Position resolution of alpha camera: Carrying-in of the standard Uray source is required in order to set the source

position.

Determination conditions

Required conditions

Evaluation items

9 - O &Bg/cm? Description
8.2
258
85
e © Evaluation
[ N 00 .m3v/h  Description
g N <15 mSv/h
()
(%)
o
T
';‘E Evaluation
No Description
= interference
9o with other
g works for
x approximately
g ldayto5hor
approximately  Evaluation
1 week
Approximately ~ Description
2mi 3m

Evaluation

Total evaluation

TIRID

D Pit on the
southwest side
of the 1st floor
in Process
Building

The maximum
value was

1.2 kBg/cm?,
determined as
inappropriate.

Should satisfy
the conditions

3
There is other
work.
Coordination is
needed

Possible on a
layout basis

Inside the ALPS
building

The maximum value
was 16 Bg/cm?,
determined as
inappropriate.

The maximum value
was 0.02 mSv/h,
determined as
inappropriate.

There is other work.

Coordination is
needed

Possible on a layout
basis

Basement
floor in HTI

O &Bg/cm?
in almost the
entire area

3
00 .m3v/h
in almost the
entire area

3
There is no
work
currently

Possible on
a layout
basis

H4 tank

No survey
record

No survey
record

Less
possibility of
interference

3

Cannot put
equipment
inside the
tank

|

|

West side on the
1st floor of Unit 3
R/B

O &Bg/cm2in
almost the entire
area

3
00 m3v/hin
almost the entire
area

3
There is a
possibility of
interference near
the entrance for
transferring large
items

Space available
on a layout basis

3

3
©lInternational Research Institute for Nuclear Decommissioning

Table 1 Test location candidates compared and studied

Locations

West side on
the 1st floor of
Unit 2 R/B

O &Bg/cm2in
almost the
entire area

3
O 0 .m3v/hin
almost the
entire area

3
Interference
with other
works

No space due
to other works

West side on

the Operation

Floor of Unit 2
R/B

There is an
applicable
location with
density of
O &Bg/cm?

O 0 .m3v/hin
almost the
entire area

3
Interference
with
decontaminatio
n work in
December

No space due
to other works

Building for
large
component
inspection
(flange tank
piece)

7.5 kBg/cm2in

Sr-90 terms

3

Approximately
0.1 mSv/h

Possible to
work in parallel
with other
works

3

Space
available

L
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(b) Technological development of contamination evaluation for sorting solid wastes
- Comparison of test methods -

Perform the comparative evaluation concerning items that can be tested and the amount of exposure based on the conditions on the

previous page.

Laboratory test is excel in quantitativeness of exposure and test conditions. The widely contaminated environment that is a required

condition cannot be reproduced.

A Because R/B has the high-dose rate and highly contaminated environment, the test conditions are met. However, there is a large amount
of workers' exposure to radiation.

A Inthe flange tank piece after dismantling the contaminated water tank, the air dose rate does not meet the condition, but the condition of
b and o surface contamination density, which is a required test item, is satisfied and the exposure is low.

A flange tank piece was adopted as a test location for the performance verification test
Table 1 Comparison table for test methods

Test methods

b and o surface
contamination density:

8 kBg/cm?, 3.2 m?

Amount of workers'
exposure to radiation

Air dose
00 m3v/h

r [a Quanti{ativEness
of contamination
status

Simulation with
multiple Rl sources
installed

Evaluation in the
laboratory test

Evaluation in the
laboratory test

Preparation of
simulated sources
using unsealed
sources

Testing in the high-dose and highly
contaminated environments
(Testing on the 1st floor of Unit 3 R/B)

Testing in the highly contaminated environment
(Measurement of flange pieces of contaminated
water tank)

T1TRID

Unacceptable
Reproduction of the planar
source requires a notification

for using multiple high-intensity

radioactive sources

Unacceptable
Difficult in terms of the upper
limit for handling of unsealed

sources

Good
Satisfy the conditions in most
locations

Good
Satisfy the conditions in most
locations

Acceptable Very good Very good
Possible with point sources Records of source Less exposure because of
but difficult with planar calibration appropriate measures
sources
Unacceptable Good Good
Difficult in terms of the upper Managed with There is a possibility of exposure
limit for handling of unsealed calibration record and during work.
sources dripping amount
Good Acceptable Acceptable
Satisfy the conditions in most ~ Measurement with A Total amount
locations smear method, 00 .St
survey, etc. AAverage dose r
R/B =9 mSv/h
Unacceptable Acceptable Good
Reproduction of the planar Measurement with A Total amount c
source requires multiple smear method, 00 . %3
high-intensity radioactive survey, etc. AAverage radiation dose inside

sources the fl ang®&) m8sBhk (

©lInternational Research Institute for Nuclear Decommissioning
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(b) Technological development of contamination evaluation for sorting solid wastes
- Test items for flange tank pieces -

On the basis of the test results so far, the following four items should be tested as the evaluation test for correlation between the b
and 2 surface contamination density and the amount of noise, the distance correction method under the noise condition, and the

verification test for position identification accuracy of U contamination, which are indispensable for the measurement performance
evaluation of the alpha camera.

Determined that this test does not need to be conducted
since it is considered that noise is lower in the actual
Table 1 Test items by evaluation item | field than in the lab testing environment.

Required functions Evaluation items Test details
PAIREEEE rate-at 2R

Applicable for the air Lower limit of ’
dose rate, b and 2 detection for alpha Hh-
surface contamination camera (noise)
density, temperature,

humidity, and dust at the

Fukushima Daiichi

Nuclear Power Station Evaluation of correlation between b and 2 surface contamination density b and o surface

environment and amount of noise (Test [1]): contamination density
Correlation between the surface contamination density and the amount of noise within the angular
within the angular field should be obtained under the environment where field of alpha camera

Resistance to environment

contamination exists widely.

Being able to identify the Lower limit of Evaluation of correlation for the amount of signals to Uray source (Test Intensity of standard

‘qr:'_; contamination density at detection for alpha [2]): Uray source
= order level camera (signal) Install the standard U ray source to acquire the relation of the amount of signal for
() = - q
; = the Uray intensity.

=
o o Measurement results at Accuracy of the Evaluation of dependence on measuring distance (Test [3]): Distance to the object
E o} multiple points can be method for Confirm that the same results can be obtained when measuring standard U ray to be measured
T < compared correcting the sources with the same intensity under the different measurement conditions
B

measuring distance (such as distance).

Contamination point can Position resolution Evaluation of accuracy for identifying contamination distribution (Test [4]): Layout of standard U
be identified of alpha camera Install the standard U ray source to confirm that the measured contamination ray source
distribution corresponds to the source position.

Display
function

S L
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(b) Technological development of contamination evaluation for sorting solid wastes
- Details of test location -

A test is conducted at the building for large component inspection where a flange tank piece is decontaminated.
An object to be measured is a flange tank piece whose contamination that meets the test condition has been confirmed
with the prior measurement. (See page 112 for the test condition.)

A Object to be measured: One tank piece satisfying the test condition inside the flange tank piece during the
decontamination work

A Measurement location: Contaminated area (Zone Y) Contamination is mainly caused by b ray emitting nuclide Sr/Y-
90, and the amount of the 2 ray source (2 ray dose rate) is small. Therefore, the air dose rate outside the flange tank
is low.

Fig. 2 Part of flange tank™

Fig. 1 Location appearance of the large component decontamination facility*®

*1: Cited from Tokyo Electric Power Company ™Rd®ictdetakgnon October30,2020 nst a
Component Decontamination Facility as of April 16, 20180
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(b) Technological development of contamination evaluation for sorting solid wastes
- b and o surface contamination density at test location -

A The high surface dose rate location and the b and o surface dose rate at the center of each

measurement angular field*!

A It was confirmed that the

s ur f antSe/h ad moster betweenel0 ( b )

and 15 mSv/h overall (and the b and 2 surface contamination density was 2~5 kBg/cm?).

*1:Surface contamination density was calculated from the surface dose rate because the wiping efficiency was poor and

the highly accurate measurement was difficult in the smear method.

Flange tank piece (side view)

E Details of locati be tested (Area D) Area A (back) - Area B (back)
i etails of locations to be teste rea Area C (front) Area D (front)
AreaD3  Area D4
- L » L |

@ D1 p7f ®t'.$
AN

-

X $ |
Approximately Approximately
00 mm P 600 mm
@ 1% ® Di

v »

= ®

D6

Area D: Mesh surface dose equivalent rate
measurement results

Point E: Central surface dose equivalent
rate measurement result

Point ) b+o [ Point [ 2 [ p+o |
D1 0.20 180 | LEcentralsurface | 019 [ 110 |
D2 0.28 20.0 Point F: Air dose equivalent rate measurement
Bz 00239 ;gg result directly beneath Point E
D5 (end portion) 0.8 650 | | Point | o | b+o |
porti : - | Fcentralspace | 013 | 75
D6 (end portion) 1.0 65.0
D7 (400 mm from the end portion) 0.30 20.0
D8 (600 mm from the end portion) 0.30 20.0 Unit: mSv/h

Fig. 1 High surface dose rate points within the measurement range

T1TRID

N Flange tank piece (side view)
> Area A (back) Area B (back)
Area C (front) Area D (front)

Area C3 Area C4 Area D3 Area D4
<

Red text: Tilted angle used in the test

Unit: mSv/h

Surface dose equivalent rate measurement after the test completion
Point 2 b+o

[1] (10" from east) (300 mm from the end portion) 0.30 21.0
[2] (40" from east) (300 mm from the end portion) 0.14 10.0
[3] (60 from east) (300 mm from the end portion) 0.13 8.5
[4] (90" from east) (300 mm from the end portion) 0.11 8.5
[5] (120 from east) (300 mm from the end portion) 0.12 9.0

Fig. 2 Surface dose rate by angle
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(b) Technological development of contamination evaluation for sorting solid wastes
- Preliminary site survey results and measuring distance -

yMethod for test conducted inside the flange tank piece

A For a flange tank piece, the b and o surface contamination density varies depending on position. Noise
measurement with different b and o surface contamination density is possible by changing the
measurement location.

A Because the lower end height of the alpha camera is 0.86 m, the measuring distance can only be set to
O 0 .mT7or the measurement at a tilted angle of 90A

U The test was conducted with different b and o surface contamination density
and measuring distance by fixing the alpha camera at the center of the flange
tank and changing the tilted angle.

[cm]

150

100

50

Ti

Lower end height from
the center of the alpha
camera: 0.86 m

| ted an

Fig. 1 Measurement screen

=)
3

e

Flange tank piece

4.5
4 Cent
s 10A enter
£ — = =Lower end
d'§ 3 N 1 — — —Upperend
7 2.5 *
. N
= N 40 :
2 2 90A
315 l
Q
= 1 Ss<T—==--_Y
0.5
0
0 30 60 90

Alpha camera tilt angle [J]

Fig. 2 Relation between angle and measuring distance
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(b) Technological development of contamination evaluation for sorting solid wastes
- Measurement values and range -

yMeasurement values

A b and o surface contamination density: Calculated from the surface doserate> ( b) wi t hin each me
field
A Usurface contamination density: Value of standard radioactive source in a pixel (Bq) divided by the pixel area of the
alpha camera *? (cm?)
A Measuring distance: Distance measured using the ToF camera mounted on the alpha camera
*1:

Difference between the b and 2 dose rate and the o dose rate measured with the survey meter 70um dose equivalent
*2: Pixel size is calculated from the measuring distance and the angular field of the alpha camera

dd d f 3D model that synthesizes the measurement results in five directions with
yMeasurement range (re otted frame) the visual field angle changed vertically

End portion of
flange tank piece

Uray source
(Fixed with magnets)

Structure With radioactive source

(Example of Test [2])

Without radioactive source
(Example of Test [1])

Picture of flange tank piece
—

Measurement range (3D model preparation example)

e
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(b) Technological development of contamination evaluation for sorting solid wastes
- Pictures of performance verification test (1/3) -

A Equipment is carried in from the west side (R/B side) shutter. (In the plan, it is carried in from the
east side shutter.)

A In order to prevent contamination at positions of the trolley wheels, a curing sheet is drawn on the
floor in advance for moving and operating the trolley. (Work with clean yellow shoes on the curing
sheet)

Flange tank piece to be measured Alpha camera and trolley Alpha camera suspender

Fig. 1 Pictures of test location

T
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(b) Technological development of contamination evaluation for sorting solid wastes
- Pictures of performance verification test (2/3) -

A A control area (with four PCs) was set up around the flange tank piece where workers
were able to do a visual confirmation and easily communicate with each other.

A The inner area of the flange tank piece was darkened by shading both its sides and
lateral sides with a blackout curtain.

Rubber mat for shielding )
curtain
Control area ‘ ,

p’ | * . lFE) IR : [ - - @ Blackout
|

e

Fig. 1 Pictures of controlling area

T e
l RI D ©International Research Institute for Nuclear Decommissioning 118



(b) Technological development of contamination evaluation for sorting solid wastes
- Pictures of performance verification test (3/3) -

A In order to prevent contamination at positions of the trolley wheels and cables, add transparent curing
sheets after the light shielding.
A Asimple slope is installed to carry in the equipment backwards because it exceeds the iron plate on
which the flange tank piece is placed.
*Initially, it was supposed to be inserted forward because it was measured at the back (wall side) of the
flange tank where high contamination has been observed. However, because it was found that the front
side (aisle side) was a highly contaminated environment, it was decided to carry it in backwards.

Alpha camera unit

Transparent curing sheet
(Yellow tape is used for marking wheel positions.)

Fig. 1 Pictures of inner area of flange tank piece

S R
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rate [sT1]

Counting

(b) Technological development of contamination evaluation for sorting solid wastes
- Test result summary of performance verification test -

U  Completed the test as planned Obtained a result with more noise than the result of the function verification test. (Details on the

following pages)

Table 1 Test items by evaluation item

Evaluation of correlation between b
and o surface contamination density
and amount of noise (Test [1])

Evaluation of correlation for the
amount of signals to Uray source
(Test [2])

Evaluation of dependence on
measuring distance (Test [3])

Evaluation of accuracy for
identifying contamination
distribution (Test [4])

18
= 0. .24
g | ¥=031x+82
R? = 0.88
14
12
e
10 1o Test [4]
8 o
2 Test[4] - Test[2]
6
4
o
2
o
0
0 10

Usurface contamination
density Bg/cm2

Fig. 1 Correlation between U surface contamination density and

counting rate (Test [2])

 Iad D/

y = 0.47x

Correlation between b and o surface contamination density and the amount of signals is obtained
while measuring different portions with different b and 2 surface contamination density (2i 5 kBg/cm?)
by changing tilted angles of 10A 40A 60A 90A and 120A

Correlation between U surface contamination density and the amount of signals*! is obtained while
setting standard Uray sources with different intensity (Am-241: 220, 740, 2960 [Bq]) within the
angular field at a tilted angle of 90A

Evaluate the dependence on measuring distance of sensitivity to Urays while installing the standard U
ray source (Am-241: 2960 [Bq]) at a position where the measuring distance is different.

Prepare the 3D contamination distribution from the difference of measuring results without radioactive
sources using data obtained at various angles (10A 40A 60A 90A and 120A to evaluate the specific
accuracy of the U surface contaminated location.

Correlation between b and 2 surface contamination density and
the amount of noise was obtained. The amount of noise
increased by 20 times compared with that in the functional
test. (The factors will be mentioned on the following pages.)

Sensitivity values obtained in the performance verification test and
in the laboratory test were 0.31 NO . 1 6 Bg/cdm2 &nd 0.47

s’ ¥Bg/cm?, respectively, coinciding with each other within the
error range.

Confirmed that it is inversely proportional to the square of the
distance as is the case with the functional verification test
However, correction in real time was difficult because of
impacts of noise

Although it was deteriorated more than the position resolution
during the test with the standard radioactive source due to the
noise impact, the radiation source position could be specified
with a resolution of approximately 6 cm, which is lower than
the target value of 10 cm.

*1: It was calculated by regarding the difference between values of the pixel with the source and values of the pixel without

the source as the signal derived from the source due to impacts of noise

----- Fitting: Counting rate = a/
(Measuring distance)2 + b

s
Test[2]

s T Bglcm2

@ Difference*2

W Laboratory test

Counting rate per contamination density

20 30

*2: Difference between data with and
without source explained in *1

Measuring distance [m]

Fig. 2 Dependence on measuring distance of

F— sensitivity to Urays (Test [3])
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740 Bq

220 Bq

2960 Bq

Area
affected by
noise

Fig. 3 Distribution obtained by subtracting noise from the
measurement results (Test [4]) [



(b) Technological development of contamination evaluation for sorting solid wastes
- Comparison with functional verification test -

yYNoise comparison with test results using standard radioactive source

High noise was observed for the same measuring distance and radioactive contamination even when the standard
radioactive source was compared with the measurement results. It is presumed that there were the effects due to uniform
contamination, which had been initially supposed, and other impacts.

U Extract factors and analyze the degree of impacts by factor

Table 1 Comparison between the functional verification test (with standard radioactive source) and the performance verification test

Items Laboratory test Pefr'forr.nance Remarks
verification test

Test Nuclide Sr/Y-90 Assumed to be Sr/Y-90

conditions

Radioactivity 2.1 kBq 66.7 kBq Laboratory test: Radioactivity considering the
half-life period from the source specifications
Performance verification test: Radioactivity
density T Pixel size of alpha camera (29 cm?)

Source size 60 mmT 15 mm Contaminated widely

Radioactivity density 0.2 kBg/cm? 2.3 kBg/cm? Laboratory test: Radioactivity/source area
Performance verification test: Converted data
from surface dose rate using conversion
coefficient

Measuring distance 0.75m 0.75m

VRS e | Counting 0.09 s' kBq 2.01s' *kBq Approximately 22 times
results rate/radioactivity

e
l RI D ©lnternational Research Institute for Nuclear Decommissioning 12 1



'_‘I

|

(b) Technological development of contamination evaluation for sorting solid wastes
- Estimation of noise generation factors in the performance verification test -

y'Study of noise generation factors

For possible noise factors, confirmed the operation and data during the test, and identified the light emission of the paint on the
inner wall of the curing sheet and the flange tank piece in addition to the nitrogen light emission noise due to b rays, which was one
of the purposes of this test

U Evaluate the magnitude of the impacts of nitrogen light and light emission noises of paint through the
analysis and additional test.

Locations of noise generation corresponding to
item numbers in Table 1

Table 1 Study of noise factors

Details of study
Heat noise caused by A Confirmed that PMT normal _ Impact: Low [1] y [2] y [3] [4] y [5] [6]
the rising temperature of temperatuve is 025
the detector A Noise is normal when the shutter \ / /
(temperature) is closed

[cm] T T T T T

Electric noise A Noise is normal when the shutter Impact: Low
is closed
Cherenkov radiation Assuming that the dmpactdowse r al30
noise by 2 rays (gamma is approximately 10 [eSv/h] and Lightemission
rays) amount of nolilatdhei s O00. 11 [ s

position of the detector

outside the flange 7

100 = ank piece

Misdetection of UV Assuming that the o ray dose rate is Impact: Low A = Paint on
emission by o rays approximately 0.1 [mSv/h] and the the inner
(gamma rays) amount of nidonghe is O1 [s A Light emission inside S Il of the

surface of the flange tank Curing sheet the flange tank piece

: — : : covering over SRy e tank ]

L!ght emission of The impacts due to surfa_ce _ Impact: High equipmeqt f|00|’ etc. Flange tank piecep| .
nitrogen by b rays contamination and/or cylindrical 0 1

flange tank pieces are also 1 I | ] | [l Y

ossible.

. 0 100 200 [cm]
Environmental light Noise levels measured in the Impact: Low

daytime and nighttime were the

same. [7]-1 [7]'2
Other light emission by Cherenkov light emission from Impact: High
radiation the paint on the inner wall of the . . . .

flange tank and from the curing Fig. 1 Locations of noise generation

sheet

S-S s
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(b) Technological development of contamination evaluation for sorting solid wastes
- Flow for evaluating the amount of noise -

Light emission of nitrogen by b rays

proportional to the distribution of energy deposition

1. Build an analysis model that
simulates the profile of a flange tank
piece

v

flange tank piece, and analyze and

2. Set the radioactive source
condition on the surface of the

evaluate the distribution of the light
emission amount.*!

Source conditions
N Uniformly inside the flange tank piece
N Radioactive source size with centered position at a

tilted angle of 90A

Other light emission by radiation

1. Extract the material that may emit
light from materials existed in the

3. Calculate the detection efficiency
of the alpha camera for the light

generated at each point through the
ray tracing analysis.

2. Irradiate the material with the b/U
standard radioactive source, and test
and evaluate the impact on the alpha

performance verification test
environment, and present its light
emission phenomenon

Material: Curing sheet (pink), polyethylene sheet, and paint
Light emission events: Scintillation light and Cherenkov light

1IRID

v

camera according to the presence or
absence of light emission and by the
light emission event

*1: Assuming that the distribution of the light emission amount is

4. Evaluate the effect of light emission
existing within the angular field of the
alpha camera, and estimate the
amount of noise.

Amount of noise A x Amount
emission I Detection efficiency

qf

) 4

) 4

Sum of both amounts of
noise and comparison with

the experimental values
a

3. Calculate the amount of noise
observed with the alpha camera
during b ray irradiation

©International Research Institute for Nuclear Decommissioning
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(b) Technological development of contamination evaluation for sorting solid wastes
- Evaluation of light emission of nitrogen by b rays -

Table 1 Impact from light emission of nitrogen by b rays
1

Impact of radiation due to wide Evaluate noise assuming the measurement The noise impact was confirmed 10.91 24.5 times more

contamination outside the at a tilted angle of 90Aand supposing than that of the point source (5 cm I 5 cm) if the
angular field radioactive sources with different size with contamination of 125 cm | 100 cm existed (Fig. 2)
respect to center of the angular field (Fig. 1)
2 Impact depending on profile of  Evaluate noise by tilted angle assuming that ~ Compared with a tilted angle of 904 the amount of noise
flange tank piece there is uniform contamination inside the increased 1.2 times at 40Aand approximately 2.6 times at
flange tank piece 10A(Fig. 3)
No. 1: The larger the radioactive source size, 30 [ e Entire field (relative value) * 3.5 . |®Analysis (distribution assuming uniform
the more the b rays generated outside the _ o Zor:taTlnatlon)  (rolat |
angular field emit light inside the angular field 7 @ Space 10 cm away from the target 245 5 ctual measurement (relative value)
(red frame). E 25 surface (relative value) © o)
2 - °
. i T €0 ' 25
Tilted alN90A /— | No.2:Thecloseritisto | 5 g 29 =
[eml N T/ T the horizontal, the closer | £7a 17.3 o
- i \ the angular field isto the | o & ° s 2
g . contaminated surface. | 2 3 15 b
150 | 1 - - c o0 109 S 1 @)
o\ Tilted at 10A oo o 1
SRy ] BE 91 © 2 O | o
100 F \I 1 =z g
S T e - ’ XD 6.8 @ g 19 @ o
o : ° 3.9 ¢
- ] ] .
0 F ] £ 5 o e 46 05
i : ] o 1.0 e 2.7
0 1 1 1 1 1 1 1 1 1 1 0 6 09 0
5cm x 5cm 5cm x100 10 cm x50 44 cmx 125 cm x 120 90 60 40 10
0 100 200 300 400 [Cm] cm cm 100 cm 100 cm . N
Source size Tilt angle [U]
: . . Fig. 3 Correlation between
Fig. 1 Overview of evaluation conditions Fig. 2 Correlation between source size measurement orientation and

and amount of noise amount of noise

* The entire field from the surface of the target to the alpha camera position (uniform contamination)
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(b) Technological development of contamination evaluation for sorting solid wastes
- Other light emission by radiation -

Table 1 Other light emission by radiation

m Evaluation methods

Measure the light emitted Evaluate the noise in a system where It was detected as noise of approximately 21 10 3
from the paint on the inner  Am-241 (Uray source) and Sr/Y-90 (b [s' ¥Bq] at a measurement distance of 50 cm

wall of the flange tank using  ray source) are installed on the backside regardless of material and color, and it is assumed
the alpha camera. of the object to be measured with a that the paint had also emitted the equivalent light.
distance of 50 cm between the alpha

Measure the light emitted :
camera and the object to be measured.

from the alpha camera and
the curing sheet on the floor
surface and scattered on
the flange tank piece.

Compared with the noise in No. 1, it is assumed that
the impact due to reflection and scattering of the
flange tank piece is smaller.

Table 1 Correlation between source size and amount of noi

2 5E-03 = Scintillation light
Objects to be measured Types of = Cherenkov light
Alpha camera Material Color | Thickness | Source lights
[mm] generated 2.0E-03
Polyethylene | Transparent |0.05 Sr/Y-90 | Ascintillation é?
sheet 010 (b) light o,
. ACherenkov g 15803
Curing sheet | Pink 0.05 light >
i c
Measuring (Olefin) g
distance Epoxy resin Semi- Unknown 3 LOE-03
(50 cm) sheet* transparent g
Polyethylene [ Transparent [0.10 ] m241 | Scintillation = 5 0E-04
Objects to be [sheet ( U) |light
meastired Curing sheet [ Pink 0.18
'——— Source (Olefin) 0.0E+00

Curing sheet
Pink_0.18mmt

Polyethylene sheet
Transparent_0.05mmt

Polyethylene sheet
Transparent_0.1mmt

* Paint was simulated. However, it should be used as

a reference because it is not a ready-made item.

Fig. 1 Test system Fig. 2 Impacts by sheet

©International Research Institute for Nuclear Decommissioning

T1TRID 125



(b) Technological development of contamination evaluation for sorting solid wastes
- Total evaluation concerning noise -

From the evaluation results, the amount of noise measured from the b and 2 surface contamination density was estimated using the following method.

Confirmed the validity of this evaluation by comparing with the experimental values

U Assuming the impact of noise increase due to surface contamination, it was confirmed that the amount of noise estimated from the b and o surface
contamination density matches the experimental value with the error margin of KR20% (Fig. 1).

U The light emission due to the paint, which is the aforementioned noise source as an assumption, is approximately 50%~60% (Fig. 2) of the light emission of
nitrogen (with increment by the planar source, increase/decrease depending on the profile of the flange tank piece), and it is necessary to take measures
against both the light emission of nitrogen and the paint (Fig. 2).

<Noise evaluation method>

A Under the five conditions measured in Test [1], the b and 2 surface contamination density within the angular field are assumed to be uniform as
the measurement result at the center of each angular field.
A For a location where the b and 2 surface contamination densities in the flange tank piece were unknown, the average contamination density of
2.3 kBg/cm? was set as an assumption.
A The amount of noise N, was calculated by tilted angle as follows.
N, = Radioactivity in one pixel: A [Bq]
I Sensitivity to standard source: 0.09 [s ¥Bq]
I Impact of increase in noise due to plane contamination (24.5 or 10.9)
A Because of impacts from the profile of the flange tank piece, N, is estimated to be 1.2 times at a tilted angle of 40Aand 2.6 times at 10A

A Noise due to paint N, is calculated using the following formula
N, = Radioactivity in one pixel: A [Bq]
T Amount of noise at position of 50 cm to be measured: 21 10" 3[s' ¥Bq]
T Term for distance correction (Sensitivity is inversely proportional to the square of the distance.)

A Assuming that the amount of noise actually measured N is the sum of N, and N,

» Light emission of # Increment due to surface # Increment due to profile of

P paint contamination flange tank piece

: - & o 100%:
T ! ’ 2 2
o, 5 g ’ YrH
° S / .
; : ,I R
8 LAY 70%%
E 4 A T O
> o BV 2 L2 60%
s # (s ~0 I
g o g o 50%
© o ¢'L8
2 s ,. 30%
2 ,/ 0° .
8 10x £p £JNoise (increment due to surface contamination: 24.5 times) v
§ . I -, ¥ Noise (increment due to surface contamination: 10.6 times) 20

Y & - e YoX
g > & cesranr =200 109%
ra cosssaas 420
o’ %
) 100 LA N 1 500 600 X B 1M 30 . 4 1
Estimate value based on b and 2 surface contamination density [S' } Tilted angle []
Fig. 1 Comparison between test results and estimated values Fig. 2 Proportion of noise factors
o

e
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(b) Technological development of contamination evaluation for sorting solid wastes
- Arrangement of performance verification test -

ySummary of performance verification test and noise evaluation

U Itis confirmed that there is sensitivity to Urays and the position can be identified even in a highly contaminated environment (Tests [2] and
[4]).

U  The large amount of noise was confirmed from the results obtained during the point source (standard source) measurement (Test [1]).

i Itis necessary to consider an effective noise correction method for noise reduction and then reevaluate the accuracy because it is difficult
to correct the distance and readily identify the U surface contamination distribution due to the impact of noise (Tests [3] and [4]).

i As a result of examining the factors increasing noise, it is assumed that the effect of surface contamination measurement and Cherenkov
light due to the paint on the flange tank piece were the major factors and that the effect due to the profile of the flange tank piece could also
have been a factor (noise evaluation).

yProposed measures for the future

N It is necessary to reevaluate the accuracy after considering an effective noise correction method for noise reduction

N For noise reduction, consider narrowing the wavelength width of the optical filter to reduce Cherenkov light (Fig. 1), adopting the simultaneous

counting method (Fig. 2), and others

Cherenkov light is continuously
emitted from the short-wavelength Using two detectors, light emission event was obtained at
Wavelength | range to the visible light range the same time (e.g., several hundred nsec.) in overlapping
width (The shorter the wavelength, the areas. 3
larger the amount of light emitted.) * Sensitivity to Urays decreases, but even more than it,
1 10 sensitivity to noise significantly decreases
—UG11 (Imm
0.9 ( ) 9
0.8 - Light emission derived | g . 5 Auxiliary detector
from Urays G < .
o 0.7 75, (Single detector)
(3] 2
c C @®© .
E 06 6 oS Detection of event
= o
E 05 Sce that occurred at
S 04 4 982 ;
s 0 2= the same time at
'_
0.3 3EQ overlapped area
EZ Alpha camera PP
0.2 229
0.1 1
0 | ) 0
200 300 400 500 600 700

Wavelength [nm]

Fig. 1 Light emission spectrum and filter for nitrogen Fia. 2 Image of simultaneous countin

I
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(b) Technological development of contamination evaluation for sorting solid wastes
- Summary -

Achievements so far

V  Ucontamination measurement system was designed and developed on the basis of the element test results
with respect to the measurement of the on-site environment and U surface contamination density. (Some
operations such as trolley traveling are manned.)

V  The functional verification test was conducted using the prepared system to evaluate the basic performance
in an ideal environment without noise.

V By conducting the performance verification test for actual on-site contaminants, the measurement
performance of noise impacts and U surface contamination density was evaluated under the environment
with b and 2 contamination as a noise source.

V  In the performance verification test, it was confirmed that it is sensitive to U surface contamination even
under the environment with noise by b and 2 contamination and that the contamination distribution can be
visualized on a 3D model.

Challenges

V In the performance verification test, the noise due to b and o2 contamination was larger than expected.

V  Analyzing the noise factors has showed that there may be affected by a wide range of contamination as well as
the possibility of impacts due to the emission of Cherenkov light from paint, curing sheets, and others.

V In the future, rearrangement of the performance in this technology is required after detailed verification and
performance evaluation of the proposed measures against the aforementioned noise.

V In addition, it is necessary to arrange the specifications and issues for complete remote control including
traveling trolleys in order to put this technology into practical application.

I ES e
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2. Project Detalls

b. Concepts of treatment and disposal, and development of safety
evaluation methods

(a) Establishment of selecting advance treatment methods
[1] Low-temperature treatment technologies

[2] Study on the approach for evaluating the applicability of treatment technologies

(b) Proposal of disposal methods and development of safety evaluation methods
[1] Study of disposal methods in accordance with classification of solid waste and
collection & consolidation of information for establishing safety assessment

techniques

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

e
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(a) Establishment of selecting advance treatment methods

A Results up to FY2018
L Proposed technigues (approaches) that enable multifaceted evaluation of technology have been presented by identifying the evaluation
axes for evaluation to assess both waste characteristics and treatment technology.
L Qut of the evaluation axes that were considered in connection with low-temperature treatment technologies (cement solidification and
Alkali Activated Materials (AAM) solidification, with respect to the data on characteristics of solidified substances, which were
insufficient, data on solidified substances that were not mixed with waste were acquired.

A Goals

L To acquire and evaluate data on high and low-temperature treatment technologies, required for identification of stabilization and
solidification technology expected to be applicable to actual treatment, so as to contribute towards establishment of techniques for
selecting the preceding processing method

A Implementation items and overview

1] Low-

temperature
treatment

technologies

[2] Study on the
approach for
evaluating the
applicability of
treatment
technologies

T1TRID

(i) Study on the verification method of low-
temperature treatment solidification

i. Collection and
evaluation of data
on low-temperature
treatment
technology to
contribute to the
identification of
technology

(ii) Collection of data on properties of cement and
AAM solidified substances for the slurry

(iii) Investigation of special cement

ii. Investigation of
changes in
properties of
solidified substances

(i) Investigation of changes in properties of solidified
substances due to heating, etc.

(ii) Evaluation of the relation between the Cs inventory
and the temperature of solidified substances

(iii) Investigation and evaluation of influencing factors
that contribute to long-term changes in properties

i. Research and investigation concerning the impact of waste composition on
the performance of solidified substances

ii. Acquisition of data pertaining to facility configuration, etc., for each
treatment technology

iii. Investigation of Cs volatilization volume and its control during high-
temperature treatment

Evaluation of applicability of verification methods to be used for determining the
possibility of solidification and for setting the conditions

Preparation of simulated solidified substances, measurement of each type of
physical property and acquisition of data on characteristics

Investigation of useful special cement and acquisition and testing of data
concerning Na,CO; limit values, etc.

Acquisition of data based on the study and tests concerning tendencies of
changes in properties due to heating, drying, etc.

Clarification of the changes in heat conditions of solidified substances depending
on the difference in materials and different forms of the containers

Study and estimation of the applicable range for thermodynamic equilibrium
calculation

Study on the impact of solid waste composition on the performance of solidified
substances

Acquisition of data on economic efficiency and addition/updating of the technical
survey sheet

Investigation of Cs volatilization and its control mechanism

©International Research Institute for Nuclear Decommissioning
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(a) Establishment of selecting advance treatment methods
A Indices to determine the implementation details and goal achievement (20191 2020)

_—_ Details of implementation Goal achievement index

i. Data
acquisition

[1] Low-

temperature
treatment

(i) Verification

method

(ii) Data on
properties of
solidified
substances

(iii) Special

cement

ii. Changes (i) Changes in
in properties of
properties solidified

of solidified substances due
substances to heating, etc.

(i) Temperature

of solidified
substances

(iii) Long-term
changes in
properties

i. Impact on the performance of
solidified substances

[2] Approach

ii. System configuration, etc.

iii. Cs volatilization volume and
its control

1IRID

Study on verification method of low-temperature
treatment solidification

Identification of the applicable scope of various low-
temperature solidified substances

Acquisition of data on solidified substances mixed in
carbonate slurry

Acquisition of data on solidified substances mixed in iron
coprecipitation slurry

Investigation on usable special cement

Study on the applicable scope of various low-temperature
solidified substances

Investigation of changes in properties due to heating/drying
and study on tendencies of changes in properties of base
material

Acquisition of data from the vicinity of an inflection point at
which a change in properties occurs

Establishment of an analysis system and analysis
concerning cement solidified substances

Implementation of thermal analysis inclusive of AAM

Trial run of the collection of thermodynamic data and
thermodynamic equilibrium calculation

Evaluation of the applicability of thermodynamic equilibrium
calculation

Evaluation based on the collection of vitrification data and
glass property models

Evaluation based on the US Glass Database and evaluation
of the scope within which mixing is possible with respect to
low-temperature treatment

Data acquisition pertaining to facility configuration, etc., for
each treatment technology

Arrangement of investigation results for each treatment
technology

Arrangement of knowledge concerning Cs volatilization
control

Measurement of the effect of Cs volatilization control during
high-temperature treatment

Presentation of the proposed screening technigues to confirm whether
solidification is possible

Verification of techniques and identification of scope of applicability

Management of data such as performance of solidified substances when mixed
with simulated carbonate slurry

Management of data such as performance of solidified substances when mixed
with simulated iron coprecipitation slurry

Presentation of applicable range concerning solidification properties

Selection of candidates wherein the applicable range is likely to broaden and
identification of base material properties

Identification of the applicable scope of various low-temperature solidified
substances

Presentation of tendencies of changes in properties of base material

Presentation of the applicable range based on data from the vicinity of an
inflection point at which a change in properties occurs

Presentation of relation between cement solidified substance inventory and
heat

Presentation of the relation between solidified substance inventory and heat
and estimated achieving temperature

(Cement) Presentation of estimated results pertaining to changes in mineral
phases

(AAM) Presentation of the sufficiency of thermodynamic data and applicability
of equilibrium calculation

Presentation of the applicability of thermodynamic equilibrium calculation for
phase change and the results

Collection of data on glass properties and presentation of evaluation results
pertaining to the filling density of secondary waste generated from water
treatment based on Japan's National Glass Database

Presentation of the scope within which the main secondary waste generated
from water treatment can mix with glass

Presentation of the scope of low-temperature treatment based on the data in
the [1] i and ii items

Presentation of data such as facility configuration and treatment parameters
Presentation of results compiling each technology information
Presentation of results from arrangement of knowledge concerning Cs

volatilization control
Presentation of the effect of Cs volatilization controlling techniques based on
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(a) Establishment of selecting advance treatment methods
- Relation between the method to be developed and the process such as technology selection -

Analysis items

(O]

T
(Evaluation gxis) . . = 3
z 3 " = fgthnolgical = 3 S

o ‘ ol U O

%N o WScope of - Sntoumations - | ©

) appllcatllon Tl i s == |2

) | TRE|o
Bl == kﬂ! ! d _%H

" <

5

Selection process

Analysis of waste properties

Selection of applicable cand\Qate technologies

Selection of treatment technologies

[Treatment technology selection })\rocess]

\. J
e
Method to be developed in this study
4 )
Selection process | Analysis of waste properties Verification of solidification/composition study Setting actual treatment conditions
\_ [Treatment parameter selection process] )
E—
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(a) Establishment of selecting advance treatment methods
- Study flow for establishing approaches (techniques) to evaluate the applicability of treatment technologies -

Performance Treatment Storage Disposal
V  In the low-temperature solidification treatment, it is necessary to -
. . . . [1] Fluidity
consider the relation between the change in properties of the |
solidified material due to the physical and chemical [2] Hardening rate
characteristics of the waste and the performance required for 3] Cfmpfteifslve
the solidified substances. | AT Fydrogen ‘|
V  Required period depends on performance (Fig. 1) generation rate |
[5] Nuclide leaching [
rate |

Identification of performance during and after treatment

Confirm the presence or absence of changes in the constituent Fig. 1 Performance factors of major solidified substances determining the limit values (of the
waste filling rate) determined by waste properties in the solidification treatment and period

phase, focusing on long-term stability (heating/drying (radiation) required for properties
and duration)

Investigation of property

ificati . information on each
Identification of N Hydrogen generation rate R
performance during and ! 0 Nuclide leaching rate
after treatment n Solidification inhibitors
_ . - v
Evaluation for scope of Performance of | |Actual schedule
Verification method of high-temperature Limit values of olidified Facilit
solidification treatment solidification waste* soliar . Y
substances configuration
Limit values of the waste filling rate !
based on basic characteristics 3 Ancludi ) . "
. . ncluding the processing restriction conditions
(Flg 1 [1] to [3]) Limit ValueS Of the such as contraindicated substances
Changes in Tsmpera?urecondi‘lionsof Limi | f th waste f||||ng rate ) )
roperties due to changes in properties > imit values of the waste Arrangement qf techplcal co son
prop : filling rate based on stability TS (Ul E) ;
heatlnq and drylnq L rangement of restricted ini ation
A Arral ent of technieal’information
Cc 1
. | ! Figures and tables prepared
Evaluation of the
- o Effect of Cs Effect of - —
highest achieving volatilization —>|volatilizati ol Evaluation for applicability of
temperature Achieving temperature control volatiization contro treatment technologies
duetoingamount by operation Establishment of approaches
(techniques)
Changes in . v
properties with the #| Long-term stability | :
passage of time Waste package Information on
specifications process, etc.

Fig. 2 Study flow

S
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(a) Establishment of selecting advance treatment methods [1] Low-temperature treatment technologies
i. Collection and evaluation of data on low-temperature treatment technology to contribute to the identification of technology

(i)

[Goals]

Study on the verification method of low-temperature treatment

A

(ii)

solidification

To study techniques (Fig. 1) for determining feasibility of solidification in
advance, with respect to cement solidification and alkali-activated
material (AAM) solidification, from among the low-temperature treatment
solidification technologies, along with measuring the water absorbency,
etc., of waste.

Collection of data on properties of cement and AAM solidified

substances for the slurry

To promote understanding of the solidification process phenomenon and
to acquire and present data by preparing samples (Fig. 2) by mixing
simulated slurries (carbonates and iron coprecipitation) individually and
analyzing their strength, leaching property, etc.

(iii) Investigation of special cement

A

T1TRID

To investigate cement-based materials (Special cement) other than
ordinary Portland cement (OPC) having characteristics designated to
the required properties, in order to study their applicability to specific
wastes containing components with adverse effects on OPC.

©International Research Institute for Nuclear Decommissioning

Waste

Visual check

‘ | Tnorganic powder, 1 Crystallized/fiber-like

resin, etc T Detailed examination

Understand the chemical composition by
_means_of portable X ray fluorescence.

Add cement equilibrium water
(until.the water. COvers. t).

Covered completely with
$ water (visual check)
Amount of
water | .
absorption, =t
volume when
fully covered
with water
Volume, mass  Volume, mass Yes
(bulk specific  (bulk specific

gravity) gravity)

Cement equilibrium water | Fda " K« L (4 ‘

~ls the computed ™= “G
volume of the "
solidified cement
~._allowable? _.

Add waste to the cement equilibrium water
(prepare a dilute solution)
Y Add chemical admj xture and Ca( OH)

+ chemical )
admixture
B, S Itis very likely
4 4 that the cement
Is high pH ™ T80 does not solidify
“maintained?, efficiently or
| ’ does not solidify
| [ ™ at all

/
/

[1] pH (indicator paper) measurement, st Coneider adam
property (gas formation) chemical

[2) Evaluation of dispersibility  Turbidity (scattering) admixure
~u Stood or STz Deduce the
entit

X E centifuged solidification  ssssssned

Reference + Ca(OH),
(water) addition

formula

- | . v
Examine the preparation
of solidified cement in
detail

Measurement
of bed height

Fig. 1 Example of cement solidification
screening flow

OPC M MB20 MB40
Fig. 2 Example of specimens
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(a) Establishment of selecting advance treatment methods [1] Low-temperature treatment technologies
I. Collection and evaluation of data on low-temperature treatment technology to contribute to the identification of
technology(i) Study on the verification method of low-temperature treatment solidification

[Implementation details]
Techniques for determining feasibility of solidification, with respect to cement solidification and AAM solidification, from among
the low-temperature treatment solidification technologies, are studied in advance in combination with measuring the water

absorbency, etc., of waste.

A Main performance required during the treatment is fluidity, and factors influencing it include physical properties, such as
moisture content and waste profile, and chemical properties, such as solubility and reactivity.

A The verification method for the possibility of solidification are studied to simplify operation management.

A The formulated determination techniques will be reflected in the process flow, etc., that are arranged when the

approaches are studied.

Details of implementation

Study on verification method of low-temperature treatment solidification
N Examine screening techniques to confirm whether cement solidification is possible while focusing on the water absorption

rate and hardening properties.

Identification of the applicable scope of various low-temperature solidified substances
n Verify the technique of evaluation through experiments pertaining to factors that impact the properties of solidified

substances and identify the applicable scope.

Goal achievement index

N Present the proposed screening techniques to confirm whether solidification is

possible.
n Verify the techniques to identify issues.

N
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(@) [1] 1. (i) Study on the verification method of low-temperature treatment solidification

- Study flow -

Arrange the properties that have an impact on low-temperature solidification, and set the properties that
should be verified such as bulk density, absorption rate, and chemical reactivity.

Examine a combination of waste properties, and characteristics of solidified substances to be affected
were studied on the basis of the investigation and knowledge obtained till now. (Table 1)

Select material that waste is likely to contain and that is expected to lead to differences in the properties to

be verified as simulated material to be used in the trial run of the verification methods.

K With the idea of the waste generated at the Fukushima Daiichi Nuclear Power Station, 12 types of
simulated waste, whose properties affecting low-temperature solidification (cement and AAM) were
assumed to be different, were selected (silica sand, barium sulfate, etc.) (Table 2).

Arrange the methods to inspect with a small container (e.g., centrifuge tube) by utilizing knowledge
obtained from other sectors such as agriculture and soil.

Conduct a trial run of the applicable verification method to measure waste properties.

Establish a primary screening flow proposal by combining applicable verification methods for each of the
aforementioned properties. (Fig. 1)

In addition to a technique inspected on a small scale for characteristics of solidified substances such as
fluidity and compressive strength, consider a method with external measurements in a much simpler
manner such as turbidity and ultrasonic propagation.

Table 1 Relation between properties of solidified substances and properties of waste influencing the

possibility of low-temperature solidification treatment

Waste properties measurement method

Arrangement of properties to be
affected and measurement methods

Selection of simulated material with
different profiles

Trial measurement of individual
properties

Selection of
measurement method

Preparation of primary screening
flow proposal

Determine if it can be
solidified for waste.

Indication of the possibility of
solidification and provision of a
method that can be verified

understanding dispersibility !

3 Fluidity
Experiment pertaining to
creation of models for

3 Compressive strength

Tests with small samples,

trial run of measurement
method that uses ultrasonic

propagation velocity, etc.

Preparation of
secondary screening

flow proposal

Evaluate the performance
of solidified substances for
a mixture of waste and

» solidified material
(composition study).

[

Fig. 1 Study items for verification method

Table 2 Selected simulated waste

Properties of solidified substances to

: Properties of waste . .
be considered Silica sand No. 2 Magnesium sulfate
Processes to Particle size Moisture | Chemical | Radiation Properties at the fime of adding liquid (kneading water, etc.)
Properties Profile/size | &~ 2 Density  |Bulk density o Water o Heat Gas _ o N
be affected distribution content |composition dose o : .
P absorbency [XPASIPIY] generation | generation [SPersibility Solubility [ Silica sand No. 8 Ferric oxyhydroxide
\Working life 3 v U V3 V3 3
Treatment  [Fluidity v y u y : v : J v v v J J v Silica sand fine powder Barium sulfate
process Homogeneity U U 3 3 (4] 3 U U
Work safety 3 Vg v U . .
Strength of solidified 5 . 5 o o 5 Calcium carbonate Aluminum
substances 2
After Dimensional stabilit 3 U U U . . .
solidification === e : > Sodium carbonate Montmorillonite
(it properties after 3 Vg Vg v 3 3 B 3
Substances) |sjigification Sodi hlorid Coal ash
Nuclide fixation U U 5 odium chioride oal as
Properties that have a major adverse “H (Indirect
impact on the feasibility of treatment evaluation H H H H
process and performance of solidified using other B B : B
substances properties)

* [Legend] Extent of impact: U': Major, 5 : Medium, 8 : Minor,

T1TRID

: None, (Blank): Unknown
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(@) [1] 1. (i) Study on the verification method of low-temperature treatment solidification

- Establishment of screening flow proposal -

A A test method (proposal) consisting of the primary screening, which is the method of measuring waste properties (Steps 1 to 5) (Table 1), and the
secondary screening involving the method of simplified measurement of properties during the solidification treatment (Steps 6 to 7) (Table 2) was

established.

A The primary screening involved testing whether the waste does not have a detrimental adverse effect on the feasibility of low-temperature treatment
solidification process or on the performance of solidified substances, using a small container (e.g., centrifuge tube).

A In the secondary screening (Table 2), fluidity and compression strength are evaluated in a simplified manner, but a study will be conducted to
identify a method for screening on a small scale (small quantities) as possible, since radioactive waste is used.

A In order to proceed with the study of the secondary screening rationally and efficiently, the method for estimating the solidification properties from
information obtained from the primary screening is also examined.

Profile, bulk density

Water absorbency, expansibility,
impact of adding kneading water
(heat generation and gas
generation)

Dispersibility and particle size
distribution in kneading water

1
2
3
4

Impact of adding simulated

(Cement cement suspension (heat
alone) generation and gas generation)
5 pH verification

Table 1 Primary screening (proposal)

Put certain amount of sample into a centrifuge tube, and after visually Electronic balance,
inspecting the profile and size, tap 20 times and calculate bulk density. ~ centrifuge tube

Put a drop of simulated kneading water into the centrifuge tube used in
the Step 1 operation to confirm the presence or absence of the amount
of water absorption, volume change, and gas generation. Confirm the
presence or absence of generation of heat using radiation
thermometer.

After adding the simulated kneading water up to the top of the
centrifuge tube that has been operated in Step 2 was performed, and Shaker (Turbidity
shaking it, visually confirm the sedimentation state of the sample. (A meter)

method using a turbidimeter is also conceivable.)

Add simulated cement suspension (calcium hydroxide) in the

centrifuge tube in which Step 3 was performed, and confirm the Radiation
presence or absence of gas generation. Confirm for heat generation thermometer
using the radiation thermometer.

Perform centrifugal separation using the centrifuge tube after the Step

4 operation in the cement case and after the Step 3 operation in the pH test paper, etc.
AAM case, and then measure pH values of the supernatant. (A visual BTB solution

test by dripping BTB solution is a simple one.)

Pipette, radiation
thermometer

Reference value unknown

There should not be significant volume expansion,
excess gas generation, and heat generation.

Reference value unknown

There should not be excess gas generation and
heat generation.

Should indicate alkalinity

It was confirmed that the waste would not bring about any events (significant expansion, gas generation, and heat generation) detrimental to the feasibility (applicability) of the treatment process with the

operation up to Step 5

Table 2 Secondary screening (proposal)

Goal : o

Fluidity during the solidification
6 treatment

Strength of solidified substances and
improper condensation (working life)
after solidification treatment

T1TRID

After kneading the sample on a small scale (using a hand mixer, )
etc.), fluidity during the solidification treatment was evaluated through ~Hand mixer, etc.

a small flow test (that was conducted by changing the composition). Small flow cone
After kneading the sample on a small scale (hand mixer, etc.),

placing it in a small container, and curing it, evaluate the strength at Small container
short-term material age (e.g., 7 days). Further, evaluate improper Strength tester

setting.

Should satisfy the target flow

Should satisfy the target strength
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(@) [1] i. (i) Study on the verification method of low-temperature treatment solidification
- Trial of screening flow proposal -

U Trial screening was performed with the proposed verification method using 12 selected simulated wastes.

Table 1 Verification results of primary screening with calcium
carbonate (cement)

Properties to
be evaluated

Operation
status

Conditions,

operation,
etc.

Criteria

Profile, size, and Expansibility,

bulk density water
absorbency,
heat generation,
and gas
generation

Sample: 8 g Sample: 8 g
Dripping amount
of pure water:

5.3 cc

Profile: powdery
Bulk density:
1.07 glcc

No expansion
No heat
generation

No gas
generation
Amount of pure
water added:
0.48 cclg

Possibility of
moving on to 3 2
the next step

Dispersibility
and particle size
distribution

Impact of
simulated
cement
suspension
(heat generation
and gas
formation)

' Ml

-

Dripping amount
of pure water
(total): 40 cc

60 min after
completion of
shaking

Shaking after
adding calcium
hydroxide

No heat
generation
No gas
generation

Study based on secondary screening

_____

i |

g

i

-

g

After centrifugal
separation, drip
BTB solution
onto the
supernatant.

Alkalinity
(Reference)
PH=13.3

Table 2 Verification results of primary screening with magnesium
sulfate (AAM)

Profile, size, and bulk

. density
Properties to

be evaluated

Operation
SETS

Sample: 8 g
Conditions,

operation,

etc.

Profile: powdery
Bulk density: 0.8 g/cc

Criteria

Possibility of
moving on to 2
the next step

Expansibility, water
absorbency, heat
generation, and gas
generation

Sample: 8 g
Dripping amount of AAM
kneading water: 5.7 cc

Right after dripping, the
wet portion undergoes
quick setting and
expands.
Severe heat generation
(approximately 60AC)
Gas generation
T

(Quick setting and severe

heat generation)

¥

Determined as inappropriate

Confirmed that certain decisions can be taken concerning the applicability of cement solidification and AAM solidification.

T1TRID
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(@) [1] i. (i) Study on the verification method of low-temperature treatment solidification
- Verification of primary screening proposal with simulated dry waste -

A proposal
and AAM sol i

for pri
di fied

mary screeni
substances

ng
for

U Cement solidification

Step Properties to be evaluated T R g N Carbonate slurry CS) S ETE D e e i e
slurry next step

Shape Powdery Powdery
Bulk density (g/cc) 1.3 glcc 0.8 g/cc

2 Water absorbency (amount of 0.36 cclg 0.54 cclg
absorbing water) No expansion No expansion
Expansibility 21.4/CY 31.8/C 22.4/CY 25.6/C
Heat generation (increased by 10.4/C) (increased by 3.2AC)

No No generation.

Gas generation

3 . " o 11 mL (5 min) 40 mL (5 min)
Dispersibility (precipitability) 8 mL (30 min) 25 mL (30 min)
Particle size distribution 8 mL (60 min) 17 mL (60 min)

4 ) ) No heat generation No heat generation

Impact of adding simulated

. No gas generation
cement suspension

No gas generation

5 pH verification Alkalinity (pH = 9.0) Alkalinity (pH = 10.8)

U AAM solidification

Step Properties to be evaluated ) CRRITE Carbonate slurry CS) (CTITETE 1D s B iE (e
slurry next step

Reference value unknown

Shape Powdery Powdery
Bulk density (g/cc) 1.3 glcc 0.8 g/lcc
2 Water absorbency (amount 0.67 cclg 1.14 cclg
of absorbing water) No expansion No expansion
Expansibility 19.7/CY 31.3/C 20.4/CY 25.7/C

(increased by 11.6/C)
No

(increased by 5.3/C)
No

Heat generation

wa s

Reference value unknown

There should not be significant
volume expansion, excess gas
generation, and heat

There should not be significant
volume expansion, excess gas
generation, and heat

veri fied
slurry, o

usi ng fofftemerd | u

t he whi ch i s men

Bulk density: It is possible to determine the
magnitude relation (simplified inspection
method: IS/CS  1.3/0.83 1.63, Dry density
meter: IS/ICS  3.12/2.433 1.28)

\% Heat generation: iron coprecipitation
exhibited higher heat generation (increased
by 10.4AC)

\% Confirmed that both slurries were solidified

Reference value unknown

There should not be excess
gas generation and heat
generation.

Should indicate alkalinity

Heat generation: iron coprecipitation
exhibited higher heat generation (increased
by 11.6AC)

\% Carbonate slurry generated gelation
(Because of the Ci Si H generation; *The
similar phenomenon occurred in the calcium
carbonate reagent.)

G i N v generation. V  Precipitability of Iron coprecipitation slurry
Gglsagg:era o0 c es IC): Conformed to expectation from bulk
density
3 Dispersibility (precipitability) 34 mL (5 min) 40 mL (5 min) . . e
Particle size distribution 18 mL (30 min) Gelation (10 min) Reference value unknown vV Confirmed that both slurries were solidified

13 mL (60 min)

5) pH verification Alkalinity (pH >13) Alkalinity (pH >13)

T1TRID

Should indicate alkalinity

V  The screening method needs to be
reviewed. (Refer to the next page.)
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(@) [1] i. (i) Study on the verification method of low-temperature treatment solidification
- Review of screening flow proposal -

Using the established inspection method, the following events were confirmed in the process of verifying the inspection flow using carbonate
and iron coprecipitation slurries and examining the composition in [1] (i) ii.

i

Cement solidification

A Compared with that on the carbonate slurry, the heat generation
temperature when water was dropped on the iron
coprecipitation slurry was higher. However, the amount of
generated substances due to segregation was large and it took
time to disappear while kneading with cement.

The curing reaction (condensation) in the case of iron
coprecipitation slurry may be slower than that of carbonate

slurry.

i
A

AAM solidification

In the carbonate slurry inspection, since gelation occurred (without heat
generation and expansion) in the primary screening (Step 2 and 3) due to the
addition of simulated solution with kneading water, it should be determined as
inappropriate but was actually able to be solidified.

In the composition study of the iron coprecipitation slurry, a gel-like substance
(mainly sodium hydrogen carbonate) was generated and remained on the
surface of the solidified substance, but it could not be assumed at the time of
the primary screening.

V Inspection of waste alone may not be enough to predict the segregation (bleeding) and reactivity (condensation) after kneading with cement.
V If generated substances such as bleeding due to segregation remains for a long period of time, a lid of the drum can cannot be closed, which may have

a great influence on the actual treatment process. Therefore, it is desirable to be able to grasp in advance.

V Inspection of AAM gelation is required.

N

The following reviews were implemented in order to solve the aforementioned issues and apply other improvements confirmed as a result of
verification.

i

i

Primary screening A Arrangement of procedures (study on screening for different solidification materials)

A Addition of operations to verify the gelation time due to alkaline solution composition and identify the appropriate liquid phase composition

(added to Step 2)

Study of methods for estimating solidification properties (fluidity and compressive strength) based on information obtained through the primary

. A
Secondary screening screening

A Examine the simplified measurement method for solidification properties (fluidity, condensation, and compressive strength) that should be

considered during the composition study (upgraded version of Steps 6 and 7)

Addition of inspection items concerning segregation found in the composition study of iron coprecipitation slurry (new) (Fig. 1)

for fluidity of filled mortar)

Test J14 funnel flow time %l Initial setting time
methods  (JSCE-F-514: Test method | (JIS R 5201:

_ . Physical testing
methods for
cement)

» E

Criteria J14 funnel flow time = 2~4 s Hardening took place without quick

setting and without bleeding within

24 h.
Fig. 1 Solidification properties aimed at identifying in secondary screening

T1TRID

Compresswe strength

Sealed curing at

(material age: 28 days)

Segregation (cement)

JSCE-F 522 —

Conf ormance wi't t
of Bleeding Rate and Swelling

Rate for Injection Mortar of

Prepacked Concr ro

No phenomenon shall be observed 3 days
later.
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(@) [1] 1. (i) Study on the verification method of low-temperature treatment solidification
- Review of screening flow proposal -
<Verification of AAM gelation time>

[1] Prepare [sodium silicate + NaOH solution] (alkaline solution) with different composition
[2] Pour the alkaline solution into the centrifuge tube containing the simulated waste up to the top, and turn it upside down every 10 min
immediately after shaking. (Fig. 1)

A The period until the entire sample does not fall down even if it is turned ’ A
upside down is regarded as the gelation time. W down every
A Determined as inappropriate if the gelation time is shorter than 30 min B an :
(Determined that the setting time of 30 min is conservative and e o
appropriate, considering that the actual mixing time is approximately tube mver (1 i) (sury le) jzzizton state (gel k)
10 min with the in-drum type and approximately 30 min with the out-drum _ _ o
type and that AAM raw material is actually added to bring about a dilution Fig. 1 The evaluation method of AAM gelation time
effect) Reference (Representative liquid phase
w20 | Five types of solutions with | Gelation time (min) H20 composition
ﬂfgrergfgmgositions ‘ o

Reference

| Solution composition of each
compounding material used in the
T\ slu_d)_/_fort_:arbonaleslurw
r — e solidification
Substance below this line A A .
tends to solidify in the liquid / ’ -
phase only (at 20°C, \
experimental rule) A - .
= . [Solution composition ]
\ The gelation time is approximately 10 min when
o - Na20 only carbonate slurry and alkaline solution are
Composition: mi x ed s but t he i ni minia l
H,0O (76 mass%), Na,O (12 mass%), the case of simulated slurry AAM solidified
Si0, (12 mass%) substances.
[Solution composition ] K Dilution effect due to mixing with AAM raw
Criteria determined as inappropriate: Gelation time is shorter material power

than 30 min.

K The solution composition  with the gelation time of
approximately 70 min when carbonate slurry is mixed is
regarded as appropriate.

K For verification of AAM solidification, the gelation time was used as a criterion (determined as inappropriate if it is shorter than 30 min;
*with testing liquid), not the presence of gelation.
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(@) [1] 1. (i) Study on the verification method of low-temperature treatment solidification
- Review of screening flow proposal -
<Reviewed primary screening flow (proposal)>
A In the primary screening flow, there were some parts where the same procedure has been repeated in order to measure the
basic physical properties of the waste and then conduct the test with the testing liquid (kneading water).
A In order to simplify the primary screening flow, the concept and operation procedure of the inspection flow for multiple
solidified substances have been rearranged (Fig. 1 and Table 1). The testing liquid used for the operation procedure is
summarized in Table 2

Basic Operation Table 2 Testing liquid
physical procedure: ’ i
: Basic p.hy5|cal Pure water
Inspection v (OPC) 1 (AAM) y (other solidified materials) properties
considering | Operation Operation Operation Cement Simulated cement kneading water
solidified procedure: procedure: procedure:
materials Steps 1to 4 Steps 1 to 4 Steps 1to 4 Simulated AAM kneading water

AAM (mass ratio

Fig. 1 Concepts of inspection flow for multiple materials Si0,:Na,0:H,0 = 12:12:76)

Table 1 Work procedure of primary screening

evaluated

Put certain amount of waste sample into a centrifuge tube, and after visually ~ Electronic balance,
inspecting the profile and size, tap 20 times and calculate the bulk density. centrifuge tube

1 Profile, bulk density Reference value unknown
There should not be
significant volume expansion,
excess gas generation, and

Water absorbency,

expansibility, and impact of Drip testing liquid into the centrifuge tube used in Step 1, and confirm the

. T presence or absence of the amount of water absorption, volume change, Pipette, radiation
2 adding testing liquid (heat ) ) : 4
. and gas generation. Confirm the presence or absence of generation of heat thermometer heat generation. Should
generation and gas . o . N
. using radiation thermometer. satisfy the gelation time of
generation) - .
O 3 Min
After adding the testing liquid up to the top of the centrifuge tube that has
been operated in Step 2 and shaking it, visually confirmation the Shaker (Turbidity
sedimentation state of the sample. (A method using a turbidimeter is also meter)
conceivable.)
Perform centrifugal separation with the centrifuge tube used in Step 3 and
then measure pH values of the supernatant. (A visual test by dripping BTB
solution is a simple one.)

It was confirmed that the waste would not bring about any events (significant expansion, gas generation, and heat generation) detrimental to the feasibility (applicability) of
the treatment process with the operation up to Step 4

T1TRID

Dispersibility and particle
3 size distribution in
simulated water

Reference value unknown

pH test paper, etc.

BTB solution Should indicate alkalinity

4 pH verification
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(@) [1] 1. (i) Study on the verification method of low-temperature treatment solidification
- Review of screening flow proposal -

<Reviewed secondary screening flow (proposal)>
Added methods for estimating solidification properties (fluidity and compressive strength) to be considered during the composition
study based on information obtained through the primary screening (e.g., amount of water absorption into waste) (Step 5)
Added the simplified measurement method for solidification properties (fluidity, condensation, and compressive strength) that
should be considered during the composition study (Steps 6, 7, and 8)
Newly added the segregation item (Step 9)
Examined and arranged the applicability of the estimation methods and usable equipment to be implemented in each step (See the

following pages.)

Estimation of fluidity and

5 compressive strength during the

solidification treatment

Fluidity during the solidification

treatment

7 Condensation after the solidification
treatment

8 Strength of solidified substances
Segregation properties after

9 A
solidification treatment

T1TRID

Table 1 Reviewed secondary screening flow (proposal)

Estimate fluidity and compressive strength from the
amount of free water and the water/solid ratio from
information on the amount of water absorption
obtained in the primary screening flow

After kneading the sample on a small scale (using a
hand mixer, etc.), fluidity during the solidification
treatment was evaluated through a small flow test
(that was conducted by changing the composition).

After kneading the sample on a small scale (hand
mixer, etc.), evaluate the hardening duration

After kneading the sample on a small scale (hand
mixer, etc.), placing it in a small container and curing
it, evaluate the strength at short-term material age
(e.g., 7 days)

After kneading the sample on a small scale (hand
mixer, etc.) and placing it in a small container,
evaluate the amount and the number of days until
disappearance of generated substances

Theoretical study

Hand mixer, etc.,
Small flow cone

Centrifuge tube,
automatic setting
tester, and ultrasonic
measuring
equipment

Small container,
compressive strength
tester, and ultrasonic
measuring
equipment

Small container and
centrifugal
separation
equipment

©International Research Institute for Nuclear Decommissioning

Should select the composition
that can obtain the target fluidity
and compressive strength

Should satisfy the target flow
value

Should be hardened within the
target duration (24 h)

Should satisfy the target
compressive strength

Should disappear the generated
substances within the target
duration
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(@) [1] 1. (i) Study on the verification method of low-temperature treatment solidification

- Study of methods for estimating solidification properties based on information obtained through the primary screening flow -

i

<Cement>

It is possible to evaluate the likelihood of solidification treatment with a small number of trials if it is possible to estimate the solidification treatment
conditions (waste filling rate and composition) that satisfy the required fluidity and compressive strength using the information obtained in the primary
screening when conducting the secondary screening.

U A method for estimating solidification properties such as compressive strength was studied using the information obtained in the primary screening.

Estimation of fluidity

U  Calculate the amount of free water with two calculation methods (Methods A and B) to confirm the correlation between the amount of free water and
the water/solid ratio and the flow value (JIS flow) measured on the basis of JIS R 5201.
A Formula for Method A: Calculate using the amount of water absorption in Step 2.
Amount of free water (mL/L) = Amount of kneading water (mL/L) T Cement weight (g/L) T Amount of water absorption in cement (mL/g) T Weight of simulated waste (g/L) I Amount of
water absorption in simulated waste (mL/g)
A Formula for Method B: Assuming that the amount of water absorption in cement and silica powder is 35 vol%*1. The amount of water absorption in other substances is calculated from the
ratio of the amount of water absorption in Step 2 (based on silica powder as reference).
Amount of free water volume (mL/L) = Amount of kneading water (mL/L) T [Volume of cement (mL/L) + Volume of simulated waste (mL/L) T Amount of water absorption in simulated
waste/Amount of water absorption in silica powder] T 0.35
*1: The amount of water absorption that has the highest correlation in the relation between the composition and fluidity shown in the literature on solidification of incinerated fly ash cement investigated
U  As simulated waste, carbonate slurry (CS), ferric oxyhydroxide (FeOOH), ground calcium carbonate (GCC), iron coprecipitation slurry (IS), and silica
powder (SSP) are used.
500 500 500
OPC OPC OPC 4 CS
<4 CS E FeOOH
400 <« 1 400|| T Feoon 2 | 400 <« | v G&ce
—_ —_ o~ > IS
£ a € v cce < E <
E300 v E300|| > IS v < E£300 w * SSP
z PAER z ¥ SSP . M z > <
= 200 & = 200 »&4 = 200 ;%
%) <4 CsS %) %)
s < : * n B FeOOH = % b < | ) ¥ |
100 < v GCC 100 % 100
> IS
* SSP
0 0
200 -100 0 100 200 300 400 500 600 0 200 400 600 800 0 25 50 75 100 125 150
Free water (ml/L) Free water (ml/L) WI/P (mass%)
Fig. 1Relation between amount of free water obtained Fig. 2 Relation between amount of free water Fig. 3 Relation between water/solid ratio and
through Method A and JIS flow values obtained through Method B and JIS flow values JIS flow values
A There was a correlation between the amount of free water obtained with both Methods A and B and the JIS flow
A ﬁlues, bu/t d?:ja frc_)m Mst?losdfib\ and IJIS flolw vslt:jes EQ(:]a hlghez c_orrellat_lon (Flgsl. 1 and 2). g - Fluidity of cement can be estimated from
indee;(N(aé?g; 53(;I ratio an ow values also had a higher correlation. It is possible to estimate data using this information obtained in the primary screening.
A Further studies are needed on factors that cause ferric oxyhydroxide to deviate significantly from the correlation.

T1TRID

©International Research Institute for Nuclear Decommissioning

144



Estimation of compressive strength

(@) [1] 1. (i) Study on the verification method of low-temperature treatment solidification
- Study of methods for estimating solidification properties based on information obtained through the primary screening flow -

<Cement>

U  Confirmed the correlation between cement/amount of free water, cement/kneading water, and compressive strength at
material age of 7 days.

Compressive strength (N/mm?)
= N w Iy a1
o o o o o
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GCcC-7d
1S-7d
SSP-7d

T
*v<lAO

>

»>

> >
P vy
4y <«

el v |

a4 ( Y

>

o

2 4 6 8
Cement / Free water (mass%)

10
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of free water (Method A) and
compressive strength
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Fig. 3Relation between cement/kneading

water and compressive strength

A The correlation between the amount of cement/amount of free water and compressive strength was higher in Method B

(Figs. 1 and 2).

A Cement/kneading water that has been used conventionally also has a high correlation with compressive strength (Fig. 3).
A Cement/kneading water can also be used for estimating the compressive strength.

T1TRID

Fluidity of cement can be estimated from the information obtained in the primary screening. The accuracy is improved
using the amount of water absorption that is obtained in the primary screening and then corrected (with Method B).
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(@) [1] 1. (i) Study on the verification method of low-temperature treatment solidification
- Study of methods for estimating solidification properties based on information obtained through the primary screening flow -
<AAM>

U For AAM solidified substances, the amount of water not restricted by the waste in the kneaded products was obtained from information such as the amount of
water absorption obtained in the primary screening for the simulated waste to verify the relation with fluidity and compressive strength.

* Amount of water not restricted by waste (mL/L) = Volume of kneaded solution in composition (mL/L) T (Amount of waste substance in composition (g) T Amount of

water absorption in waste (mL/g))

0 As simulated waste, carbonate slurry (CS), calcium carbonate (CaCOy), fly ash (FA), ferric oxyhydroxide (FeOOH), sodium carbonate (Na,CO;), sodium chloride

(NaCl), iron coprecipitation slurry (IS), silica sand #8 (QS8), and silica powder (SSP) are used.

150 25
AAM E AAM —4—CS
& < £ —&— CaCoO,
£ o™ = A FA
E 100 —4—CS £ ~@— FeOOH
= A —e— CaCO, 215 ——IS
< /?‘,* A FA 2 ——Na,CO,
o y —@— FeQOOH » @ NaCl
c [ul
- * —4—Na,CO, =W —o— QS8
3 % & NaCi 2 -SSP
& ——1S S 5
—— QS8 £
—%— SSP 8 .
0
0 200 400 600 800 0 1 2 3 4 5
Free water (ml/L) Free water / AAM powder (g/g)
Fig. 1Relation between amount of water without being Fig. 2Relation between amount of water /base material powder
restricted by waste and small flow values without being restricted by waste and compressive strength

A Verification of estimation method for fluidity (Fig. 1)
Although there were variations, both the carbonate and the iron coprecipitation slurries were plotted at the same positions as other simulated wastes. The

difference depending on types of simulated waste was so small, especially in the region with high fluidity, and the accuracy of estimation concerning fluidity
was high.

:> In AAM solidified substances, fluidity due to the amount of water that is not restricted by waste can be roughly estimated.

A Verification results of estimation method for compressive strength (Fig. 2)
The iron coprecipitation slurry data were plotted at the same position as the other simulated waste data, but the carbonate slurry data were plotted at slightly
different positions. It is inferred that the difference from the overall trend of carbonate slurry was caused by some phenomenon (such as gelation) occurring

between calcium carbonate and AAM base material since the plot position of calcium carbonate, which is the main constituent of carbonate slurry, was greatly
deviated from the whole.

It is thought that the fluidity of AAM solidification can be estimated from the amount of water that is not restricted by waste. However, the accuracy of

estimation is low because of impacts of gelation or others on the estimation of compressive strength. Therefore, it should be determined from the actual

measuring data.
—
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(@) [1] 1. (i) Study on the verification method of low-temperature treatment solidification
- Study of the simplified measurement method -
<Fluidity>
U Inthe revised secondary screening proposal, the simplified measurement method using small-scale samples was examined for fluidity,
condensation, segregation, and compressive strength of the solidification properties to be identified.

U It was examined if the fluidity can be evaluated in the JIS flow test using a JIS flow cone (upper inner diameter 70 mm I lower inner diameter
100 mm T height 60 mm: volume approximately 350 mL) or the small flow test using a small flow cone (inner diameter 40 mm I height
40 mm: volume approximately 50 mL) (Fig. 4) instead of the J14 funnel flow test.

250

i
I

[N

IS

_. |opPc < Cs . |oPc < Cs opc
8 12 @ FeOOH 8 12 B FeOOH —~200
8 v GcC 8 v GcC E <&
2 10 > > IS o 10 > > IS £
£ * SSP £ * SSP 2 150
; 8 » ; 8 “_9 <
S, A & v 2 0 R
= — = 4 CS
£ 4 %, £ 4 = ” B FeOOH
2 '«2 2 "R & so S v cce
s, Ravad < s, ve “ < ° = > IS
i - * SSP
O0 100 200 300 400 500 00 50 100 150 200 250 300 00 100 200 300 400 500 600
JIS flow (mm) Small ring flow (mm) JIS flow (mm)
Fig. 1 Relation between JIS flow Fig. 2 Relation between small Fig. 3 Relation between JIS flow Fig. 4 Small flow test
values and J14 funnel flow time flow values z_;md J14 values and small flow values Refer to ASimple FIc
funnel flow time Architectural Institute of Japan's Building
Construction Standard
A Since a similar correlation was confirmed among the JIS flow value, small flow value, and J14 funnel Specifications/Explanation JASS 15 M-
flow time, it is considered that the approximate J14 funnel flow time can be estimated through the small- 103 (Quality Standard for Self-leveling
scale flow test (Figs. 1 and 2). Materials)
A JIS values can be estimated from small flow values since there is a good linear relation between JIS 1’: PRRTRT
flow values and small flow values (Fig. 3). £ 16 : mgﬁg+:§ I
2 ] HARFI
A In AAM solidified substances as well, as a result of examining a small flow test using a small flow cone & jlj “ §~130mm
under the following compounding conditions, it was confirmed that there was a favorable relation with E1o
the J14 funnel flow time (Fig. 5). Sy ) i i
. oy | = L H H
(Compounding conditions) 54 &
Awaste: Dry simulated iron coprecipitation slurry z ; HH"?#,,‘
Awaste filling rate: 25~30 mass% 0 i
40 [=l4] a0 100 120 140
4} Small ring flow {mm})
It was confirmed that there was a high correlation between flow values from the JIS flow cone Fig. 5 Relation between small flow values
and the small flow cone. and J14 funnel flow time (AAM)
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(@) [1] 1. (i) Study on the verification method of low-temperature treatment solidification
- Study of the simplified measurement method -
<Condensation>

U Examined the condensation measurement using a centrifuge tube used in the primary screening flow. Improved the automatic setting
tester so that the measurement using a centrifuge tube can be made.

Improved so that it can be measured
while it is contained in the centrifuge tube.

0  Examined whether the initial setting time and others could be estimated using the kneaded substance in the centrifuge tube as it was.

A After the kneading in the centrifuge tube is completed, confirmed the flowage state (moving length) of kneaded substances in the
tube while tilting it 90Asideways at regular intervals. The applicability needs to be continuously studied and verified later.

Arrival position

Tilt 90~ after the After 15 min{Z W I 2| 15.0m
. . -

specified time

<Composition of kneaded products>

Dried iron coprecipitation slurry: 10 g

Water: 10 g

Cement: 10 g

(Water/solid ratio = 50 mass%, waste filling

rate = approximately 33 mass%)

After kneading using a vibration table, tilt the
centrifuge tube sideways every 15 min and confirm
the moving distance (arrival position) of the 17.5mi

kneaded products. Fig. 1 Image of the test
U  About the method for estimating the initial setting time from the ultrasonic technique

A 1t may be applicable to the simplified measurement for condensation since coagulation since the existing studies have shown that
there is a correlation between ultrasonic propagation velocity and initial setting time. The applicability needs to be continuously
studied and verified later.
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(@) [1] 1. (i) Study on the verification method of low-temperature treatment solidification
- Study of the simplified measurement method -
<Study of the simplified measurement method: compressive strength>

[1] Compressive strength test with small specimens 5 "Torc yeiast m & AAH m Esazem
The compressive strength of a small specimen prepared with a small g 1z i =0'9931,.- . Rt -SL .
container (2T 2T 3 cm) has the same linearity as that of a specimen 2 N -,
prepared wi th T4d0cepand ibwilbeeusefuliri 5 £ £ gt i L
evaluating the compressive strength easily (Fig. 1). §=° B | R'=0.8%5 e E ',--" e

. . . . . B, !A‘ & @5x10 (Criteria) 2 5 l " '
[2] Compressive strength test using ultrasonic waves with small specimens 5 ‘ 4 2r2am cube g e
Consider the measurement using ultrasonic waves as a simplified g - - - = R S § : !
measurement method (without crushing) (Fig. 2). Average compressive strangth of 5x10 (Nimm) o _— s mng; o wsﬂi A
A There was a correlation between the ultrasonic propagation velocity and
compressive strength according to the existing study results. Fig. 1 Relation of compressive strength at material age of 7 days
A Generally established proportional relations with the ultrasonic propagation bet ween spelc0amgand sfélSpecimen
velocity concer nild@cmamemall specimensof (5

(Figs. 3, 4, and 5).

<Composition of specimens>

N Dried iron coprecipitation slurry: waste filling rate = 20 mass%, water/solid ratio (W/P) = 48 mass%

N water/cement ratio (W/C) = 68.2 mass%

carbonate, and silica powder although some data were deviated (Fig. 3)

of the small specimens.

There was a correlation between the ultrasonic propagation velocity and compressive strength
concerning small specimens made of iron coprecipitation slurry, carbonate slurry, ground calcium

Determined that the compressive strength can be estimated from the ultrasonic propagation velocity

Fig. 2 Ultrasonic measuring equipment

used
Toyoko Elmes
ELSONIC Il (ESI/P-20) i Sensor: ESP-10

_4n &0 .40

L OFC (i QPG a OPC

] R~ . & = B

= L IR ER ) } oo £

E aa L ar e neimetion resun 1 ot 5.5 Z

£ . gL = v

325 ] m =) k1

i ¢ % San " & * v

=20 Y= 506 - 112,13 g -ii k L s

R R=0.5243 oo o T v

2 A o * <4 C52e2<3cm

=" g 3eb * 15 £ 10 v GCC-2x2%3am

. & 4 15T s 4 b 15-z%2x30

a |14 = B IS2hd - Al

O B = apls 3 & SEP-222x3cm

i 7 ] B F] 20 15 1 36 414 : %% 75 n a5 2.0
. 5 e . Ultrezonic progsgatbens sekooity of ph=10 (km'a) : ) ©
Ultrasanic propegation vekodity {km'sh Ulirasonic preoagaton velocity (kmfs)
Fig. 4 Relation between ultrasonic propagation Fig. 5 Relation of ultrasonic propagation velocity

velocity and compressive strength concerning concernin

s peci meh 100ch (sdlidified substances

with iron coprecipitation slurry)
—
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g

s d d@cimmre smab f
specimen (solidified substances with iron
coprecipitation slurry)

¢ 5Fig. 6 Relation between ultrasonic
propagation velocity and compressive
strength of small specimen
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(@) [1] 1. (i) Study on the verification method of low-temperature treatment solidification
- Study of the simplified measurement method -
<Study of the simplified measurement method: estimation of compressive strength with the ultrasonic method (using centrifuge tube)>

[3] Compressive strength test using external ultrasonic waves with centrifuge tubes
Examined whether the compressive strength could be evaluated using the solidified substance in the centrifuge tube as it was.

<Composition of kneaded products in centrifuge tube>
N Dried iron coprecipitation slurry: waste filling rate = 20 mass%, water/solid ratio (W/P) = 48 mass%
N water/cement ratio (W/C) = 68.2 mass%

w
£4.0 ~50
~N
£ |OPC_ g |OPC JNES-S8-0801 Report
%‘ & |S~2X2‘€icm & 40 o = 0.098x10" ¥xy28
S35( = IS-Centrifuge tube < .~
°>’ e = ®
pt Lo -10% D30
8 A S
=130 a . = ."
> o % L 2 z,l
3 A e > 20 ..'
o u- 2
32 5 20 ® 15-95x10 (Mesured)
‘= g A |5-2x2x3cm (Estimated)
@ ) S |14nm m_IS-Centrifuge tube (Estimated)
E20% : R — T ——
5720 25 3.0 35 4.0 2.0 25 3.0 35 4.0

Ultrascnic propagation velocity of 5x10 (km/s) Ultrasonic propagation velocity (km/s)

Fig. 1 Relation of ultrasonic propagation velocity Fig. 2 Relation between ultrasonic propagation Fig. 3 State of ultrasonic
concerning small specimen, centrifuge velocity and compressive strength measurement using a
tube, and splel6écmme n o f (Sdliified substances with iron coprecipitation slurry) centrifuge tube

(solidified substances with iron
coprecipitation slurry)

A The ultrasonic propagation velocity measured from the outside of the centrifuge tube fell within the margin of approximately
T10% of the ultrasonic propagad®dmp(Aig el ocity of the specim

A 1t may be possible to estimate the compressive strength by assigning the ultrasonic propagation velocity measured with the
centrifuge tube to the JINES compressive strength estimation formula shown in Fig. 2 (conservative evaluation is possible)
(Fig. 2).

A In the future, it is necessary to examine specific methods, such as conversion formulas and operating procedures, and to
examine generalization so that they are applicable even when the range of target waste is expanded.
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(@) [1] 1. (i) Study on the verification method of low-temperature treatment solidification
- Study of the simplified measurement method -
<Study of the simplified measurement method: segregation>

0  After kneading the solidified material and waste in the centrifuge tube, it was considered if the ease of segregation is able to be evaluated by
centrifugal separation.

0  Examine if it is possible to evaluate the number of days until disappearance of generated substances due to segregation through the small-scale test.

<Centrifugal separation conditions and separation status> <Evaluation of the number of days until disappearance through the small-scale test>
A Centrifugal separation: No separation was observed at 500 rpm, A Segregation state was conflildcmadiausi n
1 min in both iron coprecipitation and carbonate slurries. containelr85xm @G5. 8
A Centrifugal separation: Supernatant was observed at 1000 rpm, A Relation of the number of days until disappearance of generated substances
1 min in iron coprecipitation slurry. on each container was investigated.

S | opc+is
L 14 _ A
© ® (5110
T12|| A asiss
Q
g 10 °

Carbonate @
2 8 “
Q (X} A
T 6
S A
o 4 e o
£ A
B 2le e A A A
(3]
o o

40 43 46 49 52 55

Supernatant WI/P (mass%)

Fig. 3 Relation between water/solid ratio and
number of days until disappearance of

vosueth generated substances
Fig.2Segregationl 18¢cmte in (5

container (t®&%ch and (5. 8
Fig. 1 Status before and after centrifugal separation container (bottom)

(Iron coprecipitation slurry + OPC)

Iron

Centrifugal
coprecipitation

separation
1000 rpm
1 min

|

A The ease of segregation may be able to be evaluated by centrifugal separation (Fig. 1).
A It may be possible to evaluate the indication of the number of days of disappearance with a small amount of sample since it is
known that the disappearance duration of generated substances tends to increase as the water/solid ratio increases (Figs. 2 and 3).
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(@) [1] 1. (i) Study on the verification method of low-temperature treatment solidification
- Study for quantification of verification results -
<Study on the quantification method by image determination>

U Animage determination test equipment was designed and prepared to examine whether the current visual determination system in the process of the
primary screening flow can be replaced with the mechanical image determination system for the purpose of establishing the determination criteria of
the verification method that can obtain objective results (Fig. 1).

[System configuration of test equipment]

Specification of image determination test equipment

(1) Visible imaging camera (with light sources on the front and
back)

N Observe the sample height - Volume change confirmed

N Observe the foaming state - Gas generation confirmed

N Observe the change in color tone - Progress of reaction
and coloration (BTB) confirmed

(2) Thermal imaging camera

i Shoot the thermal image of sample - Heat generation
confirmed

3) Load cell

N Monitor the weight

Shutter box for light shielding

Analysis of
measureme
Thermal nt values
imaging t
‘ Cenl%uge Visible imaging
tube

Light source Light source

Fig. 1 Configuration, actual picture, and specification of image determination test equipment

0 A test was conducted using the prepared equipment to compare the works in the primary screening flow as shown as follows. (Figs. 2i 5)
(The pictures show test results with iron coprecipitation slurry and pure water.)

Reference line: Sample height
__at 0_position
30°

0 60° 90"

Ambient
temperature
observation

Sample
temperature
observation range

After dripping
BTB solution

After 5 min After 60 min

Supernatant

-

Temperature calculation range

240° 270° ’ 330°
Fig. 2 Volume measurement of simulated slurry Fig. 3 Example of thermal image Fig. 4 Verification of precipitability Fig. 5 pH verification
(Shot with light source on front)

Step 1 Volume measurement (bulk density): By taking pictures while rotating the centrifuge tube, confirm that it is located within 2.0 mm from the reference line and
determine that it is smooth -  After the sample height is calculated (Fig. 2), the sample volume is calculated from the volume of the centrifuge tube.

Step 2 Verification of reactivity (water absorbency, expansibility, heat generation, and gas generation): Reactivity with the inspection solution is continuously monitored
(for 24 h) (Fig. 3).

Step 3 Verification of precipitability (dispersibility): Precipitability of specimen in the inspection solution is continuously monitored (for 1 h) (Fig. 4).

Step 4 pH verification: Coloration is monitored by dripping BTB solution onto the supernatant after centrifugal separation (Fig. 5).

S
l RI D ©International Research Institute for Nuclear Decommissioning 152

Do To e



(@) [1] 1. (i) Study on the verification method of low-temperature treatment solidification
- Study for quantification of verification results -
<Study on the quantification method by image determination>

U Application results of the quantification method by image determination for each step of the primary screening flow (compared with the results by visual determination)

St Goal ties to b luated Image Visual Legend
€p oal (properties to be evaluated) determination determination : Applicable (more accurate than visual determination)
. 3: Applicable (criteria equivalent to visual determination)
1 Volume measurement (bulk density) 3 3 _: Partly applicable
9 Verification of reactivity (water absorbency, expansibility, I': Not determined
heat generation, and gas generation) e
3 Verification of precipitability (dispersibility) 3 3
4 pH verification 3
A Step 1: 3 The bulk density of the sample was able to be calculated from the height and weight of the reference line, and the value was almost the same as the result of
the visual determination.
A Step2: From the shooting results of continuous thermal images, the volume change and gas generation over time were confirmed, and the heat generation properties
were obtained more accurately than visually.
A Step 3: s From the shot visible image, it was possible to observe how the particles settled with the passage of time (Fig. 1).
A Step 4: It was difficult to verify the coloration with the BTB solution in the combination (of iron coprecipitation slurry and AAM simulated kneading water) in which the

supernatant was partly colored. ,Hﬁg A In Step 3, the difference in tendency depending on the
# E 8 testing liquid (the AAM test liquid showed different modes
" E? from others) was clearly quantified while observing the
Zg particle sedimentation rate. (Fig. 2)
£ A In the combination of the simulated slurry and the AAM

5
3 simulated kneading water, due to the relation between the

Lii]
= 4 specific gravity difference between the solid component and
soon surtace % 3 the solution, no sample sedimentation was found to the

-_E z waler extent that the interface could be mechanically observed only

=X Cement mixing water by standing.

v AAM mrixing water A Itis necessary to adjust the recognition conditions of the

After 5 min After 60 min Du 10 0 a0 40 &0 &0 interface, such as examining suitable shooting conditions

Time (min.) according to the properties of the simulated waste to be

Fig. 1 State of particle sedimentation with the passage targeted.

of time
(in the case of iron coprecipitation slurry + pure water)
(Shot using the light source on back)

Fig. 2 Particle sedimentation rate in each test solution
(Iron coprecipitation slurry)

U Issues
N Expand the target waste and collect data to examine indices for estimating physical properties from the information obtained in the primary screening.

N Adjust the recognition conditions for mechanically identifying and determining the dispersibility and precipitability.
N Examine the method for verifying the colored sample whose coloration due to BTB solution is difficult to verify and the liquid property (pH) under conditions where

solid-liquid separation is difficult.

1IRID
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(a) [1] 1. (i) Study on the verification method of low-temperature treatment solidification
- Results of simplified verification method applicable to secondary screening -

<Secondary screening: Candidate method for simplified evaluation of performance of kneaded/solidified substances>

Step Properties to be evaluated Details Applicability
Estimation of fluidity and Estimate fluidity and compressive strength from the amount of free
. . . ; . . OPC
5 compressive strength during the  water and the water/solid ratio from information on the amount of AAM

solidification treatment water absorption obtained in the primary screening flow.

Fluidity during the solidification 'S flow test
treatment Small flow test

Automatic setting test using a centrifuge tube

Condensation after the

g solidification treatment

Method for tilting a centrifuge tube at specific time intervals

Ultrasonic measurement with centrifuge tubes

Met hod for standing a speldcmmen

Segregation properties after G5 .1 85cm)
solidification treatment

Crushing strength test with small specimens
Compressive strength of . . .
o Ultrasonic measurement with small specimens
solidified substances
Ultrasonic measurement with centrifuge tubes

Method for standing a specimen after centrifugal separation

s : Applicable, : Need further verification, T : Not applicable

A It was determined that the JIS flow test, the small flow test, the compressive strength test with a small specimen, and the segregation evaluation test with a
container of (i5.8 T 8.5 cm were applicable because the usability has been confirmed in the study for composition of solidified substances with iron
coprecipitation slurry.

A It was shown that it is possible to easily evaluate properties using the method for estimating the fluidity and compressive strength and the other simplified
evaluation methods. In the future, it is necessary to materialize and consider generalizing the evaluation methods.

Challenges:

A Examination of property conditions such as substances whose estimated and measured values d@ifferent from the information obtained in the primary screening
as well as the estimation method.

A Confirmation of applicability in the case of expanding the target waste and in the case of using chemical admixtures
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(a) Establishment of selecting advance treatment methods [1] Low-temperature treatment technologies
I. Collection and evaluation of data on low-temperature treatment technology to contribute to the identification of
technology (i) Study on the verification method of low-temperature treatment solidification
Summary

Achievements so far
V The verification method (proposal) consisting of the primary screening for measuring the properties
of waste and solidified materials and the secondary screening for conducting the simplified
measurement for the properties during solidification treatment was established.

V The simplified measurement method for fluidity, compressive strength, and segregation were
examined, and the applicable candidate methods were presented.

V The presented verification method proposal was examined using simulated slurry to confirm the
applicability of the verification method (proposal).

V Equipment for image determination was prepared and data for confirming applicability were
obtained in order to quantify the determination in the verification method.

Challenges
V Itis necessary to accumulate data for establishing a method (Step 5) for estimating physical
properties such as compressive strength from primary screening data.

V A wide range of verification using reagents or others assuming various actions on the solidified
material is required in order to generalize the verification method.

V Improved convenience of simplified measurement methods applicable to the verification method
V Quantification of the verification method by image determination
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(a) Establishment of selecting advance treatment methods [1] Low-temperature treatment technologies
i. Collection and evaluation of data on low-temperature treatment technology to contribute to the identification of
technology (ii) Collection of data on properties of cement and AAM solidified substances for the slurry
[Implementation details]

Prepare specimens by mixing two types of simulated slurries (carbonate and iron coprecipitation) individually to analyze the compressive strength,
leaching properties, and others to promote deep understanding of solidification phenomenon and acquire and present the data.

A The simulated slurry to be used will be prepared using two slurries (carbonate and iron coprecipitation slurries) adjusted assuming dehydration

treatment during storage.

A Incorporate the collected data in the study on the applicable range of cement and AAM (approach study).
K Evaluation axis: Performance of solidified substances (leaching rate, hydrogen gas generation, etc.), operability (water content in the waste and
process), etc.
*On the basis of the results in FY2018, the plan is to conduct a study on the composition that reduces the AAM fluidity and reduces the water content.

Details of implementation

Collection of data on properties of cement and AAM solidified substances for the slurry
i Collect data on each type of properties pertaining to simulated solidified substances mixed with carbonate slurry.

Collection of data on properties of cement and AAM solidified substances for the slurry
i Obtain data on various types of properties pertaining to simulated solidified substances mixed with iron
coprecipitation slurry and conduct a study on the applicable range of cement and AAM based on the obtained data.

N

Goal achievement index

N Management of data such as performance of solidified substances when mixed with simulated carbonate slurry

N Management of data such as performance of solidified substances when mixed with simulated iron
coprecipitation slurry

N Presentation of applicable range concerning solidification properties
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Test items and test overview -

[1] Properties of solidified substances during preparation [2] Compressive strength of solidified substances [3] Radiation impacts of solidified substances
(fluidity and solidification time) (irradiation test)
The following data will be obtained to examine The following data will be obtained to examine The following data will be obtained by applying
properties of substances during solidification mechanical properties of solidified radiation to solidified substances to examine
treatment. substances. radiation impacts on them.
Acquisition method Acquisition method Acquisition method
Fluidity J14 fltlj;:nel Comprﬁssive Con_1pression testing AT O Gas chromatography
Small flow strengt equipment hydrogen
Viscosity Vibration-type Porosity Mercury intrusion generated
viscometer distribution method Compressive Compression testing
Condensation Vicat needle strength equipment
*Since the reaction with slurry and solidified Mineral y X ray diffraction
substances was observed, some heat hydration composition (XRD)

measurements were conducted to investigate the

change in reactivit Amount of free Rate of decrease in
9 Y- water dry weight at 105 C
[4] Dissolving properties of solidified substances (equilibrium solubility test) [5] Leaching properties of solidified substances (nonequilibrium solubility test)
The following data will be obtained through the equilibrium solubility test that The following data will be obtained through the nonequilibrium solubility test
immerses crushed samples in water to examine dissolving properties of that immerses block samples in water to examine leaching properties of
solidified substances when they come in contact with water. solidified substances when they come in contact with water.
Mineral composition X ray diffraction (XRD) . n . .
Mineral composition X ray diffraction (XRD)
Volume of water Thermogravimetry/differential . . .
thermal analysis (TG/DTA) Porosity distribution Mercury intrusion method
Leaching component composition ~ Plasma atomic emission Leaching component composition Plasma atomic emission
spectroscopy (ICP-AES) spectroscopy (ICP-AES)
Bonding alteration in solids Nuclear magnetic resonance Composition distribution in solids Electron probe micro analyzer
spectroscopy (Si-Al-NMR) S . .
Component distribution in solids Electron microscope

* ANSI/ANS leaching tests (for four nuclides Sr, Sn, Cs, and Ce) were conducted
separately to measure the nuclide leaching rate.
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Production of simulated waste and compounding conditions -

0 Compounding conditions for the simulated dehydrated slurry used in the test were the same as those in the dehydrated filter press test for
slurry conducted in the past (Tables 1 and 2). Slurry compressed with the filter press machine that will be used on site at the Fukushima
Daiichi Nuclear Power Station was used while taking into consideration the storage conditions of the actual waste.

Table 1 Compounding conditions of carbonate slurry (per 1 m®)

Table 2 Compounding conditions of iron coprecipitation slurry (per 1 m°)

Additive

Name an?c?l?:ti\zig) Remarks
A | Sodium chloride 28.5 Seawater component
B | Magnesium chloride hexahydrate 180 Seawater component
C | Calcium chloride dihydrate 79.5 Seawater component
D | Magnesium sulfate heptahydrate 6.82 Seawater component
E | Sodium carbonate 152
F | 48% Sodium hydroxide 130  |Addedsothatslurryis

maintained at pH 12

‘TU

~

'\ -

c‘..

e k- ;-

'

Fig. 1 Appearance of carbonate slurry dehydration product

dilution)

Name amount (Kg) Remarks

A | Sodium chloride 28.5 Seawater component
B | Magnesium chloride hexahydrate 5.16 Seawater component
C | Calcium chloride dihydrate 1.47 Seawater component
D | Magnesium sulfate heptahydrate 6.82 Seawater component
E | 40% Iron(lll) chloride solution 378
F | 48% Sodium hydroxide 225 21?;1;2?; ;l'jl‘gy Is

Polymer flocculant (100-fold 1(L)

S

Fig. 2 Appearance of iron coprecipitation slurry dehydration product

U The purpose of this study is to acquire basic data that can be an evaluation axis between treatment technologies such as the
characteristics during solidification and the reaction between the solidified substances and waste. Therefore, as a result of examining
the kneading method, it was decided to prepare a uniform solidified sample by mixing the crushed slurry powder with the dried

dehydrated substance from which characteristic data can be obtained.
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Compounding adjustment of simulated waste solidified substances -

<Evaluation criteria and composition studied>
U In order to determine the composition including the simulated waste, the evaluation criteria were set as follows.

Test methods J14 funnel flow time

Initial setting time Compressive

(JSCE-F-514: Test method q (JIS R 5201: Physical strength Y
for fluidity of filled mortar) - testing methods for (JIS R 5201: G 5 10 cm
y. cement) Physical testing Sealed curing at
g methods for 20/C
cement)
Criteria J14 funnel flow time = 2~4 s Hardening took place without quick 01 . M/m2
setting and without bleeding within 24 h. (material age: 28 days)

0 When simulated waste was filled, there was a considerable decrease in fluidity and a product incapable of kneading or a kneaded product without
fluidity was obtained. Hence, the property data were acquired by using a composition with increased water/cement ratio and water/solid ratio and
changing the waste filling rate (*).

Cement | Each physical property was acquired by changing the water/solid AAM Physical properties were acquired by setting the composition design indices
rate and the filling rate of the simulated waste. (water/solid ratio and Na/Si molar ratio) and changing the waste filling rate.
Table 1 Cement composition studied Table 2 AAM composition studied
Waste filling rate (mass%) Metakaolin/base | Bl/ab5[ furna;:e. | Si/Al molar ratio| Waste filling| Water/solid N?IS_i n;olar (Types of AAM)
w/C Remarks Types | material powder siag pa;;g? €Main base material rate ratio rarlr'(l)altneri:ISe N M: Metakaolin only
o |15 20| 25|30 |3 | 40| 45 | 50 [as=2e] [mass%] [olmOT | [mass%] | = [mass%] [molimoll__| n MB20: M + slag 20 mass%
M 100 0 18 0 150 0.84 N MB40: M + slag 40 mass%

100 - o] o] o] o] - 0

MB20 80 20 1.8 0 110 0.50
150 - - 6 - 0 0 0 0 MB40 60 40 1.8 0 100 0.63
200 - - o] - o] o] o] 0 o} M 100 0 1.8 20 Composition | Composition

! impact is impact is
e 5 i i FY2018 MB20 80 20 18 a0 |verified white | verified white
composition MB40 60 40 18 ' changing changing
Waste

g Waste filling rate (mass%) = T 100
2 Base material powder + Base material liquid + Waste
.;
§ Waste filling rate = 30 mass% Water Cement Dried and crushed carbonate
5 Water/solid ratio = 45 mass% (Water/cement ratio = 80 mass%) 31 mass% 39 mass% 30 mass%
S
= Waste filling rate = 50 mass% Water Cement Dried and crushed carbonate
a Water/solid ratio = 45 mass% (Water/cement ratio = 164 mass%) 31 mass% 19 mass% 50 mass%

N When water/solid ratio is constant, the ratio of cement and AAM powder reduces as the filling rate increases.

I
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Compounding adjustment of simulated waste solidified substances -
<Changes in physical properties due to composition of solidified substances with cement and carbonate slurry>

U Composition meeting each criterion was determined by investigating the changes in the physical properties when
carbonate slurry was solidified with cement (OPC).

10
' @ 10 ® : Initial setting ‘*’g 9 O Loading rate 15
40| Increase in waste filling rate - Ei : ~@- Loading rate 20
g g s B : Final setting £ 8 (6) . © - Loading rate 25
235 & = = @ —@— Loading rate 30
39 ® < = 7 —@— Loading rate 35
g 2 6 i) 6 —@— Loading rate 40
=25 o® ® o = S —@— Loading rate 45
“_9 2.0 @ ° ] *3 5 atw Loading rate 50
[J] G 4 o 4
€15 - - o 2 \
S @ Loadingrate0 O Loading rate 15 c 83
10 @ Loading rate 20 © Loading rate 25 E o 2 o ,
=05 @® Loadingrate 30 ® Loading rate 35 g— ,,,,,,,,,,,,,,,,,, :\:&,.,1,-,4,7,[\,‘,/,'70’,‘1
' @® Loadingrate 40 ® Loading rate 45 c 1
00 50 100 150 0 © o
OPC CS OPC 0 50 100 150
WIP (mass%
( %) W/P (mass%)
Fig. 1 Relation between water/solid ratio and J14 funnel flow time Fig. 2 Setting time of solidified substances
Fig. 3 Relation between water/solid ratio and compressive strength
A Increase in waste filling rate (water/solid ratio: constant) A The initial and final setting times of OPC with carbonate Alncrease in waste filling rate K Decrease in
K Decrease in flow time (decrease in fluidity) slurry mixed (water/solid ratio = 53.8 mass%, waste compressive strength
A Increase in water/solid ratio (waste filling rate: filling rate = 30 mass%) were faster than those of OPC Alncrease in water/solid ratio K Decrease in
constant) K Decrease in flow time (fluidity improved) base material alone (water/solid ratio = 45 mass%) compressive strength

(Cement composition properties with carbonate slurry mixed)
u When the waste filling rate was increased (and water/solid ratio was constant), fluidity decreased but compressive strength decreased.
U When water/solid ratio was increased, fluidity was improved but compressive strength decreased.
a The initial and final setting times of OPC with carbonate slurry mixed was faster than those of OPC base material alone.
a Segregation was observed when the water/cement ratio was 150 or 200 mass% and the waste filling rate is 20 mass%. The others were
hardened without bleeding on the following day.
K Select the compositi on wIil0D,wasfievildirgeate/=@®nmaesnst%,rcatciconsi dering the crite
fluctuations in each physical property.
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(@) [1] i. (ii) Collection of data on properties of cement and AAM solidified substances for the slurry
- Compounding adjustment of simulated waste solidified substances -
<Solidified substances with cement and iron coprecipitation slurry (test results of fluidity and condensation)>

U Fluidity test results

[y
N

® W/P=45> ® W/P=46~47 ® W/P=48~49
® W/P=50~52 @ W/P=54~56 @ W/P=67
@ W/P=72 O W/P=88~92 O W/P=100
O Ww/pP=114 O W/P=150 O W/P=200

8 W/P = 19 mass%
ils O50

— - ! PY I
Criteria for

determination =

=
N

A When the waste filling rate was increased, flow time
increased (and fluidity decreased). The same tendency
as when the carbonate slurry was mixed is shown.
K When the wat er / masd%iittanthave i o
fluidity that satisfies the criteria even if the waste filling
rate is approximately 40 mass% (Fig. 1).

Loading rate 0

Loading rate 20
Loading rate 30
Loading rate 35
Logding rate 40

=
o

=

o

[ee]

| W P

The water/solid ratio is slightly
larger than 50 mass%.

4 | —— - - -

J14 funnel flow time (sec.)
N ()

A When water/solid ratio was increased, flow time WI/P = G50 mass% 7 R— o @00 _ o __o __._

J14 funnel flow time (sec.)
(o]

- . 2~4's
decreased (and fluidity was improved). (same as the 0, — — — - - I Criteria for determination = 2-4 s
case mixed with carbonate slurry) O 50 100 150 200 25
K With the water/solid ratio of approximately Loading rate of iron coprecipitation slurry (mass%) WIP (mass%)
O5mass%, the funnel f1l owsti me rg ardlatidhBetwderPubisié Ry ehte t O OF‘}g. 2 Relation between water/solid ratio
(Fig. 2). and flow time and flow time
i Condensation test results ?30 oPC : ,:30 OPC :
- . , N £ 4| 8@ Tnitial setting | I..= < itial setti @
A The waste filling rate at which the final setting time took 22| 3 o [[renenenanases I 2 % o Finolaating [ e v
place within 24 h fell below 35 mass% (Fig. 3). - t = el
18 * | 218 ® :
. . . . . . T ¢ g k=
A The water/solid ratio at which the final setting time took L% | § 1 8 ‘e 1
place within 24 h fell below 55 mass% (Fig. 4). § - : g DE 1
-~ T — 1
- , N , 56 1 T 6 1
A The initial and final setting times when the iron z : T 1
coprecipitation slurry was mixed were slower than those 0 0 !

when the cement base material alone was used. The LO ding v 10 . nzo i io:' ol 0 " i: 40 4 %0 . % 60
tendency was opposite to that when the carbonate slurry FRESH RS SR EOMRERIISS Sty (e WIP (mass%)
was mixed.
Fig. 3 Relation between waste filling rate and Fig. 4 Relation between water/solid ratio and
initial/final setting times initial/final setting times
E—

S
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Compounding adjustment of simulated waste solidified substances -

<Changes in criteria on segregation properties>
i During the composition adjustment of solidified substances with iron coprecipitation slurry, a phenomenon that has not been seen in the case

of the carbonate slurry occurred.

(Cement solidified substances) A Liquid was generated because of bleeding

(AAM solidified substances)

(segregation).

A Gel-like substance was generated because

of bleeding (segregation).
A As aresult of analysis through X ray

diffraction (XRD) after collection and drying,
the main component was sodium hydrogen

carbonate.

I Cement :-

AAM E

Fig. 1 State of substances generated because of segregation

V Although the relation between segregation and solidified substance quality has not been clarified, it is recognized as an
unfavorable state from the viewpoint of mass transfer (estimated that the kneaded waste components would move).

The item for segregation was added to the evaluation criteria for

-

determining the composition

Test methods

Criteria

J14 funnel flow time
(JSCE-F-514: Test
method for fluidity of
filled mortar)

Small flow test

J14 funnel flow time =2i4 s
Small flow value = 1107 130 mm

It took time for the generated substances to disappear because the hydration reaction was
delayed as the waste filling rate of iron coprecipitation slurry increased.
On the basis of this result, the criteria of the number of days until disappearance were relaxed

Initial setting
time

(JIS R 5201:
Physical
testing
methods for
cement)

Hardening took place without
quick setting and within 24 h

Compressive
strength
(JIS R 5201:
Physical
testing
methods for
cement) G 5 10cm
Sealed curing at
20C
01 . M/fm?2

(material age: 28 days)

to 3 days considering the waste filling rate and the disappearance duration.

JSCE-F 522
Confor mance
Method of Bleeding
Rate and Swelling Rate
for Injection Mortar of
Prepacked Concrete
(proposal)o
observation of surface
(gel)

Disappears within 24 h in
principle

No phenomenon shall be
observed 3 days later if it is
difficult for waste to achieve
such criterion.
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Compounding adjustment of simulated waste solidified substances -
<Solidified substances with cement and iron coprecipitation slurry (test results of compressive strength and segregation)>

U Compressive strength test results

A When the waste filling rate was increased, compressive strength
decreased (Fig. 1).

A When the waste filling rate is up to approximately 40 mass%, the
target compressive strength may be able to be secured at
01 . N/Mm2 (Fig. 1).

A When water/solid ratio was increased, compressive strength
decreased (Fig. 2).

U Segregation test results

A As a result of confirming the status of a kneaded substance filled

into the container ( & T 10 cm) 1 day before, a substance

generated because of segregation was observed (Fig. 3).

When the water/solid ratio was increased, the number of days until

disappearance of generated substances increased (Fig. 4).

A Although a reduction in the number of days until disappearance
requires a decrease in the amount of water and an increase in the
amount of cement, the waste filling rate decreased.

A

<Number of days until disappearance>
N 2 days: Water/solid ratio = 41 and
43 mass%
N 4 days: Water/solid ratio = 44~46 mass%
N 7 days: Water/solid ratio = 47 mass%
N 8 days: Water/solid ratio = 50 mass%
N 10 days: Water/solid ratio = 52 mass%

/mm?)

80

OPC+IS

Mi xed by
Mixed by Hobart / 2x2x3
Mixed by Hand / 2x2x3

~
=]

(2]
o
*re

Ho b

Q
=

ol
o

o

Compressive strength (N
= N w B
o o

Loading rate (mass%)

—— W/P=54 —— W/P=50
—— W/P=47 —@— W/P=45
—— W/P=40 A W/P=49~52
A \W/P=46~48 A W/P=45>
O W/P=114 O W/P=88~92
o W/P=72 ® W/P=67
@ W/P=54~56 ® W/P=49~52
® W/P=46~48 @ W/P=45>

Fig. 1 Relation between waste filling rate and
compressive strength

Fig. 3 Status on surface of solidified substance during segregation (example)
(Water/solid ratio = 41 mass%, Waste filling rate = 35 mass%)

K Sel ect t he

(o]
o

PN W A g o N
o o

Compressive strength (N/mm?)
o

® Mi xed by Hob
A Mixed by Hobart / 2x2x3
4 Mixed by Hand / 2x2x3

o

®e

* o

o 53¢

o

o

o

* o

20 30 40 50 60 70 80 90 100 110 120
W/P (mass%)

—— Loading rate 10
—— Loading rate 20

O Loading rate 30
—— Loading rate 40

—&— Loading rate 15
—0— Loading rate 25
—@— Loading rate 35
—A— Loading rate 20
A Loading rate 30  —4A— Loading rate 35
@ Loading rate 0 & Loading rate 13~14
¢ Loading rate 26~29 < Loading rate 31~34
@ Loading rate 39~43 @ Loading rate 52~57

Fig. 2 Relation between water/solid ratio and
compressive strength

01 2 3 4 5 6 7 8 9
Sample age (d)

—e— W/P=45,
'y —e— W/P=47,

©— W/P=50,

o W/P=52,
—— W/P=41,
—— W/P=43,
—— W/P=44,
o —o— W/P=46,

Loading rate 30
Loading rate 30
Loading rate 30
Loading rate 30
Loading rate 35
Loading rate 35
Loading rate 35
Loading rate 35

10 11

Fig. 4 Segregation status on surface of solidified

substance

c owaferssslid ratio g 48 magssi (watdi/cement ratio = 68.2 mass%), waste fillingrate =20ma s s %, 0

considering the fluctuations due to raw materials from various compositions satisfying the evaluation criteria according to physical

property values obtained in each compounding conditions.
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(@) [1] i. (ii) Collection of data on properties of cement and AAM solidified substances for the slurry
- Compounding adjustment of simulated waste solidified substances -
<Changes in physical properties due to composition of solidified substances with cement and iron coprecipitation slurry (verification
of impact on solidification reaction when slurry is mixed)>

U The change in calorific value due to the hydration reaction of cement was measured using a calorific meter in order to confirm the
impacts of the carbonate and iron coprecipitation slurries on the reactivity of solidified substances.

30

N —— OPC(W/C=45)
' —— OPC+CS
1
25 : —— OPC+IS
1
7] R

Calorific value (J/gxhr.)
5 &

ol

120 144 168

Heating peaks of alite in OPC

100 20

—— OPC(W/C=45)
—— OPC+CS
—— OPC+IS

Heating peaks of

altei n 0 -ORIC
coprecipitation
slurryo

n 0

90 Second peak
1'\ 80 —
% <15 Third peak
> 70 o '
2 2
s 60 %
g )
§ 50 First peak §10 /
o 40 o
5 30 % s
[
O 20 O

10

0 0

0.0 0.5 1.0 1.5 0 12 24

Time (r

36 48 60 72

Time (hr.)

Fig. 1 Results obtained with calorific meter

30

N
o

Calorific value (mV)
=
o

120

—OPC

—— OPC+IS10
—— OPC+1S20
—— OPC+IS30

A calorific value data
were acquired by
changing the iron
coprecipitation slurry
waste filling rate.
Conversion of calorific
values will be
conducted separately.

144 168

A The hydration reaction was
delayed as the iron coprecipitation
filling rate increased.

20

100

©
o

Calorific value (mV)
e D
o o

N
o

o

h o ——OoPC
—— OPC+IS10
< —— OPC+IS20
= —— OPC+IS30
(0]
=
S10
Q
£
]
§)
0
0 1 0 24 48 72

Time (hr.) Time (hr.)

Fig. 2 Iron coprecipitation filling rate and calorific values

The hydration reaction of alite was accelerated by mixing with carbonate slurry but delayed by mixing with iron coprecipitation slurry in a system.
K It was suggested that segregation occurred since the hydration reaction was inhibited by mixing with iron coprecipitation slurry.
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(@) [1] i. (ii) Collection of data on properties of cement and AAM solidified substances for the slurry
- Compounding adjustment of simulated waste solidified substances -
<Changes in physical properties due to composition of solidified substances with AAM and carbonate slurry>

Composition meeting each criterion was determined by investigating the changes in the physical properties when

carbonate slurry was solidified with AAM.

Waste filling rate = 30 mass%

18 _ 14 ~
_ 16| MB20+CS A" Loading rate 30 ® M+CS £ SOV
8 ﬁ toag!ng rate 4518 12 (¢) A MB20+CS § 12 ® M+CS-LR 50
Y — €10 ® Mpapcs S0 Waste illing eV
12 VA < _ +CS-
E A g 5 rate = A MB20+CS-LR 50
= 10 A '«; 8 M ) 8 50 mass% & MB40+CS-LR 30
2 A A c 7 . & MBA40+CS-LR 40
= g = MB based/ o o 6 ¢ MB40+CS-LR 50
3] @ A ) > OA
E 6 A %] * ‘B o
2 4 A a A = é e s Ao
= A N k= £ 2 > O -
- 2 2 5 A, /o Waste filling
0 0 o S rate = 40 mass%
46 5 60 70 8 90 100 00 02 04 06 08 10 12 14 16 40 60 80

W/P (mass%)

Fig. 1 Relation between water/solid ratio and J14
funnel flow time

AIncrease in water/solid ratio (waste filling rate:
constant) K Fluidity improved (Fig. 1)
AIncrease in waste filling rate (water/solid ratio:

Na/Si in solid (mol/mol)
Fig. 2 Relation between Na/Si molar ratio and initial
setting time

A Changes occurring due to Na/Si molar ratio, which
may vary depending on powder type (Fig. 2)
AlIncrease in water/solid ratio K Setting delayed

W/P (mass%)
Fig. 3 Relation between water/so
compressive strength

A Increase in waste filling rate K Decrease in compressive

strength (Fig. 3)
A Increase in water/solid ratio (waste filli

lid ratio and

ng rate:

constant) K Decrease in compressive strength (Fig. 3)
A Decrease in Na/Si molar ratio (blast furnace slag
substitution) K Decrease in compressive strength

constant) K Fluidity improved

(AAM composition properties)
i When the waste filling rate is increased (and water/solid ratio is constant), fluidity increases but compressive strength decreases.
i When water/solid ratio is increased, fluidity is secured but compressive strength decreases.
i Condensation performance is strongly influenced by Na/Si molar ratio. The effect is reversed depending on the inclusion of slag.

K For AAM, select the composi3dDmas svWwd h( awvmest@asfceémeng) rbhyeextractin
each criteria from obtained physical property data.
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(@) [1] i. (ii) Collection of data on properties of cement and AAM solidified substances for the slurry
- Compounding adjustment of simulated waste solidified substances -
<Changes in physical properties due to composition of solidified substances with AAM and iron coprecipitation slurry (test results of fluidity and

condensation)>

0 Using the data of the small flow test examined as a simplified measurement method of fluidity, the tendency of changes in physical properties due to the
composition was identified, the evaluation criteria for fluidity were found, and the compounding conditions to be used fopghe test were narrowed down. _

K (Evaluation criteria for fluidity) The range representing the intersection of J14 funnel flow time of 2~4 s and
small flow values of 110~130 mm (Fig. 1).

A The property verification test was conducted using the compounding conditions that have narrowed down.

J14 funnel flow time &

(JSCE-F-514:
Test method
for fluidity of
filled mortar)

J14 funnel flow test

©

>
Measurement of L
small flow values

Small flow test (mm)

U Data on fluidity and condensation when iron coprecipitation slurry is solidified with AAM were obtained.

J14 funnel fl

2 10

e M+Is i
A MB20+IS H
¢ MB40+IS E 115

40 60 80 100 120 140
Small ring flow (mm)

Fig. 1Relation between J14 funnel

flow time and small flow values

W/P (mass%)

Fig. 2 Relation between waste filling rate and small
flow values (MB40)

Alncrease in waste filling rate K Decrease in
water/solid ratio K Fluidity improved

A Increase in water/solid ratio K Fluidity improved

A Decrease in Si/Al ratio and Na/Si ratio K Fluidity
improved

140 6
MB40+IS g M+CS O SUA=L8
120 O Si/Al=1.9
= % : 5° ° ® SiA=2.0
£ 100 <& P
E 4 ® o
- o 3 E
o 80 =]
2 23 o
o =
£ 60 @
= %2 g CondensN&(@oogood o o o
g 40 =
%) < WIP>80 Ly ® ® 0 0
20 <& 65<W/P<80
€ W/P<65 0
0
0 10 20 30 40 50 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Na/Si in solid (mol/mol)

Fig. 3 Relation between Na/Si ratio and days
required for solidification (M)

A Decrease in Na/Si molar ratio K Setting delayed
A Si/Al ratio = 1.8 K Final setting time = O Xays
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Compounding adjustment of simulated waste solidified substances -
<Solidified substances with AAM and iron coprecipitation slurry (test results of compressive strength and gelation)>

U Investigate changes in physical properties when solidifying iron coprecipitation slurry with AAM, and determine
the composition.

Compressive strength Segregation (Gelation)

_25
NE M+IS
60 2 £ =0,
< o € [mBaowis 2% S Nasios
£ 509 A MB20 E n s A Na/Si=1.1
s o wmw) | g fmmmemex] Pel| & nasn
£ 404 Gel: not S @ Loading rate 40 @ @ Na/Si=1.3 o
2 & | generated 215 210 X
Sa0 g a
: | e o 8 Lo, s
2 Gel: = £
@ 20 * o o < 8 &
4] p4 gnnnrntnd 4 & & 0
510 b g 5 % < 17 18 19 2.0 2.1
15 ) s 5 A Si/Al in solid (mol/mol) ) . .
o, [LATNmm® _ ¥ __ _ F__._ SN L SR % »s Fig. 4 Gel generation status (material age: 1 day)
0 10 20 30 40 50 60 40 50 60 70 80 90 100 110 120 ((g MB40+IS
Loading late (mass%) W/P (mass%) £ 20| & waisio5 AGel-like §ubstance generation due to
Fig. 1 Relation between waste fillin Fig. 2Relation bet ter/solid g g z:gzg; segregation
g . 9 g. 2 Refation between water/soll 215 w Nasi11 AThe main component of the gel is sodium
rate and compressive strength ratio and compressive strength = ® Na/Si=1.2
° 10 " carbonate hydrate.
> . -
Alncrease in waste filling rate K Decrease in compressive strength § . 1 4 Alncrease ;ntyva§te f||||ngt rfgte K LTnd tof
Alncrease in water/solid ratio (waste filling rate: £ : 2 ¢ cause ge.ation, generated regarciess ot
. . 8 9
constant) K Decrease in compressive strength oL < fg < J ngposT/on when the waste filling rate is
AcCompressive strength is varied depending on Si/Al and Na/Si SiUAIin solid (mol/imol) A Mass=o - '
molar ratio. Fig. 3Relation between Si/Al molar ratio and Increase in yvater/solld ratio K Tend to
compressive strength cause gelation

(AAM composition properties with iron coprecipitation slurry mixed)
U When the waste filling rate is increased, fluidity increases but compressive strength decreases.
U When water/solid ratio is increased, fluidity is secured but compressive strength decreases.
U Condensation performance is strongly influenced by Na/Si molar ratio. The effect is reversed depending on the inclusion of slag.

K Sel ect the composi ti on =@0intals sy as tceo nfsiildleirngn gr athee fl uctuations due to
compounding conditions satisfying the evaluation criteria.
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Compounding adjustment of simulated waste solidified substances -
<Determined representative composition>

0 As aresult of the compounding adjustment, the determined representative composition is as follows:

A Solidified substances with carbonate slurry

Waste filling rate [mass%] Water/solid ratio [mass%]

Cement (OPC)
Waste filling rate [mass%] [ Si/Al ratio [mol/mol] Na/Si ratio [mol/mol] Wat[enr1 /:;1';) ]ratlo
AAM(M) 91.6
AAM(MB20) 30 1.8 0.7 86.0
AAM(MB40) 30 1.8 0.8 80.1

A Solidified substances with iron coprecipitation slurry

Waste filling rate [mass%] Water/solid ratio [mass%]

Cement (OPC)
Water/solid ratio
Base material Waste filling rate [mass%] | Si/Al ratio [mol/mol] Na/Si ratio [mol/mol] [Mass%]
AAM(M) 1.00 100
AAM(MB20) 20 1.9 1.00 93
AAM(MB40) 20 1.9 0.95 87

U Data were acquired through the various tests and measurement for solidified substances with the representative composition.

Compressive strength (compressive strength and porosity distribution)

Irradiation test (amount of hydrogen gas generated, compressive strength, mineral composition, and amount of free water)
Equilibrium solubility test (mineral composition, amount of water, leaching component composition, and bonding alteration in solids)
Nonequilibrium solubility test (mineral composition, porosity distribution, leaching component composition, composition distribution in
solids, and component distribution in solids)

ANSI/ANS leaching tests, etc.

e
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Acquisition of data on solidified substances through the representative composition -
<Cement: Compressive strength and porosity>

Compressive strength

—

O 3dm 7dO 28d

OPC+CS

OPC+IS

OPC

Fig. 1 Relation between curing period and compressive strength

simulated slurry.

compressive strength is lower than that in the case of cement alone.

Pore diameter distribution of each solidified substance

a
o

In both cases when mixed with carbonate slurry and when mixed with iron coprecipitation slurry, the

The compressive strength of the solidified substances with carbonate slurry, which did not exceed
10 N/mm?, was lower than that of the solidified substances with iron coprecipitation slurry.

Relation between porosity and compressive strength
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Compressive strength increased with the passage of the curing period regardless of the presence of

Porosity (%)

Fig. 2Relation between porosity and compressive
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strength (material age: 28 days)

A There was a correlation between the porosity and compressive
strength (R2 = 0.92).
A Compressive strength decreases as the porosity increases.

The amount of pore and the pore diameter
decreased with the passage of the curing
period.

The porosity of the iron coprecipitation slurry
tended to decrease more than that of the
carbonate slurry.

The porosities in the solidified substances with
cement (base material), carbonate slurry, and
iron coprecipitation slurry (material age:

28 days) were approximately 27%, 40%, and
approximately 34%, respectively.
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Acquisition of data on solidified substances through the representative composition -
<AAM: Compressive strength and porosity>

Compressive strength

Relation between porosity and compressive strength
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Fig. 1 Relation between curing period and strength for various solidified substances

Compressive strength increases as the material age progresses.

Compressive strength increased when iron coprecipitation slurry was mixed rather than carbonate slurry.
The compressive strength of the solidified substances with carbonate slurry, which did not exceed 10 N/mm?,
was lower than that of the solidified substances with iron coprecipitation slurry (same as OPC).
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Fig. 2 Relation between porosity and compressive
strength (material age: 28 days)

Compressive strength (N/mm?)
w
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A There was a correlation between the porosity and
compressive strength
A Compressive strength decreases as the porosity

increases.
Pore diameter distribution of each solidified substance
” e ? M+IS-28d ” —w-28d A The difference between the solidified substances
g —— MB20+CS-28d || —— MB20+IS-28d || & —— MB20-28d
> —— MB40+CS-28d || =40 — mBaoris28d || £ —— MB40-28d with base material and with carbonate slurry
€20 830 B depending on the AAM types was small.
; s §20 A In the solidified substances with iron
§%° 220 £ coprecipitation slurry, only the AAM(MB40)
E1o M g0 solidified substance had coarse pores.
© 3 ° A Unlike the cement solidified substances, the pores
¢ 107 100 10 100 10 G o 107 10 10 100 17 10° W0 0 o 1 1o 1 1o existed in the range of narrow pore diameter. The
Average pore diamet Average pore diamet Average pore di ame change with the progress of material aging was
very small.
Fig. 3 Pore diameter distribution
—
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Acquisition of data on solidified substances through the representative composition -

<Equilibrium solubility test>

U Data were obtained through the equilibrium solubility test as data on long-term changes in properties in the buried
environment. Test conditions, analysis items, etc., are shown in Table. 1.

Table 1 Equilibrium solubility test conditions

Test
samples

AcCarbonate slurry cement solidified substances (OPC + CS)

Acarbonate slurry AAM(M) solidified substances (M + CS)

AcCarbonate slurry AAM(MB20) solidified substances (MB20 + CS)
AcCarbonate slurry AAM(MB40) solidified substances (MB40 + CS)

Alron coprecipitation slurry cement solidified substances (OPC + IS)
Alron coprecipitation slurry AAM(M) solidified substances (M + IS)

Alron coprecipitation slurry AAM(MB20) solidified substances (MB20 + IS)
n Iron coprecipitation slurry AAM(MB40) solidified substances (MB40 + IS)

Preparation
conditions

After kneading, it has been cured for 28 days in a room set at 20AC. The
cured solidified substances were coarsely crushed under inert atmosphere
and then dried under vacuum. The dried samples, which were finely
crushed using an agate mortar in a glove box under the inert atmosphere
and filtered through a 100 um sieve, were used as test samples.

Immersion
conditions

Liquid phase: Pure water

Liquid/solid ratio: 10, 100, 500, 1000, and 2000
Sample: 0.5~4 g

Immersion period: 4 weeks

Analysis
items

pH

Liquid phase Chemical composition (ICP-AES)

X ray diffraction test (XRD)
Solid phase | Thermogravimetry/differential thermal analysis (TG/DTA)
Solid-state NMR analysis (Si-NMR and AI-NMR)

Table 1 Immersion status in the
equilibrium solubility test

©International Research Institute for Nuclear Decommissioning 17 1



(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Acquisition of data on solidified substances through the representative composition -
<Equilibrium solubility test: solidified substances with carbonate slurry>

U0  Calculate the changes in the analysis values of element concentration in the liquid phase with ICP-AES (left) and the element ratio of the solid
phase assuming that the concentration in the liquid phase has been leached (right).

Element concentration in liquid phase

Composition rate of solid phase

1E+4 14 7
OPC+CS ¢ Al ® Ca OPC+CS m Calsi
143 | B> C_I 4 Na 13 & A SiAl
g ’ 0 & Si U pH .
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E e I ; or Tl VI s
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il < [+] 1
€ 1E+0 > L e 10 = f
: : 2
A [
3 1E41 & ° s 9 ; " .
h
1E-2 8 0
500 1000 2000 2500 0 500 1000 1500 2000 2500
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1E+4 14 T -
M+CS & Al e Ca M+CS A MalAl
- by 4 Si u pH
= i 5
g 1E+2 - 12 -
S ! T o4}
S 1E+1 q \ MI =
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Liquid-to-Solid-ratio (-}
Fig. 1 Base material composition calculated from the liquid phase composition and
the leaching amount in the equilibrium solubility test
B
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Cement solidified substances

A Na and Ca leached from solid phase into
liquid phase.

A The calculated Ca/Si molar ratio of cement
solidified substances (base material)
decreased as the liquid/solid ratio increased.

o

The base materials were dissolved while
changing the composition, which were consistent
with the knowledge of the leaching phenomenon
concerning the existing cement minerals.

AAM solidified substances

A Na, Si, and Al leached from solid phase into
liquid phase.

A The calculated Si/Al molar ratio of AAM(M)
solidified substances (base material) was
constant (approximately 1.8) regardless of
the liquid/solid ratio.

-

The base material has been uniformly
dissolved.

The dissolving phenomenon of cement and
AAM is different.
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry

- Acquisition of data on solidified substances through the representative composition -
<Equilibrium solubility test: solidified substances with carbonate slurry>

U Data on changes in the mineral phases were obtained through X ray diffraction (XRD) and thermogravimetry/differential thermal analysis
(TG/DTA) with solidified substances before and after elution.

XRD

(Cement solidified substances)
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Fig. 1 X ray diffraction pattern and TG/DTA chart
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A The identification results of the mineral phases through XRD
and TG/DTA were consistent with each other.

Cement solidified substances

Slurry components:
Soluble salt (halite) disappeared.
Calcite and brucite showed no changes.

Cement mineral components:
At the low liquid/solid ratio, portlandite disappeared and
ettringite was generated.
At the high liquid/solid ratio, Al-based mineral (ettringite and

Friedel's salt) disappea@

Y The changes in the mineral phase were consistent with the
knowledge of changes associated with the leaching of the
existing cement minerals.

AAM solidified substances
Slurry components:
Soluble salt (halite and pirssonite) disappeared.
Calcite and brucite showed no changes.
AAM mineral components:
Soluble salt (gaylussite) disappeared.

No peaks other than those derived from slurry were

observed.
¥

AAM solidified substances, which are amorphous, were
not crystallized.
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Acquisition of data on solidified substances through the representative composition -
<Equilibrium solubility test: solidified substances with carbonate slurry>

Since AAM solidified substances were amorphous and XRD did not provide any knowledge concerning changes in the mineral phase,data on composition
and structure of the base material were obtained through the NMR analysis (SFNMR and AI-NMR) with solidified substances before and after elution.

(Cement solidified substances)
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Fig. 1 Solid-state composition calculated from

solid-state NMR chart and Si-NMR

Cement solidified substances
A Si-NMR: Q1/Q2 ratio decreased.
A AI-NMR: 4-fold coordination increased.

Ca/Si ratio of C-S-H
decreased; Al/Si ratio
increased.

Y Ettringite and
monosulfate hydrate
decreased.

A 6-fold coordination decreased.

~

The NMR results were consistent with the solid phase composition
calculated from the liquid phase and the XRD results and were consistent
with the knowledge of changes associated with the leaching of the existing
cement minerals.

AAM solidified substances
A NMR data of solidified substances with the AAM base material alone
and with the slag alone were acquired in advance, and peaks of N-A-S-
H and C-A-S-H were identified.
A As a result, most of the base materials of Si-NMR MB-based solidified
substances are the following: ..
N-A-S-H Y

QA4(4Al) decreased. g

The change in AAM aluminosilicate structure associated with leaching
may be small.

Si/Al ratio slightly changed.
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Acquisition of data on solidified substances through the representative composition -
<Equilibrium solubility test: solidified substances with iron coprecipitation slurry>

U  Calculate the changes in the analysis values of element concentration in the liquid phase with ICP-AES (left) and the element ratio of the solid
phase assuming that the concentration in the liquid phase has been leached (right).

Element concentration in liquid phase

Composition rate of solid phase
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Fig. 1 Base material composition calculated from the liquid phase composition and
the leaching amount in the equilibrium solubility test
I
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Cement solidified substances
A

Na and Ca leached from solid phase into
liquid phase

A The calculated Ca/Si molar ratio of cement

solidified substances (base material)
decreased as the liquid/solid ratio
increased.

The base materials were dissolved while
changing the composition, which were
consistent with the knowledge of the leaching
phenomenon of the existing cement minerals.

AAM solidified substances
A

Na, Si, and Al leached from solid phase into
liquid phase.

A The calculated Si/Al molar ratio of AAM(M)

solidified substances (base material) was
constant (approximately 1.8) regardless of
the liquid/solid ratio.

~

The base material has been uniformly
dissolved.

*Since the unreacted slag could not be
quantified for AAM(MB20) and AAM(MB40)
solidified substances, the solid phase
composition of the base material has not been
evaluated.

The dissolving phenomenon of cement and
AAM is different.
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Acquisition of data on solidified substances through the representative composition -
<Equilibrium solubility test: solidified substances with iron coprecipitation slurry>

U  Data on changes in the mineral phases were obtained through X ray diffraction (XRD) and thermogravimetry/differential thermal analysis
(TG/DTA) with solidified substances before and after elution.

XRD
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Fig. 1 X ray diffraction pattern and TG/DTA chart
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A The identification results of the mineral phases through XRD and
TG/DTA were consistent with each other.

Cement solidified substances

A The iron coprecipitation slurry, which is amorphous, showed
disappearance of soluble salt (Halite).

A At the low liquid/solid ratio, portlandite (cement mineral) disappeared

and ettringite was generated. At a high liquid/solid ratio, an Al-based

mineral (ettringite and Friedel's salt) disappeared.

o

The changes in the mineral phase were consistent with the knowledge of
the changes associated with the leaching of the existing cement
minerals.

AAM solidified substances

A Iniron coprecipitation slurry, which is amorphous, soluble salt
(Halite) disappeared

A No peaks other than those derived from slurry were observed.

-

M + IS, which are amorphous, were not crystallized.

* AAM(MB40) solidified substances showed faujasite, in which the base
material component was crystallized. It may be a stable phase.
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Acquisition of data on solidified substances through the representative composition -
<Equilibrium solubility test: solidified substances with iron coprecipitation slurry>

0  Because AAM solidified substances were amorphous and XRD did not provide any knowledge concerning changes in the mineral phase, data on the
composition and structure of the base material were obtained through NMR analysis (SFNMR and AI-NMR) with solidified substances before and after

elution.
(Cement solidified substances) NMR
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4-fold coordination increased 0 200 400 600 800 1000
0

[uN

cement minerals.

e~ e Liquid-to-solid-ratio (-) AAM solidified substances
100 80 ‘|‘ 60 40 20 o = A Separation of Ni Ai Si H and Ci Ai Si H from NMR data of solidified
Chemical shift (ppm) . .
o substances with AAM alone and with the slag alone
(AAM solidified substances) 2 00 A Most of the base material of Si-NMR MB-based solidified substances are
Initial E ; : also
SFNMR | —fmewmadmere | £ g Stk N-A-S-H )
WAM ? e Q4(4Al) decreased. Y Si/Al ratio slightly changed.
W g3 - - ’ @
o = L] . . - . . .
S 21208 The change in AAM aluminosilicate structure associated with leaching may
-50 -60 -70 -80 -90 -100 -110 -120 -130 E " . be Sma”
Chemical shift (ppm) e 1.00 W15
nitial A_ E ) * AAM(MB40) solidified substances showed Faujasite in which the base
Al_N MR e L!qu!d:lo:solgd:rat!o 100 = 0.80 . . .
Liquid-to-solid-ratio 1000 | = ® MEZ0+15 material AAM component was crystallized, so the same analysis could
“ 060 not be conducted.

0 200 400 600 B00 1000 1200
Liquid /Solid ratio
Fig. 1 Solid-state composition calculated from
solid-state NMR chart and Si-NMR

100 80 60 40 20 o -20
Chemical shift (ppm)
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Acquisition of data on solidified substances through the representative composition -

<Nonequilibrium solubility test>

U Data were obtained through the nonequilibrium solubility test as data on long-term changes in properties in the buried
environment. Test conditions, analysis items, etc., are shown in Table. 1.

Table 1 Nonequilibrium solubility test conditions, etc.

AcCarbonate slurry cement solidified substances (OPC + CS)
Acarbonate slurry AAM(M) solidified substances (M + CS)
Acarbonate slurry AAM(MB20) solidified substances (MB20 + CS)
Test Acarbonate slurry AAM(MB40) solidified substances (MB40 + CS)
samples | Alron coprecipitation slurry cement solidified substances (OPC + IS)

Alron coprecipitation slurry AAM(M) solidified substances (M + IS)
Alron coprecipitation slurry AAM(MB20) solidified substances (MB20 + IS)
Alron coprecipitation slurry AAM(MB40) solidified substances (MB40 + IS)
After kneading, it has been cured for 28 days in a room set at 20" C. The

Preparation | cured solidified substance, which was cut into 20 3 20 3 40 [mm] and had

conditions |five surfaces other than the exposed surface of 20 3 20 [mm] sealed with
epoxy resin, was used as a test sample.

. Liquid phase: Pure water (500 [mL])
Immersion . .
» Immersion period: 1, 4, 13 weeks

conditions )

(Immersion water was exchanged once a week)
- pH
Liquid phase Chemical composition (ICP-AES)
Analysis Mercury intrusion test (MIP)
items Solid phase X ray diffraction test (XRD)
P Cross-sectional element composition analysis (EPMA)
Cross-sectional observation (SEM/EDS)

Fig. 1 Specimens (top) and their
immersion status (bottom) in the
nonequilibrium solubility test
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Acquisition of data on solidified substances through the representative composition -
<Nonequilibrium solubility test: solidified substances with carbonate slurry>

0  Evaluate the leaching rate based on the liquid-phase composition analysis results with ICP-AES and the leaching
state from the solid phase based on the cross-sectional element composition analysis results

Cement solidified substances
A The major leaching components were Na and Cl, which

Leaching rate Cross-sectional element composition (EPMA)

100 opclcs m ca| 4 calsi _had been leached out from the wetted surface.
'i: Y Soluble salt |l eached out
® Na 3 af e e
% ol 2SR A Because the amount of Ca leaching was extremely small,
S - © _pH Initial |« the dissolved and altered portion of the cement mineral
o 60| ‘ - 12 (base material) was slightly seen on the surface layer
° T_ O T _only.
%40 " Y The |l eaching of cement soli
§ _ very narrow range
5 mm from the surface Y P
20 10 (MIP, SEM/EDS)
2mm from the surface* Y |
olL= = m 9 phases (XRD)
0 20 40 60 80 100 120 *Because the leaching depth of Ca is smaller compared with that of the AAM solidified
Immersion period (day) Zﬁzls;iir;ces, it was set to 2 mm in consideration of the sample amount required for
100 u Si/Al CalAl Na o
MB40+CS . ;a : | AAM solidified substances
Al A The major leaching components were Na and Cl, and the
80 e % concentration all over the sample decreased.
= o pH Initial [| Y Soluble salt | eached out
60 12
& © - - A No changes in Si/Al were observed.
g |° T = A In the AAM(MB40) solidified substance, a layer with a
g " 1 _ high Ca/Al ratio was observed on the very surface.
- Y Suggested that secondary mi
20 . 10
13W
B _ 5 mm from the surface Y F
% 20 40 60 8 100 120° (MIP, SEM/EDS)
Immersion period (day) Identification of mineral phases (XRD)

Fig. 1 Leaching rate and element distribution of the solid-phase cross-section (wetted surface
on top) from solidified substances
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Acquisition of data on solidified substances through the representative composition -
<Non-equilibrium solubility test: solidified substance with carbonate slurry>

To confirm the change in the pore structure associated with dissolution, the investigation of the pore diameter
distribution (MIP) and SEM observation of the layer on the wetted surface were conducted.

Pore diameter distribution (MIP)

Cross-sectional observation (SEM/EDS)

Initial

: OPSHC S A Smm) = = nihkal

o0 e Td

| — i

2 fp S

oy VL

5| Increagein
by o X

E the am -_nt*of
17 N L
.I 10" 12 10" "

Iea_chmgn. plm. climrra e (jurm) .

e In|t|aI =
I 1 [T
MEEnanrar

"'..'.:"' [ G =
£ 13W [ ¥

I e

N1
0.01um 0.1 um ‘.’t p[fn
o B+ B B ) - = il
707 [ o —
20 S Y B
= .,| Increase in
En the améunt
< 19| of pores:8 e
110 chhmg 1:| T EETE 10"
. Byrermpe pﬂr- dimrrs s || I
. (S sy | FE
ot Initial |7z ¥

e e &

e T
=L 13W | %
T o E

P I 1 [Te]
B s =g

0.01 um 0.1 pm1 pm
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A U gt

13w

Cement solidified substances (5 mm from the surface)

A With the progress of hydration due to the immersion test,
the pore diameter distribution increased with respect to
the diameter of 0.1 um or below.

A The amount of pores increased because of leaching.

A Owing to leaching, the pore diameter distribution tended
to increase with respect to the diameter of approximately

1 pym.
~

Results consistent with existing knowledge concerning
cement were obtained.

AAM solidified substances (5 mm from the surface)

Initial

13w

observation at altered portion

Na

A Increase in the amount of pores.

A No marked changes in the pore diameter distribution.

A Na component that concentrated during sample
adjustment was leached out in the short term because

it is soluble.

It is inferred that AAM has been uniformly dissolved.

Fig. 1 Pore diameter distribution and SEM/EDS
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Acquisition of data on solidified substances through the representative composition -
<Non-equilibrium solubility test: solidified substance with carbonate slurry>

0 Xray diffraction data were obtained to identify the mineral phases of the dissolved and altered portion

XRD XRD
QOPC+CS el e | it MB40+CS c Intial
c — 1w " 1w
4w
Ga 13w
Br i C picel g,chfar H Br
Ga pirGa C An Ga Ga GaCceC
= 3 e Br
L) o H C “: c Clc
x ? I ﬁ G B Br
‘%‘ g p MA'A’ 2 m' l A wPiQ"a\ UM
E ig ¢ ca" ¢ ¢ cc
T S JUUL BV ST
SN S S L U S ~ DA o P s s
¢ c $ Br cBr
& AT\ G A0 Ar c
5 10 i 20 2% 3 3/ 40 45 5 55 &0 5 10 s 20 25 30 35 40 45 %0 55 60
28 (deg.Cu Ka) 28 (deg Cu Ka)
AFL Eftinghe [3!:”':"""503'3':_""5':'1'32”2‘9] ) An: Anatase [TiO,], Ar: Aragonite [CaCO,]
Be: Belte [Ca,5i0y] , Br: Brucite [MgiOH),] . C : Cakite [CatD,] 8¢ : Brucite [Mg(OH),] , C : Calcite [CaCO,]
CEH: C.-E-H . Fr: Friedals 5al.t [3Ca0-Al0, -CaCl, - 10H,0] Ga: Gaylussite lcaN;zfcol)z(Hzo’!J JH: -Halne [NaCl)
H - Halite [NaC1] . P: Portlandits [Ca{OH)] Pt Pirssonte [CaNa,(CO,),(H,0),] . T: Thermonatrite [Na,CO,+H,0]
Fig. 1 X ray diffraction pattern (cement solidified substances (OPC + CS) and AAM(MB40) solidified substances (MB40 + CS))
Cement solidified substances (2 mm from the surface) AAM solidified substances (5 mm from the surface)
A In the 4-week immersion sample, halite (soluble salt) disappeared. A Soluble salt disappeared.
A In the 13-week immersion sample, portlandite (cement mineral) 1 week: gaylussite and pirssonite, 4 weeks: thermonatrite, 13 weeks: halite
disappeared and ettringite was generated. A In AAM(MBA40) solidified substances only, aragonite was generated
A Calcite and brucite (carbonate slurries) showed no changes. because of immersion.
; A Calcite and brucite (carbonate slurries) showed no changes.
The leaching of the cement mineral has progressed with the passage @
of time, and the same mineral transition as in the equilibrium solubility It is inferred that the AAM matrix has been uniformly dissolved considering the
test was confirmed. equilibrium solubility test results as well.

E— T e
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Acquisition of data on solidified substances through the representative composition -
<Nonequilibrium solubility test: solidified substances with iron coprecipitation slurry>

Evaluate the leaching rate based on the liquid-phase composition analysis results with ICP-AES and the leaching

state from the solid phase based on the cross-sectional element composition analysis results

Leaching rate

100

< Al 14
OPC+IS ® Ca
> Cl
80 <4 Na| 13
A Si
—~ [m] pH
g
o 60 12
IS O
2 o =1
S 40 11
(]
|
20 10
1
4
0o £ 9
0 20 40 .60 80 100 120
Immersion period (d)
100 14
® Al
M+1S ® Ca
> ClI
80 > < Na| 13
A Si
g O pH
o 60| O 12
IS al z
2 > I s
S 40 11
[}
i}
|
20 10
|
0 9
0 20 40 60 8 100 120

Fig. 1 Leaching rate and element distribution of the solid-phase cross-section (wetted

T1TRID

0
Immersion period (d)

Cross-sectional element composition (EPMA)

Initial

13w

Cement solidified substances

A The major leaching components were Na and Cl, which had
been leached out from the wetted surface.

Y Soluble salt

eached out

A Because the amount of Ca leaching was extremely small, the
dissolved and altered portion of the cement mineral (base
material) was slightly seen on the surface layer only.

Y The |
narrow range

"N

eaching

5 mm from
(MIP, SEM/EDS)
2mm from t
phases (XRD)

*Because the leaching depth of Ca is smaller compared with that of the AAM solidified
substances, it was set to 2 mm in consideration of the sample amount required for

analysis.

AAM solidified substances

Na |

.
Initial

ey =T

surface on top) from solidified substances

A The major leaching components were Na and Cl, and the
concentration all over the sample decreased.

Y Soluble salt

A No changes in Si/Al were observed.

(MIP, SEM/EDS)

of cement solidi
the surface Y P
he surface* Y |
| eached out

the surface Y P

Identification of mineral phases (XRD)

In both cement and AAM solidified substances, the leaching of the
soluble salt contained in the iron coprecipitation slurry was
observed. Compared with solidified substances with carbonate

slurry, the leaching rate was lower and leaching was suppressed.
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Acquisition of data on solidified substances through the representative composition -
<Nonequilibrium solubility test: solidified substances with iron coprecipitation slurry>

U  Pore diameter distribution (MIP) and observation results of the layer on the wetted
surface (SEM): Change in the pore structure associated with dissolution

Pore diameter distribution (MIP) Cross-sectional observation (SEM/EDS)
Tk -
1 CPC+5 _—_:__;{Ijlliul
E;ﬁ_. Cement solidified substances (5 mm from the surface)
a0 : A The pore diameter distribution increased at and around
& an i‘?‘;\ Increage in fhe 1 um because of leaching.
2o %, amount of pores i
3 1 %, due to leaching
1o i 1 i i 107 io®
Bymraps pors disrrsbsr | e
- Initial |7 = Results consistent with existing knowledge concerning
Tty ~& cement were obtained.
. IHII"”“ || llm . o It was inferred that hydration was more progressed
T eIl L T compared to solidified substances with carbonate slurry.
T 1BW T 5
. H’I _Leachedout | &
il Iﬂ%. o)l ‘
__(.i_ﬁji_.._r._ﬁ. -_1_ ﬁ]_?'fﬁ T A S o
o MHF” W= — AAM solidified substances (5 mm from the surface)
70| T A Increase in the amount of pores.
g“n SRk A No marked changes in the pore diameter distribution.
* = | Increask in the A Na component that concentrated during sample
Ey;. amountlof pores Initial adjustment was leached out in the short term because
= H iti
due to Iéa.c_hlng it is soluble.
e e w w1 W
i s P e
= p— Initial |~ %

i I e . It is inferred that AAM has been uniformly dissolved.
o e e e Compared with the solidified substance with carbonate
e —r 3w | slurry, both cement and AAM solidified substances had

= - - ¥ fewer pores, and the amount of pores that increased
o N  E because of leaching was also smaller.
cal [l

_--‘_O--v:o_.i.l_jﬁr:l.\_-_o-f_a;m, i—.iil:?]-r:-u-..,s-:-'-_:él-i - “' . . .
Fig. 1 Pore diameter distribution and SEM/EDS observation at an altered portion

N
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Acquisition of data on solidified substances through the representative composition -
<Nonequilibrium solubility test: solidified substances with iron coprecipitation slurry>

U  Xray diffraction data were obtained to identify the mineral phases of the dissolved and altered portion

XRD
OPC+IS — Initial
— 1w
— 4w
P
P — 13w
CSHCSH Por L y
Fr FrFr P Fr Be Fr Fr Be H
— A
S P P
< CsH P
CSH P P
> Fr
_au;; Fr Frer P Fr Be Fr Fr Be
c
= P
CSH_csH P P
Fr Fr
Er FrEr p Fr Fr Fr
i P
CSHeshl g F b P Pg
Fr r
Fr FrFr E
5 10 15 20 25 30 35 40 45 50 55 60

2d (deg. Cu KU)
Be: Belite [Ca,SiO,]
CSH: C-S-H
Fr: Friedel's salt [3CaOnAl,O;nCaCl,in10H,0]
P: Portlandite [Ca(OH),]

XRD
MB40+1S Initial
—T7d
28d
— O1d
H .1 H
Fa e o]
. Fa A’fl ™,
s |Fa Fa -
‘g' Fa
= A Fa
@ Fa ka2 ”
G |Fa
ga FaAn F. S ey e
a ™
Fa e Fa
— Fa
Fa
F Fa A0
Fa Fa -
5 10 15 20 25 30 35 40 45 S0 55 60
26 (deg.Cu Ka)

An: Anatase [TiO,]
Fa: Faygasite [Na,CaAlSi O.,-20H,0]
H : Halite [NaCl)

Fig. 1 X ray diffraction pattern (cement solidified substances (OPC + IS) and AAM(MB40) solidified substances (MB40 + 1S))

Cement solidified substances (2 mm from the surface)

A In the 1-week immersion sample, halite (soluble salt) disappeared.

A Although the peak of portlandite (cement mineral) had become
smaller with the passage of time, it remained even in the 13-week

immersion sample.

Although the leaching of the cement mineral has progressed with the
passage of time, the progress was slower than that of the solidified
substance with carbonate slurry.

T1TRID

AAM solidified substances (5 mm from the surface)

A For AAM(M) and AAM(MB40) solidified substances, in a 4-week immersion
sample, halite disappeared.

A In AAM(MB40) solidified substances, the AAM matrix was crystallized and
faujasite (zeolite) was generated. In a 1-week immersion sample, halite

disappeared.

AAM matrix was crystallized. It was suggested that it should be treated as
zeolite in the long-term evaluation.
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Acquisition of data on solidified substances through the representative composition -
<Nuclide leaching test (ANSI/ANS 16.1)>

0  Data were obtained from the ANSI/ANS leaching test results as data on nuclide leaching of solidified substances with slurry.

A By dissolving the simulated nuclides of Sr, Sn, Cs, and Ce of the amount equivalent to simulated waste of 0.1 wt% in kneading water, each solidified
s ub st a nicsem)(wéssprepared.
A After 28 days of sealing and curing, the leaching rate and the LI value (one of leaching indices) were calculated while repeating immersion and solution
exchange in pure Water_ ter} times the gurface area of the specimen at regular intervals and analyzing Leaching rate (%) = Wx/c
the element concentration in each liquid phase. Wx: Cumulative amount of leached ion species x (mg)
A The liquid exchange was carried out at 2, 7, 24, 48, 72, 96, 120, 432, 1104, and 2184 h as cumulative time. C: Amount of ion species in specimen [mg]

With carbonate slurry (CS) With iron coprecipitation slurry (IS) Leachability index (LI) = log (1/D)

D = JAJ/ (@ (VIS)2T

100

00
OPC+IS D: Effective diffusion coefficient [cm2/g]  V: Specimen volume [cm3]
ay/A,: Leaching fraction [-] S: Specimen surface area [cm?]

80 * Y . . .
/ t: Immersion interval [s] T: Average immersion time [s]

. —<|—Ce
60 ——Cs

—A—Sn A For Cs, most leached in the OPC case and approximately 1/4 or 1/5 of OPC
40 / —o—Sr leached in the AAM(M) case. It was confirmed that AAM(M) solidified
’ substances have higher confinement properties because the LI value of
AAM(M) was approximately 8~9 and that of OPC was approximately 7.
— Y Inferred that it is repl aalemnosicateh |

_ _— structure of the AAM(M) solidified matrix

—_—n— o ) r — For Sr, 15% leached in the OPC case and approximately 1/100 or less of
03& 500 1000 1500 2000 2500 ’ 00 1009 1‘500 2000 2500 OPC leached in the AAM(M) case. It was confirmed that AAM(M) solidified
Immersion period (hr.) Immersion period (hr.) substances have higher confinement properties especially because the LI
value of OPC was approximately 9~10 and that of AAM(M) was

OPC+CS

\

&~
(=)
A

Leaching rate (%)
3

Leaching rate (%)

N
AO
A =Y

»

o

\

pey
>

o

100 100 i ~
M+CS M+IS ——Ce approximately 11~14.

P A For Sn, 0.1% or less leached in the OPC case and 1%~3% leached in the
A S:” AAM(M). It was confirmed that cement (OPC) solidified substances have
with LI —a—5r higher confinement properties especially because the LI value of OPC was

T approximately 13~15 and that of AAM(M) was approximately 9~10.
so[[IS Sr|Sn|Cs| Ce A For Ce, no leaching was observed in the OPC case and less than 1%
OPC| 87147 7.1| - leached in the AAM(M) case. It was confirmed that AAM(M) solidified
M 14.3110.1] 8.8112.3 substances have high confinement properties because the LI value of
. - - . AAM(M) was approximately 12.
0 Y I'nferred that an insoluble hydroxi
* with OH'" in the liquid phase
Y 0@ A No difference in the leaching tendency was confirmed between the
] 200 1000 1500 2000 2500 : ;jou 1000 1500 2000 2500 carbonate slurry and the iron coprecipitation slurry, but the leaching rate
_ ) 3 immarsion pariod (hF. tended to be lower when the iron coprecipitation slurry was mixed, except for
immersion peniod (hr.) P (hr.) the leaching rate of Srin the cement (OPC) solidified substances with
Fig. 1 ANSI/ANS-16.1 leaching test results carbonate slurry.
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Acquisition of data on solidified substances through the representative composition -

<Observation on the interaction between cement and waste>

0 Using cement solidified substances with simulated slurry used in the nonequilibrium solubility test, the solid phase composition analysis was
conducted with SEM and EDS to confirm whether the substance in the slurry was reacting (solidifying or stabilizing) with the cement hydrate.

Analysis results of carbonate slurry cement solidified substances

C: Unhydrated cement

Table 1 EDS analysis results of the cement portion of the solidified substances with carbonate slurry

CS: Carbonate slurry

Analysis results of iron coprecipitation slurry cement solidified substances

OPC + IS initial samples

(mass%)
Ca/Si
Sample name Na,0 [ MgO | AlL,O; | SiO, | P,Os | SOj Cl CaO | Total | molar
ratio
D OPC paste 0.1 0.7 1.6 21.1 0.3 0.8 41.8| 67.8] 215
[1]OPC + CS initial a9l 11 10| 183 03 o03l| 18| 424 715 [240
samples
cs | [2Nearthe 19| 12| 23 216 03 05| o8| 289 ssg | 142
nonequili | Wetted surface
brium 4W |[3] Depth: 3 mm 1.3 1.0/ 091 194 0.3 1.9 30| 399 686 | 2.24
Y Na and CI concentrations in the cement
Y Na, Ca, and Cal/ Si rati o decreased because

Table 2 EDS analysis results of the mineral in the slurry of the solidified substances with carbonate slurry

T1TRID

Northupite (mass%)
Sample name Na,O | MgO Al,O3 | SiO, P,0s5 SO; Cl CaO Total
Northupite in slurry alone 23.9 16.8 115 2.8 55.0
CS initial samples 3.1 14.9 3.1 1.5 0.1 2.6 0.9 10.0 36.4
cs Near the
nonequ | wetted 04| 181 5.2 1.7 0.0 0.2 0.5 52| 320
ilibrium | surface
4W Depth: 3 mm 0.7 16.3 3.1 2.4 0.0 0.6 13 121 36.8
Y Northupite was dissolved
Y Slight changes due to | eachi
—

ng were

hydr,.al

C: Unhydrated cement

‘, L -\ (r?:

IS: Iron coprec

ipitation slurry

Table 3 EDS analysis results of the cement portion of the solidified substances with iron coprecipitation slurry

—

(mass%)
CalSi
Sample name Na,O | ALO; | SiO, | P,O5 | SO; Cl CaO | Fe,0; | Total | molar
ratio
D OPC paste 0.1 16| 211 0.3 0.8 41.8 1.0, 67.8 215
[1] OPC + CS initial 22|| 12| 263 03 16 50 |401)| 17 800 |1.64
samples
cs | [ANearthe 07 31 241 03 03 07 |281| 27 614 |1.28
... |wetted surface
nonequili 3] Depth:
rium 4w pth: . 0.4 6|, 268 02 0.8 21| 408 1.8 759 1.64
3mm s || | ¢ v/ i ghler
O rFéa concentratirons 1 n the cement hy
Y Na, Ca, and Cal/ Si ratio decreased because

Table 4 EDS analysis results of the mineral in the slurry of the solidified substances with iron coprecipitation slurry

observed

in

each

o f etwedn ¢he durryrand centeet d
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(mass%)
Sample name Na,O Al,O3 SiO, P,0s5 SO; Cl CaO Fe,O3 Total
Iron coprecipitation slurry 14 0.9 35 05l 68 747
alone
OPC + IS initial samples 2.2 0.3 2.8 0.1 14 1.9 11.2 63.5 84.8
IS | Nearthe 07| 10| 55| 01| 02| 07| 88| e44| 828
nonequilibri| _wetted surface
um
W Depth: 3 mm 0.5 15 5.6 0.1 17 1.7 21.3 47.5 81.0
Y Ca and Si concentrations became high

s |
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Acquisition of data on solidified substances through the representative composition -

<Radiation impacts: amount of hydrogen gas generation>

a The 2 ray irradiation test of solidified substances with simulated slurry was conducted to evaluate the amount of hydrogen gas generated and verify the impacts on solidified substances
due to irradiation.

N The irradiation sample was sealed in an irradiation container (Fig. 1) after preparing solidified substances with simulated slurry (carbonate, iron coprecipitation) based on the
representative composition. Conducted under the irradiation conditions shown in Table 1. Table 1 Irradiation conditions

2 ray irradiation on solidified e o
. 2 ray irradiation on solidified substances
Test contents substance base material containing simulated slurry (This project)
FY2018 project 9 y LT1is proj

. Takasaki Advanced Radiation Research Institute of the National Institutes for
Test site .
Quantum Science and Technology

Cement (OPC), AAM(M, MB20, MB40)
Specimen e lent (OP’SI)B’?(S RIER e (Carbonate slurry: 30 mass% contained)
P (Base material only) (Iron coprecipitation slurry: 20 mass%
y contained)

Irradiation method Fixed irradiation (Fix the irradiation container toward the radiation source)

Radiation source Co-60

Approx. 1.8~5 kGy/h
Integrated dose (Plan) 3 kGy, 10 kGy, 30 kGy

N After irradiation, measure the hydrogen gas in the irradiation container and calculate the G value of hydrogen gas in solidified substances with simulated slurry. Compared with the
solidified substances of the base material alone. (Fig. 2, 3)

Fig. 1 Irradiation container and irradiation status

0.4
04 O OPCiCS oPC @ OPC+IS OpPC A The G value of solidified substances
e MiCS O M A The G value of solidified substances N mglzsws N MBZO with iron coprecipitation slurry was in
03 A MB20+CS A MB20 with carbonate Slurry was in the range 0.3 & MBA0HS & MB4O the range of apprOXImately 005"‘02,
¢ MB40+CS & MB40 of approximately 0.1~0.25, which was that of OPC was the same value, and
s higher than that of the base material 3 that of AAM was higher than that of the
§ 02 alone. g 02| ® base material alone.
S le 9 E » . -
5 * AThe G value of solidified substances & A () AThe G value of solidified substances
G o1 4 * 4‘%& with carbonate slurry increased inthe ;) 0.1 A ?& with iron coprecipitation slurry
i d in the order of OPC < MB20
$ 4 o order of MB20 < MB40 < OPC < M, A0y . increase _ :
00l o which had a different tendency from € o <M3 MB40, which had a different
) 5 10 15 20 25 30 35 that of the base material. 0-00 5 10 15 20 >5 20 35 tne]g?eer?acly from that of the base
Cumulative dose (kGy) Cumulative dose (kGy) '

Fig. 3 G value of hydrogen gas with respect to integrated dose

Fig. 2 G value of hydrogen gas with respect to integrated dose (Solidified substances with iron coprecipitation slurry)

(Solidified substances with carbonate slurry)

A Comparing the G values of solidified substances with carbonate and iron coprecipitation slurries, there was no big difference in the range of approximately 0.1~0.2 although the size
was different depending on the types of base material.

A In addition, the magnitude tendency of the G value varies when the solidified material is the same but the mixed waste is different. It is considered that such tendency is largely
influenced by the porosity and pore diameter of the solidified substances. (In the case of iron coprecipitation, the G values matched the magnitude of the porosities (OPC: 30%,
MB20, MB40: 45%, M: 50%). In addition, for MB20 and MB40, the G value of MB40, which had coarse pores, was higher than that of MB20)

A The G value of hydrogen generation has been regarded as 0.45 [/100 eV], but the G value obtained this time was sufficiently lower, which was useful data for the preparation of
solidified substances.
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Acquisition of data on solidified substances through the representative composition -
<Radiation impacts: compressive strength>

U The visual inspection and compressive strength test of the solidified substances before and after irradiation were carried out.

A As aresult of the visual inspection, only the AAM(M) solidified substance with carbonate slurry irradiated with an integrated dose of 30 kGy was brittle and broken. Other
than that, there was no difference in appearance, including the solidified substances with iron coprecipitation slurry. (Table 1)

A The compressive strength of all solidified substances with iron coprecipitation slurry was 10 N/mm2 or more, which satisfied the criteria. On the other hand, although the
solidified substances with carbonate slurry also had low compressive strength, they satisfied the criteria, except for the AAM(M) solidified substance irradiated with an
integrated dose of 30 kGy. (Fig. 1, Fig. 2)

Y Considered that there is not much change in compressive strength due to radiation and that the impact depending on the types of base materials and the waste filling
rate is large.
Table 1 Appearance of solidified substances with
carbonate slurry before and after irradiation

N
<)

I

o

B Non-irradiation @ 3kGy
D 10kGy O 30kGy

B Non-irradiation
= 3kGy
@ 10kGy
O 30kGy

w
(=]
w
o

|

|

=
o

=

o

Compressive Strength (N/mm?)
3

Compressive strength (N/mm?)
N
o

Fa

0
OPC M MB20 MB40 OPC+IS M+IS MB20+IS  MBA40+IS

o

Fig. 1 Compressive strength before and after irradiation Fig. 2 Compressive strength before and after irradiation
(Solidified substances with carbonate slurry) (Solidified substances with iron coprecipitation slurry)

U Other acquired data 60

B Non-irradiation
A Xray diffraction analysis (XRD) was performed on the solidified substances after irradiation, but there was no B 3kGy

particular difference compared with the ones before irradiation. g ;gtgz
A Inthe case of solidified substances with iron coprecipitation slurry, the amount of free water decreased by
approximately 1%~3% in M and MB40 after irradiation, whereas there was almost no difference in OPC and MB40.
(Fig. 3)
Y M and MB40 with the amount of free water decreased
hydrogen gas. However, there was no correlation between the amount of free water and the G value of hydrogen

nis i { t t{h
gas.
Therefore, the G value of hydrogen gas may be significantly affected by not only the amount of free water but also the

pore amount and diameter of solidified substances mixed with waste. OPC+IS M+IS MB20+IS  MB40+IS
Base material

Fig. 3 Amount of test water before and after irradiation
(Solidified substances with iron coprecipitation slurry)
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Applicable range concerning solidification properties -

<Cement + carbonate slurry>

U  Toreflect data in the study of the approach described later, illustrate results from solidification properties obtained through the composition study
(fluidity, hardening duration, segregation, and compressive strength) in a triangular diagram with sides of waste, cement, and water to confirm the

scope meeting each eval

uation criterion.

Cement + carbonate slurry

Base material: Cemant

Base material: Cement
Waste: CS

0
50,/
2 9 LAY
LI 40
I__°_;:4__\

80 Y2
90 V\/
100,/

- 0
0 10 20 30 40 50 60 7O 80 90100
waste {mass)

61

a;.

Base material: Cement

Waste: CS ®. 0~
9. 100 147~5
10/ _';C e 0-~147
(g% X 70 % In the practical
o W/ G0 4 H
& 80/ °___¢.}l 50 % mixture .
T/ o\ % %, composition
N ’ =
&0/ ;%\Y’ £, W:55mass% or
@ 50 o~ .  below
W,/ \' Ay “.1o C: 30 mass% or
00/ / 1\ \

~g above

Final setting time(hr.)

J14 funnel flow time (sec.) . - Base material: Cement Bleeding disappearance time (hr.)
bl Waste: C5 " @0 34 Waste: CS 9 0-24
4 -8 o 100 24-72 o 100 24 ~72
@ 6 10,/ gn @ 72- 10, e 72-
v £ 4 a0
ae 20, 80 o 20,7
. . &30 % 5 B0,
In the practical mixture & w70 %, o g T %
composition Es/ e ° % No restrictions in the S \\GU % No restrictions in the
W: 30 mass% or above Feo/ o2 Py N % practical mixture Feo/ o P, o % practical mixture
CS:45mass% orbelow  £7/ o 3° 3%a ‘g composition g0/ . 28g %%, S ¥ composition
Ygo /S G e e de N
20 80 20
0, r10 90/ 10
100,/ 100 5
0 10 20 20 A0 50 60 “?0 8 9 100 o 10 20 30 40 50 60 70 80 90 100
waste (mass’) waste (mass’o)
Base material: Cement @ Accepted
Waste:CS Partly accepted
0, 100 @ Not accepted

284 compresswe strength (N‘mm’)

O 10 20 30 40 50 60 70 BO 90 100

waslte (mass)

T1TRID

CS: 40 mass% or
below

waste (mass%)

. ————+ 0
0 10 20 30 40 50 60 70 80 90 100

Scope of application

Carbonate slurry: 15~40 mass%
Cement: 30~55 mass%
Water: 30~45 mass%

From the test results of each criterion such as fluidity, the range considered applicable was set.
The applicable range was obtained by overlaying multiple criteria on each other and having a margin
on the common range.
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Applicable range concerning solidification properties -
<Cement + iron coprecipitation slurry>

U  lllustrate results from solidification properties obtained through the composition study (fluidity, hardening duration, segregation, and
compressive strength) in a triangular diagram with sides of waste, cement, and water to confirm the scope meeting each evaluation criterion.

Cement + iron coprecipitation slurry
Base material: Cement Blooding dsappearance me (hr )

Base material: Cement Waste: IS T
Base material: Cement T74 fannel fiow e (3800 Waste: IS H:al ;elngg tima(hr.) te : ° 32 -7;5
Waste 1S , @ 2~4 6, 460 24 ~ 7 m,.:’\'-{a:o o 95~
109 - 10 /\ a0 @ 72~ 20/
10 90 @6 . g <y B,
> 20 3,\° 20 80 5? 30,/ \ 70 @
2 30 80y & 0 0 % ) . Lo/ 80 %
o, ¢o @% In the practical mixture Feo Y P oy ’%’
. . ; - & O 4 Y . .
. In the practical mixture & 50// e \50 % composition e P \ b In the pr_a}ctlcal mixture
655?(50 composition P 70? @ 9 'I \\z:o % 1S: 35 mass% or Q;g& o “‘_-‘--"',30 \(;\(I)g%osmon(y b
Qﬁ & W: 35 mass% or above of @‘“/ Y \w below ww,“ \o WS mass (; Org :)ve
80 IS: 40 mass% or below 90/ w/ Xi Wy %10 : 35 mass% or below
90 10 O R T N D
100 4 100/ K4 6 0 10 20 20 40 50 60 70 80 90 100
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 0()°/o 80 90 100 wasie (mass’s)
waste (mass%) waste (mass%)
Base material: Cement @ Accepted
" Partly
Base ma}enal Cement 28d comprassive strength (Nmm?) Waste: IS accepted
Waste: IS ) ? 6~ @  Not accepted
Llr. 100 147~5
10/ N\ g0 2 0-147
20/
o 30,/ %
; y "70 %
69 A0 J/ \ < i
S/ o 4 In the practical
fe‘ s/ .0 2 )50‘0 %, mixture composition
4 X v
/ \ . 0, . .
o/ e / IS: 55 mass% or Scope of application
80,/ 7 \ 20 below
90'; V4 \ 10
Y00/ ~ N
0 10 20 30 40 50 60 70 B0 90 100 At . - 0
IS (mass%) Iron coprecipitation slurry: 15~25 mass%
Cement: 45~50 mass%
—_— 30 Water: 30~35 mass%
0 10 20 30 40 50 60 70 80 90 100
waste (mass%)

From the test results of each criterion such as fluidity, the range considered applicable was set.
The applicable range was obtained by overlaying multiple criteria on each other and having a
margin on the common range.
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Applicable range concerning solidification properties -
<AAM>

Plot the result data of solidification properties obtained through the composition study (fluidity, hardening duration, gel/segregation, and
compressive strength) in a triangular diagram to verify if the range satisfying the evaluation criteria can be illustrated.

[1] When evaluated using a triangular diagram with sides of waste, base material powder, and alkaline kneading water as in the cement case, the

plots were so congested that it was not possible to identify the tendency at all, even with composition with different solidification properties.
Il lTustrate the results in a

triangular di g amawiktah i nied kneafdi tnlge
Na,On Si0,i n kneading water +

base materi al powder o to verify the rai

Although the impact of composition (Si/Al ratio and Na/Si ratio) could not be reflected, a rough tendency could be found.

[1] Triangular diagram with sides of items similar to the cement case

[2] Triangular diagram prepared under different conditions

Small flow values (mm)

I ] 120~ o
Filling rate: 20% =
& Small flow value = 115-122 mm Hzo |119~120
Liquid Ur Final setting time = within 1 day 110~115
tr Strength = 7~16 MPa

~110 [

Filling rate: 30%]

r Small flow value = 86~121 mm
Ur Final setting time = 1~4 days
Ur Strength = 1~7 MPa

[Filling rate: 40%)]

tr Small flow value = A
/\/\AN\ il cotin /\A/V\/

Base material
v Final setting time = 1~3 days
Waste

powder + Si &
Base material powder| (p Strength = 0~7 MPa Na in liquid

Waste

Fig. 1 Comparison of results in triangular diagrams with sides of different items
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry
- Applicable range concerning solidification properties -

AAM(M) + carbonate slurry

U  There were no restrictions due to gel/segregation in the range of used composition.
U The applicable range is restricted from the viewpoint of fluidity and compressive strength.

Base material: M+Si0,+Na,O
Waste: CS

14 Tunnel flow time (sec. )
@ 2~4

4~6

@ fi~

W: 40 mass% or

<AAM(M) + carbonate slurry>

Base material: M+SiO.+Na,0
Waste:CS & 0-24
24~72

e T2~

Bleeding disappearance tme (hr )

Base material: M+S:0,+Na.O Final setng time{hr )

above (inferred)

100, Yy kol ey i .0
0 10 20 30 40 5O 60 70 80 90 100
Waste (mass'h)

&
55 5
@ 70/
80/ 20
' 3\
EO',‘ %10
100/

—— ——— —t—
0 10 20 30 40 S0 50 70 80 90 100
Wasie (mass’s)

No restrictions in
the practical
mixture
composition

Waste: CS @ 0D-24
0y 100 2472
19/°\ g e 72~ A
S L No
5{“ 30,/ 70 % o
& 40/ v 60 It is difficult to
= = / \ ’9 .
50y 50 g illustrate the
g 00/ 3 \ap T i~
iy, 77, W0 % restriction range on
Sa/ W, thetriangular
w0/ ‘1o diagram (as it
100 / \

\ 0
0 10 20 30 40 50 €0 70 30 890 100
Waste (mass%)

changes depending
on the composition)

Base material:M+SiO,+Na,O

Waste:CS

Green frame: Minimum

Base matenial: M+SiO,+Na,O

28d Compressive strength (N"mmz)‘j

Waste:CS @ 5~
0y 100 147~5
10/ \ g0 ° 0~147
N av
F I 5 N0 {’aﬁ Base material solid
0 I Ne phase component:
;f 4 ':,5030% More favorable
@fms?,f & % "?—*\“ = than approximately
P/ "‘-30 19 mass% at a
0/ K7 2 minimum and
100, ~ % V7 inferred

0 10 20 30 40 50 60 70 80 90 100

Waste (mass)

approximately 28
mass% or above

0 10 20 30 40 50 60 70 80 90 100
Waste (mass%)

Accepted

Partly range

accepted i

Not accepted Red frame: Favorable
range

Scope of application

Carbonate slurry: up to 35 mass%

Amount of Na,0O-SiO, in kneading water +
base material powder: 28 mass% at minimum
Amount of H,O in alkaline kneading water:

45 mass% or above

From the test results of each criterion such as fluidity, the range considered applicable was set.
The applicable range was obtained by overlaying multiple criteria on each other and having a margin on the
common range.
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry

AAM(M) + Iron coprecipitation slurry

<AAM(M) + Iron coprecipitation slurry>

0 There were large restrictions due to gel/segregation.
0 The applicable range is restricted from the viewpoint of fluidity and gel/segregation.

Base material:M+Si0,+Na,0

Smal ring flow (mm}
Waste: IS

e 115~
100 ~ 115
9 0~100

W: 37 mass% or above (inferred)
(also affected by composition)

7 N
e e A L S L W [
100/ 5 St %o
0 10 20 30 40 50 50 70 80 90 100

Waste (mass%)

Base material : M+Si0,+Na,O

Gol Bloeding
Waste: 1S @  Notagcour Mot oocur
@ Qacur Nat ooour

Mot accur Qeour

-] Oceur Qecur

Inferred as shown in the range of
the figure

100, N
0 10 20 30 40 50 60 70 80 90100
Waste (mass)

- Applicable range concerning solidification properties -

Base material: M+Si0,+Na,0 Final settng time(nr. |

Waste: 1S . o 0~24
9100 24~72
‘0:"‘ 90 ® 72~
2 B Nao
@ M/ 2 . .
5‘ / £\ 70 3 Itis difficult to illustrate the
& 90/ \ 80 %_ restriction range on the triangular
& ’:ﬂ, \ 50 2 diagram (as it changes
y {» depending on the composition
.&sa / 2. ?”o.,d di h iti
y 40 3
/ (4 " =
& ?Or' L4 30
& 20/ \ %
9‘1:' "», 10
100/ X2

) A
0 10 20 30 40 50 80 70 80 90100
Waste (mass)

Base material: M+SiO,+Na,0O @  Accepted
erial-M+Si0,+Na, 28d Compressive strength (Nmm? . Partly
%0 Taateriol: M 05+Me,0 20t o ainvmm f - Waste: 1S accepted
i P Not accepted
c',’:cKlC 147 ~5 i P
A O~ 147
10;, %80 @ O~147
20/ .80 ) .
2 e r by 4 Base material solid phase
& T p————=Jo %~ component:
i ,3\ 4-0‘;_,-' o w80 7 Approx. 30 mass% or above at a
\5 50 ’,v‘ . % 50 3,% minimum (inferred)

e/ . Sap icati
Sy eae. | ¥ e Wi Scope of application
3 4 ‘? 5 30

& ecx'!: )‘ <20
* 10

R

100,/ ; N ]
0 10 20 30 40 50 50 70 20 30100
Wasie (masslt)

Iron coprecipitation slurry: up to 20 mass%
Amount of Na,O-SiO, in kneading water + base
material powder: 37 mass% at minimum
Amount of H,O in alkaline kneading water:
37%~50 mass%

0

0 10 20 30 40 50 60 70 80 90 100
Waste (mass%)

From the test results of each criterion such as fluidity, the range considered applicable was set.
The applicable range was obtained by overlaying multiple criteria on each other and having a margin on the common range.
U  The solidified substances with iron coprecipitation slurry are subject to compounding restrictions due to gel/segregation, and the application range is
narrower than those with carbonate slurry.
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(@) [1] i. (i) Collection of data on properties of cement and AAM solidified substances for the slurry

- Reference: Method for solidifying slurry dehydrated substances without powdering -

U The data acquisition described so far has been carried out on the premise of uniformly solidified substances, but the possibility of solidifying slurry
dehydrated substances without any changes was examined. The solidified substances were prepared with the kneading solidification method (mixing
the slurry in the solidified material) and/or the filling solidification method (pouring the solidified material into a container containing the slurry) after
drying the slurry dehydrated substances and adjusting them to a certain size (particle size: approximately 10~20 mm).

AThe water/solid ratio conditions (Table 1) were changed with reference to the compounding conditions in the base material test to prepare solidified substances

AThe

Fig. 1 Kneading solidification

U Test results

strength

with carbonate slurry and with iron coprecipitation slurry.
compressive
and the cross-sectional observation of cut solidified substances were conducted.

nia0adBO

After mixing the slurry in the solidified material, fill it in the container

measur ement

of

After putting the slurry in the container, pour the solidified material

into it

Fig. 2 Filling solidification

sol ilddcm) ed

Base material | . Solidification| . . Water/solid
S
[1] Cement : :
21 AAM(M) 1.80
Kneading
[3] Cement
Carbonate slurry
[4] Cement
[5] Cement
Filling
6] AAM(M) 1.80
[7] Cement
Kneading
Iron coprecipitation
slurry
[8] AAM(M) 1.80
[9] Cement
Filling
[10] AAM(M) 1.80

Conditions

Kneading solidification (carbonate slurry)

[1] Cement
(water/solid ratio = 0.45)

2] AAM(M)
(water/solid ratio = 1.5)
(Si/Al = 1.8, Na/Si = 0.84)

3] Cement
(water/solid ratio = 5.00)

[4] Cement
(water/solid ratio = 1.00)

[6] AAM(M)
(water/solid ratio = 1.50)
(SiAl = 1.8, NalSi = 0.84)

5] Cement
(water/solid ratio = 0.45)

coprecipitation was quite fine

Pores on the solidified substance side
were large

into the bottom

side were large

IRID

0.84

0.84

0.84

0.84

(Solidified substances with carbonate slurry)

0.45
1.50
5.00
1.00
0.45
1.50

1.00

1.50
0.45
1.50

Wi
filling rate
(mass%)

38
34
34
33
38

45

40

40

s u Rkl 1L Anepaugding gondgionsna t er i a |

Compounding conditions
for base material tests

Change in water/solid
ratio conditions

Compounding conditions
for base material tests

The water/solid ratio
needs to be changed
because the composition
for the base material
tests does not provide
fluidity
Compounding conditions
for base material tests

Compounding conditions
for base material tests

In both the kneading and filling methods, solidified substances with
compressive strength of a predetermined value or higher were obtained.
In the kneaded solidified substances, the carbonate was crushed by
kneading and the particle size was reduced.
Even in the filling solidification method, the base material has penetrated to

the bottom.

Some pores remained in the AAM(M) solidified substances even in both the

kneading and filling methods.

In both the kneading and filling methods, substances were solidified without

any problems.

Only the kneaded solidified substances (cement solidified substances) had compressive strength of a predetermined

A In the kneaded (AAM(M)) solidified substances, the particle size of iron coprecipitation was slightly reduced because of
kneading and densely filled into the lower part of the solidified substance.
A In both the kneaded and filled AAM(M) solidified substances, large pores remained on the side surface (lower side) of

K In the case of filled solidified substances, filling into the lower part with the solidified material will be the challenge.
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Cross-section
Co;?rz':;sr:ve 2.2 N/mm? 5.7 N/mm? 0.3 N/mm? 2.2 N/mm? 4.1 N/mm? 4.1 N/mm? K
Frequent occurrence of bleeding
Remarks Large pores on the upper side Insufficient strength
Filling solidification (iron coprecipitation slurry)
Conditions 1 Cement 18] AAM M ] Cement [10] AAM_ M (Solidified substances with iron coprecipitation slurry)
(waterlsolid ratio = 1.00) (water/solid ratio = 1.50) (water/sold ratio = 0.45) (water/solid ratio = 1.50)
B (Si/Al = 1.8, Na/Si = 0.84) } (Si/AI = 1.8, Na/Si = 0.84)
value or higher.
Cross-
section [V
the solidified substances.
CO;\:J;I:;SHVE 5.2 N/mm? 1.0 N/mm? Not measurable 0.7 N/mm?
Insufficient strength nsuft n
Iron coprecipitation was concentrated in insufficient strengtl
Remarks The particle size of iron the lower part of solidified substances The base material did not go deep Pores on the solidified substance

194



(@) [1] 1. (i)(a) Establishment of selecting advance treatment methods [1] Low-temperature treatment technologies
I. Collection and evaluation of data on low-temperature treatment technology to contribute to the identification of
technology (ii) Collection of data on properties of cement and AAM solidified substances for the slurry

Summary

Achievements so far

V  Various performance data of solidified substances concerning four types of solidified materials (one cement and
three AAMSs) with respect to two types of simulated slurries (carbonate and iron coprecipitation) were acquired, which
deepened the understanding of the phenomenon related to solidification.

The filling available range and compounding conditions of these slurries were extracted.
V The obtained data and range information were applied to the approach for evaluating applicability.

In cement solidified substances, the maximum waste filling rate data of carbonate and iron coprecipitation slurries
were 40 and 25 mass%, respectively.

V  The solidification available range for the iron coprecipitation slurry was narrower than that for the carbonate slurry.

<

<

V  The criteria were satisfied, although the compressive strength of the solidified substances due to radiation
decreased.
V  Hydrogen generation (G value) of solidified substances was significantly lower than that of pure water.

V At AAM, data showing the possibility of constant dissolution of the base material were obtained. This suggested that
the dissolution rate of the base material may restrict the leaching of nuclides.

Challenges

V It was confirmed that the performances of the solidified substances differ depending on the composition, preparation
procedure/environment, production area of solidified substances, and so on. Therefore, it is necessary to refer to the
range and values derived this time with some margin, and it is also necessary to verify under the actual treatment
conditions.

V In the case of iron coprecipitation slurry, the maximum waste filling rate greatly decreases when the segregation limit
period is specified to be one day.
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(a) Establishment of selecting advance treatment methods [1] Low-temperature treatment technologies
i. Collection and evaluation of data on low-temperature treatment technology to contribute to the identification of
technology (iii) Investigation of special cement
[Implementation details]

To study the applicability to secondary waste generated from water treatment, which have components with an adverse
effect on ordinary Portland cement (OPC), conduct an investigation of cement-based material other than OPC having the
essential special properties.
(Overview of investigation)
After determining the types of special cement to be investigated, investigate the properties of solidified substances
focusing on the essential properties, as well as the usage results and study cases pertaining to the uses for solidification
of radioactive waste, and select the special cement solidified substances to be tested and studied from the viewpoint of
ease of availability of raw materials within Japan and feasibility of conducting tests.

&

Details of implementation

Selection of special cement with high usability (literature survey)

Viewpoint of investigation: Cement that reduces the impact of sodium carbonate as compared to OPC
Evaluation of base material

Performance evaluation of base material with special cement

Study that will contribute to the identification of the applicable scope of various low-temperature
solidified substances
Addition of waste simulants sodium carbonate and borate salt

o

Goal achievement index

n Selection of candidates wherein the applicable range is likely to broaden and identification of base
material properties

N Identification of the applicable scope of various low-temperature solidified substances
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(@) [1] 1. (iii) Investigation of special cement
- Selection of special cement with high usability -

a In the FY2018 project, an investigation was conducted on the OPC solidification inhibitors, and borate salt, sodium carbonate, etc., were selected
as substances contained in the secondary waste generated from water treatment, which could have an impact even in small amounts.
a In conjunction with the AAM solidification applicability study, effective low-temperature treatment options for these substances were searched.

Table 1 Selected special cement

(1) Types of JIS-certified cement
Portland cement

N Ordinary Portland cement

N High-early-strength Portland cement

N Ultrahigh-early-strength Portland cement
N Moderate-heat Portland cement

(2) Types of special cement (other than JIS-certified cement)
Types of cement based on Portland cement

i1 Expansive cement

i Binary-based low-heat cement

N Ternary-based low-heat cement

Types of cement in which the elements or particle size composition of Portland
cement has been changed

N White Portland cement

N Cement-based solidified material

n Ultrafine particle cement

N High-belite cement

N Low-heat Portland cement

N Sulfate-resistant Portland cement
Mixed cement

N Blast furnace slag cement (Types A, B,
®)

N Fly-ash cement (Types A, B, C)

N Silica cement (Types A, B, C)

Other cement

N Eco-cement (ordinary, rapid-setting)

Types of cement with components different from Portland cement
N Ultrarapid-setting cement

1 Nonhydraulic cement
1 Alumina cement

i Other cement

a6 i S feAliminale

U Perspective of the investigation for the selection of special cement with high usability

[1] Usage results and study cases pertaining to the uses for solidification of radioactive waste
Investigate the presence of the usage results and study cases of said cement.

[2] Impacts of components causing adverse effects on OPC
Of the components contained in the HIC slurry based on the investigation results until FY2018, focus on borate salt and sodium carbonate
(Na,CO,), which are limited to relatively low concentrations in the application of OPC, as target components to infer impacts from information
regarding the magnitude of influence from these components and/or constituents of cement.

[3] Characteristics that specialize in the required properties
Focus attention on fAihigh fluidityo as a property t hatsantahe suppeeasibnaftbe i my
amount of hydrogen gas generation (decrease in the ratio of water and cement).
Focus attention on Ahigh heat resistanced as a propert ybehahdedandthey | e ac
waste filling rate.
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(@) [1] 1. (iii) Investigation of special cement

- Investigation results of applicability based on the characteristics of each special cement -

1] Investigation results for the selection of special cement with high usability are shown below.

Table 1 Investigation results concerning applicability of special cement

A Multicomponent low-heat A No usage results pertaining to the uses for solidification were found within Japan.
cement (investigation for A It has been reported that it is usable as a result of a study case of sodium carbonate solution solidification with blast furnace
material including admixture slag high substituti_on c_e_ment (1:9). _ _
mixed cement with the A ngr_s_eas, an a_ppllcabllltystudy_ of_fly-a s h an d_ bl ast furnace sl ag high substit
substitution rate exceeding solidified material for low-level liquid waste (sodium nitrate) was conducted at Hanford.
. . K Because the proportion of OPC is extremely |l ow in the fhei
that stipulated in JIS) impact level of sodium carbonate and boric acid is different, and hence, it was regarded as usable.
Selected
A Alumina cement (including A No usage results pertaining to the uses for solidification were found.
alumina cement-based A There are some study cases of fly-ash or blast furnace slag mixed with alumina cement as the material design for
cement) preventing defects of alumina cement alone such as the initial hydration heat and compressive strength reduction due to the
progress of material aging. Because the composition is quite different from OPC, the impact level of sodium carbonate and
borate salt may be different.
A Heat resistance is high. As regards fluidity, it has been reported that high fluidity can be obtained even with an ultralow water
cement ratio when a high-range water reducing agent is used.
K Itis regarded as usable from the viewpoint of impact of harmful components and heat resistance with respect to OPC.
K AFbgh mixed alumina cementd was selected because it was d
strength reduction due to the progress of material aging.
A Magnesia-phosphate K Inferred to be usable.
cement (MFC) K However, testing is deemed difficult according to the preparation conditions (for material and composition) and the presence of
reference literature.
A Expansive cement
A White Portland cement
A Cement-based solidified A No usage results and remarkable research examples pertaining to the uses for solidification were found.
material A Qn the basis of the cement composition, it is inferred from the observations of this investigation that there was no major
A Ultrafine particle cement A difference from OPC. : . : -
A High-belite cement No remarkable case examples were found from the viewpoint of heat resistance and fluidity.
A Calcium sulfoaluminate K Inferred that usability is low.
cement
A Ultrarapid-setting cement A No usage results and remarkable research examples pertaining to the uses for solidification were found.
A Nonhydrau"c cement A Handling time was too short.
A Contact with moisture causes deterioration.
K Determined as inappropriate.
—
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(@) [1] 1. (iii) Investigation of special cement
- Performance evaluation of base material with special cement -

i On the basis of the investigation results concerning all extracted special cements, the following two types of cement substances, which
may be highly applicable from the viewpoints of usage results/research case examples, adaptability to substances that adversely affect
the solidification of cement, fluidity, heat resistance, and others, were selected.

A Blast furnace slag high substitution cement (CB)
K Itis likely to have excellent applicability to the sodium carbonate mixed waste (carbonate slurry).

A Fly-ash mixed alumina cement
K Itis likely to have excellent fluidity and heat resistance. Additionally, the impact of components may be different from that of OPC.

U  Verification of basic required performance

As regard§ sohplﬁned subst.ances prepared by chgnglng the composition T Pl Geneetio e Water/soli;j ratio
(water/solid ratio), the setting properties and fluidity were evaluated, the i i [mass%]
representative composition that obtains the same fluidity and setting properties  |cB90 Ordinary Portland cement/blast furnace slag fine powder .
L e . ratio = 90:10 Composition impact

as that of cement (OPC) solidified substances (from the FY2018 project results) ) - ; ified whil

. o - . AF20 Alumina cement/fly-ash ratio = 80:20 IS veritied while
was identified, and characteristic data were acquired. changing

OPC (for comparison) Ordinary Portland cement

Fluidity (J14 funnel flow test) Condensation (Vicat needle test)

Fig. 1 Relation between water/solid ratio and J14 funnel flow time Fig. 2 Relation between initial and final setting times
A Fluidity: Fly-ash mixed alumina cement (CB90) > OPC > Blast furnace slag A All solidified substances have a sufficient handling time (working life), and
high substitution cement (AF20) the final setting takes place within 24 h, so it is expected that the
A Alumina cement has high fluidity as found in the literature survey. preparation process can be established.
A As CB90 (water/solid ratio = 40 mass%) is an excessively thick paste, it A Setting is slow for composition in which the water/solid ratio is high.
does not pass through the funnel.
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