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1. Approach to Research & Development
- Background and Purpose of Research & Development -

€ The characteristics of solid waste, such as nuclide composition, radioactivity concentration, etc.

need to be understood in order to study solid waste treatment and disposal.

2 Generated solid waste is stored and managed by means of safe and practical methods based
on the characteristics of the waste.

€ To ensure safety of solid waste storage and management, techniques for practically selecting
treatment (preceding processing) methods for waste stabilization and solidification are
established, and preceding processing methods are selected based on the established
technigues before determining the technical requirements for disposal.

€ To promote efficient research and development (R&D) on solid waste treatment and disposal, close
cooperation between R&D projects related to the characterization, treatment, and disposal of solid
waste is required. R&D is promoted by sharing research and issues among the R&D teams,
taking an overview of all activities pertaining to solid waste management, and identifying

required R&D tasks.

By around FY2021,

indicated.

**Mid-and-Long-Term Road-map towards the Decommissioning of TEPCO HD’s Fukushima Daiichi Nuclear Power Station (September 26, 2017)” 4-5 excerpts, partly reworde

E_— -
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1. Approach to Research & Development
Goals for achieving the mid-and-long-term road-map milestones

B The following specific goals for achieving milestones set for 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 goals.

Specific goals related to technical prospects

1. Safe and practical disposal concepts should be established based on the properties and

amount of solid waste generated at the Fukushima Daiichi Nuclear Power Station and the

treatment technologies that can be used for that solid waste, and safety assessment
techniques reflecting the characteristics of the disposal concept should be provided, based on
examples from various foreign countries.

Analysis and evaluation techniques for characterization should be clearly specified.

Treatment technologies for stabilization and solidification considering disposal of various

Important waste streams such as secondary waste generated from contaminated water

treatment, which are expected to be introduced in actual conditions, should be clearly

specified.

4. Based on the above No. 3., before determining the technical requirements for disposal,
techniques for practically selecting treatment (preceding processing) methods for stabilization
and solidification should be established.

5. With respect to solid waste for which treatment technology that considers disposal is not
clearly specified, establishment of a treatment and disposal plan using the series of techniques
developed until FY2021 should be foreseeable.

6. The challenges pertaining to storage and management of solid waste until waste conditioning
and corresponding measures should be clearly specified.

w N

# “Technical Strategic Plan 2019 for Decommissioning of the Fukushima Daiichi Nuclear Power Station of “Tokyo Electric Power Company Holdings, Inc.” established by the Nuclear Damage Compensation and Decommissioning
Facilitation Corporation, September 09, 2019, 3.2.2.4.
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1. Approach to Research & Development

- Goals (1/2) -

Item / Year

Second Term (Period until start of fuel debris retrieval)

2016 | 2017 | 2018

2019

2020 | 2021 onwards

Main events in the current mid-
and-long-term road-map

/A Summar

zing the basic concept related to treatment & disposal

Treatment & disposal plan and technical prospects pertaining fo their safety A

[R&D related to treatment and |
disposal of solid waste]

|. Storage and management
1. Study and evaluation of storage
and management methods

2. Development of contamination
evaluation technology for solid waste
segregation

Evaluation of the type and
amount of waste resulting
from debris retrieval

Evaluation of the type and amount of waste accompanying debris
retrieval and revision based on the progress of studying retrieval

Evaluation study,
study of
measures in

,waste within Japan and overs|

Investigation of cases related t
|storage of high-level radioactiv|

'study of applicability to 1F and
“consolidation of challenges

——

S,

Study and presentation of storage and management
methods including hydrogen measures

accordance with
the on-site status

Technological
development

Investigation and study of the
methods for measurement an
evaluation of a contamination,

Systematization for on-site
application

pertaining to the
measurement and

Mock-up test evaluation methods

[ Confidential])

———

Technological
investigation, testing,
evaluation and
presentation of

quisition and evaluation of required data on high temperature
trpatment technology and low temperature treatment technology,

1. Establishment of treatment and
disposal concepts and development

Identification of

of safety assessment techniques candidate uking engineering scale testing equipment preceding
technologies processing
1. Establishment of techniques for method

Identification of technology that can be
applied to actual treatment (of some of
the waste), from the technological
perspective

Collegtion and consolidation of items and
inforfhation required for multi-faceted
evaldation, and presentation of challenges

selecting the preceding
processing method

S

Clear specification of the image of
waste conditioning, consolidation of
data required for the safety
assessment technique for each
disposal method

Investigation of disposal
plans within Japan and
overseas

Study of the disposal concepts and safety

assessment techniques Preliminary safety

assessment

2. Presentation of disposal methods
and development of safety
assessment techniques

Acquisition of data for impact assessment related to the main materials with
impact, improvement in the impact assessment techniques

materials with impact on dispo

Investigation of cases related t|
l,
study of analytical techniques f

[Source] Created by extracting R&D items from P.16 of the “FY2019 Decommissioning R&D Plan” of the Team for Countermeasures or Decommissioning and Contaminated
Water Treatment / Secretariat Meeting (63" session, February 28, 2019)
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1. Approach to Research & Development
- Goals (2/2) -

[ Confidential])

Item / Year

Second Term (Period until start of fuel debris retrieval)

2016 | 2017 | 2018

2019 2020

2021 onwards

Main events in the current mid-
and-long-term road-map

/A Summar

ring the basic concept related to treatment & disposal

Treatment & disposal plan and technical prospects pertainin

to its safety A

IIl. Characterization
Characterization efficiency
improvement

(1) Establishment of the method of
characterization by combining
analysis data and evaluation data
based on the migration models

(2) Simplification and speeding up
of analysis methods

2. Development of sampling
technology

IV. Integration of R & D results

Study of waste streams

1R

Reflection of analysis data
pertaining to secondary waste
generated from contaminated
water treatment, debris, felled
trees and soil

Establishment of the method of characterization by combining analysis data
and evaluation data based on the migration models, simplification and
speeding up of analysis methods

Acquisition, evaluation and management, etc. of analysis data, which would
help in simplification and speeding up of analysis methods, study and
proposal of techniques for providing manuals, overall needs of waste
ma'nag_e‘mve_ntior establishment of consistency

Development of
technology for
collecting cesium
adsorbents and
samples from inside
the reactor building,
and sampling of
sludge from
decontamination
systems

Element tests and evaluation required for designing mock-up devices

Creation of draft proposal,
reflection of the outcome
and revision

Integrated progress in R&D, consistency, challenge evaluation

Dludy Ul li <
applicability of
techniques,
reflection into the
Okuma Analysis and
Research Facility

BUIOIRO L -
Reflection into the
Okuma Analysis
and Research
Facility Building 1

Manufacturing
and sampling test

Evaluation based .
on R&D progress

[Source] P.16 of the “FY2019 Decommissioning R&D Plan” of the Team for Countermeasures for Decommissioning and Contaminated Water Treatment / Secretariat Meeting (63 session, February 28, 2019)
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1. Approach to Research & Development
Reflection of results into the decommissioning of Fukushima
Daiichi Nuclear Power Station

Waste management Research & development Milestones

[Project] Contamination ' [Waste]
evaluation technology
| for solid waste
. segregation
Generation of waste
Improvement of
_| characterization efficiency
“| + Development of sampling

technology 2019

7St0 rage‘ Stu dy and "

evaluation of
| storage and

mg'[]he:)gdesmem At present

Stabilization :
Integration of

N\ R&D results
[\ Development of
techniques for - 2020
selecting the ) L
Storage preceding
|I* processing method

' 2021

o ] Treatment and
2 disposal plan, and
- reatment | — technical prospects

pertaining to its

- Presentation of - ;
disposal methods, and fﬁggg&" be
{ development of safety '
Dlsposal asses'sment
techniques

T T s
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1. Approach to Research & Development {Confidential]

Role-sharing among relevant organizations, and correlation between study items

| Tokyo Electric Power Company (TEPCO)

Nuclear Damage compensation and Decommissioning
Facilitation Corporation (NDF)

plan (from generation to storage)

Embodiment of the waste management (
N

Formulation of waste management plan )
(treatment and disposal) (Formulation of overall strategy
N

1\£ Information flow

r

IRID

esearch and development on
storage and management

+ Study and evaluation of
storage and management
methods

« Development of contamination
evaluation technology for solid
waste segregation

\ J

Research and development
pertaining to waste streams

|

* Integration of R&D
[Research and development

)

results
related to characterization ]

7 N\

Characterization
efficiency improvement
Development of
sampling technology

[Potential risk reduction
measures]

Research and development
related to treatment M

Research and development
related to disposal

method

- Establishment of techniques for .
selecting the preceding processing

Presentation of disposal
methods, and development

(Coordination with other projects for
high temperature treatment

of safety assessment
techniques

technology)

[Comprehensive waste management measures]

Olnternational Research Institute for Nuclear Decommissioning 7
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1. Approach to Research & Development [Confidential]
- Correlation with other research projects -

[Input into this project]

. - Required
Implementation Items and Specific Contents . . : Source of
(Use of Information) Required Information Time Acquisition Remarks
' - ' Specifications of the consumables in the equipment used Information exchange as
Understanding the storage conditions of high- ¢ ¢ 0| jebyis retrieval and of the equipment used in the When Debris Retrieval Necessary
o G I AT SRR water treatment and air conditioning system, as well as required roject i f
under waste management g sy ’ q proj 4 times this year

specifications of the retrieval container

Information exchange as

- MEEISIEINEING 1 SRIHEE GEne Mars € ffi- Specifications of equipment used for collection, transfer, When : . necessary
level radioactive waste that will be studied and storage of fuel debris canisters required Canister project i )
under waste management g q 3 times this year ]

Understanding the fundamental knowledge

required for studying waste streams and for When

Information on high-temperature treatment technologies Some proposers Coordinated via MRI

studying the approach for evaluating required
applicability of treatment technology
[Output from this project]
. Required
H Implementation Iltems and Output Details SR B OB I () Time Destination Remarks
- . Understanding as fundamental data required for studying When . .
Research results of subsidized projects so far high-temperature treatment technologies required Some proposers Coordinated via MRI
2 Sharing the results of storage and management, Confirmation of conformance with the debris retrieval When Debris Retrieval
and regulating the conditions for coordination  process required project
3 Checking the conditions for evaluating amount Comparison with evaluation of amount of hydrogen When Canister proiect
of hydrogen generated generated by fuel debris required Proj

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

[ =
I l D Olnternational Research Institute for Nuclear Decommissioning 8
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1. Approach to Research & Development
- Implementation Schedule (1/4) -

Planne =

FY2019

FY2020

Implementations details
Actual m—

First half Second half

First half Second half

Storage and management

(a) Study and evaluation of the storage and management

Consolidation of the latest

methods

information on high-level ctudv on the high-level

D Investigation and evaluation of waste information, and

radioactive waste

radioactive waste handling

study on the method of storing high-level radioactive waste

rocess

Study on the measures for long-térm

Study on the storage

storage of high-Tevel radioactive Waste method in accordance witl

Cons

ation

plidation of preconditions, investig

£
o pr

@ study on the container and storage facility requirements

: ! ' L T
EVIOUS TESEATTIT dTTU LETITITUOIOETES

Study on the concepts

Study on a practical container shape  (scenarios) of filter vent and

storage & transfer containery

Study on the filter vent

requirement specifications Study on the storage & transfer

Study on the drying treatment facility requirements

Consolidation of measurement rgquirements

container requirements

Study on the basic functions of
the drying treatment facilit

Study on the concept of the

Study on measurement items

Study on the measurement drying treatment facility

methods

Study on the measurement

Element tests,

facility

(b) Development of contamination evaluation technology for

systemization preliminary

e-measuremen

tests-an

solid waste segregation

system designing

Fabrication of the

measurement system

Mock-up tests, performance

b. Establishment of the concept of treatment and disposal,

evaluation

and development of safety assessment techniques

(a) Establishment of techniques for selecting the preceding

processing method

the tachni

(D Low-temperature treatment technology

Studvren ac or-exa
Stuey-en-tnetee OF-exat

solidification by m low-te

i. Acquisition and evaluation of data on low-temperature

(Verification by means of carbon

treatment technology, which would help in selecting the

Study on revision and streamlining of examination techniques

(Veritication by means of iron co-precipitation slurry)

1IRID

technology Acquisition of data on the properties of cement and AAM
— " " solidifications in the slurry (iron cp-precipitation slurry)
Investigation of special cement (
erformance evaluation Investigation of special cement (Iflentification of the scope of
e

Olnternational Research Institute for Nuclear Decommissioning
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1. Approach to Research & Development
- Implementation Schedule (2/4) -

ol tations detail Rlanned M— FY2019 FY2020
mplementations details
Actual  m— o First half o Second half Second half
ii. Investigation related to the degradation of solidifications |2 ) o e £ cotidifleationsd N P
tavestigation-of-degs ofselidif{eations—hteto-heatis—ete{oeatisttior
Evaluation of the relationship betweer the inventory of Cs, etc. and the gbmissing dato and verification of porfonmance cvaluation

temperature of solidifications (OPC mgdel trial analysis, etc.) Evaluation of the relationship between the inventory of Cs, etc. and the

temperature of solidifications (AAM model trial analysis, etc.)

Investigation and evaluation of factors|influencing long-term degradation
(Study, etc. on the mineral phase change of the carbonate slurry)

(@) Study on the approach for evaluating the applicability of
Y PP & PP Y

| treatment technology Acquisition of vitrification test data and analysis with the help of a
characteristic model (Evaluation of waste filling densit PR -
. avestigation and dv related ta the imnact o ( 8 y) Verification of characteristics by
. means of glass melting test
waste composition, etc. on the performance of aluation of filling density when
solidifications Investigation and study related to the configuration, etc. of each treatment multiole tvpes ofwaste gre mix
ii. Acquisition of data related to facility configuration ol Investigation and study related to the fonfiguration, etc. of each treatment
etc. for each treatment technology g pertaining to economic efficienc
iii. Investigation related to Cs volatilization volume Bibliographic survey related to Cs volatilization volume and consolidation of

engineering test results

during high-temperature treatment and its control Bibliographic survey related to Cs volatilization volume and consolidation of
engineering test results

(b) Presentation of disposal methods and development of

safety evaluation techniques Consolidation of waste characteristics and study on disposal concepts and
safety evaluation techniques (Waste sglected in FY2019)

s from disposal to waste conditioning

classification of solid waste and collection and Consolidation of waste characteristics bnd study on disposal concepts and

safety evaluation techniques (Waste selected in FY2020)

Study of the image of waste packages

Setting of data acquisition conditions, jnvestigation and data acquisition

Study on requirements for the proceg

consolidation of information for establishing safety

assessment techniques

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

*Investigation of fundamental data - -
conditions, data acquisition through

Investigation and establishment of impact Setting of parameters

*Investigation of techniques for impact assessment % based on data acquired
in FY2019

Investigation and establishment of impact assessment techniques

Supplementary investigation and triallrun by means of data acquisition

I RI D Olnternational Research Institute for Nuclear Decommissioning 10
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1. Approach to Research & Development
- Implementation Schedule (3/4) -

Implementations details ;ftr;r;?d : EY2019 EY2020
First half Second half First half Second half
c. Characterization efficiency improvement
(a) Development of a method for estimating the inventory and
fecquisition of analysis data Understanding the contamination mechanism (Study of target contaminants

and case studies)

(D Establishment of the method of characterization by
combining the analysis data and the evaluation data based on
migration models

Understanding the contamination medhanism (Study of applicability to target
waste, etc.)

Evaluation related to representativeness of the analysis data (The properties of waste
related data are consolidated and their correfation with the analysis data is clarified.)

Evaluation related to representativengss of the analysis data (The method of

classifving-wasterelated-data-isrevised-and-ther tativeness—
g P

evaluated.)

Evaluation related to representativeness of the analysis data (The properties of waste
related data are consolidated and their corre|ation with the analysis data is clarified.)
Investigation related to the characteristics of analysis data

ata (Contamination distribution is studied for[all types of waste and every storage facility.)
(Study of contamination distribution for every storage

container, Investigation relatdd to the characteristics of analysis
ﬁ data (Study on creating models showing uneven
Statisticat-mverntory estimation methof{Study onmapplication of statisticat distribttion-of contamination-inevery sterage-formy)
techniques and typification of waste)

Investigation related to the characteristics of analysis d

Evaluation and management of analysis data|(Operation and maintenance of database)

Hvaluation and management of analysis data (§tudy on applicability of Bayesian estimation) | Evaluation and management of analys|

planning technique for 1F waste)

is data (Proposal of analysis

Collection of analysis data (Sampling, tfansportation and analysis)

(2 Simplification and speeding up of analysis method

i, Development of sampling technology esting for identifying optimal conditiops and designing of mock-up equipmen

Fabrication of mock-up testing equipnent

Study on collection|method Mock—uﬁ tests

Test using simulated samples (Radioadtivity measurement method, non-
actinide)

i. Streamlining of separation process Test using simulated samples (Radioaqtivity measurement method, |
Consolidation of se;’lnaration techniques actinide)
- |

— Proposal of efficient analysis teghniques

Proposal of calibration methods

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

Test using simulated samples (ICP-MS |method, actinide)

l Rl D Olnternational Research Institute for Nuclear Decommissioning 11
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1. Approach to Research & Development
- Implementation Schedule (4/4) -

lanned ™. FY2019 FY2020
fctual = First half Second half First half Second half

Implementations details

Separation and search test (Non-g

Separation and search test {Actin

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

Feasibility evaluation test (Radio#ctivity measurement method,
actinide)

iii. Development of automation technology

iv. Establishment of standard analysis techniques

Feasibility evaluation test (ICP-M$ method, non-actinide)

Feasibility evaluation test (ICP-M$ method, actinide)

(b) Development of sampling technology

d. Integration of R&D results Designing of element testing equipment

Fabrication of elgment testing equipment

Fabrication of simulated adsorption towers, etc. I Studx on the element test procedures
Element test

Study on options based on treatm|ent and disposal (ideal storage
conditions, etc.)

Consolidation of the approach towards narrowing down treatment
jons (E lishment of w

l Rl D Olnternational Research Institute for Nuclear Decommissioning 12
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1. Approach to Research & Development
- Project Organization Chart -

Tokyo Electric Power Company Holdings, International Research Institute for Nuclear Decommissioning FY2019
o Inc. _ o Formulation of overall plan and technological management (a
o Coordination from the perspective of toe) ) .
on-site application o Technological management such as progress of technological As of March 31, 2020
(Coordinating the reflection of development, etc. (a to e) N . o
decommissioning status on site, etc.) o Coordination related to technological development (a to e) Determined through open bidding, etc.
Japan Atomic Energy Agency . . Toshiba Energy Systems & Mitsubishi Heavy
oManagement of technological development (a to d) Hitachi-GE Nuclear Energy, Ltd. Solutions Corporation Industries, Ltd. Atox Co., Ltd.
oDevelopment (b, c) oDevelopment (a to d) oDevelopment (b,c)
Operation assistance (d, e) oDevelopment (a, b, d) oDevelopment (a)
' 16 persons 20 persons
96 persons 8 persons 3 persons
JGC Holdings Corporation (b)* General Engineering Co., Ltd. (d) MHI NS Engineering Co., Ltd. (a)
Proposal of disposal methods and study on safety +—| Assistance in the work of consolidating Assistance in creating the documents for
- Nakaygma co. L‘,d‘ (b:(a)®) _ ) evaluation techniques information related to the study of waste streams studying the requirements of containers and
Inspection and calibration of hot disk device storage facilities
Mitsubishi Materials Corporation (b.(b)) Tokyo Power Technology Ltd. (c)* Hamamatsu Photonics K. K. (a)
The work of investigating techniques for Consolidation and investigation of information || Designing and fabrication of photoelectric
""[evaluating the impact of the huge variety of related to the waste list detectors for surface a contamination detectors

Orano Atox D&D Solutions (c)

Designing and fabrication of element testing
Showa Optronics Co., Ltd. (a) equipment

Designing and fabrication of optical systems for
surface a contamination detectors

affecting substances included in accident waste

Nuclear Development Corporation (b.(b))*

Work of acquiring data on sorption of actinide ] inspection and calibration of radiation
nuclides into barrier materials under the presence measurement equipment KK Kouyou (b)

of substances that co-exist with accident waste Triterm Co., Ltd. (a icati i i B
Tokyo Power Technology Ltd. (0)° () Fabrication of simulated adsorption towers

Hitachi Healthcare Systems, Inc. (c.(a)®D)

Designing and fabrication of the circuit for surface

Consolidation and investigation of information a contamination detectors
Tokyo Nuclear Services Co., Ltd. (b.(b))* related to the waste list Utoc Corporation (c)

.| Work of acquiring fundamental data related to Hitachi Healthcare Systems, Inc. (c.(2)®D) Transportation of stored secondary waste
sorption of nuclides under the co-existence of | <0 i and calibration of radiation Tepco Town Planning Co., Ltd. (U)* generated from contaminated water treatment
affecting substances included in accident waste . .

measurement equipment IRID symposium (HIC)
ggnmtrzgrfie(ze(a;\r)c)h Institute of the Electric Power Hitachi Transport System, Ltd. (c.(2)D)
pany (0. . Transportation of analysis samples from N Operator E1 (¢)* I
+| Acquisition and consolidation of data used for —| Fukushima Daiichi to the analysis facility and Inspection Development Co., Ltd. (c.(a)D) Sampling work at the 1F premises
studying evaluation approaches (Contract return transportation of the remaining samples Contract for work related to analysis of B nuclides
research) from the analysis facility in the Fukushima contaminated water and the
Taihei | 10 Nuclear Engineering, Ltd. (c(a)®) secondary waste from contaminated water
aiheiyo Consultant (b.(a)D) Contract work of the operation and maintenance treatment, and consolidation of results

~{ Study related to evaluation of long-term behavior | }—

N of facilities related to the back-end technology
of cement based materials (Contract research)

development building Nuclear Development Corporation (c.(a)D)

Work of analyzing the radiation in accident waste,
Hokkaido University (b.(a)®) Mitsubishi Materials Techno, Co. (c(a)®D) etc.
Study related to evaluation of long-term behavior | || Work of test and maintenance of the

of alkali activated material (AAM) (Joint research) instrumentation facility of the back-end
technology development building

National Nuclear Laboratory (UK) (c.(a)®)
Investigation of analysis technologies in the UK
(Contract research)

Japan Chemical Analysis Center (c.(2)2) Mitsubishi Materials Techno, Co. (c(a)®)
Research on simple and speedy analysis method
for treatment and disposal of solid waste at the Al

Fukushima Daiichi Nﬂclear Power Station material generated due to the Fukushima Daiichi
(Contract research) Nuclear Power Station accident (Contract research) 1a.Storage and management

1
1

1

1

1

| f .

Nissin Giken Co., Ltd. (c.(a)D) Ascend Co., Ltd. (c(@)®) Ib.EsIabIlshmem of the concepts of disposal and treatment and :
1

1

1

1

1

.- -
1[Legend indicating the work for which the organization is
:responswb\efor]

Japan Nuclear Fuel Development Co., Ltd. (c.(a)®)

Work of test and maintenance of the power nalysis and evaluation of highly contaminated

receiving facility of the back-end technology —
development building

. Central Research Institute of Electric Power development of safety evaluation techniques
Work of measuring the comprehensive - Con_tract for work related to th_e a_naIyS|_s ar_\d Industry (c.(2)D) : ch p! erizati Yy q
“|maintenance efficiency of high performance air testing related to characteristics investigation of Study on improving the precision of analytical c.Characterization
filter devices in the back-end technology secondary waste generated from contaminated evl;\a/auon le?cini ?Jese(go?trzlct res:arcﬁ) ca 1d.Integration of R&D results
development building water treatment at Fukushima d {6:R&D management
E— e

l Rl D Olnternational Research Institute for Nuclear Decommissioning 13



[ Confidential)

2. Project Detalls

a. Storage and Management

(a) Study and evaluation of storage and management methods

@ Investigation and evaluation of waste information
and study on the storage methods of high-level
radioactive waste

(@ Study on container and storage facility
requirements

(b) Development of contamination evaluation technology for

solid waste segregation

I RI D Olnternational Research Institute for Nuclear Decommissioning 14



Status of the study on high-level (a) Study and evaluation of storage and management methods [ Confidential])

radioactive waste generated by fuel

debris retrieval Examples of input required for study
The EY2017 study was -Information on waste properties — No direct
A started. Waste related information

information  *Range of fuel debris / waste — Under discussion
- Cutting.method, size — multiple options are being

~~, Preconditions for the studied -
Q study were determined.
s = Waste related information + Requirements for transfer inside the premises — TBD
* Process requirements Process * Requirements of waste storage vault for receiving

requirements Waste —~TBD .
+ Material accounting and management policy — TBD

The collection, transfer and storage flow was + Baritis — URGEr GEmETn

- studied based on the safety function .
{ ) requirements and the primary proposal was =
presented. Study on last year’s process (example of lid closing and transfer inside the

(Refer to the FY2018 Final Report) .
—The primary proposal on the scenarios is premises)
considered as the starting point of this Study. Work 3. Storage of inner container inside storage 6. Transfer inside the premises

‘container, and lid closing

Manned truck transfer

A The FY2019 Subsidy Project started. 3
F=r02 3
2 H T 0= —— 1
The prerequisites were reset based on the latest Workflow 1 = Unmanned forklif ransfer
. . orage
information. ‘ containe
- . . ) ¢y Filtervent
*The latest findings were collected from other projects and C = ; L
waste information was updated.
. Preventing the contamination of carrying-in / out cell
o Sp ecifics on the con Cepts of m?a?ﬁ?'ux gsnfear:‘Eszges"cn:"nyw';gn}'gnla:s‘eccﬂlﬁg “Transfer inside the premises
. iple carmying-in / out el . Has fall prevention function and structural strength
equipme nt and facilities . Storage container specifications that prevents the leakage of contents of the waste
Has shielding functionality container in case it falls
*Inner container I d en t | fl ed Specifications gza'l‘:'\j:relnrlar":;‘ec:;n;:(nyto the transport cask using . Carrier
+ Storage container with filter ven h h di e s ot aprmions | 1 5 unClon tha peventsthe storage contaner
t r O u g S t u | es Is corrosion resistant (during storage)

» Transport cask

+ Drying equipment up to last year

. The transfer of waste storage container inside the
carrying-in / out cell is done using cart or conveyor belts

' Measuring deVice — u'se’ d‘scussfn) d facil Equipment and facilities —
quipment and Taclitigintenance cell/—4 saf
Safety Storage - p ey ["Storage Transport Transport
function container Ca‘x‘rwmg —infout function § container cask vehicle
N N o H:
~ "\ Updating and study on the collection N e v
! Spread of - Confinementof |function strength ‘g'gﬂnsnpg“:d‘ﬁcﬁge?m
transfer and storage flow contamin | confin |fine particles using =
|an!llg?n/al ement |anti-dispersing Controls the Confin tmm?mmtimt + Has
- Resetting the prerequisites and reflecting the exposure OSTTMEIYEN oxpaystusng|ement [t e [seaing
. . 0 ilter X
specifics on the concepts of equipment and g TS aSherg S e nman:
e H External |Shieldi |¢,ction using thick 2 ieldi R Eglﬁ'gd‘lﬂ%'é'ﬁ'@‘mg frar;\spﬁrda ion
facilities g |radiation Jng _|shielding ng oo the for high-dose
o . 5 T
« Verifying consistency throughout the process S| me [ [ Hesafitervent| L yengiaeg [ | paihe
\’ measures [function measures gggggnllrr‘znone'mm
P\ X . Has operability such * Hasafall |. Hasafall
a q 2 2 . a Industrial |Opera |, " .'ve handled Opera prevention i
/To list down multiple possible scenarios in the handling process of accidents | DIy oo ong carly bty unction [ flnction
high-level radioactive waste (waste generated by fuel debris T oy o g et et - norease in the throughput of unmanned
. : : Issues " Rieienign, o seoiamiation I camying ot cell by operations
retrieval) based on the latest waste information. . B e vern

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

[ Confidential)

<Results of studies so far @ An example of setting the prerequisite ; waste information>

Bottom part

Reactor
core

of RPV.

| IPCV head |Waste” Classification™
Shield plug ; L_ RF’\/I heat Shield plug Solid radioactive wastes
© insulation
RPV head ” A ~ material PCV head Solid radioactive wastes
] = L Steam dying | Japy heat insulation material _fSolid radioactive wastes
§:{ ﬁ} l* i Shroud head” RPV head Solid radioactive wastes
. -4 [Steam drying machine Solid radioactive wastes
Top guide o

[Shroud head

Solid radioactive wastes

[Top guide

Fuel debris

Shroud

Fuel debris

et pump

Fuel debris

Fuel debris inside the reactor core

Fuel debris

Fuel debris at the bottom of RPV

Fuel debris

External part
of pedestal

Fuel debris adhering to lower part of

|RPV /RO housing

Fuel debris

Internal structures of pedestal

Fuel debris

ICRD exchanger

Fuel debris

Fuel debris inside the pedestal

Fuel debris

External structures of pedestal

Solid radioactive wastes

Fuel debris outside the pedestal

Fuel debris

Subsidy Project of Decommissioning and Contaminated Water Management

in the FY2014 Supplementary Budgets

\_ Project for Advancement of Retrieval Method and System of Fuel Debris y,

~

Studied by carrying out discussions (conducted

23 times in FY2017-2019) with related projects,
with the existing study as the starting point.

Basic concept of what is treated as waste (provisional)
@ Removed items

Above the fuel loading position (shroud head - shield plug) and
external structure of the pedestal

@ Other waste
Waste that retains its original form and is not likely to have
criticality

Waste information is identified from the study
results of related Pjs and consolidated.

Consolidation of waste information (processed based on the FY2018 Final Report)
Estimated generation volume i
I I S S T | e
Per reacto € progress of stuay ofr relate
projects
Shield plug and PCV head *Top access debris retrieval: 670 t
Removed items (Core internals, etc.) RPV insulating material and RPV head 3.4E+12 -1E+16 Bq/t . . .
Steam dryer and separator «Side access debris retrieval: 67 t In this SUbS|dy prOJeCt, the waste
information is updated based on
rills, e [Pl EffSl, Gamere) G -(r[?:)pends on the retrieval method) the retpOfI:: O.n the latest
echniques.
Air-conditioning and water treatment HEPA filter and water treatment filter _ _
\ system waste Waste adsorbent Etc. )

Examples of other prerequisites (temporarily set based on the current waste handling information from 1F site)

@ Requirements for transfer inside the premises
+ Surface dose of transport cask 30 mSv/h or less

«++ Set with reference to the current waste transfer within 1F# site premises

- Transport cask should be a sealed type cask

-+ From the viewpoint of preventing the spread of a contamination

T1TRID

(@Requirements for receiving water at the storage vault
*Surface dose of storage container 10 Sv/h or less
-+ Set with reference to the operation of the solid waste storage building No. 9
+ Storage container weight (including shield and contents) 7.5 tons or less
- -+ Set with reference to the operation of the solid waste storage building No. 9

(# In the following slides, “1F" refers to "Fukushima Daiichi Nuclear Power Station®.)
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(a) Study and evaluation of storage and management methods

<Results of studies so far @ Study on safety functions / hydrogen measures>

[ Confidential)

_ Safety functions (" Investigation on the cases of storing high-level radioactive wastes within Japan and overseas)
/ Study on safety functions are Studleﬁ based (processed based on the FY2018 Final Report)
; on the "
(Exzarpts frg)m the FY2018 Final Report) prerequisites. Starane TEis] drogn Examples of main s il Al
ssumed. . asu
severe Safety function Z _— -Development of drying
accidents requirements Dry type / Dry + sealed storage : technology
: . + Zion (USA) . .
Spread of Confinement Without vent container -Scale pf dr_ylng equipment
contamination and drying time
Corrosion Dry type / Exhaust through . } -Development of suitable
Internal resistance With vent? filter vent M2 L) filter vent
exposure S
ructural . . _
strength Wet type / Full of water + open Shroud repl_ac_ement Conta.mlnatlon pf the pool
External h . work, etc. (within *Requires securing the pool
Without vent storage container
exposure \ . Japan) and a water treatment system
Shielding
. Wet type / Vent pipe / -Paks-2 -Development of vent pipe
Fire ] Hydrogen With vent Compensator (Hungary) - Securing the pool
measures
Industrial N Focusing on dry storage that does not require the securing and management of pools,
accident Operability and based on the results of overseas case studies on filter vents,
the “dry type / without vent” and “dry type / with vent” storage methods were selected as candidateg.
ooy | lllustration of storage method (left: dry type/ with vent, right: dry type / without
factor
k j vent
Filter vent
g A
e L. L. \ N (:_‘)
Identification of the main issues D Contitl of  pact including
-Prevention of nuclide dispersion - hydragen »
(ensuring sealability) R0 OB O b0 Oerrrr Oy
Waste | i Dry waste

These are conflicting safety function
requirements. Measures to make
these requirements compatible are
required.

paN Storage container A Storage container

# When transporting inside the premises, it is over-packed with sealed
transport casks and the amount of hydrogen generation is time controlled.

~-

In this subsidy project, the specifics of the concept of filter vent system and
drying methods suitable for fuel debris retrieval waste will be studied.

- J

-Release of hydrogen gas
\(ensuring permeability)

T1TRID
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(a) Study and evaluation of storage and management methods [Confidential]

<Results of studies so far @ Study on collection, transfer and storage flow>

Collection, transfer and storage flow of waste generated by fuel debris retrieval

(Example of implementing hydrogen measures using a container with a vent filter in side-access retrieval method PLAN-B)
(Studied based on the FY2018 Final Report)

Legend

Retrieval - Storage in container - delivery - transfer inside premises |

:Highly contaminated area

I’ _________________ “ Study on prac_tlcal shape :Medium contaminated area
! w 1 andtu-sage of inner Study on the trans_port C?‘Sk — :Less contaminated area
: Lifing container and storage container with — — . :Processes, the necessity of
| m“"l'"_f_ Expanded building / / #f;:[?ine vent filter which is under study
' s /L Z ]/
: 1 y— 1+ O s ] f vperyetiin)
1 | i
! : ﬂ E ey |
| i Delive !
1 - Surface Storage livery
I Fueldebris [y comaner 1 messuement & dose - container id “nces o dosing
| retrieval device N f " \ ‘ ' b ¢ measurem eczi:s::gm surface dose equmem - s
1 | . | | \ .-t m - ) e q?p ' = Imeasuremem
N | | P = s !
| Fuel debris L |' : — N‘ 1 b . ‘»_ | — premises
| | N [ !7 DO =" =TT
I --':;./’ —°- | 7 Faclity for — ~ ice fol M \
[ =< | - i | Sample | Transfer to :
! \ 4—‘5’ ] | |\.¢k %l | contamer | eDL?I?]r;?“ gizflunrllg? m?:;.ﬂ:e;fhe ! co&‘:ﬂe’r‘“ ana acility Storagecon el ciﬁ:ﬁ; Transport cask transfer Transfer bogie Transfer vehicle
[ y / transfer 1 quip! radioactivity, & hydrogen (gas) Nl = = = = - - - with filter ransfer equipment
A ;‘:"_ e e e ——_ _equipmens etc. rated
Scope of study for Retrieval project . Stud on measurement - -
Study on drying itemgand measurement <lllustration of storage container>
Receiving at the storage vault - Vent ?r: Sglelde afr?hused tiased on
treatment - storage // € dosage ot the waste.
J 7 / * Maximum weight 7.1 ton
e | Gy /4 EEaETT i
L ——ee——————————
[ . Devicefor siorage ] - Approx. 2000 units (for 3
s containe the amount *tlosng  Gate montor 521 reactors)
Receiving cor?traalg:r ’ggﬁ,piﬂ"e’:,% o - (}é rogen/ equipme . ‘ Ventilation /
- confirm=tamsport receiving .:E: ces (memececece==. Drying  generated | - -} - - — system
Trans ] I ga:ﬁilr:d conflmgtory T 3 Mam;r)ulato eli]l-_llpment T T 7 | P M
cask J eqﬂpmegmt i ' - - 1 :m’
£ ' 2 | 3 iR | || = €3 E30E0
5 = ==Tes — - In this subsidy project, the
tranter adipment e oo Sample container "] TR0, conceptual study of major
<.Concept> equipment and facilities will be
To use a storage container with a vent filter as a hydrogen measure during storage. ; ;
@For transportation inside the premises, a sealed transport cask is used to prevent the spread of a-contamination. Hydrogen concentration is carried out, and the process flow will
controlled by means of time management during transfer. be updated to reflect the study
@ To prevent the spread of contamination and reduce work exposure, the areas are classified into three or more areas (red, yellow, green) results
based on the level of contamination. .
_________
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[ Confidential)

(a) Study and evaluation of storage and management methods

Table 1 (a) FY2019 and FY2020 (planned) results on the study and evaluation of storage and management methods

@ Investigation and
evaluation of waste
information and
study on the storage
methods of high-
level radioactive
waste

Investigation and
evaluation of waste
information

Study on the scenarios

The latest information such as the type
and quantity of high-level radioactive
waste was consolidated based on the
status of study of fuel debris retrieval
methods.

The possible scenarios (collection,
transfer and storage flow) related to the
handling process of high-level radioactive
waste were presented.

(Will be reviewed if necessary)

The feasibility of multiple scenarios
pertaining to the process of handling
high-level radioactive waste will be
presented.

@ Study on Study on the shape Practical inner container dimensions and (Will be reviewed if necessary)
container and and usage of inner operation methods were presented.
storage facility container*

requirements

Study on gas
generation measures

Filter vent application results were
investigated, and the concepts of filter
vent, storage container, transport cask
were presented.

The requirements for filter vent,
storage container, transport cask will
be presented.

Study on drying The existing drying treatment Equipment requirements for drying
treatment technologies were investigated, and the treatment, etc. will be presented.
primary draft on drying treatment
equipment requirements was presented.
Study on The measurement requirements were Measurement method (measurement
measurement organized, and the measurement items items, measurement location,
methods and were listed based on them. measurement time, etc.) and the
measurement measurement equipment draft will be
equipment presented.

* Inner container: A container for collecting waste from the reactor. To be handled by the retrieval robot and stored in the storage container.

T1TRID
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(a) Study and evaluation of storage and management methods [Confidential]
@ Investigation and evaluation of waste information and study on the storage methods of high-level radioactive waste (Overview)

@ Pre-treatment of Storage of the storage
" Results up to Fy2018 waste and storage in (?)ontaine?s in the transr?ort

O Methods for safely collecting, transferring, and storing high-level containers cask and verification of
radioactive waste (core internals) generated during fuel debris conteNace  iie delivery
retrieval were studied, and the collection, transfer and storage — - c ool

. arrying-in/out ce
flow until storage was propose.d. Messuring devlmmmmr%'l”e%@gem coating rying- : '

O Based on the proposed collection, transfer and storage flow, the = 1
functions required for the storage container were organized, and 3 Q Transport cask "L. g
storage container candidates that satisfy the required functions Sqi<r3 All™
were listed. * - )|

® Goals = Conveyor tﬁ 1
@ Transfer inside the @ Removal of the storage

O To list down multiple possible scenarios for the handling process premises and carrying containers and temporary
of high-level radioactive waste based on the latest waste into the building storage
information. [ ooy vEsE Sorage | [ TemPoray mEsE Sorage |

B Implementation details ; ; Temporary

O InFY2019, the latest information such as the type and quantity of storage area
high-level radioactive waste was consolidated based on the ¢
status of study of fuel debris retrieval methods. Also, multiple f .
possible scenarios for the handling process of representative Radiatio

high-level radioactive waste were studied. n

O InFY2020, the latest information such as the type and quantity of gl oot J
high-level radioactive waste will continue to be consolidated P - ammus . e — "
based on the status of study on fuel debris retrieval methods, and
based on that information, the handling process up to the storage
of high-level radioactive waste will be studied. Moreover, the
effects on throughput, storage capacity, etc. with respect to the Vent
multiple scenarios studied will be evaluated and their feasibility
will be confirmed.

B Indicators to determine goal achievement
O (FY2019) Latest information such as the type and quantity of
high-level radioactive waste should be listed. The multiple
possible scenarios for the handling process of representative
high-level radioactive waste should be listed.
O (FY2020) The latest information such as the type and quantity of

Fig. 1 Example of collection, transfer and storage flow for high-level radioactive waste (Overview)

high-level radioactive waste should be listed, and based on that 1.42m

information, the handling process up to storage should be Fig. 2 lllustration of the external appearance of waste storage container
presented. The feasibility of the multiple scenarios presented (proposed for light weight container)

should be listed. # The dimensions are temporarily set such that the current limit of the 1F waste container

weight is not exceeded when shielding and waste weight are included.
E—
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(a) Study and evaluation of storage and management methods [Confidential]
@ Investigation and evaluation of waste information and study on the storage methods of high-level radioactive waste
Investigation and evaluation of waste information (1/3)

< Investigation and evaluation of waste information>

@ Reports from related Pjs investigated Collecting information mainly

- Subsidy Project of Decommissioning and Contaminated Water » related to removed items and
Management in the FY2016 Supplementary Budgets retrieval equipment
Project for the Development of Fundamental Technology for

Retrieval of Fuel Debris and Internal Structures Collecting information mainly
*Subsidy Project of Decommissioning and Contaminated Water » related to liquid and gaseous
Management in the FY2016 Supplementary Budgets secondary waste
Project for Advancement of Retrieval Method and System of Fuel

Debris

@ Investigation items

*Waste classification (removed items / consumables for retrieval
equipment / liquid / gaseous)

-Name of equipment and waste

*Waste properties (material / shape)

- Amount generated

* Dose, etc.

@® Main items updated based on the investigation

-Organizing the estimated amount of removed items for each method

- Shape of removed item after cutting

- Specification of waste names for retrieval equipment (identification of equipment that will become
waste)

- Specification of waste names for liquid-/ gaseous secondary waste

- Amount of liquid secondary waste (partial) generated

@ Evaluation items
- Rate of generation of hydrogen from the removed items

e S T T T s
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(a) Study and evaluation of storage and management methods

[ Confidential)

@ Investigation and evaluation of waste information and study on the storage methods of high-level radioactive waste
Investigation and evaluation of waste information (2/3)

Organizing the information on the waste generated during debris retrieval

Common preconditions for the studies mentioned from the next page onwards

Table 1 Overview of results of organizing information on waste generated during fuel debris retrieval*
Important updates are shown in red.

Estimated generation

amount”3

Cleseieaen of Main waste generated Estimated dose Shape of the waste#
generated waste

Removed
items

Items
removed
from floor

Items
removed
from
containmen
t vessel /
pressure
vessel

Retrieval equipment

Liquid secondary waste

Gaseous secondary
waste

Items removed from 1F L

Shield plug
DS slot plug

PCV head / RPV heat
insulating material

RPV head / steam dryer
Separator

Pedestal externals

Pit / cutter

Wire / grip claw
Cable / sealing material

Filter material of the filter /
packing

Filter material of the filter /
packing

4 Sv/h

4 to 400 Sv/ h

Side-access
retrieval

Top-access
retrieval

Top-access
retrieval

Side-access
retrieval

Top-access
retrieval

Side-access
retrieval
Top-access
retrieval
Side-access
retrieval
Top-access
retrieval
Side-access
retrieval

(Per reactor)

1 ton (PLAN - C)

[1260 mm to [1500 mm / plate 24 ton (PLAN - A, B)

[11800 mm X thickness 306 mm /
plate

91 ton (Route A)
792 ton (Route B)
-[1108 mm to [ 1500 mm / plate
+®150 mm / cylinder

-[1108 mm to [1500 mm / plate
+®150 mm / cylinder

38 ton (PLAN - A
157 ton (PLAN - B, C)

#1 Corresponds to “waste generated during fuel debris retrieval” in the waste stream classification.

#2 “[0260mm to 0500mm” refers to squares with lengths/widths from 260 X 260 mm to 500 x 500 mm. “®150 mm” refers to “a circle with a diameter of 150 mm”.
#3 Route A, B method is debris top-access retrieval method, PLAN-A, B, C method is debris side-access retrieval method (Refer to the FY2018 Final report of the
Project on Upgrading of Fundamental Technology for Retrieval of Fuel Debris and Internal Structures)

T1TRID
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(a) Study and evaluation of storage and management methods [ Confidential)
@ Investigation and evaluation of waste information and study on the storage methods of high-level radioactive waste
Investigation and evaluation of waste information (3/3)

Evaluating hydrogen generation rate for representative waste
IZ» (a) @ Used as input conditions for gas generation measures*
# In FY2019, "(a) @ Gas generation measures" were studied based on the results of this evaluation.

Based on the study results, the evaluation model will be reviewed in FY2020 as necessary.

Table 1 Estimated hydrogen generation rate (Shows the maximum value of metal / concrete waste from
top-access retrieval / side-access retrieval method)

ltems Top-access retrieval Top-access retrieval Side-access retrieval Side-access retrieval
metal waste concrete waste metal waste concrete waste

Dose (Bg/t) Cs-137 1.90E+15 3.40E+12 3.40E+12 3.40E+12
Storage capacity per storage 06 208 13 208
container (t)

Source (Bq) Cs-137 1.1E+15 7.1E+12 4.4E+12 7.1E+12
Energy emitted 1.3E+15 7.9E+12 4.9E+12 7.9E+12
(MeVI/s)

Hydrogen generation rate (m®/d) 1.8E-02 1.1E-04 7.1E-05 1.1E-04
<Reference> Drver Shield Removed items from Removed items from
Anticipated waste y Plug outside the pedestal outside the pedestal

<Reference> Evaluation conditions (set with reference to the results of hydrogen generation measures in FY2017 -

Calculation parameters Set value

Evaluation formula Hydrogen generation rate = ¥ ; ; (Decay heat of nuclide; x G value of ray type; x absorption efficiency of ray type;)
Decay heat of nuclide; = ; (Inventory of nuclide; X emission rate of ray type; X emission energy of ray type;)

G value (B, y rays) 0.45 (Set with reference to the results of FY2018 hydrogen generation measures)
Absorption efficiency 1.0 (Set to the most conservative value)
Energy released per disintegration of Cs-137 1.11 MeV

(=0.662 x 0.851 + 0.514 X 0.944 +1.176 X 0.056)
[Probability of occurrence per disintegration of y and 3 rays X energy.
Energy of B rays calculated at the maximum value (conservative) ]

T T s
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(a) Study and evaluation of storage and management methods [Confidential]
@ Investigation and evaluation of waste information and study on the storage methods of high-level radioactive waste
Study on the scenarios (1/3)

» Based on the study results, the collection, transfer and storage flow was updated.
» |t was confirmed that significant changes were not required in the updating of the collection, transfer and
storage flow.

1. Fil mgtﬁe Waste inside the inner container and N 3. gturlngtﬁe Thner container nside the storage
Work transferringit within the cell 2. Various measurements container and closing its lid
Table 1 Main locat f updat d update detall
high surace dose igh surface dose o sufece apble ain locations of update and upaate detalls
/ Contaminated I Contaminated . dose / Contaminated
area. ; — I Contaminated area
) !
aste retril Retrieval cell Retrieval cell Retrieval cell | ° o . . .
. device _Inner container Measurinl—(s-lg zmpling pry (namtaganee Main update items Update details
Workflow P (waste device device) T
o571, collection =] A
T7| contaim d U .
| = t : Filter vent
= _ — :| [} Storage L:) q 0 o a
J continer Waste information > It was confirmed that there were no issues
= —
— — — — — — — — d 1 . . .
Corveyor bell Conveyor hell ' in the flow of the updated waste information.
e contamer (means’oT transter within the cel Prevention of contamination In storage container hananng ceNs.
+No shielding (The inner container is usually handled Various measurements (detailed study in progress) «The double door system or other equivalent substitute between|
through remote operations) +Measured while stored in inner container the retrieval cell and the storage container handling cell controls
« Study on a practical shape for the inner container, taking =Candidates for measurement the contamination in the storage container handling cell
into consideration its contact with the retrieval equipment, *Weight
storage efficiency in storage containers with multiple eSurface dose rate e Specification of storage container
shielding thicknesses, etc. «Candidates for estimation *Has shielding function (multiple shielding thicknesses
b Estimated number of containers (For 1 unit by means of the «Amount of radioactivity (y) depending on the contents: 0, 60, 140, 180)
op-access retrieval Route B method) «Amount of radioactivity (a and B) «Has filter vent function . . . .
Tt coue b1 2 3 e comtainr with dimensions 500 “Amount of o ot L be Sranserra to thetransport cask through remote Inner container » Updated to store multiple inner containers
mm X 300 mm -> 10016 containers *Amount of heat generated operations
@) In the case of a 0 inner container with dimensions 335 «Hydrogen generation rate «Lid can be closed through remote operations. . . .
ST s 27218 commarars “Conaers carrosion aubmg roroge inside the storage container
(3) In the case of a F inner container with dimensions 450 [pImplementation of sampling (detailed study in progress) *Considering transportation by an unmanned forklift in the
mm X 272 mm -> 14612 containers *The waste is sampled and transferred to the analytical storage vault, the dimensions are set so that the weight of the H H
specifications | he coveof # B nnercontaner withcimensions 535 | - facity ¢ needed Contamer afer Storage does not ceed he curent unmanned » The number of storage containers required
mm X 272 mm -> 10180 containers forklift weight limit. (Provisional outer diameter: 1.4 m x 1.4 m x
Sub-process 1.0m) .
Conveyor el (xample of mears ofransfer witinthe cell) | Exame) f e measurement valls exceed the standard o arge removed tems may b cutto th sz o the storage was organized based on the shape of the
«To improve throughput and simplify remote operations, a values ontainer and stored directly in the storage container.
conveyor belt is used for transfer inside the retrieval cell. ->2.a Change the number of inner containers stored The transfer of waste container inside the storage container H H
e o Sorage Sonr g cals done v canes, bege o coweper ol inner container
The dimensions, appearance, surface condition, and materials ->2.b Repack removed items Various measurements of the storage container are taken if
re checked using a camera during retrieval. ecessar)
Some large sized removed items may not be stored in an inner xample) Surface dose measurement, surface contamination
ontainer and may be delivered from inside the PCV. Sub-process
Some large sized removed items may be cut to match the size xample) When a problem with lid closing arises -> (3.a Close the lid
f the inner container and stored in the inner container. nce again)
xample) When surface contamination exceeds the receivable dose irf
he storage vault (3.b Decontaminate]
Study on measurement > A primary draft on the confirmation items
Equipment and facilities Equipment and facilities Equipment and facilities y p y
Safety " " .
oo - ] oty functions : — methods and measurement items was added to each
Inner container . Inner container Maintenance cell Storage container iy
Maintenance cell Carrying-in/ out cell
Spread of « Maintains the : jﬁf"g‘;z‘;se:‘f « Maintains the process.
moven /... rtpement | Jimton | [ - Comrementtne [ onfrement
Internal onfinement - + Manages the ‘onfinement - exahra‘auifs“ e 5:;«(:: es using filter + Manages the
exhausts using HEPA] exhausts using
z exposure filter using HEPA HEPA filter - . .
e For the filt t, st t t t k dd
s e - or the Titer vent, storage container, transport cask, an rying
S External * Has a shielding shielding « Multiple thicknesses of
o exposure Shielding - function using thick Shielding - fonctionusing|  Shietding shielding depending on - . .
equipment, the study results are planned to be reflected in FY2020.
@ " Hydrogen | + The top portionis | " Hydrogen ; . " Hydrogen | * Has the filter vent . :
Fire measures always open. Ventilates measures Ventilates measures function Ventilates
Industrial + Has operability to Has operability to * Has operability to
id Operability enable easy and safe} - Operability ~ fpnable easy and safe - Operability enable easy and safe -
accident handling andling handling
BN 0 I NN LTI I
tudy on the practical shape of inner container c:;:y(:iﬁ:r( e various types of measurements of the inner Storage in containers using remote operations
Study on the sampling methods Closing of lid using remote operations
Issues e Prevention of spread of contamination in storage container handling|
ell using double door system
Development of filter vent
Study on various measurements

Fig. 1 Updated collection, transfer and storage flow (partial excerpt)
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(a) Study and evaluation of storage and management methods [Confidential]
@ Investigation and evaluation of waste information and study on the storage methods of high-level radioactive waste
Study on the scenarios (2/3)

Updated collection, transfer and storage flow (1/2)

ok T_Filling the waste inside the inner container and transferring it within the cell | 2. Various measurements | 3-Storing the iner container inide the storage container and closng 1 1d_] 4. Storng the torage contaner Inside the transport cask and closng 1t 1d | 5. Delivery confirmation and loading of transport cask |
i ]' Low surface dose / ===
"ggnémﬁgfego:ife/ High surface dose / High surface dose /e  Medium surface dose Low surface dose / Contaminated site
Contaminated site === s C site Medium surface dose ] i e —
site C Contaminated site —
1 ontaminated site Building
- { —
StoTae .
T : Retrieval cell Retrieval cell container container -
aste retri handling cell handling cel Carrying Carrying in/ out cell |
i . . . . . ‘maintenance
Levice Inner container Measuring device Sampling device (mainten (maintenance | infout cell : r !
. lecti - N = = Pre-delivery test !
Workflow ' (waste callection b Measuring device device L
contalner) Lid i 3
Filter vent i
Storage C Waste .o.’
container transport cask - 5
T . Bogie | '§75" Bogie L
— — — — ' S s |
Conveyor belt Conveyor belt |
AT Contamner (means Of transter WIthin the Cel - Prevention of Contamination i storage contarner handing celts -Prevention of spread of contamination in storage container handing cell Delivery confirmation
shielding (The inner container is usually handled through remote Various measurements (detailed study in progress) «The double door system or other equivalent substitute between the + Adouble door system or equivalent substitute between the retrieval . Delive . (surface - on, surfacel
operauons) +Measured while stored in inner container retrieval cell and the storage container handling cell controls the % q rieva v N nirmation,
udy on a practical shape for the inner container, taking into consideration «Candidates for measurement contamination in the storage container handling cell cell and the storage container handling cell controls the contamination dose rate confirmation, seal check, external appearance
s comact i the resova equipment, storage efficiency in storage ~Weight in the storage container handling cell. confirmation (including ID confirmation)) of the storage container
containers with multiple shielding thicknesses, etc. «Surface dose rate Specification of storage container is required before transportation.
} £stimated number of containers (For 1 unit by means of the top-access retrieval | «Candidates for estimation «Has shielding function (multiple shielding thicknesses depending onthe || o " face d ovire (detatied study und
oute B method) «Amount of radioactivity (y) contents: 0, 60, 140, 180) Specification of transport cas| Surface dose measuring device (detailed study under progress)
@ In the case of a [ inner container with dimensions 500 mm X 300 mm -> «Amount of radioactivity (a and B) «Has filter vent function « Has shielding function « Measuring the surface dose and determining the method for
0016 containers *Amount of nuclear material *Can be transferred to the transport cask through remote operations o Has confinement function transfer within the premises
@In the case of a [l inner container with dimensions 335 mm X 272 mm -> «Amount of heat generated «Lid can be closed through remote operations + The storage container can be stored through remote operations. + Transferring of waste within the 1F premises (at present)
27216 containers +Hydrogen generation rate «Considers corrosion during storage > y
@ In the case of a [ inner container with dimensions 450 mm X 272 mm -> +Considering transportation by an unmanned forklift in the storage vault, *  The lid can be closed through remote operations. +  Surface dose rate >30 mSv/h: Remote (unmanned) transfer
Specifications 14612 containers implementation of sampling (detailed study in progress) the dimensions are set so that the weight of the container after storage « Hasastructural strength that prevents the contents from spilling out « Surface dose rate < 30 mSv/h: Manned truck transfer
@n the case of a O inner container with dimensions 535 mm X 272mm -> | The waste is sampled and transferred to the analytical facility, as needed. does not exceed the current unmanned forklift weight limit. (Provisional even if the container tumbles during transfer
10180 containers outer diameter: 1.4 m x 1.4 m x 1.0 m) ot th e ’ N
Sub-process Some large removed items may be cut to the size of the storage container and| ~ *  Has a spatial volume that maintains the hydrogen concentration belowf  Sub-process
Conveyor belt (example of means of transfer within the cell) Example) If the measurement values exceed the standard values tored directly in the storage container. the lower explosive limit xample) When there is a problem with closing the lid -> (5.a Close the lid
+To improve throughput and simplify remote operations, a conveyor belt is -> 2.a Change the number of inner containers stored inside each storage The transfer of waste container inside the storage container handling cellis once again)
used for transfer inside the retrieval cell. container jone using cranes, bogie or conveyor belt.
b Repack removed items et tesnaerargs of tha Starage santainer are taken if necessary. Make it returnable container method where it can be used repeatedly.  Example) When surface contamination exceeds the standard transfer dose
The dimensions, appearance, surface condition, and materials are checked using xample) Surface dose measurement, surface contamination The waste containers are transported within the carrying-in/out cell by rate (5.b Decontaminate)
camera during retrieval. Sub-process means of cranes, bogie or conveyor belt.
Some large sized removed items may not be stored in an inner container and may| xample) When a problem with lid closing arises -> (3.a Close the lid once again)
e delivered from inside the PCV. xample) When surface contamination exceeds the receivable dose in the Some of the | g b 4 direct! |
Some large sized removed items may be cut to match the size of the inner torage vault (3.b Decontaminate) ome of the large removed items may be stored directly in specia
ontainer and stored in the inner container containers.
Equipment and facilities Equipment and facilities Equipment and facilities Equipment and facilities Equipment and facilities
Safety functions Safety functions Safety functions safety safety
functions functions
Inner container Handling cell / Maintenance cell Inner container Maintenance cell Storage container M“'"'e"a"“;:f'c' e/"Carrvmg'm/ Storage container | Carryingnfoutcell]  Transport cask Storage container | Carrying-infout cell | Transport cask
= Mamntams
Spread of * Maintains the confinement * Maintains the confinement + Confinement of * Maintains the confinement + Confinement of|  confinement i + Confinement of i
contamination /| Confinement - function . Confinement - function . Confinement fine particles using | , function . fine particles function Has sealing fine particles | - Has sealing
+ Manages the exhausts using * Manages the exhausts using filter vent * Manages the exhausts using using filter vent | * Manages the Kunction using filter vent unction
internal exposure] HEPA filter HEPA filter HEPA filter s exhausts using s
HEPA filter
* Multiple g Mhy e - o ‘Multiple B
. " . . " y thicknesses of thicknesses of Maintains shielding khicknesses of Maintains
external exposurd]  Shielding - Has a shielding function using Shielding - Has a shielding function using Shielding shielding - Shielding shielding unction using thick | Shielding Lyiciding dependi hielding function
thick shielding thick shielding depending on the depending on el ielding depending ick shieldii
z el the conteats ielding n the contents sing thick shielding
) . Performs time
° Performs time
2 Jnanagement to
g fnanagement to revent the
@ . « The top portion'is | ; . * Hasthe filtervent | Hydrogen | + Hasthefilter | revent the hydrogen | Hydrogen | « Hasthefiter |
Fire Hydrogen measures | * The 9P PO Ventilates Hydrogen measures Ventilates Hydrogen measures| * g e Ventilates e | 7 Ve fonction Ventilates Fcentration from meaees | 7 vent function Ventilates ydrogen
; koncentration from
xceeding the explosion| .
o fexceeding the
imit N o
xplosion limit
= Tas operabmty N = Has operabmiy -
Industrial * Has operability to Has operability to * Has operability to to enable easy Has operability to to enable easy Has operability
Operability enable easy and - Operability nable easy and safe - Operability enable easy and - Operability and safe enable easy and safe | Operability and safe o enable easy and
accident safe handiing andling safe handling handling andling handling afe handling
Study on the practical shape of mner contamer Ttudy on the various types of measurements of the Inner contamer. STOTage I Containers UsIng remote operations Storage of containers using remote operations. Study on the delivery test items
Study on the sampling methods Closing of lid using remote operations v " " -
[ roverstion of spread of contamimation in storage container handiing cell using| 19518 of lid using remote operations Reduction of exposure while loading in transfer truck
jouble door system Prevention of spread of contamination in storage container handling cell by} Confirmation of sealing performance
Issues Development of filter vent eans of double door system
Study on various measurements
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(a) Study and evaluation of storage and management methods [Confidential]
@ Investigation and evaluation of waste information and study on the storage methods of high-level radioactive waste
Study on the scenarios (3/3)

Updated collection, transfer and storage flow (2/2)

ork 6. Transfer within the premises . Acceptance test of transport cask and carrying-in inside emoving the lid of transport cask and carrying-in ot 9. Drying treatment 10. Temporary storage
storage building storage container
Workflow 1 oy surface dose / Low surface dose / Contaminated site Low surface dose / Medium surface dose / Medium surfac%dose / M% e e
Contaminated site Comamlnated site. C site Contaminated site r_ ontaminated site .
traws?gpterﬁck [ Temporary waste storage building Temporary waste storage building | Temporary waste storage building [_Temporary waste storage building |
Drying area emporary
Carrylng in area m Drying area |_storage aréa _
P inctiadn . Measuring Ventilation  Monitoring
— -] . equipment  equipment
Acceptance dewce X ) | ]
— Unmanned A test device 11 #"‘ ;_‘ Drying device
transfer
" ! m
)
— T T o — m
) -. . R | e SRR : .
. . +
Transfer within the premises Acceptance test Prevention of contamination in carrying-in area Drying treatment Hydrogen measures i
. The transport cask has a fall prevention function . Carrying out measurements to check whether or not| « Contamination in carrying-in area is controlled by . Prevents the increase in hydrogen concentration by means
- ) . . . of ventilation in the temporary storage building o through the
and structural strength that prevents the contents the transport cask meets the acceptance criteria of means of the double door system between the . Moisture is removed to reduce corrosion duringj hydrogen treatment facility
of the waste container from being spilled if it falls. the storage building carrying-in area and the drying area storage.
Transfer vehicle Carrying-in of storage container Monitoring . .
. The storage container has a fall prevention Itis assumed that the acceptable dose limit of the . Removal of transport cask lid using remote . Hydrogen concentration, radiation, etc., are monitored.
function. o _ storage vaultis tentatively equivalent to thatin » opera_lion_s ) _ Estimated total required storage floor area (per unit by means of
L . It has a shielding function. basement 2" floor of the solid waste storage building . Carrying-in of storage container using remote the top-access retrieval Route B method)
Specifications No.9. operations 1 In the case of a Il inner container with dimensions 500 mm |
. Acceptable dose limit of solid waste storage 300 mm ->2100 m?
L B Inthe case of a Il inner container with dimensions 335 mm ]
building No.9 The transfer of storage container within the drying 272 mm -> 1200 m?
. Surface dose < 30m Sv / h: basement 1¢ floor area is done using cranes, bogie, conveyor belt or 3 In the case of a [1inner container with dimensions 450 mm |
. Surface dose < 10 mSv/ h: basement 2" floor unmanned forklift. 272 mm -> 1300 m?
g i Inthe case of a [l inner container with dimensions 535 mm
272 mm -> 1400 m?
Various measurements of the storage container are
taken as necessary.
Equipment and facilities Equipment and facilities Equipmentand facilities Equipmentand facilities Equipment and facilities
Safety quip Safety quip " auip Safety auip quip
: : Safety functions : Safety functions
functions 2 functions - functions
Storage Transport cask Transfer Storage [Transport cask Transfer Storage container Temporary IStorage containet] Temporary storage Storage container Temporary storagel
container vehicle container vehicle storage building building building
Has a
Has a structural
tructural strength
trength that prevents Maintains the - i Shield thickness is
Spread of Structural - ransport container - Structural - t‘:;s"’ce,‘(eé‘;fuam o - Fonfinement function [ aintains the Corrosion et considering the -
contamination /| Strength rom getting damaged strength fom p + Confinement of [Fonfinement function measures  forrosion margin.
f it falls. Confinement +  Confinement of fine Confinement | fine particles usin
Internal 1amaged it ras. particles using filter vent L% 9
anages the fiter ve Manages the exhausts
exposure - pxhausts using HEPA sing HEPA filer
Confines | 1y sealing + Confines finel |10 sealing ilter 'sing
Confinement] fine particles ko - Confinement | particles using ko - Confinement Maintains the
= using filter vent filter vent o ine [ponfinement funcion
Wl Mantans, Tas a LV WIantams Tas a ine Manages the
5
S| external  hicknesses of phelding hiedng funcion ~ fnicknesses of  hielding hielding function Multple thicknesses [ Mantains the Hydrogen  ficanalipte Maintains the shielding - i e ot v bxnausts using HEPA
3 Shielding  fhielding berformance using ~ funmann Shielding  hielding Hydrogen measures b shielding depending ~ Beiing, function Mg e o ding function though shieiding Shielding iter
2 exposure biepending on  fhe shielding ransponallon for biepending on the fhe shielding fransportation for n the contents e 9 S cepending hickness
2 fhe contents_ fhickness Jigh-dose items) Jeontents hi It ems)
2 rTorms Tme
g i e rcgemen ©
. Hydrogen Has a filter jprevent the hydrogen Hydrogen Has afiter ~ [prevent the - + Has the filter vent | :  Installation of divy |o Has the filter vent}  Installation of exhaust o Hydrogen Multiple thicknesses | Maintains the
Fire - i - hydrogen - Operability exhaust or hydrogen |  Operability f shielding depending ~ [shielding function though|
measures |ent function ;ggggg}rr‘zn?g‘enom measures  Jent function Fonceniraton rom unction Heatment faciy function hydrogen treatment facility measures i Jer Nielding thickness
P bxceeding the
xplosion fimit Explosion limit
i . perablllly that | Has operability Has a fall . Has Has i Has a fall X Has operability that . Has operability . Installation of
Industrial Operability fenables easy |hat enables easy andprevention Operability fhat enables easy fhat enables easy’ fprevention Confinement  fnables easy and safe - Confinement fhat enables easy and - Operability [ Has the filer vent b naust or hydrogen
accident prd sefe afe handling unction. bnd safe handiing fand safe handiing function. andling afe handling reatment facility
handiing
. Increase in the throughput of unmanned operations Study on acceptance test items Opening of lid using remote operations Study on drying treatment Study on long-term storage measures
Methods for measurement management Retrieval of storage container using remote Study on monitoring
operations
Issues
Prevention of contamination in carrying-in area by
means of double door system
Study on various measurements
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(@) Study and evaluation of storage and management methods [Confidential]
@ Study on container and storage facility requirements

Overview
B Results , —
O  Overseas hydrogen gas countermeasures for high-level radioactive waste were surveyed, and
the hydrogen generation countermeasures, methods and concepts in each country were
consolidated.

m  Goals
O  To list down the requirements for containers and storage facilities required for collection,
transfer, and storage of high-level radioactive waste.

B Implementation details

O  (FY2019) A practical inner container” that can be stored in a storage container with multiple
shielding thicknesses depending on the dose level was studied. The concept of transport cask
and storage container with filter vent suitable for countermeasures against gases generated by
the waste generated during fuel debris retrieval was organized. The concept of facilities such
as drying equipment, etc. suitable for measures against corrosion during storage of waste
generated during fuel debris retrieval, and for measures against gas generation assuming that
the waste will be sealed at the time of disposal, was organized. The measurement methods
and the concept of measuring equipment considering their priority and applicability to the site,

Fig. 1 Example of transport cask used for high-level

for th ; ired for th in th ildi ized. radioactive waste
or the measurement items required for the storage in the storage building, were organized (B type transport cask, USA: TRUPACT- Il)

O  (FY2020) Requirements of transport cask and storage container with filter vent suitable for
countermeasures against gases generated by the waste generated during fuel debris retrieval
will be studied. The requirements of facilities such as drying equipment, etc. suitable for
measures against corrosion during storage of waste generated during fuel debris retrieval, and
for measures against gas generation assuming that the waste will be sealed at the time of
disposal, will be studied. Measurement methods, requirements of measuring equipment,
measuring locations and measurement duration considering their priority and applicability to
the site, for the measurement items required for the storage in storage building, will be studied.

B Indicators for determining goal achievement
O  (FY2019) A practical inner container that can cope up with multiple shielding thicknesses
should be identified. The concepts of transport cask and storage container with filter vent
should be presented. The concepts of equipment for drying treatment, etc. should be
presented. Measurement methods and the concepts of measurement equipment should be
presented.

O  (FY2020) The requirements of transport cask and storage container with filter vent should be
presented. The requirements of equipment for drying treatment, etc. should be presented. The

measurement methods, requirements of measuring equipment, measuring locations and ) i .

measurement duration should be presented. Fig. 2 Remote controlled type filter vent attachment device
(DVS: Drum Venting System) External appearance

(Used at the Waste Isolation Pilot Plant (WIPP) in Carlsbad)

# Inner container: A container for collecting waste from the reactor. To be handled by the
retrieval robot and stored in the storage container.
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(a) Study and evaluation of storage and management methods [Confidential]
@ Study on container and storage facility requirements

Study on efficient shape and usage of inner container (1/3
<Background and Purpose> P g (1713)

@ Background
Inner container - - - Primary container for storing the waste cut from inside

PCV 7
Example of functions =+ - (D Cut waste is stored. ‘ ]
(@ Water can be drained due to the mesh Fucl detrs Jmer . , meesyeen m
structure S ‘ - R T—
’ .. . ; | Access & 1 - P “Mani ator )
@ Can be efficiently stored in storage rust s {2 151 il :‘b_
container. 2 A S =

Inner Radioactivity asuring '
'

Reactor building

Lifting machine [ o nded building ] Lifting machine
N v =

o o 2 5
Waste treatment
cell
-

Dose level

ul

3

<) € - me
¥4  container Draining , etc. Drying the amount of | FAIK Storage

Studles Ye) far nan In the ﬂOW Studled Un'[l| FY2018, |t was tentat'vely ] ' _‘ ' eg&gifgn equipmen ?qeuaisumrg% equipmen hy(dgrgsg)en """ il container
assumed that one inner container will be stored in one storage container. . . generaled
(Fig. 1) Fig. 1 Collection, transfer and storage flow

(Excerpts of only sections related to inner container)
@ Issues

As the storage container uses different inner lining shields depending on
the amount of waste, it becomes necessary to use inner containers of
different sizes.

@ Also, the Retrieval project reported the dimensions of inner containers
suitable for the equipment used in each retrieval method. (Table 1)
These values were smaller than last year’s assumptions,

Table 1 Dimensions of inner containers used in
each process of the Retrieval project

and it was assumed that multiple inner containers can be stored inside one Method Inner container
storage container. dimensions (mm}
@ Purpose Side-access retrieval Plan A|
To present a primary proposal for the shape and usage method of the inner
container suitable for waste storage and management . ¢ 550> 400

Evaluation from the viewpoint Side-access retrieval Plan Bl "¢ 4 390 x 400)

of storage and management

@ Study procedure --- As an evaluation index, the number of storage containers Side-access retrieval Plan C| ¢ 400 » 810
generated is compared.
(D Estimate the number of storage containers generated based on the latest retrieval

Top-access retrieval Route $ 400 x 400

A
method.
@ Study shapes of inner containers so as to efficiently reduce the number of storage Top-access retrieval Route |—5nn 300
containers generated. B
Study usage methods so as to efficiently reduce the number of storage containers
ggerateé/_ g y g * “@400” is a circle with diameter 400 mm, and

@ Based on the above studies, study efficient inner container shapes and usage methods.  “[1500” is a square with length/width 500 mm.
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(a) Study and evaluation of storage and management methods
@ Study on container and storage facility requirements
Study on efficient shape and usage of inner container (2/3)

< Study Results : Study on the inner container dimensions>

Name of study case Details of the study”

Required number of Required number of
inner containers storage containers
(containers / unit) = (containers / unit)

examples of 3 patterns that minimize the required
number of storage containers.)

(D 0335 x height 272 mm

(2 00450 x height 272 mm

(3 0535 x height 272 mm

<Study on the inner container
dimensions>

Provisional proposed method When top-access retrieval Route B and the inner
1 (An example of top-access retrieval container for the latest retrieval method (1500 x 10016 1425
Route B method) height 300 mm) are used.
Study on the cases wherein the length, width and height @ 27216 @ 807

of the inner container are changed (Following are the

@ 14612 @ 867

@ 10180 ® 956

# The cask dimensions indicated refer to external dimensions. “[1500” indicates a square of 500 mm length and width.

Size of inner container
Provisional proposed method: [01500 x height 300 mm

height XX mm

[ £

It can be filled up to 85%

in the vertical direction
considering a gap (25 ®
. . mm).

Container thickness

(6.4 mm)

=+ shielding thickness

+ gap (25 mm)

Waste storage rate in the ®
inner container

Metal waste: 10%

#1: 4 types of 0, 60, 140,180 mm Concrete waste: 50% ®

[ Confidential)

With the assumed
method, the storage
efficiency is less and it
requires a large number
of storage containers.

Reduced by at most
43% by changing the
dimensions.

Table 1 (Reference) Method for calculating the number of storage

containers and the number of inner containers

Inner length and width of storage container (m) = outer length and width of storage container
Calculating the inner dimensions of — 2 x (thickness of shielding + thickness of storage container + gap)
the storage container Inner height of storage container (m) = { outer height of storage container — 2 x (shielding
thickness + storage container thickness) — gap } x 85%

Case 1: Value obtained by subtracting the thickness of inner container from the inner
dimensions of storage container

Calculating the inner dimensions of Case 2, 4, 5: Value obtained by subtracting the thickness of inner container from the outer

the inner container dimensions of the collection cask used in top-access retrieval method Route B

Case 3: Decided based on the evaluation results where the dimensions of the inner container
were used as parameters
Along the length: inner length of storage container < outer length of inner container = X
(rounded-off)

Along the width: inner width of storage container < outer width of inner container = Y
Calculating the number of inner

same as above]
containers stored inside each ¢

Along the height: inner height of storage container - outer height of inner container = Z
storage container
(same as above)

Number of inner containers stored inside one storage container = XYZ containers

Calculating the amount of waste Amount of waste that can be stored per inner container (m? / unit) W = inner length of inner
that can be stored per inner  container (m) x inner width (m) x inner height (m) x waste filling rate (metal: 10%, concrete :
container (m? / unit) 50%)

Calculating the amount of waste
that can be stored per storage
container (m? / unit)

Amount of waste that can be stored per storage container (m? / unit) = Amount stored inside
the inner container W (m? / unit) x XYZ containers

) . .. ® Amount of waste (m?) The value set for top-access retrieval method Route B is used.
Fig. 1 llustration of the study on the provisional proposed method and | e s sorse .
the case when the size of inner container is changed T s

When the size of iner container is changed: 100 mim x

Metalfiling e
rate 1 10% . conaineriscaiclaed by muitphinghe

innervolume of the inner containerby the
fillngrate for each material

The amountof waste stored per storage
containeris calculated from the number of
inner containers that can be stored ina
storage container and the amount of waste
stored per inner container.
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(a) Study and evaluation of storage and management methods [ Confidential])
@ Study on container and storage facility requirements
Study on efficient shape and usage of inner container (3/3)

< Study results @: Study on the usage method>

Name of study case

Details of examinat

ion

Required number

(0]

containers

Required number of

finner )
storage containers

(containers / unit

) (containers / unit)

<For comparison> Provisional * When the inner containers for the top-access
1 proposed method retrieval Ro_ute B and for the latest retrieval method 10016 1425
(An example of top-access retrieval | (1500 x height 300 mm) are used.
Route B method) * No refilling The number of
*Waste is refilled into storage container. storage containers
*All of the inner containers are discarded. increases in the case
2 Case where refilling is done *It is assumed that the waste inner containers are 10016 1786 where only refilling is
stored in a storage container with 0 mm shielding done.
thickness and are discarded.
c h is refilled and *It is assumed that the waste inner containers can .
3 ase w ertzwaste Is refified an be compressed up to 30% along the height under 10016 952 Compressmn or
compresse the same conditions as in Case 2. reuse depends on
L - It is assumed that the waste container is returned the method.
4 icr:lﬁse? (\:’\g;ﬁ:nr:rﬂilgr:glﬁggne’ and to the PCV and reused 10 times under the same 1002 660
conditions as in Case 2.
# “[1500” indicates a square of 500 mm length and width.
e N\ 7\ < Summary and considerations>
= - » As preconditions (such as the amount of waste per dose) are
Shre Stored in @ .. Waste Stored in storage To the transfer continually reviewed, quantitative comparisons of optimal
Waste [~»| qding [ _inner == > container = %| and storage dimensions and the number of storage containers generated
container 08 (refilling) process are not considered to be very important.
2 S Case 2 ‘ » The following are the two impo_rtant _fin(_jings.
>t I | @ The number of storage containers is likely to fluctuate greatly
. depending on the size of the inner containers, which has a
"\ l large impact on storage. However, it is not practical to fix the
| \ > inner container size at this point. Hence a design that can be
Tt T = = <LompressioR> changed flexibly to some extent is desirable.
Case 4 Case 3 @ In cases where optimization of dimensions is difficult, it could
Inside PCV Outside PCV be replaced from the usage perspective. However, the study
J \ on refilling equipment and reuse routes (return routes to PCV)
Legends for the process of waste inner container becomes necessary and ensuring the traceability of waste also
becomes necessary.
reeveee: Case2 = = :Case3 = » = :Case4 : Common » Opinions were exchanged with the Retrieval project and the

Fig. 1 lllustration of the study on the case where refilling is done
$compression / reuse of inner container

study results were recorded.
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(a) Study and evaluation of storage and management methods
(b) @ Study on container and storage facility requirements
Study on measures against gas generation (1/3)

< Study results @: Required number of filters and volume of void in transport cask>

When storing the storage container, the number of filters that need to be installed to keep the hydrogen concentration in the storage
container below 4 vol% and the volume of void required at that time to keep the hydrogen concentration in the transport cask (sealed) below
4 vol% for 7 days, was evaluated.

Evaluation conditions

* The type of vent filter was tentatively selected from those that have a proven track record in the United States and that satisfy the
hydrogen diffusion performance.
 Itis known that the hydrogen diffusion performance of the vent filter depends on the temperature, and the lower the temperature, the

lower the performance. Therefore, the temperature was corrected at 2°C, which is the minimum design temperature of the 1F solid
waste storage vault.

» The maximum transfer period of waste inside the premises was 7 days (in accordance with

[ Confidential)

the assumed conditions of the Canister project). The hydrogen release rate required to maintain the
hydrogen concentration in the storage container below 4
Table 1 Results of evaluating the required number of vent filters and the required volume of void in vol% is calculated using the following formula (based on
the transport cask concept used in the US) (D)
Tg=——————
4 Ny x N x Xyo

T,:Hydrogen release rate (mol/s/mol fraction)

Material Metal Concrete Metal Concrete Q:Decay heat (Joule/s)
Hydrogen generation rate G :G value (molecules/100 eV)
(m3/d) 1.8E-02 1.1E-04 7.1E-05 1.1E-04 N,:Avogadro constant (molecules/mol)
(Restated) <:| N: Conversion constant (Joule/eV)
@ Minimum hydrogen Xy : Hydrogen concentration inside the cask (4vol%)

release rate @ 4 vol% 2.3E-04 1.5E-06 9.2E-07 1.5E-06 -
(mol/s/mol fraction)

The hydrogen diffusion performance (catalog value *) of the

) vent filter was temperature-corrected by the following
Type of vent filter NF016S NFO16L NFO16L NFO16L formula (based on concept used in the US) (@)

LTS
(@ Hydrogen diffusion Trm = Tro * I
performance of vent filter n.r ik o TD
(mol/s/mol fraction 1.43E-04 3.29E-06 3.99E-06 3.29E-06 Tor = Hydrogen diffusion performance at temperature T
o T, = Temperature at known hydrogen diffusion
@ 27c) performance
* Test results at 21°C (294K)
Minim'um numbgr of vent 2 1 1 1 <:| A number Where®>®.
filters required
Volume of void in <:| 'rll'hg volume of void re_qm_redhto keep the
transport cask 3.25m3 or more 20L or more 10L or more 20L or more ydrogen concentration in the transport

cask below 4 vol% for 7 days.

‘ RI D Olnternational Research Institute for Nuclear Decommissioning 31




(a)Study and evaluation of storage and management methods [Confidential]
(@ Study on container and storage facility requirements
Study on measures against gas generation (2/3)

< Filter events that need to be considered and their countermeasures (1/2) >
The filter events that need to be considered and their countermeasures were studied by referring to the process
flow.

During transfer (including during transfer
within the premises)

During temporary (long-term) storage

Work step

Medium surface dose rate /
Low surface dose rate / | e contamination site

contamination site —
[ ] | Temporary waste storage building |

lllustration of m g
the operation pedee. ey T T
r:% o, mml__j
(1) Clogging of the filter (3) Corrosion and deterioration of the filter
The contents rise during the transfer, clog The filter corrodes or deteriorates due to
the filter, which prevents the release of long-term storage and does not satisfy the
hydrogen. hydrogen diffusion performance anymore (the
side where the opening narrows). Or the
Filter events (2) Contamination due to scattering of contents are more likely to scatter (the side
that need to be  contents where the opening widens).
considered Fine particles or gas components released
from the filter contaminate the inside of the (4) Performance degradation due to filter
building and the inside of the transport cask. condensation
Moisture inside and outside the container
condenses on the filter part, blocks the filter
and the filter does not satisfy the hydrogen
diffusion performance anymore.
________ S S T T T T T T T T
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Proposed
measures®

(a)Study and evaluation of storage and management methods

@ Study on container and storage facility requirements

Study on measures against gas generation (3/3)
<Filter events that need to be considered and their countermeasures (2/2)>

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

(1) Clogging of the filter

sInstall multiple filters (multiplexing) so that even if one
clogs, hydrogen can be released through the others.
*Make the mounting structure of the filter like a labyrinth
so that the contents do not reach the filter directly.

*As it is assumed that the filter gets clogged due to the
contents flying during transportation, use a lid with a
filter, which is exclusively used during transportation
(during storage, replace it with a lid with a filter, which is
exclusively used during storage).

*Evaluate the effect on storage container in the event of
an explosion at the expected hydrogen concentration (4
vol%).

(2) Contamination due to scattering of contents

*For fine particles, a particle collection efficiency
equivalent to that of HEPA (99.97% particle collection
rate for 0.3 pm particles) is required.

*Gas components are taken care of with a ventilation
system.

*Set up areas classified (red, yellow, green) based on the

assumed scattering from filters to control contamination.

*Carry out surface contamination test (decontaminate if
necessary) of the storage container before transferring
inside the premises and before storage.

(3) Corrosion and deterioration of the filter
*Select SUS316L or carbon composite
materials that are corrosion-resistant in
atmospheric environment for the filter media
(sintered porous filter).

*Check corrosion resistance with test pieces
of the same material under the same
conditions (or harsh conditions).

(4) Performance degradation due to filter
condensation

*Control the temperature and humidity by
means of the ventilation system of the
storage facility to prevent condensation.

*If the ventilation system of the storage
facility stops functioning and condensation
occurs, it is necessary 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% during the time that
is required for restoring the ventilation
system. If it exceeds (the time margin cannot
be secured), ensure the functioning of the
ventilation system at all times by
multiplexing the ventilation system or by
arranging for emergency power supply.

[ Confidential)

# The applicability of the vent filter and the extent of countermeasures depends on the negotiations with the regulatory authorities.
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(a)Study and evaluation of storage and management methods [Confidential]
@ Study on container and storage facility requirements
Study on drying treatment (1/3)

[FY2019 Implementation details]
(1) Investigation of the existing drying treatment technologies (including consolidation of conditions)
(2) Study on the requirements of drying treatment equipment

(1) Results of investigating the past drying treatment technologies
» The preconditions for drying treatment were studied. (Table 1)
» Based on the basic principle of drying, 8 methods were identified by combining heat transfer forms (4 methods) and waste transportation (2
methods). (Table 2)
»  The above methods were compared®!, and it was confirmed that the static (convection, conduction) method may be applicable to existing
technologies, and multiple heat transfer forms (convection, conduction, radiation) can be used together.
#1: Significant survey results were obtained showing that the methods can be applied to bulky metal and concrete waste (with due consideration of shape, moisture,

radiation), interaction with other studies (container, storage building), items to be studied for container corrosion countermeasures and the impact (dust, hydrogen)
during the drying process.

Table 1 Preconditions for the drying treatment Table 2 Results of investigating existing technologies related to drying treatment

Major Vinor Conditons (Results of comparative study of the eight identified methods)

itemS items Investigationitems Investigation results
Properties | Status of | -Items removed during debris retrieval Innercontainer oL meter Cannit besatonety node the dyng equpment
Of the raw (Wet due to the Coo“ng water in the Shape [Convection - static / transfer, conduction / radiation - static: Does not require additional processing and applicable to bulky shape.
Waste Waste reactor dra|n|nq assumed bulky [Conduction-transfer: In addition to retrieval from inner container, it requires additional processing.
t t d h ! 1 Bulky shape waste collected [Radiation-transfer, microwave- static / transfer: If necessary, additional processing is required after removing it from the inner
arge € W) ontainer. No water penetration / applicable to slightly bulky shape

Treatmen 'The raw Waste generated durlng debrls Reduction index Srl?iss:ein:c‘ce::?ffnr:\o;isst:t::e::PFooeriebalce:hug:h?dh,mtiI?erni'uerins:ﬁﬁﬁ:;ﬁig:t:wr;tisturecontentandadepth from the surface from which it can be

Moisture

t for retrieval is cut inside the PCV into the size
temporar | of the inner container or smaller, it gets

y storage | drained by its own weight, and no
treatment other than drying is performed

Static, convection radiation / microwave-transfer: No limitation
Amount brought-in
[Conduction-transfer: Has limitation

91SEM 91340U02 10 [eI3W AY|ng 03 Ajljigediddy

Static: Requires shielding depending on the amount handled, and the number of sites to be maintained s less as there are only few

g Consid . Jated diati drive parts and interior parts inside the equipment.
. 3 onsiderationsrelated toradiation  freansfer: Requires shielding depending on the amount handled, there are a large number of sites to be maintained as there are
befOI’e pl’lmal’y Storage E Imany drive parts and interior parts inside the equipment.
_g o Ktatic: Dimensions and structure of inner container, transportation method of inner container
A B . 4 =} . Convection/radiation/microwave-transfer: Those said above +Transfer method inside the drying equipment
Appllcatlon For hyd rogen measures: there are the 2 95.5 Container Conduction-transfer: Method of retrieving wastes from the inner container, method of storing inside the inner container after
i 1 e dryin,
to retrieval options of completely dry (sealed - e
=
o2
flow cas k) or vent tvpe (u nsealed cas k) S Storage building Common methods: Air supply / exhaust system, power (electric power) system
5

*Drying in the storage building mainly
ContrIbUtes tOthe Conflnement Of the Study items required for container corrosion ICommon methods: Status of adhesion of free water on target waste (metal, concrete)
Cask (Corros|0n Countermeasures) measures Corrosion margin based on the amount of residual water after drying treatment
(Refilling is made possible within the
container, until container corrosion
measures during storage become
feasible.)

[Common methods: Requires the confinement of air supply / exhaust systems (filter), including the generation of airflow in the

Dust (solid) drying equipment

[Convection — static / transfer, conduction / radiation - static: scavenged to the outside of the system by exhaust (including vacuum)
[Conduction-transfer: Requires confirmation on the complexity of the structure of the drying equipment (difficult to scavenge) and
Hydrogen he possibility to control temperature of the heat transfer part (hydrogen ignition prevention).

Radiation-transfer, microwave-static/transfer: Though it is scavenged outside the system through the exhaust, requires confirmatior

n the possibility to control the temperature of the waste hzdrogen ignition Ereventlon)

juawiean Sulkip
ay1 Suunp 1oedw)

Blue notation: Details that meet the conditions Red notation: Details the are difficult to or can’t meet the conditions.
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(a) Study and evaluation of storage and management methods
@ Study on container and storage facility requirements
Study on drying treatment (2/3)

(2) Results of studying the dry treatment equipment requirements (1/2)

>

[ Confidential)

The Atomic Energy Society of Japan Standard "Technical requirements and test method for manufacturing sub-surface industrial waste package:

20151 was referred to for the requirements for burial disposal of radioactive waste packages within Japan, and the concept of drying treatment for the
wastes in this study were compared and organized®2.

As a result 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 for drying treatment, response to drying treatment procedure of each container, and to the concept of
operation management indicators.

#2: It was confirmed that the following 7 points could be dealt with.

-Cond

treatm

itions of target waste to be considered

ent conditions

*Method for removing free water
*Requirements that control the absence of a large amount of free water

*Method for drying free water
+ Handling of the drying treatment procedure for each container

-Evaluation of appropriate removal or drying method
+ Operation management indicators or

(Free water described in the Atomic Energy Society of Japan Standard refers to the water that is brought into the container together with the radioactive waste when storing the radioactive

waste

in the container.)

Table 1 Comparison of the Atomic Energy Society of Japan Standard

and the concept of drying treatment of the waste generated during fuel debris retrieval (excerpts)

Table 2 Comparison of existing technologies and drying treatment requirements#

Concept related to drying treatment in the Atomic Energy Society of
apan Standard “Technical requirements and test method for
manufacturing sub-surface industrial waste package: 2015”1

IConcept of drying treatment of
waste generated during debris
retrieval

Method

Form of heat
transfer

Convection

Conduction

Radiation

Microwave

Transport of
waste

Static Transfer Static

Transfer

Static | Transfer

Static | Transfer

Requirements
(Attachment D
(reference))

nterpreted that the removal of free water contributes
to the "sufficient strength of waste packages" and
‘measures to prevent the spread of contamination
sealing of containers)”.

4.2.1 Removal
of free water
hen enclosing]
in a container

tems
Methods used by operators to review conformance with Treatment from the time of
. Scope of requirements and technical standards during waste lgeneration during retrieval up to
) licati conditioning for marginal depth disposal. temporary storage
[PPPIICAtION fphes not include technical requirements from waste disposal  [Not applicable to the treatment
facilities or pertaining to transportation) for waste conditioning)
From the marginal depth disposal report™ and burial .
. ; I s e free water is removed before
gina aepth disposa rep The free wat d bef
a1 disposal project declaration™ (Table D.1), it is

temporary storage to prevent
hydrogen gas generation and
corrosion (container sealing)
Wwhen using a sealed container in

f free water remains in the waste package, the free water is
emoved before sealing the container (classified as “vacuum
Frying" or “other than vacuum drying”)

emporary storge. (Does not
include the complete drying for
the strength of waste packages or
for disposal)

Technological
requirements for|
drying

Conditions of

JAmong the conditions of the target waste existing inside the PCV, it is possible to create a plan for information such as type, shape, storage

Method for
drying the free
water

mount of water brought-in

e applied
. ites within the
Conditions and . e applied.
N quipment
etention Same as that
N Same as that
uration can be n the left
n the left

omplicated

targetwaste fJocation (currentlyitis inside the PCV as it is yet to be retrieved). However, the state of free water is not certain.
Free water can be removed based on the removal |@Same as that Free water can be removed based on the removal
Method of
: ethod n the left ethod
removing free X . . .
water The time required for removal depends on the Presence of The time required for removal depends on the

Evaluation of
appropriate

and drying
methods

removal methods]

The concepts from the existing Atomic Energy
Society of Japan Standard can be applied.

The transfer

odel inside the]

rying facility
pets

[Requirements fo
ensuring thata
large amount of

[®@Operation conditions and required retention time
kan be set.

Eomghcaled.
Setting of
ransfer time
ithin the drying

*1: The Atomic Energy Society of Japan Standard "Technical requirements and test
method for manufacturing sub-surface industrial waste package: 2015” (Standard for
operators to perform burial disposal of radioactive waste generated from nuclear power
plants and reprocessing facilities by means of waste conditioning.)

*3: Safety regulations related to marginal depth disposal of low-level radioactive waste
(January 2008, Advisory Committee on Energy and Natural Resources, Nuclear and
Industrial Safety Sub-committee, Waste Safety Sub-committee)

*4: The Regulation related to the Project for burial of type 2 waste resulting from nuclear
fuel substances or from items contaminated by nuclear fuel substances. (Burial Project

mmizgu1211005)

T1TRID

Similarto
conduction- stati

free water is not acility gets
present “omgllcated.
[®Same as that
on the left
(Increase in the lorequires
Handling of drying treatment  |@Can be ize of equipmentj@Same as that aul
. etrieval of
procedures of each container  fandled. or the pon the left
. kontents
prevention of
pread of
kontamination)
. Operation
Operation conditions PCE” be set. |®The setting of
management ransfer time gets|
index Amount of komplicated.

residual water

kCan be set.

mount of water brought-in

@ Requires remote measurement of waste
temperature
@ Conditions and retention duration can be set.

@ The temperature concept from the Atomic Energy|
@ Society of Japan Standard is difficult to apply.

@ The setting of operation conditions (temperature)
gets complicated.

@ The impact of the container on irradiation needs to
e confirmed

@ The setting of operation conditions (temperature)
gets complicated.

@ Impact of container on irradiation during operation

ime (retention time) needs to be confirmed.

*5: Below is the distinction between the colored characters shown in the table.
Blue notation: Details that meet the conditions
Red notation: Details the are difficult to or can’t meet the conditions.

=
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(a) Study and evaluation of storage and management methods [Confidential]

@ Study on container and storage facility requirements
Study on drying treatment (3/3)
(2) Results of studying the dry treatment equipment requirements (2/2)

» The requirements for the drying treatment facility were created based on the results of investigating the existing technologies and by
consolidating the requirements.

Table 1 Requirements for the drying treatment facility

Fhape, properties

Ppplicability to the
argeted waste

tored in them).

t should be possible to reduce the amount of free water carried in along
ith the waste generated during fuel debris retrieval, to a level where it can

be temporarily stored.

[The applicable technology is selected by
" ing the existing ies.

[Considerations related
o radiation

t should be possible to have shielding depending on the amount of waste
handled, and there should either be no drive parts or internal parts inside
he treatment facility OR their should be possible

[Same as above

[rreatment for temporary storage

The raw waste generated during fuel debris retrieval should be cut inside
he PCV into the size of inner container or smaller, get drained by its own
eight, transported and received at the drying treatment facility. In the

Hrying treatment facility, only the drying before the temporary storage
hould be performed.

Based on the collection, transfer and
torage flow

J\pplicability to retrieval flow

should be for sealed and non-sealed

and the drying treatment in the storage building should mainly,

be carried out for the of the (corrosion

#IStudied based on the targeted waste

[“1: 1t should be made possible to refill waste in the container, until
kontainer corrosion measures during storage become feasible.

Compatibility with
kontainer and storage
building

[The container (dimension, structure, transport method) and storage
puilding (air supply / exhaust and power systems) should be compatible.

[The applicable technology is selected by
nvestigating on the existing
kechnologies.

[rechnological
fequirements for
drying

or 11 (considering the moisture inside) based on the concepts in the Atomic
Energy Society of Japan Standard)

Items Requirements of drying treatment facility Remarks Items Requirements of drying treatment facility Remarks
. : : . t should be possible to set the type, dimension, storage location and state
t should be possible to handle waste generated during fuel debris retrieval P! N
. . . of free water adhesion. . - .
bulky metal or concrete, which got wet due to the reactor cooling water  [Based on the properties set for the . " " N e . — [The concepts in the existing Atomic
. N L N Conditions of targeted [ Estimation of free water adhesion state is difficult at this point in time, and !
pnd was drained) by means of storage containers (with inner containers  fassumed waste . . Energy Society of Japan Standard can be
aste s set as metal: management category |, concrete: management category |

ppplied.

The i of in the and at the

drying treatment facility before and after the drying treatment should be

Measures for preventir
he spread of

ion

Material: Carbon steel SS material

Btructure of the container: Attaching a filter vent capable of preventing the
pread of contamination on a square shaped container that is being used in
[LF premises is being studied.

[The facility should dry free water that can impair confinement of sealed

that may
cause damage to the
koundness

[There should not be any material that significantly promotes corrosion
Waste acid: hydrogen ion index concentration of 2.0 or less, waste alkali:
hydrogen ion index concentration of 12.5 or more) or that generates
pignificant gas (pyrophoric substance, water reactive substances).

Based on the properties set for the
hssumed waste

ethod of removing
ree water, drying

ethod and its
evaluation

It should be possible to remove free water using the methods in existing
o ies, and it should be possible to evaluate the drying method.

The time required for removal depends on the amount of water carried in
blong with the waste, and the conditions and retention duration can be set.)|

[rhe technology that can be applied to
he requirements of drying treatment
hall be identified through investigation

pf existing technologies.

[The concept described in the Atomic

Energy Society of Japan Standard

kan be applied.

Requirements for

ensuring that a large

bmount of free water is
ot present

t should be possible to set the operation and treatment conditions and
Fequiredretention time.

ame as above

mpact during drying PDust (solid), hydrogen

ITo prevent the spread of contamination, the radioactive substances (dust|
n the air supply / exhaust systems of the drying treatment facility should
be removed (filtered).

Same as above

Drying treatment for individual containers

after

The drying

should be performed for i

ktoring the (waste) inside the

fame as above

freat it . N
reatmen [rhe hydrogen generated during the drying treatment should be scavenged
putside the system without allowing it to remain inside the facility.

T1TRID
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Operation
fnanagement
ndicators

mount of residual
ater

perating conditions
peration time

t should be possible to set the amount of residual water (representative
Value), operating conditions (pressure, temperature, amount of exhaust /

and ion time time determined based on the

ests) using the methods in existing technologies (vacuum drying, other
han vacuum drying) depending on the condition of radioactive waste
management classification) .

fame as above
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(a) Study and evaluation of storage and management methods [Confidential]
@ Study on container and storage facility requirements
Study on measurement methods and measurement equipment (1/3)

<Background and Purpose>

@ Background

Studies conducted so far - == In the collection, transfer and storage flow studied up to FY2018, it was assumed that measurement would be
performed, however, the measurement items, measurement methods, measurement equipment, etc. were not studied.

@ Issues
@ Inputs such as properties of waste, requirements for transfer within the premises, storage requirements, etc., were not determined.
@ There are restrictions on measurement time, space for equipment installation, etc., for making the entire fuel debris retrieval process
feasible (quantitative design requirements were not determined).
@ Itis not practical to measure all the confirmation items. A logic for selection is required.

@ Purpose

To draw up specifications of the measurement equipment (listing the requirements of the measurement equipment
(measurement method, measurement location, measurement time, etc.)).

@ Study procedure

" 1. From the process flow studied in FY2018, organize
the confirmation items that are likely to be measured v
_ and investigated. ) 4. Investigate measurement methods and
measurement equipment for high-priority measurement
- o \ \ items. )
2. Study the priority for measuring the organized |
confirmation items. ( )
\ J 5. Review the measurement flowchart and organize the
. § requirements for each measurement.
3. Create a primary draft of the measurement flowchart
based on the priority of each measurement item.

1 to 3: Implemented in FY2019, 4 to 5: Planned to be
implemented in FY2020

Fig. 1 Process for studying the measurement methods and measurement equipment
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(a) Study and evaluation of storage and management methods [Confidential]
@ Study on container and storage facility requirements
Study on measurement methods and measurement equipment (2/3)
1. From the process flow studied in FY2018, organize

the confirmation items that are likely to be measured
and investigated.

2. Study the priority for measuring the
organized confirmation items.

<Confirmation items> <Purpose and intent of the confirmation items>
@ When stored in the inner container Purpose and intent Priority based on the purpose

Basic properties Requirements for acceptance at the Are these items that require to be confirmed,
Dimensions, capacity, weight, surface delivery facility . SUQh as requirements for acceptance at the
condition Requirements for transfer within the facility, requirements for transfer within the

Waste properties (composition premises iseg?

P . P ( p ) . Requirements for acceptance at the premises:

Material, water, organic matter, corrosive storage vault
substances Incorporation in the process up to storage Difficulty in measurement

Radiochemical properties Incorporation in the process after storage

Surface dose rate, the amount of radioactivity, amount
of nuclear material

Heat generation characteristics
Hydrogen generation

Is it technically likely to be measurable
during the process up to storage?

. . Can it be estimated from other measurements?
<Measurement plan for confirmation items>

properties Is it relatively easy to estimate from
@ When storing in storage containers g:ﬁ:;ilgf;r measurement alternative measurement items?

External appearance Details and targets for Possibility of avoiding measurement through

Weight measurement operation, evaluation, preliminary investigation, etc.

Filling rate Implementation method Is it possible to substltutg the

Surface dose rate Implementation period measurement by Operatlon, etc.?

Surface contamination Place of implementation

Surface temperature Required value

Hydrogen generation rate _ <Policy for setting the measurement flowchart>

Amount of nuclide emission Assumed issues Based on each priority, the measurement items are set based on the following policy.

. »The confirmation of items up to the collection, transfer and storage such as requirements for

@ When stored in transport cask acceptance at the facility, requirements for transfer within the premises, etc., shall be

considered essential, while the items required for the processes after storage shall not be

External appearance . .
PP considered essential.

Weight » Among the essential confirmation items, with respect to items for which measurement can
Surface dose rate be avoided through estimation from other measured values, or through operation, evaluation,
Surface contamination preliminary investigation, etc., the policy shall be to avoid measurement, and the items for
Surface temperature which measurement cannot be avoided shall be measured.
Sealing

—— e
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(a) Study and evaluation of storage and management methods
@ Study on container and storage facility requirements
Study on measurement methods and measurement equipment (3/3)

3. Create a primary draft of the measurement flowchart
based on the priority of each measurement item.

[ Confidential)

<Concept>

debris retrieval.

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

Estimated from 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)

Confirmation based on external

Calorific value / surface
temperature

Amount of radioactivity (aBy)
Amount of nuclear material
Hydrogen generation rate

(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 far 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 appearance

Confirmation based on external
appearance (camera)

Confirmation based on external
appearance (camera)

Ensured by means

appearance (camera)

Dimensions / external appearance
Surface condition
Material (concrete / metal)

i)

of vent filter design

Amount of nuclide
emission

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

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

Confirmation using

Ensured through draining

measuring device

Confirmation using
measuring device

Presence of moisture
content / amount of
moisture content

Reactor building

Weight
Surface dose rate

Weight

Surface dose rate

Inner
container

Fuel debris
retrieval
equipment

Fuel debris

Confirmation using

measuring device

Weight

Surface dose rate

Surface contamination
T

Surface
\ l Expanded building I— Lifting machine contamination :
{ T [
= o — 7] / I
S = T s ‘ive F_____] ! | I;

Waste treatment
cell

Dose level
measurement

”,

container
dling cell

- -y

'-I b ! y. _l\;a;r;ipalato? 1 N
‘&i) | | o=

Inner
container
transfer
equipment

Draining
equipment

<Summary and future plans>
» There is a possibility to estimate multiple confirmation items from the surface dose rate of the
waste (stored in inner containers). The challenge is to develop an estimation method.

» In the future, the measurement methods and equipment for the confirmation items with high
measurement priority identified in this year's study will be investigated. In addition, the
measurement flowchart is planned to be updated based on the investigation results.

1IRID

===

Radioactive

substance Device for measuring

etc. Drying the amount of
ri i hydrogen (gas)
mfeaa;ﬁjig/ng equipmer generated

Fig. 1 Primary draft of measurement flowchart

. with filter vent

container
transfer
equipment

=l L Deli " Transport
- Surfaq [dose  container lid e(?#é? eg : i?oss‘,(irhld
ment  closing surfac|[dose equipmgm
) equ|'pment measufpment) \
" I7 - d B = = - . w| w— i, .
analytical facility | Storage container

Transport cask transfer

Transport cask
equipment

Olnternational Research Institute for Nuclear Decommissioning

Delivery cell

—-—

1 &

-

l Transfer inside the
premises

Transfer truck

J

Transfer bogie

- = +Items for which it is believed that measurement can be avoided
through operation, evaluation, and preliminary investigation

- = +Items that could be estimated from other measurements

-+ -Items that are believed to require confirmation using measuring
device

39




[ Confidential]
(b) Development of contamination evaluation technology for solid waste segregation

- Overview -

B Results
O InFY2018, a prototype (Fig 1) was developed as a measuring
equipment that can measure alpha contamination remotely (Alpha
camera) keeping in view the site environment and an element test was
performed. Issues related to this method were identified based on the
element test results and scope of application was specified.

B Goals

O To develop a scanning mechanism such as pan-tilt mechanism etc. as a
measuring system for alpha contamination settled on the surface of the
equipment and building concrete, and also develop a measuring system

comprising image synthesis function that creates 3-dimensional
contamination distribution. To design and develop systems for on-site
application and conduct functional verification testing. In addition, to

Synthesize
contamination
distribution in camera
image

conduct mock-up test for alpha contaminated equipment on the site and
carry out performance evaluation.

B Implementation details

Receiver of signals
(ultra-violet rays)
produced by alpha rays

O In FY2019, the prototype was improved based on the results of FY2018 Fig. 1 Prototype developed in FY2019
element test and element tests continued to be performed. In addition,
preliminary systemization test was conducted and the data required for
designing the measuring system was collected. (Fig 2)

O InFY2020, 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 alpha contaminated equipmenton 1,
the site and performance evaluation will be carried out. mechanism

B Indicators to determine goal achievement -
O The data required for design completion should be acquired. (FY2019) mechanism

O Performance evaluation should be conducted by means of a mock-up ' '
test. (FY2020) (Pan drive motor) r) © (Wire type potinti:)r.neter)l
Fig. 2 Sample image of alpha ray contamination

measuring system

Alpha camera

Control unit of
o~ transport trolley
- equipment
Power supply unit for
alpha camera

W—H

l RI D Olnternational Research Institute for Nuclear Decommissioning 40




[Confidential]
(b) Development of contamination evaluation technology for solid waste segregation

- Principle of alpha camera -

Visible light filter
Mirror

Detector (PMT)

Measurement principle

@ Reaction takes place with nitrogen within alpha radiation range
(several cm) to produce several 100 photonic ultraviolet rays.

@ These ultraviolet rays are focused and imaged with a lens and
the distribution of alpha rays is measured from the distribution of
the number of photons reaching the light detector.

@ PMT (Photomultiplier Tube) is shielded as it is likely to be
affected by Cherenkov radiation when gamma rays enter PMT. Light Emission

Shield for gamma rays

Lens

Ultraviolet rays

Alpha rays
Uranium etc.

Fig. 1 Pattern diagram showing principle

=0 06
5 f . o
£005 " Light emission in the
z 1 ultraviolet region
@0.04 < - >
3
£
Example of presentations made in connection with alpha camera "
1.IEEE2013 NSS, Remote Detector of Alpha-Ray Using Ultraviolet Ray Emitted by i
Nitrogen in Air ¢ 02_ T
2. ICONE-23 REMOTE DETECTION OF ALPHA RADIATION USING UV B i
PHOTONS EMITTED BY NITROGEN 0.0% |
3.Spring meeting of Atomic Energ)_/ Spuety of Japan in FY2013, Technology for . T WU W | _— _!‘hm(_ ——
remote measurement of alpha radiation Wso 300 320 340 360 380 400 420
4. Autumn meeting of Atomic Energy Society of Japan in FY2014, Technology for Emission spectrum®*® srgtinm]
remote measurement of alpha radiation—Application to lighting environment- Fig. 2 Nitrogen emission spectrum

Cited from J.Sand. Remote Optical Detection of Alfa Radiation.
IAEA—CN-184/23.
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[ Confidential]
(b) Development of contamination evaluation technology for solid waste segregation
- Alpha camera development history -

M Development history
+  Survey was undertaken on the assumed site environment and requirement specifications were formulated in connection with “R&D
for Treatment and Disposal of Solid Wastes (R&D for Advanced Processing and Analytical Methods)” in FY2018.
+  Basic performance of development method (Alpha camera) was verified on the basis of requirement specifications through element
tests.
Table 1 Overview of requirement specifications and test results

Cited from FY2017 supplementary budget “Subsidy Project of Decommissioning and Contaminated Water Management (R&D for
Treatment and Disposal of Solid Wastes (R&D for Advanced Processing and Analytical Methods))” FY2018 Research Report

- ReqUIrement SpeCIﬂcatlonS

Sensitivity is proportional to the square of
the distance.
100 mm lens, there are cases where 4
Bg/cm2 can be measured by increasing
the measuring time.
¢ Thereis less impact when measuring
direction (spherical surface) is 0 to 90°
When measuring the contamination in
concave portion at a depth of 25 mm,
sensitivity worsens to 71% and is 67% at a
depth of 50 mm.
Confirmed gamma-ray sensitivity at 3.3 [s-
1/mSv/h]
*|dentified the location at angle of partial

Basic performance test: Lens

Max. 3 mm .
evaluation

Measurement distance

Accessibility

Spherical surface, uneven, plane
surface

Element test: Complex radiation *

Profile of object to be measured -
source evaluation

Weight Depends on the trolley

Element test: Environmental
dose impact test

Environment
conditions

Environmental dose

Environmental temperature

Environmental humidity

Lighting

Powdery dust

Beta-gamma nuclide
concentration

About 50 mSv/h (Max.150 mSv/h
approx.)

-5°C-35°C

Max.100%

Lighting available depending on
the case

Above outdoor dust levels

a/py=1-10°%

Element test: Temperature test

Element test: Humidity test

Basic performance test: Optical
filter evaluation

Element test: Powdery dust
impact test

incidence where shielding effect is less. It
needs to be improved.

No effect on noise by using heat control
mechanism

Sensitivity decreases by less than 3% even at
95% max.

*Sensitivity tends to decrease when water is
added to radiation source.

Sensitivity reduces by 78% due to optical
filter.

Change in sensitivity is max. 1% outdoors.

Element test: Impact assessment Acquired sensitivity relative to alpha rays.

test for beta-gamma nuclide
concentration

Beta rays (Co-60): 0.36%
Gamma rays (Cs-137): 0.009%

* Settings were specified based on the characteristics identified from FY2017 supplementary budget “Subsidy Project of Decommissioning and
Contaminated Water Management (R&D for Treatment and Disposal of Solid Wastes (R&D for Advanced Processing and Analytical Methods))”
S
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(b) Development of contamination evaluation technology for solid waste segregation
- Consolidation of FY2019 implementation details -

Issues identified from FY2018 implementation results
1. It was noticed that ghost-peak was formed with @100 mm lens and detector combination.

=_Countermeasures for ghost-peak
2. It was noticed that the sensitivity is proportional to the square of the lens diameter and a @
100 mm lens (it was ¢ 50 mm in the past) was used. It was confirmed that there were
directions where the shield was ineffective, partly due to the increase in size.

=|Improvement of prototype

Issues to be addressed from FY2019
3. Tasks up to the tests using stabilized and standard radioactive source in FY2018 are
complete. However, material and shape simulation assuming on-site conditions has not been
carried out.

=Continuation of element test

4. Tasks up to imaging at a fixed position in alpha camera unit test in FY2018 are

complete.
It is necessary to design a system that can move the measurement location remotely and

evaluate the data.
=>Addition of functions to software, design of measuring system

e S T T s
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(b) Development of contamination evaluation technology for solid waste segregation
- Current status of alpha contaminated waste management and issues thereof -

® Current status of alpha contaminated waste management

When smear measurement detects alpha nuclide contamination at surface contamination density 0.4 Bg/cm? or above, the
waste is segregated and stored in a storage container. However, decommissioning work will commence on a full-scale in 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.

® Requirements pertaining to waste segregation technology
» ldentify the surface contamination distribution of the target objects before dismantling.
»  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 in an
exhaustive manner and also within a short period of time.

Alpha surface contamination Alpha surface
density distribution on contamination density
Alpha contaminated area equipment surface (Metals etc.) distribution on building
concrete surface
lllustration of distribution measureme

nt
Surface contamination density (Bg/c
m?2) distribution

Contamination distribution D Below lower detection limit
measurement
>

Fig. 1 Image showing distribution measurement using alpha camera
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(b) Development of contamination evaluation technology for solid waste segregation

[ Confidential)

- Application targets -

Investigate the measurement needs and determine the timing of application and purpose of measurement.
“Understanding of contamination distribution” was established as an application target (uses) that can be used in the study
of work planning such as preparatory works, equipment dismantling etc. pertaining to debris retrieval in future.

[Assumed decommissioning flow (Ex: R/B)]

1IRID

-Dry-up of stagnant water * Debris retrieval . Digmantling of -Dismantling
— -Removal of spent nuclear — +Preparatory work — equipment = of building
fuel for the above (RI, RPV, etc.)
> > | = | > | | || e—
I @ % L
o =

Fig. 1 Image showing application targets for alpha camera

Applicable targets for surface alpha contamination measurement

»Timing: Before the preparatory work for debris retrieval and prior to equipment dismantling work
»Target: Surface of structures and equipment within the scope of the work

»Use: Understanding of contamination distribution
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(b) Development of contamination evaluation technology for solid waste segregation
- Application timing for alpha camera -

Investigate the latest needs (Purpose of contamination measurement) of TEPCO HD and determine the direction to aim for
with respect to this technology.

Purpose of contamination measurement:

*“Qualitative perspective on surface contamination density distribution” on the surface of the
equipment and structures before dismantling

Utilization of the measured contamination distribution (Proposed):

* Development of work plan without increase in contamination and wastes

- Study on radiation control methods in accordance with contamination concentration and work content
- Study of the plan and the need for detailed measurement such as sampling etc.

Target object of
this project .
Proj —— » Primary storage
' |
' |
: Distribution I | Study on detailed Waste Storage and
1| measurement by N measurement s> Work plan Work ™ generation N nanagement by
| i , e 2.
| alpha camera : (Sampling) disposal classification
e 1
Study on
. | decontamination
- and radiation
. . control methods
Evaluation points

+Assessing the presence of contamination and

distribution of qualitative contamination density
+ Assessing the presence of localized contamination

Fig. 1 Assumed work flow and application timing for alpha camera

=
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(b) Development of contamination evaluation technology for solid waste segregation
- Overview of FY2019 development results -

Verification test for
countermeasures for
ghost-peak

Improvement of
prototype

Continuation of
element test

Addition of functions
to software

Designing of
measuring system

Table 1 Implementation details and achievements in FY2019

Countermeasures for ghost-peak (peaks other than
radiation source location)

Improvement of shielding structure

@ Review of shielding structure

@ Review of optical system in accordance with
shielding structure

Verification of the performance of improved alpha
camera

Evaluation of the performance of measurement
using unsealed radioactive source etc.

@ Simulation of adhesion to concrete, etc.

@ Measurement of surface source, etc.

Addition of measurement results mapping function

Study of on-site applicability

Study of specifications for measurement system

Study on mechanism specifications and control
methods

Basic verification of measurement system

» Cause for ghost-peak was identified and devices were improved.

+ Optical system and shielding structure were determined by ray tracing analysis and shielding
calculation.

 Optical system: Evaluation was completed for angle of view and resolution performance of
this structure.

« Shielding structure: Performance equaling or surpassing the analysis results was verified
through irradiation test.

« It was confirmed that there is no formation of ghost-peak.
 Basic performance was re-evaluated and specifications of alpha camera were consolidated.

» Surface roughness of the object to be measured and its contamination profile were identified
as the causes affecting the measuring performance of alpha camera and were reflected in
test items.

 Evaluation of characteristics based on surface roughness and contamination profile of the
object to be measured was performed using unsealed Am-241 radiation source.

» Function was added for synthesizing the results acquired at multiple locations.
* It was confirmed that image synthesis and 3D space mapping was possible by scanning the
alpha camera.

» Applicability was set.

 Panftilt/raising and lowering functions were identified and reflected into the device as
essential functions.

» Behavior of essential functions (pan, tilt, raising and lowering) was verified using the
examined device.
» Combination with mapping function was also confirmed.

* Basic verification was performed on contamination distribution measurement and issues
concerning measurement system were identified.

Olnternational Research Institute for Nuclear Decommissioning
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(b) Development of contamination evaluation technology for solid waste segregation
- Countermeasures for ghost-peak (1/2) -

B Purpose of implementation

To implement cause investigation for ghost-peaks identified in FY2018 and determine the structure that
can solve the problem. To perform a test to ensure that there is no formation of ghost-peak.

B Implementation details (Overview)

It was found that the lenses in optical system were not the only
cause but the internal structure of photomultiplier tube PMT

. @ ed lio e
may also cause the formation of ghost-peak. e Ghost-peak
= Study the countermeasures against PMT structure. Jhost-pea o

» = Original peak
0 1= =
= .‘ .
Z 1=/ Incidence of
3 i . i
Lens _ @ slig 2 , ultraviolet rays
LI »! Mirror - on of lio g-
PMT ause of gho S o @ Light co
PDEa % T 0 0 O
(]
Q. D
g
| =~
4 = @)
Filter ! D——f 4-{;;
Shield : £
(Side face) Measuring Shield —
visual field
(Front face)

Fig. 1 Internal structure of the device Fig. 2 Sectional diagram of PMT
I S T s
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(b) Development of contamination evaluation technology for solid waste segregation [Confidential]

- Countermeasures for ghost-peak (2/2) -

B Implementation Results

- Test was performed using PMT with gaps removed to prevent the return of light emission and it was compared with previous

results.
- Decrease in ghost-peak was noticed at the end portion using a commercially available single lens (¢ 50 mm).

Before countermeasures After countermeasures

There is gap
and light
returns partially

> | No gap
Picture showing PMT imaging area (Pictu = )

Ghost-peak _— No ghost-peak

R

e 52y

R
»

M-

nA

B o BT
e
=

Distribution when measuring Am241 (¢ 15 mm thin disc)
Fig. 1 Comparison before and after the countermeasures for ghost-peak
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(b) Development of contamination evaluation technology for solid waste segregation
- Improvement of shielding structure (1/5) -

M Purpose of implementation

To re-examine the design for shield and housing as it was noticed that shielding effect is weak in some directions in the
prototype. Also, to perform the test again for the prototype after taking countermeasures and confirm the effects.

B Implementation details (Overview)

Re-design and evaluation were carried out for the shieldable structure without obstructing the ultraviolet rays from alpha

radiation.
Lens .
Shield Mirror | pirection
(Surrounding where gamma
area) ray shielding .
- effect is poor Shield structure

sImprovement in shielding effect is possible by increasing
the size of the shield (front face).

* However, sensitivity decreases since measuring visual
field is partly missing due to the shield (shadow is
formed).

PMT

Shield (Front face)

L4

Measuring visual fieI:\ Shadow is formed
by the shield

Filter

Fig. 1 Shield structure in FY2018

N
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(b) Development of contamination evaluation technology for solid waste segregation
- Improvement of shielding structure (2/5) -

M Implementation results
* Light tracing analysis was performed to evaluate the minimum size that light rays emitted from a light source within the angle of view, pass

through. (Fig. 1 and Fig. 2)
- Study was conducted on a shielding structure that can be installed without obstructing the light rays. (Fig. 3)
+Analysis and evaluation were carried out to confirm the effects of the shielding structure. (Refer to improvement of shielding structure (3/5))
-Dependence on incidence angle was confirmed by irradiation test using Cs-137 radiation source. (Refer to improvement of shielding

structure (4/5))

Mirror

Lens

Calculate the
of opening size

area size
(¢ 108 mm)
Shield
_ _ S (Side face) \Shield (Front face)
Fig. 1 Example of light ray S Measufing visual field
analysis A
3HEH Both shielding and visual field can be balanced by extending the
distance between lens and mirror

Y. AU ] DR e | et R LI LA S
SeRedr e

Fig. 2 Light rays passage area at the lower
part of the mirror (Example)

Fig. 3 Image showing improvements and shield after improvement
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(b) Development of contamination evaluation technology for solid waste segregation
- Improvement of shielding structure (3/5)-

<Results of analysis and evaluation>

« Gamma ray sensitivity was analyzed and evaluated assuming uniform contamination of Cs-137 in the surroundings of
alpha camera.

» It was confirmed that gamma ray sensitivity can be reduced by 1/6.5 with a redesigned structure when compared to the
structure used in FY2018.

Table 1 Analysis conditions

Distance :
e Shlerlndir?(r)?und Remarks FY2018 structure
and mirror 7 —+6.5

66.4 mm No shield FY2018 design model °
74 66.4 mm Opening size The opening size is evaluated with the n 6
120 x 120 mm distance between lens and mirror being = 5.3 5.1
2 96.4 mm Opening size 126.4 mm, so that ultraviolet rays cannot p PY )
120 x 120 mm pass through. €5 e
126.4 mm Opening size % 4.0
120 x 120 mm o 4 °
5 96.4 mm Opening size Improved model. Small opening with the -
108 x 108 mm distance between lens and mirror being =
96.4 mm = 3
2]
c
©
(2]
22
3
Lens Mirror 7] 1.0
. @1 ®
PMT Al
0 After improvement
4 #1 #2 #3 #4 #5
Filter A |& { AL Analysis conditions
Shie [Measuring \Il ™., gpjeld ) ] o )
(Side face) | Visual field = (From'eface) Fig. 2 Evaluation of gamma ray sensitivity using Cs-137

Fig. 1 Alpha camera structure and points for improvement when the measuring environment is uniformly contaminated
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(b) Development of contamination evaluation technology for solid waste segregation
- Improvement of shielding structure (4/5) -

<Test Results>

*  The dependence of gamma ray noise on the incidence angle was evaluated by controlling the incidence direction of gamma rays
through rotation of alpha camera using an improved shield against Cs-137 radiation source (position fixing).

*  Amount of noise reduced to max. 1/10 in FY2018 test under 45° and 135° conditions wherein the shielding effect was low.

* Itwas confirmed that the average value too can be reduced to 1/13.7, which is the same as the analytical value (Fig. 2). It was
assumed that this was because the light produced by the lens was reduced by the filter placed between the lens and PMT.

o Sensitivity in -
Jpce 180 1350 180° = =py2018 . . _ - :[S-1/mSv/h]
e Sensitivity after - _
’ 1000 improvement [S 1/mSv/h]
¢ Angle with less
*Gray color indicates shield | gng 225° 100 135°  shielding effect
\ "N m (FY2018)
- 3 d 10 -1
T er ) - -
]
270° ;IL\ 90° ]
. e Mirror o /7 ! o
= 270 \ 90
ot ‘ ke \
band pass filter ’ ) \ \
N \
; \ S~
315° o 45¢ Average count rate[s-!]
FY2018:27.8
L 315° 45° After improvement: 2.0
Cs-137 radiation source 0
(Positioned at 0° condition.
Moved for each test) o 0°
Fig 1 Test system Fig. 2 Dependence of gamma ray noise on the incidence angle
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(b) Development of contamination evaluation technology for solid waste segregation

- Improvement of shielding structure (5/5)-
<Improvements in the prototype including the shield>
Table 1 Improvements in the prototype

_ FY2018 FY2019 improvement details

PMT Opening at the end portion of imaging area Filled the opening at the end portion of imaging area
Shield =Opening in the surroundings of mirror -Used a shield to cover the areas other than the entrance for ultraviolet rays
Distance between lens and mirror 66 mm from alpha radiation
-Distance between lens and mirror 96 mm
Cooling mechanism of PMT PMT was given a cooling structure and a Reduced the size and improved cooling performance by changing it to a
shield was installed outside it. cooling structure (radiating fin) that cools the PMT and releases heat from the
entire shield in the surroundings.
Remote control function Did not function. Added function that allows remote power ON/OFF operation.
Circuit for alpha camera Mounted Changed the profile in order to match it with the profile of the housing and
shield (function is maintained).
Optical shutter Installed at the bottom side of the mirror Located in between lens and mirror
Filter Fixed to the front face of PMT Improved the jig to integrate the filter with the lens

Environment I ; I l_l
. llluminometer
monitor~? Shutter

*1
ToF camera

Circuit

Lens (Filter
unit)

#1 ToF camera: Used in 3D mapping function. A
camera with ToF (Time of Flight) function and which
captures a normal camera image and distance data

Cooling

mechanism simultaneously.
AShieId PMT (Built inside the (Radiating fin)
shield) #2 Environment monitor: Collects temperature of
Measuring direction . . . the cooling unit, values of illuminometer and the
9 Fig. 1 Improved shield in FY2019 gamma ray intensity inside the shield
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(b) Development of contamination evaluation technology for solid waste segregation
- Verification of improved alpha camera performance (1/2) -

B Purpose of implementation

To re-evaluate the basic performance of an alpha camera with improved countermeasures for ghost-peak and shielding
structure.

B Implementation details (Overview)

* Software developed in FY2018 was modified in accordance with the changes in optical system and power ON/OFF
operation. (Fig. 1 — Fig. 3)
- Alpha radiation measurement sensitivity, angle of view, position resolution etc. were evaluated.

[ Movement, - . Alpha radiation . .
| | 1s Mlllumination| Shutter daF;a Background image | Distance data
of measurement

' ON
e ON Closed Noise Record Record
measurement measure
ment
FE

e | e TR " e
. » s

-

Closed o Display Display

L

(@) Open Actual Displays image Displays image TOSHIBA
Actual measure  OfBG T Fig. 2 Alpha camera software screen (During BG measurement)
measurement ment measurement measurement - :

x ke e - ——

L

P Ly -

L DT
BeS AL et i
TAE aesoeb

i ON Closed Actual Displays data of Displays data of - e
. | measurement - BG measurement BG measurement s+ ESU- TN IS
Result output noise ! ‘ ki
i measurement > "& e
Movement, Ty i
synthesis ON Closed = Display Display e
pLocess D e
.

Fig. 1 Alpha camera measurement flow diagram

TOSHIRA

Fig. 3 Alpha camera software screen (During actual measurement)
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(b) Development of contamination evaluation technology for solid waste segregation
- Verification of improved alpha camera performance (2/ 2) -
B Implementation results

-Issues identified in FY2018 were resolved and evaluation of the basic performance of alpha camera was completed (Table 1)
Table 1 Overview of test methods and results

Install 3 types of standard sources (10 cm square, thin plate) with
different intensities at a distance of 1 m and carry out measurement.

Sensitivity is reduced by about 20% as compared to last

{8 Sensitivity to alpha rays fiscal year based on the review of optical filter.

0.23 s/ (Bg/ cm?)

Confirmed that ideal measurement angular field: 27.2°  Refer to Fig. 1.
X 27.2° Area where sensitivity at 80% or above can be achieved is
Effective measurement angular field: ¢25.2° defined as an effective angular field.

Install Am-241 source of ®36 mm 1 m ahead and evaluate the

7 plsEtiEuEC LRI sensitivity at each position within the visual field.

- . Evaluate position resolution from measured distribution by simulating Major factor is the expansion of alpha ray-emitting region
<1 |Position resolution . +21 mm . .

Am-241 point source at the aperture. and dependence on measurement distance is less.

- Confirmed that it is inversely proportional to the

square of distance. Refer to Table 2.

-Confirmed that it can be corrected with distance data.

Carry out measurement by changing the installed position of Am-241
source between 0.5 m —3 m.

Distance property
Measure Sr/ Y-90 source (9kBq) and evaluate sensitivity to beta 0.05% of alpha ray sensitivity or less Effect is reduced by an order of magnitude as compared to

5 ey v ek e rays. FY2018 results based on the review of optical system.

Improved as compared to 3.3 s/ (mSv/ h) of the FY2018
Evaluate incidence angle dependence with irradiation facility. 2.0 s/ (mSv/ h) results.
Refer to improvements in shielding structure.

Sensitivity to gamma rays

Ideal measurement

angular field . .
(Red dashed line) Table 2 Distance property and correction results

Counting Corrected counting
rate
S‘l

Distance

Effective measurement

> 17.8
angular field
4 corners are far from the 16.4
center of the measurement
angular field, hence 15.8
sensitivity is reduced. 18.5
(Orange dotted line)
17.4

Fig. 1 Measurement results for each source position
— 2
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(b) Development of contamination evaluation technology for solid waste segregation
- Evaluation of measurement performance using unsealed source (1/5) -

W Purpose of implementation

Test was performed in FY2018 using the metallic sealed sources, thinned flat plate and thinned disc.
However, it is assumed that irregular contamination occurs on non-metals such as concrete etc. on
the site. Hence, the purpose is to conduct a test assuming contamination closer to the site and clarify
the locations for application.

B Implementation details (Overview)

Multiple types of Am-241# unsealed sources were developed and combined with sealed sources to
conduct the following tests. Further, in each test, the difference in measurement results was
guantitatively evaluated by comparing with the existing detector (ZnS survey meter etc.).

#1: Nuclide specified with JIS4329:2004 radioactive surface contamination survey meter

Table 1 Test items

Performance evaluation for measurement Measurement of unsealed source by Concrete surface painted or
of structures assuming the floor and walls  applying alpha radioactivity to concrete  not
at the site

2  Evaluation of measurement performance = Measurement by combining unsealed/  Source profile
in case of complex contamination profiles  sealed sources and changing the
surface contamination profile
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(b) Development of contamination evaluation technology for solid waste segregation
- Evaluation of measurement performance using unsealed source (2/ 5) -

B Implementation results

» Factors behind the impact on lower detection limit with respect to surface contamination density were
consolidated. (Fig. 1)

« Source profile and source surface profile were identified from these factors.

« Sources with different profiles and concentrations were created and measurement sensitivity was

evaluated.

Lower
detection
limit

Amount of alpha
rays emitted

1]

P Sensitivity

y

T1TRID

Alpha ray energy Proportional to energy in principle

Attenuation of
light

Air composition Assumed to be constant

-+ Noise Temperature

Emission by
beta rays
(CEWINEYEVS))

Air dose rate

m Implemented in FY2018
Powdery
dust

Contamination profile (Local
contamination, distributed
contamination)

Contamination characteristics

(Water contamination, surface condition,
contamination levels)

Implemented in FY2018

Fig. 1 Analysis tree for the factors influencing the lower detection limit
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(b) Development of contamination evaluation technology for solid waste segregation

- Evaluation of measurement performance using unsealed source (3/ 5) -
<Method for creating unsealed contaminants and test items>

Table 1 Test items and method of creating specimen

Contamination profile Local Put drops of Am-241 on concrete. Evaluation of sensitivity to alpha rays in

contamination Use quantity of liquid dropped and concentration (Bg/ cc) as parameters. different conditions
Distributed Change the profile by tiling solid concrete with various contamination levels.
contamination (Fig. 1, Fig. 2)

Contamination Water Put drops of Am-241 on solid concrete and create aqueous Am-241 source. Comparison of sensitivity to alpha rays

characteristic contamination Change the moisture content with or without drying. with surface roughness of each material
Surface Put drops of Am-241 on concrete (blasting process, solid, epoxy painting)
condition and on the top of flat metal plate. (Fig. 3)
Contamination Use solid concrete with varying contamination levels. Measurement of sensitivity to alpha
level rays

| Concrete specimen

' & o e o - { I

| ‘ 13 L (10em = 10em;

B 2iiss i

| '? : TYraetert 3 ': ! Scope of blasting process

: ; R L L | {5.5cm x9.5cm)

o Q n S n o o : L " il - ]
14500 ¢ 31 TAm 241w ] Blasting process of Blasting process of
40 e n e nieady oo T approx. 5 mm approx. 1 mm
)¢5 0'b a o : o
b o 00990 w0 sl -

B o o L -1 * Drops of Am-241 !

Fig. 2 Condition of tiling for

Fig. 1 Concrete source (solid) for tiling distribution measurement

Fig. 3 Appearance of each concrete
.
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(b) Development of contamination evaluation technology for solid waste segregation [ Confidential)

- Evaluation of measurement performance using unsealed source (4/5) -

<Test Results Summary>
Evaluation was performed on the effects of moisture content and surface roughness of the measured object on the sensitivity.

In future, a study will be conducted on the evaluation of alpha contamination distribution while checking the surface condition of
the measured object through the camera image.

Table 1 Test Results (Summar

Contamination
level

Local
contamination

Distributed
contamination

Water
contamination

Surface
condition

15

10

Alpha camera counting rate [s]

0
0

Fig. 1 Linearity at solid concrete source

T1TRID

Apply radioactivity of 40 to 4000 Bq (0.4 to 40Bg/ cm?) to solid concrete and carry
out measurement from a location 1 m away.

Control the amount of Am-241 source dropped onto the specimen, create source
with a size ranging from ¢ 6 mm to ¢ 12 mm and carry out measurement from a
location 1 m away.

Lay solid concrete tiling of 10 cm x 10 cm and carry out measurement from a
location 1 m away.
Compare tile laying and counting rate.

Take 20 ul of solvent containing Am-241 at approx. 400Bqg, put drops of this
solvent onto solid concrete, and perform measurement before and after drying the
solvent. Compare the sensitivity.

Apply Am-241 at 4 Bg/ cm? in the form of mesh on solid concrete, painted
concrete and blasted concrete (2 types) with different surface roughness and
carry out measurement from a location 1 m away.

Dripped amount (Bq)

Confirmed the counting rate in correspondence Refer to .Fig. 1

with concentration.

Confirmed that sensitivity tends to increase when It is assumed that emission
the size of the source is small. spreads over multiple pixels if the

size of the source is large.

Confirmed that distribution can be measured Refer to the next page.
approximately.
Confirmed that sensitivity will reduce to 44% Refer to Fig. 2.

when the cement contains moisture.

- The higher the surface roughness, the more the -It is assumed this it is because

sensitivity.

of the increase in surface volume

-Blasted concrete was found to be 6 times more and increase in the rate of

sensitive than solid concrete.

a
) 00 8
. : 2
8
e ° g
@ 3
o O =
5 0.44 ﬁ
K 2
g 0. g
y = 0.0021x + 0.8048 o
R2 = 0.9956 I
A 3
2000 4000 6000 8000 Dry state Water-containing state

Fig. 2 Comparison of presence of water in contaminated area

release into air. (Refer to Fig. 3)

03 5 mm blasting
0.3 I'mmblasting— process ®
0.25 process
' °
0.2
Z 015 | o
0.1 Solid concrete/
' painted concrete
0.05
0
0 0.5 1 1.5

Deviation of specimen surface depth [mm]

Fig. 3 Correlation of counting rate with surface roughness
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(b) Development of contamination evaluation technology for solid waste segregation
- Evaluation of measurement performance using unsealed source (5/ 5) -

<Test Results (Effects of source distribution)>

» It was confirmed that distribution can be measured roughly in accordance with source radioactivity distribution.

* It was confirmed that the counting rate tends to increase depending on the expansion of light emitting area
surrounding the pixels with high radioactivity.

Placement of source (Numbers specified in the squares represent radioactivity [Bg]) Equivalent to 1 pixel

of alpha camera

-A Sectior

Blurring due to
expansion of emission

0.7 Experiment 0.7 4 E 8 5 \: / - 8
®al value [ J q:" PY Experimental ® H o i .Experimental
— 0.6 | oTheoretical © O @ O 0.6 © — value ! - 4 | value
o, value ® G>J z 3 O Theoretical o i 6 ) ! OTheoretical [e) 6 o
o 0.5 0.5 > ) value i 2 o { value 3
3 [ B = H ® = 3 | g
S04 S ° 04 8 ® | © =2 ° S
T S OE2 a4z B 42
$ 0.3 0.3 3 S i a g ! o
£ 0 0 & £ 5 i & 2 | LS z
. . 9] [ = i ARG D
G . g g1 o %% Z1 | °1 fe 2§
0.1 ® -~ 0.1 E 8 8 § ; ® 8 ° :- .:\ .é
0o o0 0 e -8 o & o 0 8o o 058 0 3
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 n
Pixel No Pixel No. Pixel No.
' Fig. 1 Example of source placement and measured results (A section)
B e e
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(b) Development of contamination evaluation technology for solid waste segregation
- Addition of the function for mapping measurement results (1/ 2) -

B Purpose of implementation

Lower detection limit in alpha camera depends on measuring distance and environment. Hence, the purpose is to study the method
for correcting the measurement results so as to enable evaluation with same standards using measuring distance and environmental

conditions.

To develop a software by integrating the measurement results at multiple locations (creating a panorama) based on the software that
synthesizes contour diagram with camera image created in FY2018.

B Implementation Details (Overview)

1. Development of function for correction of measuring distance and environmental conditions
2. Development of software by integrating the results of measurement at multiple locations

1. Development of function for correction of measuring distance
and environmental conditions

* It was confirmed in a FY2018 test that sensitivity [S1/ Bg/ cm?] to
alpha rays is inversely proportional to the square of the distance.

+ Conduct a study on the addition of function for sensitivity estimation
and study the methods for data correction while including the deviation
in horizontal position within the angle of view.

Environmental
condition
Measurement of the
amount of noise through
BG measurement
(Implemented in
FY2018)

1 |
v

(Inversely proportional to the
square of the distance)

Fig. 1 Data correction flow
________—

T1TRID

2. Development of software by integrating the results of
measurement at multiple locations

Develop viewer software that allows a bird’s eye view of the
synthesized data and the algorithm for synthesizing the sensor
information (image, alpha dose, distance) acquired at multiple

locations.
Take pictures by moving
the camera to fit the

object since the angle of
view is limited.

Synthesis of data

at multiple
T ‘

locations
mage and alpha rays data Distance|
Data at one point

Fig. 2 lllustration of software with overlay of images

Viewer allows a bird’s
eye view confirmation of
the results beyond
angular field.
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(b) Development of contamination evaluation technology for solid waste segregation

- Addition of the function for mapping measurement results (2/ 2) -

B Implementation results

» Operation check was carried out by conducting study and test on the process flow pertaining to photographic data
synthesis process at different locations resulting from pan, tilt and raising/ lowering of trolley. (Fig. 1)

* Anti-distortion measures assumed from the characteristics of 3D distance data (acquired by TOF camera), noise and color
correction methods were implemented (Fig. 2) and test evaluation was performed.

» 3D data for the photographs of wall, floor and structures taken in different directions can be expressed with an image
quality that is close to actual vision.

depending on the lighting Photographic data included

onditio e in.the.area

Determine the average of
color and alpha camera
measurement results from the
measurement results at
multiple locations.

P I— |

3D data after processing

Fig. 1 Processing flow

Fig. 2 Sample image of smoothing process
N

S
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(b) Development of contamination evaluation technology for solid waste segregation
- Study on the site applicability (1/ 2) -
B Purpose of implementation

. To conduct characterization with respect to environmental factors based on the element test results obtained until
FY2018.

. To conduct study on alpha camera specifications (size, weight, measuring distance) and options for measurement
objects. To clearly define the site applicability to design a system most suitable to these conditions.

B Implementation details (Overview)

1. Study on the location used (operation floor or 15t and 3' floor in R/ B)
2. Study on objects to be measured

Study on the site System design

applicability
(Shield, optical system etc.)

Location used
Environmental conditions,
size, level difference etc.

Determination of specific
measurement procedure

raising/ lowering mechanism

Objects to be measured
Size, measuring distance

Fig. 1 System design flow
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(b) Development of contamination evaluation technology for solid waste segrel§eitisit!)
- Study on the site applicability (2/ 2) -

M Implementation results

« Needs investigation was conducted in connection with the measurement of surface alpha
contamination density. Need was identified by qualitatively assessing contamination distribution for
establishing work plans such as dismantling etc. rather than segregation of wastes.

« The 3" floor of Unit 1 R/ B, 15t floor of Units 2 and 3 R/ B and refueling floor of Unit 2 R/ B were
assumed as the usage sites with high likelihood of work related to debris retrieval.

« Study was conducted on the configuration of the device to be used for distribution measurement and
this information was incorporated into device specifications.

Table 1 Applicability of alpha camera

Lighting condition at measuring Dark room *Not applicable in the presence of light that contains
location (No ultraviolet rays in particular) ultraviolet rays such as those of the sun, moon etc.
-Dark room at 0.1 lux if there are no ultraviolet rays

Dose rate in measuring environment ~ Max. 50 mSv/ h Reflect the performance of the improved shield.
(Depends on low detection limit, evaluation results
of last fiscal year)

Surface By contamination density Max. 100 MBg/ cm? Reflect the performance of the improved alpha camera.
within measurement range (Depends on low detection limit, evaluation results
of last fiscal year)

Material of object to be measured Concrete (solid, painted), metal. However, Reflect the performance of the improved alpha camera.
sensitivity reduces if object to be measured
contains moisture.
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(b) Development of contamination evaluation technology for solid waste segregation

- Study on the specifications of measuring system (1/ 2) -

B Purpose of implementation

To identify the functions required for the measuring system in conformance with site applicability. To determine the
specific measurement procedure for the site based on the site applicability and decide the system specifications.

B Implementation details (Overview)

- Study of the measurement methods in consideration of the information concerning angular field of alpha camera and changes in
the characteristics depending on the measuring distance
-Evaluation of the necessary operating performance based on the studied measurement method

Specification of the target objects

Determine target Wall, large panel, etc. Eloor, ceiling (Objects Small objects that can be | ep———— - Size
object to be (Objects considered to considered to be accommodated into a -Profil
measured be perpendicular) " horizontal) part of the angular field rofiie

: such as pipes, etc. - Material etc.

- moU(]az te(;j gepgfsittri]gn\,\é\a;"the Move to a position Ym Move to a position where
Trolley movement edge of the angular field at away from the object to be the edge of the object to
i measured be measured matches with
T a distance of Xm. . the pixels

. If the object is vertically

Align with the height Direct it obliquely

Tip movement direction. downwards (Upwards). long, align the height \
! direction.
L Move to a position that Move to a position that Move to a position that

Specification of moving range
*Moving distance

does not overlap with the
previous angular field.

does not overlap with the
previous angular field. I

does not overlap with the
previous angular field.

Movement

=

Perform
measurement
from face side as
far as possible.

Measurement from
oblique direction.
Distance depends

on pixels.

Move it so that
“Pixel” and the
boundary of the

- Types of movement
(Horizontal, perpendicular,
rotation)

Alpha camera @ @
(Trolley is not

shown.)

object are aligned.

Fig. 1 Measurement procedures studied in FY2018
Excerpts from FY2017 supplementary budget “Subsidy Project of Decommissioning and Contaminated Water Management (R&D for Treatment
and Disposal of Solid Wastes (R&D for Advanced Processing and Analytical Methods))” IRID design review (G1#2) “Investigation and
develogment of alpha contamination measurement methods”
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B Implementation results

[Confidential]
(b) Development of contamination evaluation technology for solid waste segregation
- Study on the specifications of measuring system (2/ 2) -

- Study on the measurement method so that the distance with the target object to be measured becomes

constant. (Fig. 1)

*The following functions were deemed mandatory or desirable in view of the measurement of floor surface,
walls and ceiling in order to evaluate surface contamination distribution, which is the purpose of the
measurement. It was decided to go for specifications incorporating both the functions.
1)Mandatory function: Tilt (Vertical oscillation) and raising/ lowering function
2)Desirable function: Pan (Oscillation in horizontal direction) function

For floor surface measurement
Measurement by raising/ changing camera
direction so that the floor surface can be
measured in the perpendicular direction as
far as possible.

Alpha camera

For wall surface measurement
Measurement by changing the height so that
the wall surface can be measured in the
perpendicular direction.

#Direction of alpha camera is controlled by
trolley or pan.

Alpha camera

For ceiling measurement

Maintain the direction of alpha camera
upwards and measure the ceiling. Raise/
lower the camera as required.

! ! Alpha camera

Raising/
lowering
mechanism
Trolley Tro”ey TroIIey
[ | | -
(J ® @ @ @ @
Fig. 1 Measurement image of alpha camera using raising/ lowering, pan/ tilt functions
________
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(b) Development of contamination evaluation technology for solid waste segregation

- Study on mechanism specifications and control method (1/3) -

B Purpose of implementation

It is necessary to control the measuring location and direction of alpha camera through remote operation since high
radiation dose environment is expected at the site. Hence the purpose is to determine the specifications and control
method for the mechanisms such as pan/ tilt, raising/ lowering mechanisms of alpha camera (approx. 150 kg or above)

including the shield.

B Implementation details (Overview)
- Study the driving mechanism of the alpha camera to enable remote operation of pan/ tilt and raising/ lowering

mechanism.

- Study the system for sharing the data on measuring conditions (pan, tilt, height) required for mapping the measurement

results.

- Study the fall prevention measﬁar alpha camera in view of emergencies such as earthquakes etc.

|

Pan tilt mechanism
« Shooting direction

Tilt
1120°
Alpha camera

A/Control device for
transport trolley device

Alpha %%%ora
maximum
height

HPHa-Cat

///

Power supply unit for
. alpha camera

1170

Raising and
lowering

Cable length

(30m or above) | |

PC for alpha camera
operation

]

potentiometer

(Raising lowering

position detection)
Push handle

865
Alpha camera 1

PC for image synthesis
process

Outrigger

HUB  pc for transport trolley

Power supply operation

AC100V

inimum height

Tro&onsisting of

1464 electric lifter

Fig. 1 Configuration of measurement system
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(b) Development of contamination evaluation technology for solid waste segregation
- Study on mechanism specifications and control method (2/3) -

B Implementation results

<Trolley provided with pan/ tilt and raising/ lowering mechanisms>
*When measuring in the lower direction, the alpha camera was arranged in such a range, where the visual field of alpha
camera is not obstructed by the trolley and also the alpha camera is arranged in such a position that it does not fall/ tilt

while operating pan/ tilt and raising/ lowering mechanisms.

* A system that allows remote control of pan/ tilt and raising/ lowering operations was finalized. (Refer to Table 1.)

Alpha camera

/Control unit of transport
trolley equipment

Pan tilt axis Stepping motor with brakes
T| It Driving system
. Raising and lowering axis  |Motor pump driven hydraulic cylinder otor-operated lifter mounted
h
mecnhanism R
Power Supply unit for rarget angle control: JOG operation (operation while IAcceleration/ deceleration control
Pan tilt axis oressing operation button) :
alpha camera Control system Raising and lowering axis  [Target position control: JOG operation (operation while g;gsctgrr‘\trsoﬁeed operation by ON/
oressing operation button
Movement by hand pushing .
Movement mgthod Installation of outrigger when alpha camerais raised to a Safety measures during earthquake
Mobility Fall prevention igher position by raising/ lowering operation etc.
Pan With/ without cable  |With cable (ACLOOV cable and Ethernet) Ethernet can be wireless in the
mechanism current system too.
o i Operation is allowed from a remote location of 30 [m] or
Remote operation perating area above using the PC available for operation.
(Pan drive motor) ( (Tilt drive motor) (Wire type potentiometer) II Communicationsystem  |Ethernet
-— =
Pan tilt mechanism: 42 [kg]
Weight [Control device: 16 [kg] Weight of each single unit)
. f - I h - Lifter trolley: 183 [kg]
Fig. 1 Appearance of pan/ tilt mechanism {eRraT e T
Weight/ contour @il o P
Contour Raising/ lowering at the top end: m'::]h (W) without outriggeris 759
Alpha camera, outrigger included)
E—

T1TRID

Table 1 Specifications of investigation system

Classification

Item

Requirement specifications

Remarks

Accessibility

Pan tiltrange

Pan: =180[° ]

Tilt: -45-230[° ']

Operable upper tilt limitis till 90[° ] when alpha camera
s mounted. Refer to test results.)

pan: Front face O[° |
rilt: Horizontal O ]

Raising/ lowering stroke

1170 [mm]

Alpha camera height

Raising/ lowering at the lower end:
From floor surface 865 [mm]
Raising/ lowering at the top end:
From floor surface 2035 [mm]

ICamera optical axis height

Axial direction
measurement method

Pan tilt angle

Motor-mounted resolver

Raising/ lowering position

Wire type potentiometer
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(b) Development of contamination evaluation technology for solid waste segregation
- Study on mechanism specifications and control method (3/3) -

<Image synthesis test>
*The pan/ tilt and raising/ lowering operations can be carried out with the alpha camera with shield mounted.
-1t is confirmed that the measurement results (background image, distance data) for 45 conditions can be synthesized to 3
dimensional data.
Table 1 Synthesis data measuring conditions

Raising/ lowering Pan [° ] Tilt[° ] Acquired image
amount [mm] count
15

Parameters 78 mm 0,20,40,60,80 (5 -20,0,20 (3 conditions)

conditions)

493 mm 0,20,40,60,80 (5 -20,0,20 (3 conditions) 15
conditions)

883 mm 0,20,40,60,80 (5 -40,-20,0 (3 conditions) 15
conditions)

Improved alpha camera
Sy ] o) ;

3 Blue portion:

Range in

. which

| distance data
cannot be
acquired

Synthesis :

Red portion:
" process

Alpha camera
measurement
area

. Pan/tilt, raising/ 45 conditions (15 x 3) image
lowering mechanism

Fig. 1 Picture of the equipment

S
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(b) Development of contamination evaluation technology for solid waste segregation

- Fundamental verification of measurement system -

B Purpose of implementation

- To measure alpha contamination distribution and identify the issues in measuring system as a part of fundamental verification

of the examined measurement system.
B Implementation details

- Measurement was carried out by changing measuring direction (pan angle) with the standard alpha source arranged at multiple
points in the dark room to evaluate alpha contamination distribution.

B Implementation results

* Itwas confirmed that distribution can be viewed roughly.
« However, alpha contamination distribution is not displayed in case of source @ which lacked distance data. (Issue)
« Measurement could not be carried out for source @220 Bq because of the distance and low surface density. (2 Bg/ cm?).

Table 1 Am-241 source used

O | atcaoiy | potie

Source @  2.96 kBq
Source @ 9.4 kBq
Source @ 744 Bq
Source @ 220 Bq

arl
room
entrance

100mm

100 x 100mm, flat plate
®36mm, circular disc

100 x 100mm, flat plate
100 x 100mm, flat plate

"z‘ﬁ'uﬁ;‘ Dark room

102.96KBq
£ ..:g‘;mmai =
3 - :4_;220&1-

Alpha camera White board
- - White board
165mm 100mm .
) 520mm ) )
Fig. 1 Source arrangement inside dark room
B -
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Source @

(Table 1, Fig. 1)

Alpha contamination
distribution is not
displayed due to
absence of distance
data.

Source @

Fig. 2 Three-dimensional synthesis results
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(b) Development of contamination evaluation technology for solid waste segregation
- Summary (1/2) -

<Ghost-peak countermeasures verification test>

« PMT was identified as the cause for ghost-peak formation and PMT was improved. As a result, it was
confirmed that there is no ghost-peak formation.

<Improvement of prototype device>

» Shielding mechanism was designed by which shielding performance improved without blocking ultraviolet rays
from alpha rays.

» It was confirmed from improved alpha camera test that alpha contamination distribution and necessary
shielding performance can be achieved.

<Continuation of element test>

» The test was performed using unsealed source and the effects of source size, surface roughness of object to
be measured and evaluation of moisture amount were confirmed.

* It was confirmed that sensitivity changes by 0.4 to 6 times when the surface is rough, or if there is water
content.

* It is necessary to study the evaluation method for alpha contamination distribution with combined use of
camera image (Issue)

<Functional addition to software>
The function for mapping between 3D spaces by synthesizing the measurement results of multiple locations
was developed.
However, issues were identified in some objects to be measured, such as difficulty in acquisition of distance
data in a few target objects to be measured, missing display and 3 dimensional data creation taking longer
time (approx. 96 minutes are required for the synthesis of 15 images) etc. (Issue)

<Designing of measurement system>
Designing of the system that can remotely control pan, tilt, raising/ lowering functions required for on-site
measurements with alpha camera mounted, was completed.
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(b) Development of contamination evaluation technology for solid waste segregation
- Summary (2/ 2) -

<Proposal for FY2020 Implementation Plan>

@ Study on the methods for determining specific measurement procedure and measurement

results

- Study the methods for the evaluation of measurement methods and measurement results taking into
account the effects of surface roughness of the material and issues involved in mapping to 3
dimensional model, which have been identified in this fiscal year.

@ Development of investigation system for performance evaluation test and test preparations
- Carry out necessary preparations for development of required devices and required tests for
performance evaluation.

@ Performance evaluation test
- Confirm measurement performance for alpha contamination distribution by applying development
techniques in a beta and gamma nuclide contaminated environment.

@ Evaluation of development method for on-site applicability
- Evaluate the applicability of development methods based on the performance evaluation test.
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2. Project detalls

b. Establishment of the concept of treatment and disposal and

development of safety assessment techniques

(a) Establishment of techniques for selecting the preceding processing method

@ Low-temperature treatment technologies
@ Study on the approach for evaluating the applicability of treatment
technologies

(b) Presentation of disposal methods, and development of safety assessment

techniques

(D Study on disposal methods in accordance with classification of solid
wastes and collection & consolidation of information for establishing
safety assessment techniques

@ Development of techniques for assessing impact of affecting
substances, etc. on disposal
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(a) Establishment of techniques for selecting the preceding processing method

B Accomplishments till FY2018
O All the pros and cons of evaluation axes were weighed in order to assess both waste characteristics and treatment technology together
and techniques (approaches) that allow diversified evaluation of technology were proposed.
O Out of the evaluation axes that were considered in connection with low-temperature treatment technology (Cement solidification, AAM
solidification), with respect to the data on characteristics of solidifications, which was insufficient, data on solidifications that were not mixed
with waste was acquired.

®  Goals
O To acquire and evaluate data on high-temperature treatment technologies 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.

B Implementation items and overview

@ Low- i. Acquisition (i) Study on verification method of low-temperature treatment Evaluation of applicability of test methodsto be used for determining the possibility of
temperature and evaluation solidification solidification and for setting the conditions
treatment of data
technologies pertaining to (ii) Acquisition of data on characteristics of cement and AAM Preparation of simulated solidifications, measurement of each type of physical property and
low solidifications in the slurry acquisition of data on characteristics
temperature - . - . - : .
treatment (iii) Investigation of special cements Investigation of useful special cements and acquisition and testing of data concerning Na,CO,
technologies, limit value, etc.
which would
contribute
towards
identification of
technology
ii. Investigation (i) Investigation of degradation of solidifications due to heating, etc. Acquisition of data based on the study and tests concerning degradation tendency due to
related to heating, drying, etc.
degradation
of (ii) Evaluation of the correlation between inventories such as Cs, etc. Clarification of the changes in heat conditions of solidifications depending on the difference in
solidifications and the temperature of solidifications materials and different shapes of the containers
(iii) Investigation and evaluation of factors having an impact on long- Study and estimation of the application scope for calculation of thermodynamic equilibrium
term degradation
@ Study on the i. Research and investigation concerning the_impact of waste composition on the Study on the impact of solid waste composition on the performance of solidifications
approach for performance of solidifications
evaluating the
applicability of ii. Acquisition of data pertaining to facility configuration, etc. for each treatment Acquisition of data on economic efficiency and addition/updating of the technological survey
treatment technology sheet
technologies
iii. Investigation of Cs volatilization volume and its control during high-temperature Investigation of Cs volatilization and control mechanism
treatment
L LS
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(a) Establishment of techniques for selecting the preceding processing method

B Indicators to determine the implementation details and goal achievement

Implementation items Implementation details Indicators to determine goal achievement

@ Low- i (i) _Inspection
temperatur Data technique
e treatment acquisition

(ii) Data on

properties of
solidifications

(iii) Special

cements

ii. (i) Degradation
Degradatio of

n of solidifications

solidificati due to heating

ons etc.

(i)
Temperature of
solidifications

(iii) Long-term
degradation

i. Impact on the performance

@
Approach of solidifications

ii. System configuration, etc.

iii. Cs volatilization and
restraints

= !

1IRID

Study on verification method of low-temperature treatment
solidification

Identification of the scope within which various types of low-
temperature solidification are applicable

Acquisition of data on solidifications mixed in carbonate slurry

Acquisition of data on solidifications mixed in iron co-precipitation
slurry

Investigation on available special cements
Study on the scope within which the various types of low-

temperature solidification are applicable

Investigation into changes in the properties due to heating/drying
and study on the tendency of change in base metal properties

Acquisition of data from near the inflection point at which change
in properties occurs

Establishment of an analysis system and analysis concerning
cement solidifications

Implementation of thermal analysis inclusive of AAM

Trial run of the collection of thermodynamic data and calculation
of thermodynamic equilibrium

Evaluation of the applicability of calculation for thermodynamic
equilibrium

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

Consolidation of investigation results for each treatment
technology

Consolidation of knowledge concerning Cs volatilization and
control

Measurement of the effect of controlling Cs volatilization during
high-temperature treatment

Presentation of proposed screening techniques to check the possibility of solidification
Verification of techniques and identification of scope of applicability

Management of data such as performance, etc. of solidifications when mixed with
simulated carbonate slurry

Management of data such as performance, etc. of solidifications when mixed with
simulated iron co-precipitation slurry
Presentation of scope of applicability concerning solidification properties

Identification of options wherein the scope is likely to broaden and understanding of the
properties of base metal

Identification of the scope within which the various types of low-temperature
solidification are applicable

Presentation of the tendency of change in base metal performance

Presentation of the scope of applicability based on the data from near the inflection
point at which change in performance occurs

Presentation of the correlation between cement solidifications inventory and heat

Presentation of the correlation between cement solidifications inventory and heat, and
estimated achieved temperature

Presentation of estimated results pertaining to changes in (Cement) mineral phase
Presentation of the sufficiency of (AAM) thermodynamic data and applicability of
equilibrium calculation

Presentation of the applicability of thermodynamic equilibrium calculations 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 contaminated water treatment
based on Japan’s National Glass Database

Presentation of the scope within which the main secondary waste generated from
contaminated water treatment can mix with glass
Presentation of the scope of low-temperature treatment based on the data in i and ii

Presentation of data such as facility configuration, treatment parameters, etc.
Presentation of consolidated information on each technology
Presentation of consolidated knowledge concerning Cs volatilization and control

Presentation of the effect of CS volatilization controlling techniques based on the tests

e
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(a) Establishment of techniques for selecting the preceding processing method
- Implementation details and reflection destination-

Analysis items

&

i (@
il el

AFEBOWE LRI

~ 91epipued g|gedljddy

Analysis ofiwaste prope\st\ies _
(petails) _x7 ldentlflcanon of appllcab{'e candidate techno‘lemes Selection of treatment
Lt technology
[Treatment tec’hnefogy sele\ctlon process] tiohtrlbutlorytowards mtroducﬂon‘mto actual treatment equipment
] (Data on ;);(;[;(;r‘t,;;, ‘et‘c‘_ y \ﬁ' ‘[Trﬁr‘aiig]o? heat: a‘ﬁd‘ fong-term ééthd‘n%‘sé : ﬁ : fﬁrb’c‘e;;]ﬁfo‘rr’n‘a‘tb}{ [ — o -
' @ (i) Acquisition of data on properties ', | ® ii Investigatign f8|ated to de,gradatnon , 1@ S.tudy_gn the approach for evaluating
' of solidifications - - _ of solidificatipns ;o ' ' applicability :
: e . . . [ B I \m o T T T
L_.__l(l"_)_"_“_"_aft_'qeftlo_n_ ?tf“_)‘_ef'f‘_l R Tray ' [Impact of heat and long-term soundness data] !
b (Tel‘npérature -~ - - @ (i) Evaluation of correlation with :
A ! temperature of solidifications :
condition N E— L) S R s ——.
e \ ] /b) c= N\

|
slajpwesed

wswabeuew uoneiadO

® (i) Study on verification
method of solidification

Analysis of waste
properties ~ TTTTTTTTTTTTToooooooooor 1,898
(Simplified / Alternative) =]
Verification of possibility of Setting actual treatment conditions]
solidification

iTreatment technology selection process] Contribution towards operation management after introduction into treatment equipment

J
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(a) Establishment of techniques for selecting the preceding processing method

[ Confidential)

D Low-temperature treatment technology
I. Acquisition and evaluation of data pertaining to low-temperature treatment technologies, which would

contribute towards identification of technology —gz—
e

[Goals]

(i) Study on verification method of low-temperature treatment

solidification

To study techniques (Fig 1) for determining feasibility of
solidification in advance, with respect to cement solidification and
alkali activated materials (AAM) solidification, from among the
low-temperature treatment solidification technologies, along with
measuring the water absorbency, etc. of waste.

(ii) Acquisition of data on the properties of cement and AAM

solidifications in the slurry

To promote understanding of the solidification process
phenomenon and also to acquire and present data by preparing
samples (Fig 2) by mixing simulated slurries (carbonates, iron co-
precipitation) individually and analyzing their strength, eluting
property, etc.

(i) Investigation of special cements

To investigate cement based materials (Special cements) 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 Ordinary Portland Cement (OPC).

TS S
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‘ efc material, etc Study in detail

I Onderstand The (!'he_m_lcﬁl TompoSition
by means of portable x-ray I

|Add cement equilibrium water (until the water completely covers it).|

{ Cement equilibrium water (Na*, K+, Ca*, OH") !
Covered completely by
8 water (visual test)
Amount of
water

absorbed,
volume when
fully covered

’ by water
Volume, mass (bulk Volume, mass (bulk Yes
A\, specific gravity) specific gravity) /
Add waste to the cement equilibrium
water.
/ (Prepare a dilute solution.)

- Add chemical admixture, Ca(OH),.

. Isthecomputed _  no
- volume of the -
" solidifiedcement .

allowable?

+Ca(OH), + chemical
Reference addition admixture
that the cement

(water) addition N
Is high pH 9 fdoes not solidify,

maintained? efficiently or
~ does not solidify|
Yes
- atall.
H
1pH (indicator paper) measurement, i

Itis very likely

_ property (gas formation) Consider adding
‘ %}/sé;‘)lg?s‘ilgﬂig Trbidity (scattering chemical admixture.
measurement
. Lét stana Deduce the
. gcem?i;uge | solidification formula ™"
9 0‘! - ‘|_ - == ‘.‘ ______
) Measurement /\Study the preparation of!
- of bed height ~ solidified cement in :

| detail.

Figure 1 Example of cement Sofidification
screening flow

OPC M MB20 MB40

Figure 2 Example of samples
(M: Metakaolin, MB (xx): Blast furnace slag (xx)
% substituted metakaolin)



(a) Establishment of techniques for selecting the preceding processing method
@ Low-temperature treatment technology
I. Acquisition and evaluation of data pertaining to low-temperature treatment technologies, which would
contribute towards identification of technology
(i) Study on verification method of low-temperature treatment solidification
[Implementation details]

[ Confidential)

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.

* Main performance required during the treatment is fluidity and factors influencing it include physical
properties such as moisture content and form of waste, and chemical properties such as solubility,
reactivity, etc.

» The verification method for the possibility of solidification are studied so as to simplify operation
management.

* The formulated determination techniques will be reflected in the process flow, etc. created when the

approaches were studied. -
Year Implementation details
2019 Study on verification method of low-temperature treatment solidification

- Study screening techniques to determine whether or not cement solidification is possible, while focusing on water absorption
rate and solidification properties.

2020 Identification of the scope within which the various types of low-temperature solidification are applicable
- Verify the technique of evaluation through experiments pertaining to factors that impact the properties of solidifications and
identify the applicable scope.
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(a) Establishment of techniques for selecting the preceding processing method
@ Low-temperature treatment technology

[ Confidential)

I. Acquisition and evaluation of data pertaining to low-temperature treatment technologies, which would contribute

towards identification of the technology
(i) Study on verification method of low-temperature treatment solidification

[Study flow]

[Waste properties measurement method (left side of Figure 3)]

@ Consolidate the properties that have an impact on low-
temperature solidification and set the properties that need
to be measured such as bulk density, absorption rate,
chemical reactivity, etc.

@ Select material that waste is likely to contain and which is
expected to lead to differences in the properties to be
verified, as simulated material to be used in the trial run of
the test methods.

@ Conduct a test trial, wherein individual properties set in M
are inspected in a small container, using information from
other domains such as agriculture, soil, etc. as well.

@ Study the flow by combining test methods for the various
properties mentioned above.

[Method of simplified measurement of properties of waste
during solidification treatment (right side of Figure 3)]

® In addition, study the methods for understanding fluidity
and compressive strength in a much simpler manner
through external measurements such as that of turbidity,
ultrasonic propagation, etc.

T1TRID

Waste properties
measurement method

Consolidation of
impacting properties and

measurement methods O Fluidity
Experiment pertaining to
creation of models for
understanding
. . dispersibilit
Selection of simulated P Y
material with different

properties

O Compressive strength
Tests with small
samples, trial run of
measurement method
that uses ultrasonic
propagation velocity,

etc.

primary screening flow Preparation of proposed
secondary screening flow

Trial measurement of
individual properties

Selection of
measurement
method

Preparation of proposed [

Indication of the
possibility of
solidification and
provision of a
technique that can
be verified

(=S

Fig. 3 Study items for test methods
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[ Confidential)

[Study results]
- Selection of simulated material with different properties-

» A combination of properties affecting solidification and physical properties having an impact
on solidification based on the investigation and findings till now, were studied. (Table 1)

Table 1 Correlation between properties of waste and properties of solidifications influencing the
possibility of low-temperature solidification treatment

Properties of solidifications to be considered Properties of waste
Properties at the time of liquid (Kneading water, etc.) addition
bl e Properties Form/size P?rt'Fle s.lze Density Bulk density |Moisture content] Chem'.cél Radiation dose
processes distribution composition
Water TR 3 ; q . o
TGy Expansibility | Heat genera tion | Gas generaf tion | Dispersibility Solubility pH
0 0 © ] 0] 0 0
iy © © ) ©) o) ©) - ©) ©) © ©) ©) © ©)
[Treatment proc:
© 1l 0o 0 Al O © | 0
Work safety O © @ @
Strength of solidifications @ @ O @ @ © @ © @ ©
Dimensional stability O O @ @ @ O ©
[After solidification
(Solids)
Degradation after solidification O @ @ @ O O O O
Nuclide fixation @ @ @
Properties that have a major adverse impact on the v Indirect
feasibility of treatment process and performance of the) evaluation / / / /
solidifications using other
properties

** (Legend) Extent of impact: (Major), (Medium), (Minor), (None), Blank (Impact unknown)

Select 12 types of simulated material (Silica sand, barium sulfate, etc.) wherein it is
assumed that the properties affecting low-temperature solidification (Cement, AMM) are
different, while keeping in mind the waste generated at Fukushima Daiichi Nuclear
Power Station.
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[ Confidential)

[ Study results]
- Examples showing trial measurement of individual properties -

O Water absorbency O Dispersibility

Volume of montmorillonite Status after 10 minutes since Calcium carbonate Fine powder o silica after

(89) is approx. 10cc its addition to 40g pure water (heavy) after 180 minutes 180 minutes
Fig 4 Confirmatory results for absorbency Fig 5 Confirmatory results for solvent based dispersibility

(Expansibility) (Montmorillonite) (Bulk density)

> Stypes of powders namely calcium carbonate > Different solvents are added and stirred and the solution is
(light, heavy), silica powder, silica sand and let to stand for 180 minutes.
montmorillonite are mixed at a liquid to solid Left side: Pure water; Right side: Saturated Ca(OH), with
ratio 5 for 2 minutes. simulated cement kneading water

» Only montmorillonite absorbs water and » ltis confirmed from the uniformly dispersed condition that
expands inside the entire centrifuge tube. (Fig 4) the extent of dispersion varies depending on the

= As kneading water reduces, waste expands as differences in material and solvent.
well. » Calcium carbonate shows the same behavior in both,

= Even if cement solidification treatment is carried water and Ca(OH), solution, whereas silica stone
out, it is highly likely that filling rate is continues to disperse in pure water rather than Ca(OH),

= Such changes in behavior due to the combination of solid

considerably low.
powder and solvent affect the success/failure and

Cement solidification can be determined to be regulation of conditions during solidification of waste.
inappropriate.
— e e
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[ Confidential)

[ Study results]
- Study of the proposed screening flow (1/2)-

* Atest method (proposed) consisting of primary screening, which is the method of measuring waste properties by
combining the measurements of individual properties (Step 1 to 5) (Table 2), and secondary screening involving
the method of simplified measurement of properties during solidification treatment (Step 6 to 7) ) (Table 3), was
established.

« From amongst the investigated test methods, 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 the solidifications, using a small container (50mL small centrifuge tube).

Table 2 Primary screening (proposed)

Step Goal Operation Tools used Criteria to move on to the next Step
(Property evaluated)

4
(Only cement)

Form, bulk density

Absorbency, expansibility,
impact of addition of kneading
water (heat generation, gas
generation)

Dispersibility and particle size
distribution in kneading water

Impact of adding cement
suspension  type  simulated
solution (heat generation, gas
generation)

pH confirmation

Put certain amount of sample in a centrifuge tube and after visually
inspecting the form and size, tap 20 times and calculate bulk density.

Add droplets of simulated kneading water in the centrifuge tube used in
Step 1 and check for the amount of water absorbed, volume change
and gas generation. Check for generation of heat using radiation
thermometer.

Add simulated kneading water till the upper part of the centrifuge tube,
in which Step 2 was performed, and shake it. Thereafter visually
confirm the sedimentation status of the sample. (Method using turbidity
meter may also be considered.)

Add calcium hydroxide in the centrifuge tube in which Step 3 was
performed and check for gas generation. Check for generation of heat
using radiation thermometer.

Perform centrifugal separation for the cement using centrifuge tube
after the operation in Step 4 and perform centrifugal separation for
AAM using centrifuge tube after the operation in Step 3, and measure
the pH of the supernatant. (It is simple to perform visual test by pouring
BTB solution drop by drop.)

Electronic balance
Centrifuge tube

Pipette
Radiation
thermometer

Shaker
(Turbidity meter)

Radiation
thermometer

pH test paper, etc.
BTB solution

Reference value not known

There shouldn’t be significant expansion, excess

gas generation and heat generation.

Reference value not known

There shouldn’t be excess gas generation and heat
generation.

Should exhibit alkalinity.

Confirm from the operation till Step 5 that the waste does not bring about any phenomena (significant expansion, gas formation, heat generation) detrimental to the feasibility (applicability) of treatment

process.
E—
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[ Confidential)

[ Study results]
- Study of the proposed screening flow (2/2)-

» Fluidity and compression strength are evaluated in a simplified manner in secondary screening (Table 3) but
study will be conducted to identify a method for screening on as small a scale (small quantities) as possible,
since radioactive waste is used.

Compressive strength

- With respect to the strength of a small specimen of approx. 2cm

square (1 inch cube), linearity is the same as ®5 x 10 and it will be

helpful in evaluating the strength easily.

Required amount

16
16
- [ cement : “ [ aam of sample
£ y=1148x F E = 1,08 31 + 01807 .
= _ F=1 . J x . il
= wegoed ¥ su 0838 —e $5x10:200mL Form-work made of silicon
o L : .
5y " o e ® 2X2X3:12mL  rubber with inner dimension
S8t * yeme 28 . of 2cm square
=5 £, +s il ¥ -
358 a®l EE® o
&< o e T3 okr me  SEB.L g | .
55 . 3 e 95 @ -x=xige A proposal for secondary screening was made
z 5 %10, B il H H A
o =, I A after confirming that both fluidity and
o 2 4 ] & 1o 1z 1a 18 o 2 a [ 8 10 1z 14 16 H H
 verage compressiee Average compressive  nnr, compressive strength can be evaluated with
strengtn or ¢ specimen stre of ¢5X10 specimen ,
Fig 6 Correlation between ©5X10 and 7 days compressive about several dozen mL.
strength of a small specimen
Table 3 Secondary screening (proposed)
Step Objective Operation Tools used Criteria to move on to the next
(Property evaluated) Step
Fluidity at the time Knead the sample on a small scale (using a hand mixer, Hand mixer, etc. Should satisfy the target flow.
solidification treatment etc.) and evaluate the fluidity during solidification Small flow cone
treatment by conducting a small scale flow test. (Perform
the test by changing the composition.)
7 Solid strength and improper Knead the sample on a small scale (hand mixer, etc.), Small form-work Should satisfy the target strength.
condensation (working life) after place it in a small form-work and cure it; thereafter Strength tester
solidification treatment evaluate the strength for short term i.e., 7 days, etc.
Further, evaluate coagulation defects.
.

T1TRID
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[ Study results]
- Study on the technique for predicting fluidity and compressive strength (2/2) -

Trial screening was performed by means of the proposed test method
using several materials.
Table 4 Example of primary screening verification

using simulated carbonate slurry (Dried and ground

[ Confidential)

Table 5 Primary screening verification results for

generation

(heat generation, gas
formation, etc.)

Step | 1 | 2 | 3 | 4 5
Impact of cement
Property Expansibility, absorbency, Dispersibility, particle uspension type
Form, size, bulk density heat generation, gas . . simulated solution pH
evaluated size distribution

Step

1

5
4

3~5 |

6

Property evaluated

Form, size and bulk density

Expansibility, absorbency, heat generation,
gas formation

Fluidity
Working life (condensation)

T

Operation status

L

Operation status

«— Quick-setting

Without any
liquid passing
through

loperation, etc.

ladded drop by drop 10.7cc

60 minutes after
completion of shaking

simulated solution.

= 10mi Adding drops
— After tapping of pure water
20 times
[Sample 8g [Amount of pure water Prepare cement ?:net:isftzzllr;(ges:ition
Conditions, [Sample 8g IAmount of pure water 2dded (Total) 40cc suspension and add  Jadd BTB to the

supernatant drop by
drop.

(Operation conditions,
etc.

Sample 8g

Sample 8g
JAmount of AAM kneading water added drop
by drop 5.7cc

Composition: Filling rate 40wt%

Determination

Form: Powder-like
Bulk density 0.8g/cc

o expansion

o heat generation

o gas generation
mount of pure water
hdded: 0.54cc/g

o heat generation
0 gas generation

Plkalinity (Reference)
bH=10.8

Determination

Form: powder-like
Bulk density: 0.8g/cc

Right after dripping, wet portion undergoes
quick setting and expands. Severe heat
generation (approx. 60°C). No gas
generation.

Since the wet portion underwent quick setting right

after dripping of kneading water, kneading was not

possible. Severe heat generation (approx. 50°C). No
gas generation.

Whether or not
0 move on to the}
next step

o

(e]

Whether or not to
move on to the next

step

X

(Quick setting and severe heat generation)

X

(Quick setting and severe heat generation)

4

Study based on secondary screening

¥

Determined as inappropriate

Certain decision can be taken regarding the applicability of cement
solidification and AAM solidification.

In addition, study on estimating fluidity and compressive strength, which are the measurement items in
secondary screening, was conducted along side as well, using the information obtained from primary
screening.

T1TRID
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[Confidential]
(a) Establishment of techniques for selecting the preceding processing method
@ Low-temperature treatment technology
I. Collection and evaluation of data on low-temperature treatment technology to contribute to the
identification of technology
(i) Study on the verification method for low-temperature treatment solidification
[Summary/ Plan for the following year]

» Summary to date

» The physical properties that have impact on the feasibility of treatment were
organized and simulated wastes with those properties were selected.

« Trial methods were performed using 50mL container for the evaluation of physical
properties and proposal for screening methods was formulated by combining these
methods.

« Trial screening was conducted using simulated wastes to confirm the possibility of a
decision.

» Plan for the following year

« The validity and usability of screening flow (proposed) will be verified by using simulated
dry iron coprecipitation slurry and new simulated waste materials.

« Based on the information obtained from the screening flow (planned), estimation methods
for fluidity and strength will be studied. (Study on the information that would be an
alternative to density information, review and study free water quantity calculation
methods, etc.)

 Trials for quantification of data will be conducted.
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(a) Establishment of techniques for selecting the preceding processing method [ Confidential)
@ Low-temperature treatment technology
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 solidifications for the slurry
[Goals]

Prepare specimens by mixing two types of simulated slurries (carbonate, iron coprecipitation) individually to analyze the
strength, eluting property etc., and promote deep understanding of solidification phenomenon as well as acquire and present
the data.

« The simulated slurry to be used will be prepared using two slurries, carbonate slurry and iron coprecipitation slurry,
adjusted assuming dehydration treatment during storage.
+ Conduct tests in FY2019, by mixing the carbonate slurry, and in FY2020, by mixing iron coprecipitation slurry and collect

the data.
<

* Incorporate the collected data in the study on the applicability of OPC and AAM (approach study).
= Evaluation axis: Solidification performance (leaching rate, hydrogen generation etc.), operability (water content in the
waste, process) etc.
*Based on the results in FY2018, the plan is to conduct a study on the composition that reduces the fluidity of AAM and redu
ces the water content.

FY Implementation details

2019 Collection of data on properties of cement and AAM solidifications for the slurry
- Collect data on each type of properties pertaining to simulated solidifications mixed with carbonate slurry.

2020 Collection of data on properties of cement and AAM solidifications for the slurry
- Collect data on each type of properties pertaining to simulated solidifications mixed with iron
coprecipitation slurry and conduct a study on the applicability of OPC and AAM based on the data collected.

I=RID . glnternationa ResearcH Institute !or Nuclear Decommissioning 87



(a) Establishment of techniques for selecting the preceding processing method [Confidential]
@ Low-temperature treatment technology
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 solidifications for the slurry
[Tests to be conducted]

/Simulated slurry evaluation\ [ Preparation conditions for solidifications and hardening \

* Adjust the composition to prepare
the specimens and conduct tests
for fluidity and condensation

properties

\—

Elution properties

/ Gamma radiation properties \

and eluted in water. Plan for balanced elution ) Evglua}n]?n of gamma radlqtlonhpropertles.
using powder and non-balanced elution using Acquire information concerning the measurement

solidifications. of amount of hydrogen and evaluation of alteration
: of solidifications.

* Measure the components that are immersed
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(a) Establishment of techniques for selecting the preceding processing method [ Confidential]
(D Low-temperature treatment technology
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 solidifications for the slurry
[Test items and parameters]

Hydrogen
Selection of | Funnel or | Viscosity |Vicat needle| Strength Liquid phase| gas Particle size
Parameters composition| flow test test test test M I P XRD TG/DTA EPMA SEM/EDS analysis NMR measureme XRF distribution
nt
Simulated slurry — Jearmonate sturry ) [ [ ] [ J
evaluation Iron coprecipitation slurry [ [ [ ) [ ]
Study of conditions for M ®
preparation of MB20 [ J z
solidifications MB40 [ ]
OPC| @
M [ J [ J
T
3 Fluidity MB20 L L)
8 MB40 ° °
® 0PC [ ] [ ]
E I o
L 320 o
B Solidification time MB40 °
0PC [ ]
Curing period (Days)
3 [ ] [ J
1 (] (]
Compressive 28 () [ ]
strength 91 ° °
Long material age 1 ™Y ®
Long material age 2 o °
e Liquid-solid ratio: 5 levels
3| | 000 [ oy 24
3 10 ° ° °
= Balanced 100 [ ] o [ ] [ ]
4 .
Q ;‘_, solubility 500 () [ ] [ ]
8|3 1000 o | o © | o
% 3 2000 ° ] L
E B3 Immersion period (Weeks)
o 3 e
2| =< Non-balanced 1 [ ] [ ] [ J [ ] [ J
on-balance
solubility o L o o ®
13 [ [ ] [ ] [ ] [
Ray intensity
Integrated dose 1 () [ ) [ ) [ ]
Gamma radiation
property (Hydrogen] ntegrated dose 2 [ ] [ ] [ ) [ ]
generation etc.) |integrated dose 3 [ ) [ [ ) [ )

*Each type of test for hardening and solidification properties is performed in accordance with representative mix determined through mix selection.

E_— q
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[ Confidential]

[Study Results]
- Production of simulated wastes (Carbonate slurry) -

+ Compounding condition (Table 1) for the simulated dehydrated slurry (320 kg) used in the test was the
same as filter press test.

» Slurry compressed by filter press, which was to be used at Fukushima Daiichi Nuclear Power Station
was used (Fig. 1) while taking into consideration the storage conditions of actual waste.

Table 11 Compounding condition of carbonate slurry (Per 1m®)

A ddive Useful knowledge obtained
Name amount (kg) Remarks through tests
A Sodium chloride 28.5 Seawater component
B Magnesium chloride hexahydrate 180 Seawater component
C Calcium chloride dehydration product 79.5 Seawater component
D Magnesium sulphate heptahydrate 6.82 Seawater component
E Sodium carbonate 152
F |48% Sodium hydroxide 130 S‘j‘i‘;d so that slurry is maintained at Foaming occurred while

washing when the filter cloth
for the dehydration treatment
was replaced.

It is likely to happen even

= when it is implemented on
actual equipment.

P

\~ ' X\ /s \
\ Y &
M-mv' ——_
EARRL ASUETNT
- S )

Fig. 1 Slurry before compression (Left) and slurry after compression (Right)

—
TRID

¥

Perform forecasting test using
washing waste water in order
to confirm that there is no
obvious impact on
solidification.
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[Study results ] [Confidential]
- Study on mixing methods for simulated wastes -

Properties of dehydration products
It is like papier maché which gets deformed when
pressed firmly by hand, and has no fluidity. (Fig. 2)
= When kneaded as is, it is not homogenized. (Fig. 3)
Water/ solid ratio in the dehydration product is approx.
0.47. :
= Extra water needs to be added in order to mix it in the Fig. 2 Appearance of Fig. 3 Dehydration product when
dehydrated state and it is likely to produce excess water. dehydration product kneaded as is

Mixing method for simulated wastes

Since the purpose of this research is to obtain fundamental data, such as properties during solidification and reaction
between solidified materials and waste and so on, which could form an evaluation axis between treatment
technologies, slurry particles and solidified particles were mixed uniformly for the test in order to be able to obtain data
on properties.

After drying (105°C, 24h) (Fig. 4)
Pulverized, and pulverized and sieved product
(Fig. 5) is mixed with the powder of solidified
material in advance.

Fig. 4 Drying in progress Fig. 5 Pulverized and sieved product after drying

As a result of the study, homogenous solidified sample was produced by mixing the dehydration product with
dry powder in order to secure fluidity that will enable kneading without producing excess water.

E_— q
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[Study Resu":s] [ Confidential]
- Newly identified issues in actual implementation
based on the study on mixing methods -

It is necessary to establish a policy at the earliest in connection with the
implementation of low-temperature treatment for dehydrated slurry since
treatment process/ facilities, waste filling quantity, etc. are likely to vary
considerably depending on the decision on whether to go for homogeneous
solidifications or filled solidifications.

If filled solidifications are used and if the solid needs a certain strength, it is
necessary to separately confirm the strength by using the strength of the
compressed material itself and filled quantity as parameters.

In case of homogeneous solidifications, a study on appropriate pre-treatment
methods such as re-fluidization of slurry after compression and so on must be
conducted.

Depending on the storage status of compressed substances, it is expected that
drying and compaction of compressed substances will take place due to drying
by contained radioactive decay heat and compression by laminated layers.
Hence the above study that takes this into account, is necessary.
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[Study Results] [Confidential]
- Solidified cement preparation conditions:
Test method and criteria for the evaluation of composition adjustment -

« Criteria for determining the composition are set as follows.

Test method  J14 Funnel flow time Initial setting time Compressive
(JSCE-F-514 (JISR 5201 strength
Test method for fluidity Physical testing (JIS R 5201 ®5x10cm
of filled mortar) methods for cement Physical testing 20°C Sealed
methods for curing
cement)
Criteria J14 funnel flow time Hardening took place without 1.47 N/mm?or above
=200 SEETeE quick setting and without (Material age 28 days)

bleeding within 24 hours

Wastes

Filling rate (wt%)= _ . x 100
J ( ) Base material powder + Base material liquid + Waste

. Dried and crushed
Filling rate 30wt% Water Cement carbonate
Whter/solid ratio 45wt% (Water-cement ratio wt80po 31wt% 39wW1t% 30Wt%
Filling rate 50wt% Water Cement Dried and crushed carbonate
Water/solid ratio 45wt% (Water-cement ratio 164w{9 31wt% 19wW1t% 50wt%

*When water/solid ratio is constant, the ratio of cement and AAM powder reduces as the filling rate increases.
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[StUdy ReSUItS] [Confidential]
- Solidified cement preparation conditions (1/ 2) -

If simulated waste is filled into the solidified cement composition (water-cement ratio=45%) that was studied
in the FY2018 project, there will be a considerable decrease in fluidity and a kneaded product without fluidity
or without kneadability may be obtained. Hence, the properties data on fluidity, next day-hardenability
(including the presence of bleeding) and compressive strength was obtained by using a composition with
increased W/C and changing the filling rate of the simulated waste, to identify a composition that meets the
established criteria.

Composition studied Fluidity
45 . - :
WI/C was set at 3 levels (100, 150, 200wt%) and . o cwcas Fill g I the relationship
each physical property was acquired by changing o between water/solid
the filling rate of the simulated waste. 35 | ratio and flow time is
30 | ‘% organized in connection
E > with the level at which
Table 2 Composition studied 3 25 o o fluidity that makes
" Fling rate of g, ) - g 520 funnel test possible is
emarks 3 < . .
o s Ton o [en e | as | 75 || 5 38! - [ obtained, the flow time
Y210t ’Ef”f:g:z:;g :j::f:gg:gg Increases as water/solid
100 _ b b b b _ hd _ _ 05 Filling rate 35 Filling rate 4.0 ratIO deCreaseS
5 |- -|e®e|-|e| e|e|l-|e 00 Oflngardd  @flngrr 0 + All compositions that
20 |- -|@®@|-|@o|@|@|@| @ 10 60 110 160  made funnel test
5 | e [FY2018 N Water/ solid ratio (%) possible were within the
- - - - - - - — |composition . .
F—Ji'\'n?‘g,em | rey alzgsllﬂsrlggl properties Fig. 6 Relation between water/solid scope of criteria.

ratio and flow time

*Water/solid ratio = Water weight / (Cement weight + Dry weight of
the waste)

Strength expression is extremely ented
low and the composition may not
solidify. Hence, not implemented.

E_—
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[StUdy ReSUItS] [Confidential]
- Solidified cement preparation conditions (2/ 2) -

Compressive strength

+ Strength decreases 45 10
significantly if simulated 40 ® <W/C=45 :Filing rate O 9 r
waste is filled. &g 35 |} GE‘ 8 _

* Strength decreases as E 30 | Decrease in strength E 7t I?I(I:'reasetm
water/solid ratio increases. = S 6 + ling rate

« Strength decreases as the 25 r . 5 F
filling rate increases. z 20 r 2 4 |

* Itis assumed that decrease “a’% 15 _ %g 3 t
in the amount of cementin  § 10 | . Expapsion g g 5 | 1.47N/mm2
unit volume is the cause for T% T s L o*"® é T TNy TN
decrease in strength as the g 0 ° 0%, ° o ST

filling rate increases. 10 5 770 160 10 60 110 160

Water/ solid ratio (9% ) Water/ solid ratio_ _ (94)

(@] Filling rate 15 @ Filling rate 20 Filling rate 25 E:::::g :Ziz ;g - E::::Eg :Z:: :238
1 ® Filingrate 30 @ Filingrate 35 Fillingrate 40 il ' -
Condensation eFiingrate 45 @ Filingrate 5() @ Fillngrate () . E,:L:;Z;ig . E:::::g e é’g

+ Bleeding occurred on the
next day in the case of
composition with W/C=150
and 200 and filling rate at

. .Znoﬁm} compositions, The composition “W/C=100, waste filling rate 30wt%"” was

bleeding did notoccuron  gelected from among the compositions that met the criteria taking

the next day and the . . . . . .
surface har’éened_ into consideration the fluctuations in each physical property.

B ‘*
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[StUdy RESUltS] [Confidential]
- Hardening time, compressive strength -

300 I 60 10
WStart B End 1 M Solids containing carbonate & Solids containing carbonate
240 | 50 slurry slurry
8
| w Only OPC w
4 : T 40 T
2 180 E E ¢
E I 2 2
g ! = 30 =
S
= : E e 4
| 2 % 20 2 %
60 | 22 22,
I §"10 | M- -1 ¢ e=? 8’
| - |-
0 e -
0 0.2 05 ony opc o - g o - '- . o
. . Te=3----- T 28 3 7 28
Quantity of retarding (%) ) ]
agent added Material age  [day(s)] Material age  [day(s)]
The start and end of the solidified cement Strength of solidified cement containing carbonate slurry
containing carbonate slurry (30 wt%) is shows a significant decrease in strength when compared
faster than that of OPC alone, but the start to OPC base material only.
and end times can be adjusted by the Strength for material age of 7 days and 28 days is almost
combined usage of a retarding agent. the same and there is no increase in strength.

Retarding agent: Frolic T (Super retarding agent for concrete)
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[Study Results]
- XRD, TG/ DTA -

Qualitative analysis of minerals

——— OPC solidifications

10

C P:Portlandite (Ca (OH)2)
C:Calcite (CaCO3)
B:Brucite (Mg (OH)2)

-10

TG[%]

-30

nB H:Halite (NaCl)
N N:Northupite (MgNa3 (CO3)2Cl) -20
i B
N B ¢ _CC~ B

10 15 20 25 30 35 40 45 50 55 60

20[°]

Dried carbonate slurry

Solidified cement containing carbonate slurry

-40

[ Confidential)

TG/ DTA
30
Solidified cement containing 20
carbonate slurry 10

——TG(%) ——DTA(nV) -70
-80
200 400 600 800 1000
Temp[°C]

Rate of decrease in mass of solidified cement containing
carbonate slurry at 50 -100°C is approx. 32%.

The OPC solidifications and minerals constituting
the carbonate slurry were observed in the
solidified cement containing carbonate slurry.

E—
TRID

10

-10

TG[%]

-20

-30

-40

Dried carbonate slurry 30

Ca(OH),Decomposition 0

Mg(OH).Decomposition  \caco.Decomposition,

——TG(%) ——DTA(uV) -70
-80
200 400 600 800 1000
Temp[°C]
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[Study Results]
- Preparation conditions for AAM solidifications (Basic conditions of composition) -

[ Confidential)

*  Study on the adjustment of AAM composition with a view to identifying a typical composition that meets the evaluation
criteria of fluidity, condensation performance, and compressive strength, which are the basic properties of solidifications.

+  Specifically, fluidity, condensation performance and compressive strength were evaluated by changing the “Design index
(water/ total powder ratio, base material Na/ Si molar ratio) to design the composition of AAM base material
solidifications” and the “Waste filling rate” which were identified in the FY2018 project.

M :
Metakaolin

BFS:

Blast furnace slag fine powder

Solid = Base material powder + waste solid phase

MK/ Base BFS/ Base Si/ Al molar . .
. . o Waste . : Na/ Si molar ratio
material material ratio in base - Water/ solid ratio . :
Types : filling rate in base material
powder powder material [Wi%)] [wit%] (mol/ mol]
[Wt%] [Wt%] [mol/ mol] g
M 100 0 1.8 0 150 0.84
MB20 80 20 1.8 0 110 0.50
MB40 60 40 1.8 0 100 0.63
M 100 0 1.8 30 Verification of Verification of
MB20 80 20 18 40 _composmon - pomp05|t|on _
50 impact by making | impact by making
MB40 60 40 18 changes changes

FY2018

FY2019

M: Metakaolin only, MB20: 20wt% of metakaolin replaced with blast furnace slag, MB40: 40wt% of metakaolin replaced with blast furnace slag

—
TRID
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Leg

[Study Results]

[ Confidential)

- Preparation conditions for AAM solidifications:
Changes due to the composition of properties of solidifications -

end:

@ v

A MB20

€ VB4

Fluidity Compressive strength

{sec)

J14 funnel flow time

 Filling rate 50wt% j
9 g °
8 b Filling
7 rate
B 30wt%
5 L + " 0
Al A
2 |
1L Filling rate
0o L—— 40wt%

40 50 bu ru oy = rud

Water/ solid ratio (wt%)

Increase in filling rate (Water/ solid
ratio constant) = Increase in fluidity
Increase in water/solid ratio (Filling
rate constant) = Increase in fluidity

700

= 600
E 500

Start time

400

300
200
100

0

Filling ® M
rate
30wWt% ®
MB system ®
- &
I *
0] 0.5 1 1.5
Na/ Si ratio . (mol/mol)

Changes occurring due to base
material Na/ Si molar ratio which
may vary depending on powder

type (trends same as base material,

impact of filling rate is minor)
Increase in water/solid ratio =
Delayed setting

Compressive strength (MPa)

16 -
Filling
" rate
2" 30wt%
o Filling °
rate
50wt%
6
4 A©
2 Coy 9 Filling
0 — rate
40 50 080 ' A0wt%

Water/ solid ratio (wt%o)

Increase in filling rate, water/solid
ratio= Decrease in strength
Blast furnace slag replacement:
Decrease in Na/ Si molar ratio =
Decrease in strength

(AAM composition properties)
If water/solid ratio is increased, fluidity is secured but strength deteriorates.
If filling rate increases (when water/solid ratio is constant), fluidity increases, but strength deteriorates.
»  Condensation performance is strongly influenced by Na/Si molar ratio. The effect is reversed depending on the inclusion of

>
>

slag.

= Since the changing trend based on the composition varies for each property, it is important to identify the composition that
fulfills each property requirement.
—

TRID
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[ Confidential)

[Study Results]
- Preparation conditions for AAM solidifications: Selection of composition that meets the evaluation

criteria -
i 40 -
Ct(r)n:\prtﬁsfs?/?h B - Out of the compositions
35 .

> rET; J 't'on thet o] that meet the evaluation
composttion tha £ L0 | criteria, the following
meets the S E 25 ‘ Metakaolin only L. | d
evaluation criteria of 7 Ew A Bist iumace slag 20% composition was selecte
ler q 22 15 Strength replacement taking into consideration
clcj)lnéltgnasr;tion *é;v w0l el Blast funace slag 40% the fluctuations in each

5 replacement hysical propert

8 Bl phy property.
performance L O o

0 20 40 60

Filling rate

(wt%)
Fig. 8 Filling rate and compressive strength for dry carbonate slurry

Waste filing | Water/solid | N Simolar 4 50/ 6innel Setting ADCEYS
. ratio in the : Compressive
Type rate ratio base material U AUILE strength
0 0 Start [min After 24h

sl s [mol/ mol] 12 [min] [N/ mm?2]
M 30 92 1.2 3.6 470 End 5.3
MB20 30 86 0.7 2.8 430 End 8.3
MB40 30 80 0.8 3.0 460 End 7.0

Like cement, composition “Waste filling rate 30wt%” was selected for AAM as well.
ﬁ -%
100




[Study Results]

[ Confidential)

- Data acquisition: Hardening properties -

OHardening (Changes in viscosity)

Olrradiation test (During hardening)

0.10
10000 , 0.00 G value: Number of
[ ' molecules produced
8000 / 0.08 per 100ev of energy
@ / s 007 absorbed by the matter
& |
E 6000 - f 8 0.06 =
2z / S o005
g 4000 / g 0.04 o ® M (During hardening)
> j ® OPC (During hardenin
2000 A— , 003 oo, OPC (During 9)
_.~~Filing rate0% |\1840) 2 0.02 MB20(During hardening)
e ————— —=Filling rate 3(y% >
& | 30% ) o 0.01 ¢ MB40(During hardening)
0 200 400 600 400 .
Time (min) 70 75

Integrated dose '(kGy)

Fig. 9 Effects of viscosity during AAM solid hardening
Fig. 10 G value during hardening

and waste filling rate

« Gamma rays were irradiated on the paste
immediately after kneading to investigate
hydrogen generation behaviors while hardening
was in progress.

When 30wt% of slurry is included

- Viscosity at initial stage is of same value.

- Viscosity tends to start increasing earlier.

- Change in the gradient for viscosity increase is slow (graphical

form of time variation). * G value during hardening was bigger in the order

of M<OPC<MB20<MB40.

Efforts are being continued towards cutting of
solidifications and analysis of internal bubble
condition.

In addition, collection of data such as elution test, irradiation test (simulated solidifications) etc. also continues.

B ‘*
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[StUdy RGSUltS] [Confidential]
- Data acquisition: Gamma radiation properties -

Table 3 Irradiation conditions 035
Gamma radiation test for solid base |camma radiation test for solidifications 030
Test contents material (FY2018 project) containing simulated slurry (This project) I
Test sit Takasaki Advanced Radiation Research Institute, the National Institutes for Quantum and 0.2%
estsie Radiological Science and Technology
Z o
OPC, M, MB20, MB40 _OPC,M g .
. . (Contains simulated carbonate slurry =1 o
Specimen (Base material only) S OPC base materia
oo 30wt%) s & o o
Curing time: 28 days Curing time: 28 d & 015 only
uring time: ays = B u & Simulated solid
- " - . - - - - OPC
Irradiation conditions|  Fixed irradiation (Fix the irradiation container towards radiation source) S o - 0 = )
g 9] 0 D L\’/Inlt;ase material
Radiation source Co-60 O u‘:t., . - 'simulated solid M
Dose rate Approx. 1.8 -5 kGy/ h ) <&
0.00
Integrated dose 3 kGy, 10 kGy, 30 kGy 0 5 10 15 20 25 30
(Plan) ' ' «Integrated dose kGy)

Fig. 12 G value of hydrogen gas with respect to integrated dose
When G value of hydrogen gas in solidifications
containing carbonate slurry was compared with
irradiation results for only the base material in the
: r FY2018 project, the G value in case of solid containing
slurry tended to be higher than that of the base
OPC M OPC M oPC M OPC M material of both OPC and M.
seforeimadiation S Y Aediation’  iradiation.
Fig. 11 Appearance before and after irradiation of solidifications *Irradiation test was performed in the same way for
containing simulated slurry solid containing carbonate slurry (MB20, MB40).
There was almost no change in the appearance of OPC before and after Cracks etc. did not occur after irradiation.
irradiation at any integrated dose. No change was noticed in M when -Currently, analysis is being conducted on hydrogen
!rrad!at_ed WIFh integrated dose_s of 3 kG and 10 k_Gy, bl_Jt thg s_olld after gas etc.
irradiation with 30 kGy was brittle and crumbled in the irradiation
container and did not maintain its original shape.
—
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[Study Results] [Confidential]
-Data acquisition: Gamma radiation properties, dissolution test -

Compressive strength after irradiation test Dissolution test |Being performed currently
2 OPC containing M containing
* carbonate slurry * carbonate slurry
G
B
&
)
8
s 2
£9, |
3 7]
<
Before irradiation ~ 3kGy 10kGy I0kGy
Fig. 13 Compressive strength before and after
irradiation

Compressive strength of the solidifications containing

carbonate slurry

* No change in strength was noticed in OPC before and after
irradiation.

* In case of M, apart from brittleness and crumbling due to
irradiation with 30 kGy, there was also slight deterioration in
strength after irradiation. However, the strength was
maintained above the strength standards (1.47 N/ mm?2).

(Items for which data is being collected)

B Continuation of dissolution test (Verification of each type of property such as solubility of solidifications, etc.)
B Confirmation of water content (TG/ DTA), mineral phase (XRD) after gamma irradiation

B Confirmation of leachability of simulated nuclides

E_— q
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[StUdy R@SUltS] [Confidential]
- NMR of solid containing carbonate slurry -

NMR | 2°Si-NMR and 2’Al-NMR measurements were carried out for the initial samples of
solidified cement and AAM solidifications (3 types)

2 [ u 3
| -
' l v o W N NN ! _ ot AN AN A e At o APV et S PP i e A v WAL o AN, N0t Ve
l ! 27
p_. | -
@

| 29Si-NMR spectrum of solidified cement 2TAI-NMR spectrum of solidified cement

, | | containing carbonate slurry s containing carbonate slurry
z ' =
INJ
f N A
| < 2 x
- \. ﬁ =
z = -~ I, ? g e e,
E I ) areion e 2 g = E e et _“-'W‘MMM-,WHW L LT
» D T i Ty Trv——r———— T ————————- T r———r ™ :‘rn—rvﬂ‘rr]’vTrrTrn‘iTrrTrn‘n‘rT‘Trrmmm[me’nmﬂrmmmwnm’Trrfr'n'rv"‘n‘"‘r‘rv’Tv‘rml'rTv‘rmT‘Tr'n'v‘r‘r‘rrv‘rl
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2a =z I.’ - lt L
=8 ® 3 4 &
j‘,/‘ y ...“"\‘ > /ﬂ\'\,‘ _,,.“ L A ‘.‘ \ )/ \ r'll“ '|‘\ /,\I -,4\,\/,‘ oW \“',.,.V_ i ",\ ( l'n ,‘,an ,\I /‘//,--'-\/ v ..le\ 3 .‘/\ Y aas
vV WV \\‘V" \ )\.‘I ) I'IJ‘ vV v U LN './ T TR A i e e e s e
||I "\‘. v:: oy
®3 / 2%\i;NMR spectrum of AAM :
i / solidifications* containing carbonate 27AI-NMR spectrum of AAM
,'.7 sIu?\rQ/ i solidifications* containing
(7 i carbonate slurry
/ % ]
¢ e '_";\/, \-,f\,. i
E - ._,'f".w" = = ," N \ ."‘vﬂ'“ N (WATLN _\f\ //,.\/7 /_g . - . .
~~~~~~~~ s o o 0t g S et RS e it
60.0 70.0 ﬂ|0 o | $0.0 100.0 110.0 120.0 1 I}).(I )ll:b 0 0(:.0 P_“l'." '-0;.0 nl_;‘(l _*ﬂ'.(l Jl{,ﬂ ,‘lll.l) 2(:." l(:,ﬂ lll -Illl.l_l
1349 L' :
E S L . ~ - .a .
' *AAM solid in the graph is the sBlidified sample of metakaolin only without blast

furnace slag
® |n future, qualitative analysis of attributes will be carried out taking into account the results of
gualitative XRD analysis of minerals.

E_— q
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(a) Establishment of techniques for selecting the preceding processing method [confidential]
@ Low-temperature treatment technology
I. Acquisition and evaluation of data on low-temperature treatment technology that would
contribute to the identification of technology
(i) Acquisition of data on properties of cement and AAM solidifications in the slurry
[Summary/ Plan for the following year]

» Current Summary
« According to the studies conducted so far, the simulated carbonate slurry was prepared by
simulating the process of dehydration by means of filter press, etc.

* The composition of cement and AAM was studied using the obtained carbonate slurry. The
composition that fulfilled the evaluation criteria had a waste filling rate of up to 45 wt% (weight
of dry powdered particles) for cement and up to 40 wt% for AAM.

» For a proper comparison, a composition having a waste filling rate of 30 wt% (weight of dry

powdered particles) was selected as the representative compaosition considering variations in
properties.

» After preparing solidified samples from the determined composition, data on viscosity
measurement, irradiation testing, etc. was collected.

» Plan for the following year

« Simulated iron co-precipitation slurry will be made to collect data in a similar manner.

» The obtained results will be summarized, which will be utilized to clarify the scope of application
for studying the approach.
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(a) Establishment of techniques for selecting the preceding processing method . ¢ cntian
@ Low-temperature treatment technology
I. Acquisition and evaluation of data on low-temperature treatment technology that would
contribute to the identification of technology
(i) Investigation of special cements
[Implementation Details]

In order to study the applicability to secondary waste generated from contaminated water
treatment, which have components with an adverse effect on Ordinary Portland Cement
(OPC), conduct an investigation of cements other than OPC having the essential special
properties.

(Overview of investigation)

After deciding the types of special cements to be investigated, investigate the properties of solidifications
focusing on the essential properties, as well as the usage results and research examples pertaining to the
uses for solidification of radioactive waste, and in addition, select the special cement solidifications to be

tested and studied from the viewpoint of ease of availability of raw materials within Japan or feasibility of
conducting tests.

FY Implementation Details

2019 Selection of special cements with high usage feasibility (Literature survey)
Viewpoint of investigation: Cements that reduce the impact of sodium carbonate as
compared to OPC (cements with a wider scope of application as compared to OPC)

Evaluation of base material
Performance evaluation of base material that uses special cement

2020 Study that will contribute to the selection of the applicable range of various low-
temperature solidifications (Addition of waste simulants, sodium carbonate and
borate salt, etc. )

S W
lRID International Research Institute for Nuclear Decommissioning 106



[Study Results]

_ _ [Confidential]
- Selection of special cements -
» An investigation was conducted on the OPC solidification inhibitors until last year, and borate salt and
sodium carbonate, etc. were identified as substances that were likely to have an impact even when
these were present in small amounts in the secondary waste generated from contaminated water
treatment.

» In conjunction with the AAM solidification applicability study, effective low-temperature treatment options
for these substances were searched.

» Special cements having a high degree of technical maturity were selected comprehensively (Table 1),
and their applicability was studied.

Table 1 Selected special cements

TRID

(1) Jis-standard types of cements
Portland Cement

(2) Types of special cements (Other than JIS-standard)
Types of cements with Portland cement as the base

-Ordinary Portland cement

-Expansive cement

-High-early-strength Portland cement

Binary-system low-heat cement

-Ultra high-early-strength Portland cement

- Ternary-system low-heat cement

-Moderate-heat Portland cement

Types of cements in which the elements or particle size composition of
the Portland cement has been changed

*Low-heat Portland cement

-White Portland cement

= Sulfate-resistant Portland cement

-Cement-based solidification material

Mixed cement

-Ultra fine particle cement

Blast furnace slag cement (Types A, B, C)

-High belite cement

-Fly-ash cement (Types A, B, C)

Types of cements having elements different from Portland cement

*Silica cement (Types A, B, C)

-Ultra rapid-setting cement

Other cements

-Non-hydraulic cement

-Eco-cement (Ordinary, Rapid-setting)

* Alumina cement

*Other cements (Calcium Sulphoaluminate (CSA) cements, Magnesia-
phosphate cements (MFC
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[Study Results] [Confidential]
- Viewpoints of investigation and classification of the targeted special cements -

[Viewpoints of investigation]
® Usage results and research examples pertaining to the uses for solidification of radioactive waste

Investigation of presence of the usage results and research examples of said cements
@ Impact of elements causing adverse effect on OPC

Inferences drawn from the information about the magnitude of influence of the components "Borate salt" and "Sodium carbonate
(Na,CO,) " in the slurry, or the inferences drawn from the components of cement
® Characteristics that specialize in the required properties

Attention to "High fluidity" from the viewpoint of feasibility of the solidification process or the suppression of the amount of
hydrogen generated (decrease in the ratio of water and cement)

Attention to "High heat resistibility” from the viewpoint of waste nuclide inventory that can be handled or the possibility of
leading to an increase in the waste filling rate

O Types of cements with Portland cement as the base 0O Types of cements having components

*  Expansive cement different from Portland cement
*  Low-heat cement of multi-component systems »  Ultra rapid-setting cement
(Investigation that includes admixture mixed cement *  Non-hydraulic cement
which exceeds the substitution rate of JIS) *  Alumina cement (Includes cements with
Classification of O Types of cements in which the components or alumina cement as the base)
Cement particle size composition of the Portland cement *  Calcium Sulfoaluminate cements (CSA)
has been changed *  Magnesia-phosphate cements (MFC)

White Portland cement,

. Cement-based solidification material,
. Ultra fine particle cement,

*  High belite cement

® As OPC is the base, the reactions or the properties etc. ®  As the components contained are significantly

are similar to those of OPC. different from OPC, the reactions or properties
Summarized ® Properties that are different from OPC, are are different.
features strengthened as the quantity of admixture increases. ® The properties tend to be extremely different
since adjustments are made assuming a specific
usage.
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[StUdy RGSUltS] [ Confidential]

- Applicability study based on the features of each special cement -

Example of investigation results of special cements

O Expansive cement . No usage results and research examples pertaining to the uses for solidification were found.
. There are results indicating control of cracking (near surface pit) when used in disposal facilities.
. Based on the composition of the cement, it is inferred from the observations of this investigation that there is no major difference from ordinary
cement.
= ltis inferred that the usage possibility is low
O Low-heat cement of multi- . No usage results pertaining to the uses for solidification were found within Japan.
component systems . As regards research, usage possibility has been reported during the case of research of sodium carbonate solution solidification by means of
s (Investigation that includes blast furnace slag high substitution cement (1:9)
§ admixture mixed cement . An applicability study of fly-ash and blast furnace slag high substitution cement ("Cast Stone") as the basic solidification material for low-level
2 that exceeds the substitution liquid waste (Nitric acid Na) was conducted overseas at Hanford.
rate of JIS) = Since the proportion of ordinary cement is extremely low in the "Finely powdered blast furnace slag high substitution cement (1:9) ", the level of
impact of sodium carbonate and boric acid are different and hence it was determined to be usable.
m| Alumina cement (Includes | ° No usage results pertaining to the uses for solidification were found.
cements with alumina | * There is a research example in which the material design for preventing the reduction in strength caused due to the defects of a stand-alone
cement as the base) system of alumina cement such as the initial hydration heat or progression of aging of material, wherein fly-ash or blast furnace slag is mixed
with alumina cement, was researched. Since the composition is quite different from ordinary cement, there is a possibility that the impact of
sodium carbonate and borate salt will be different.
. Heat resistance is high. As regards fluidity, it has been reported that high fluidity is obtained even with an ultra-low water cement ratio when an
efficient water reducing agent is used.
= It is determined to be usable from the viewpoint of impact of harmful components and heat resistance with respect to ordinary cement.
= "Alumina cement + Fly-ash" is selected since it is considered important to control hydration heat and to control the reduction in strength that is
caused by the progression of aging of material.
O Magnesia-phosphate . No usage results pertaining to the uses for solidification were found.
cements (MFC) . As for uses for solidification, there is an applicability study of "Ceramicrete" conducted at Hanford, which considers Magnesia-phosphate
cements (MFC) for solidification of Nitric acid (Na) liquid waste.
. Since the composition is quite different from ordinary cement, there is a possibility that the impact of sodium carbonate and borate salt will be
different.
= Inferred to be usable. = But testing is deemed difficult based on the manufacturing conditions (material and composition) and the presence of
reference literature.
[ | Blast furnace slag high substitution cement
= ltis likely to have excellent applicability to the sodium carbonate mixed waste. (Carbonate slurry)
[ | Fly-ash mixed alumina cement
= ltis likely to have excellent heat resistance and fluidity. Also, the impact of components may be different from that of ordinary
cement.
Study the representative composition, and acquire the basic physical properties like compressive strength etc. for the obtained representative
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[Study Results]
- Relation between composition and fluidity/ condensation performance -

[ Confidential)

» Plan for the current fiscal year (Verification of basic required performance)

Evaluation of setting properties and fluidity with respect to the solidifications manufactured by changing the composition (water/fine
particle ratio)
Selection of a representative composition and evaluation of compressive strength, pore size distribution, constituent phase (XRD) and

moisture conditions (free water and gbsorbed water) . - . . . .
,8 representative cémposmon was gecm{eg%y mea?surlng the fluidity and setting properties after changing the composition

(water/fine particle ratio).

Fluidity (J14 Funnel flow test) Condensation (Vicat needle test)

3 e , 1400
AF20 As CB90 (water/fine CB90 —
§ 30F 4 particle ratio is 40%) 1200 A Setting is slow for
) is an excessively = 000 A compositions in
. - thick paste, it does E Al which the water/fine
S 20t not pass through the = 800 } particle ratio is high.
D o funnel. 3 -l | ‘
E £ BT = O O : Fly-ash mixed Alumina
< o “Fly-
E = 0 | & CB 90 @) Z(E'I:);-ash mixed Alumina cement _% 400 ég AF20 cement (AF)
— ) . i
P’ 5 F (e o~ [ : ordinary Portland Cement g 200 O .(g;((izl;ary Portand Cement
- j (OPC) L% ) : Blast furnace slag high
0 A A A : Blast furnace slag high 0 . ' : ; .s,ubstitution cement (CB)
20 3% 40 45 50 55 80 substitution cement (CB) 0 200 400 600 800 1000
Water/fine particle ratio (mass%) Start time [ (min)
« Fluidity: Fly-ash mixed Alumina cement > Ordinary cement > + All the solidifications have a sufficient handling time (work
Blast furnace slag high substitution cement life) and the final setting takes place within 24 hours, so it is
« Alumina cement has high fluidity as found in the literature expected that the manufacturing process can be established.
survey.
Types Ratio of water/ fine J14 Funnel flow time Setting
particle [wi%] 6 Start [min] After 24h
Representative
composition cB90 55 3.6 790 1190
AF20 40 4.7 310 450
OPC (For comparison) 45 4.2 270 400

CB90: OPC/Blast furnace slag fine powder was mixed in the ratio of 10/90, AF20: Alumina cement/ Fly-ash was mixed in the ratio of 80/20.

B ‘*
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[Study Results]
- Data on the properties of the representative composition and the representative composition solidifications -

[ Confidential)

Solidified specimens were manufactured for the representative composition and properties such as
compressive strength, amount of free water etc. were acquired.

Compressive strength (Material aging changes)

50

(MPa)

Compressive
strength

In case of the blast

L]

furnace slag high

substitution cement,
N although the initial
strength development
is low, with the
passage of time, the
improvement in
strength is large.

Material age

50

(day)

® Strength at material age 28 days: Ordinary cement > Blast furnace
slag high substitution cement = Fly-ash mixed Alumina cement

100

(mass%)

Amount of free
water

40

w
o

N
o

-
o

Amount of free water at material age 28 days: Fly-ash mixed
Alumina cement < Ordinary cement < Blast furnace slag high

Amount of free water (Material aging changes)

The amount of free
water in the fly-ash
mixed Alumina cement
is minimal. (Since the
ratio of water/fine
particles is small.)

50

Material age B (day)

substitution cement

100

In the case of CB90, OPC : Blast furnace slag fine powder was mixed in the ratio of 10:90

In the case of AF20, Alumina cement : Fly-ash was mixed in the ratio of 80:20

TRID

Additionally, data on the analysis items (pore size distribution, constituent phase (XRD) ) is being

collected.
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(a) Establishment of techniques for selecting the preceding processing method [Confidential]

@® Low-temperature treatment technology
I. Collection and evaluation of data on low-temperature treatment technology to contribute to the
identification of technology (iii) Investigation of special cements

[Summary/ Plan for the following year]
» Current Summary

* Aliterature survey was carried out for the special cements, and blast furnace slag high substitution
cement and the fly-ash mixed Alumina cement were chosen for testing as alternative materials for OPC.

» Basic data such as fluidity and compressive strength etc. were acquired by using the base material.

+ Data on some data items (pore size distribution, constituent phase (XRD) ) is being collected.

» Plan for the following year

« The impact on substances (sodium carbonate, borate salt etc. ) that have an adverse effect on the
OPC solidifications, simulated waste (various dried and powdered slurries) and of heating/ drying will
be verified on the two types of special cements selected this year.

* When using a special cement, applicable range of waste properties for which cement solidification is
available will be studied and examined. (Provided as feedback to 2 Study on the approach for
evaluating the applicability of treatment technologies)

Table 2 Study items of special cements

Applicability evaluation axis . ) . .
for specific waste Ordinary Portland Cement Bl fu_rna}ce sl Aligln Yl W Al
. substitution cement cement
properties, etc.
Sodium carbonate Cement wt% 2% or less FY2020 Study FY2020 Study
Boric acid Cement wt% 0. 1% or less FY2020 Study FY2020 Study
Slurry simulated waste Carbonate: 30 to 40%
permissible filling rate (*Selected from i(ii) study) FY2020 Study FY2020 Study
Heating/ drying load impact Selected from ii (i) study FY2020 ii (i) Study FY2020 ii (i) Study
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(a) Establishment of techniques for selecting the preceding processing method [ fidential]
@® Low-temperature treatment technology
ii. Investigation of change in properties of solidifications

[Goals]

(i) Investigation of change in properties of solidifications due to
heating, etc.

» To conduct a study on consolidation of factors that lead to
change in properties of each solid material and the possibilities
therein, based on the study of approach implemented in FY2018
and the investigation results of the methods of measuring the
physical properties of the solidified materials. To clarify the
change in properties of solidifications during the heating and
drying states in low-temperature treatment, based on the results
of TG acquired in FY2018.

(ii) Evaluation of the relation between the Cs inventory and the
temperature of solidifications (Figure 1)

* To clarify the changes in the heating conditions of the
solidifications inside containers of different shapes (several types
of containers).

* To investigate the values of density and thermal conductivity for
mixed waste, reflect them in the analysis, and clarify the
magnitude of the effect.

(iii) Investigation of the influencing factors that contribute to long-
term changes in properties and evaluation of the property
change behaviors

* To calculate the stability phase assuming the shift to the
crystallizing phase, rise in temperature (up to 60°C) and the
leaching alteration. (Figure 2)

)

Maximum
yemperatures

(TR E S

L SE I TS TS Y

mount of radioactivity (Bg/container)

Fig. 1 Evaluation of the relation between the Cs inventory and the

temperatures of solidifications (Example)

100 14

0 12
= 8 12
[0}
§
i "
>
2 10
0 CaEne 3
0 10 20 30 40

Slurry content  [%]

Viater
we Thaumasite
Monocarbanate
— Hydrotakite
—C4FH13
C4AH13
m Monosulfste
— Ertringite
= Portiandte
C-S-H
— Brucite
Calcite
- H

Fig. 2 Study of composition of the mineral phase when slurry is

contained (Example)
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(a) Establishment of techniques for selecting the preceding processing method [confidential]

@® Low-temperature treatment technology

ii. Investigation of change in properties of solidifications
() Investigation of change in properties of solidifications due to heating

[Implementation Details]

The change in properties while in storage during the heating and drying states was investigated in order
to study the effects of storage.

The findings regarding the possibility of change in properties were consolidated based on the survey of
literature and investigation of test data obtained from other items, and tests were conducted to collect data
on drying, etc., which was insufficient.

In FY2019, the findings regarding the possibility of change in properties were organized; and in FY2020,
the insufficient data will be collected.

FY Implementation Details
2019 Investigation of changes in performance due to heating and drying
- Organization of findings regarding the possibility of change in properties based on the literature
survey
Evaluation testing of the base material
- Evaluation of the "Effect of drying" and the "Compound effect of heating and drying"
Evaluation of changes in the performance of the base material decided under "(D-i-(ii) Collection of
data on properties of cement and AAM solidifications for the slurry”, caused due to heating and drying
(The wide temperature zone and the wide drying strength zone were set up and verified.)
2020 Evaluation testing of the base material
- On receiving the FY2019 results, the range (temperature, drying strength) in which performance
changes are significant will be narrowed down and verified.

TRID
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[Study Results]

- Literature survey results for setting the test conditions -
Findings regarding the possibility of change in properties have been organized on the basis of literature

survey, etc.

Cement solidifications (OPC)

<Heating> Structural changes due to drying and heating

+ 70 to 100°C: Dissipation of free water inside gaps and from
partial hydrates (Ettringite) = Structural shrinkage, coarsening
of gap size

* 100°C to 450°C: Dehydration of C-S-H = Further structural
shrinkage and coarsening of gap size
* 450°C and more: Decomposition of Ca(OH) 2, CaCO3
(Conversion into CaO) = Loses the solidified appearance and
there is a significant deterioration in strength (Figure 1)
<Dryness (Humidity) > Mainly structural shrinkage due to
drying
1 (relative humidity) due to 40°C drying and smaller shrinkage
stortion due to 11% drvina (Fiaure 2)

AAM solidifications

<Heating> Structural changes due to drying and heating

» Up to 100°C: Dissipation of free water inside gaps = Structural
shrinkage, coarsening of gap size (Inference)

* 100°C onwards: Continuous dehydration from gel formation =
Structural shrinkage, coarsening of gap size

The strength deterioration at high temperatures is less as

compared to cement solidifications. (Figure 3)

There are reports that high temperature (1000 °C onwards) heat
resistance is low, when the Ca quantity is large.

<Dryness (Humidity) > Mainly structural shrinkage due to
drying (Inference)

212 0233 A363 o300 o

= o4 E 45489 =858 3

S _ O o __ Compressive P

s 4 L strength prior Lo00- 1
7 08 o to heating 5 [ & o

cldg p——————— 0 > F -

= S S2000- ]
B4 F-——-————2— e

§ woso: 7// e

0 0.2 g © —O—mortar
& 0 20 400 o0 soo &

g Heating (v q“ é N \Q’i %\‘%\i\@y

o temperature

Fig. 2 Relation between concrete
drying conditions and shrinkage
distortion due to drying?

Fig. 1 Relation between temperature
%nd strength in concrete (Up to 800°C)

There are 20 )
20 °C
only a few research 500 °C
examples. n’g“ i 800 °C
There is no unified opinion £ nsere
&
about the trends. o 4D
% <
g2
Qo 20
g » B
O
E3

OPC B0 B310 BII0 B30
Cement Slag system AAM

Fig. 3 Relation between temperature and
strength in AAM (slag systems) 3

—
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It is necessary to collect data through testing for the heating/ drying effect of AAM (Compressive strength, shrinkage distortion)

Reference literature

1) Japan Society of Civil Engineers: Value Technology Research Subcommittee Report for Concrete Structures, Symposium thesis collection and Concrete technology series 63, pp. 32-38, FY2004
2) Itou et al: Study for tensile strengthening for cracking in concrete due to drying following temperature and humidity changes, Annual concrete engineering thesis collection, Vol. 36, pp. 382-387, FY2014
3) Ichinomiya et al: Composition of geo polymer with a fly-ash base and high temperature resistance, Annual concrete engineering thesis collection, Vol. 36, pp. 2230-2235, FY2014
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[Study Results] [ Confidential]
- Thermal load and drying load conditions set based on the investigation -

» Based on the investigation results, the thermal and drying load conditions are set as follows for the
testing of solidifications.

(Thermal load conditions) (Drying load conditions (Figure 2)

. o 0,
28 g($H60/°) t(Stan;Jtard) ¢ duri d n . RH 100% (20°C) (When there is no drying)
. ° emperature often set during advance researc
(Temperatu setauring - RH 80% (20°C)

for the thermal load test)
. 105°C (Dissipation of almost all the free water present  *  RH 60% (20°C) (Standard) # Same as the

inside the gaps (Conditions similar to the conditions standard for thermal load
for measuring quantity of free water)) «  RH 11% (20°C) (Cement solidifications:
. 200°C (Temperature zone wherein the dissipation had Dissipation of almost all the free water present
settled down during the TG analysis of the AAM 0
solidifications) (Figure 1) Cement solidifications [ $
-500C
. 3 ¢ T
é—;-‘ L —rn-- 1t -*i"' ? — —_— é U—)]_OOO:_ !‘___.___f:__ﬁ___-—ﬂ___ -
1N, o c B
2 51500 /
© C —
I"'Ten‘w‘“erat‘u‘rje ! l IIIII %", 2 i .’*—r ]
P € 22000~ )
LS E © : // 4
e 264 7 . —e T,
s p— 2500- e
z —————— —meter |
. \-\/J 3000 1 1 1 1 1

I IR0 A0 G0 W 2 650 9 QNP 5 <$’ ‘lgk 5 "lg" ‘5’5’5}
Temperature'“’ ' . - Dgh ;OZJ 151[“ @

Fig. 1 DTA curve (FY2018 data
J ( ) Fig. 2 Relation between drying

conditions and shrinkage distortion due
to drying

Presently, the thermal load test has been started by manufacturing solidifications of only the base material.
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- Evaluation testing of the base material: Test Overview -

[Study Results]

Table 1 Composition conditions of the test specimen for the thermal and drying load tests

[ Confidential)

il Bage BFS/'Ba.se Si/. A.l TOIEY Waste Water/solidificati Na/Si molar ratio
material fine material fine ratio in base - . . :
Types : : . filling rate ons ratio in base material
particles particles material [WI%] [Wi%%] [mol/mol]
[wt%] [wt%] [mol/mol]
OPC - - - 0 45 -
M 100 0 1.8 0 150 0. 84
MB20 80 20 1.8 0 110 0. 50
MB40 60 40 1.8 0 100 0. 63

Kneading and pouring

20°C

Sealed curing
over a 28 day

Drying and thermal load

® Changes in

shrinkage
distortion with

the passage of
time

Changes in
compressive
strength with the
passage of time
Changes in the
amount of free
water, amount of
. bonding water
Heating and XRD

(Electrical drying furnacegnalysis with the
passage of time
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period

For strength test ®5 x 10 cm

Drying
(Constant temperature and
constant humidity desiccator)

A 4x4x16 cm specimen has been
made for measuring the
shrinkage distortion
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[Study Results]
- Evaluation testing of the base material: Changes in compressive strength due to heating and drying -

There was no
decrease in
strength. Rather
strength tends to
increase in case
of a thermal load
(Dueto
acceleration of
reaction).

Decreased from
RH60%

but remained
almost constant
from 80°C.

Compressive strength  (MPa)

Compressive strength (Mpa)

70

60

50

40
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20

10
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30

20

10

[ Confidential)

Oo day Load AAM: M
O 7 day Load
W 28 day Load
J Strength
| _ - B - - _ < decreased even
\ under weak
drying conditions
of RH80% and
remained almost
constant from
‘. —. 1 —L_ RH60%.
O O NGO O O
Q@\\’Q & Qﬁz‘@ & &
Do day Load AAM: MB40
O 7t day Load ..
[ 28 day Load J Trend similar to
M. Although
T T [ [ T _< there was
N strength
deterioration
even at RH100%,
it remained
almost constant
] —. ‘i 1 from 80°C.
Q S o NG O O
& & & &S &

Fig. 1 Compressive strength changes in the various solidifications due to thermal and drying load

» OPC solidifications: There was no significant strength deterioration even when thermal and drying load was applied.
» AAM solidifications: There was strength deterioration even under weak drying conditions although the extent varied (the
changes settled down after 7 days of load)

m—
TRID
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[Study Results] [ Confidential]
- Evaluation testing of the base material: Changes in mass due to heating and drying -

Relation between rate of mass changes and compressive strength survival rate under various

thermal and drying load conditions with 28 days of load

1.4

1o | oM R

| i A MB20 A 20 100

® ¢ MB40 - o

©

(-:5 0.8 20 60

2 20 11

= O ®

3 0.6 A ® 80 (-No control) The mass

§’ . 105 (-No control) decrease rate
o 0.4 A A tended to be large.
] AA [o3 200 (-No control)

2 ®

2 02 v (@)

S

§ 0 ®

O

-50  -40 -30 -20 -10 0 10

Mass change rate (Wt%)

Fig. 1 Relation between mass change rate and compressive strength survival rate (28 days of thermal and drying load)

* The strength survival rate decreases as the mass change rate becomes larger. (However, in case of MB40 at
RH100%, there was a deterioration in strength although there was no decrease in mass.)
= Strength deterioration due to drying
= Possibility of strength deterioration due to the generation of cracks following shrinkage distortions due to
drying
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[StUdy Results] [ Confidential]

- Evaluation testing of the base material: Long-term changes due to heating and drying (shrinkage

distortion) -
0 0
—~ —_ 3
=2
=2 Z 1000 Z 5000
5 s - S -10000
£ 5 S 15000
> ® 3000 @ -20000
© i) ©
o © 4000 © -25000
> - g —0—C & -30000
g 2 5000 |_g 2
[ c £ -35000
= - S 00 |—a—MB20 =
ol 5 —e— MB40 &5 90000
~ -7000 -45000

00
Q0 20 10 GO 0 20 10 GO 0 20 10 GO

No. of days (d) with thermal and drying load No. of days (d) with thermal and drying load No. of days (d) with thermal and drying load

RH 1009% RH 60%

The shrinkage distortion of MB40 The shrinkage distortion of MB40 Shrinkage distortion:
is large. alone is significantly large. M>MB20=MB40>>0PC

» On the whole, the shrinkage distortion is larger in case of the AAM solidifications as compared to the
OPC solidifications.

» The main cause of the deterioration in strength of AAM solidifications is inferred to be shrinkage
distortion, since there is a correlation between the changes in compressive strength and the magnitude
of the shrinkage distortion of the AAM solidifications owing to heating and drying.

» Since the extent of moisture dissipation and shrinkage distortion due to drying will change due to various
factors pertaining to the solidifications (amount of moisture, gap structure etc.), there is a possibility that
the trend may be different in simulated waste solidifications.

E_— q
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' ' - : : [Confidential]
(a) Establishment of techniques for selecting the preceding processing method = e

@® Low-temperature treatment technology
ii. Investigation of change in properties of solidifications
() Investigation of change in properties of solidifications due to heating
[Summary/ Plan for the following year]

» Current Summary

» The findings about the possibility of changes in cement and AAM due to heating and drying
were consolidated based on the past literature surveys.

« Specimens were prepared and data related to compressive strength and amount of distortion
under the heating and drying conditions was gathered, and it was verified that on the whole,
shrinkage distortion was larger in case of AAM solidifications as compared to OPC
solidifications.

» Plan for the following year

« The effect of heat and drying load on the special cement solidification will be verified.
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(a) Establishment of techniques for selecting the preceding processing method
@ Low-temperature treatment technology
ii. Investigation of change in properties of solidifications (ii) Evaluation of the relation between
the Cs inventory and the temperature of solidifications

[ Confidential)

[Implementation Details]

N\
@

* Upper limits were decided for each type of material,
since the performance of the solidifications is
influenced by temperatures under the low-temperature
solidification treatment technology (cement and AAM).

* Itis expected that the limiting values for the waste filling
amount will change according to the shape and size of
containers, since heat transfer depends on the system.

<

The limiting values for the inventory that can be solidified,
as studied from the decay heat, will be acquired as data by
clarifying the changes due to shape and size, by conducting
an analysis of the maximum temperatures.

Cs-137
Co-60

FY Implementation Details

2019 Investigation of the thermal effects due to the shape and
inventory of the OPC solidifications

- Selection of the system (cylindrical/rectangular etc. )

- System model creation and setting the analytical conditions

- Cs thermal effect analysis and thermal effect analysis of
nuclides other than Cs

2020 Investigation of thermal effects of newly solidified
materials
- Thermal effect analysis of AAM solidifications

Fig.

Temperature (°C)

Distance (cm)

1 Simulation result by PHITS and COMSOL (Example)

o Cx137 @ Sr90 Ca60 wo Cs137,5r90,Co 60 6517

1,000

g

Maximum

temperatures

100 : e -

| ——-
10
LE+11 LE+12 LE+13 LE+14 LE+15 LE+16 LE+17
Amount of radioactivity (Bgfeontainer)
Fig. 2 Nuclide inventory and maximum temperature of
solidifications (Example: 200L drum)
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[Study Results] [ Confidential]

- Selection of containers for analysis -

® The containers to store the solidified waste have not been determined.

® The shapes and sizes of the typical waste containers that are in use at Fukushima Daiichi and other
nuclear power facilities as well as the containers under study, etc. are being investigated.

® There are broadly 2 types of containers namely, cylindrical and rectangular, hence 3 containers from each
type have been selected for analysis (Hatching of Table 1, 2).

Table 1 Main cylindrical containers

Qinarical Pail Canister -| Drum can MJ PIC HIC(type2) Tank container
Container
appearance r
RN B
commiy o) 0.022 0.15 0.22 1.25 2.69 24.00
Filing copacity 0.018 0.12 0.17 1.00 2.15 19.20 Table 2 Mai t | tai
S 0.84 0.42 0.65 0.96 0.88 2.46 abie ain rectanguiar containers
Other | Jisz 1620 JAEA JIS Z 1600 | TAIHEIYO CEMENT, etc. TEPCo| Rectineuar | U 1m3 e (A | LLW-2 type 6m® 20FT
Container
appemmance
From NFT HP
e 1.20 1.35 0.77 3.02 5.20 3291
Fling apocty 0.96 1.08 0.62 242 4.16 26.33
7! 134 163 1.00 311 154 2.46
Other JAEA T R NFT O JS Z 1610
E_—
TIRID !
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[Study Results] [Confidential]
- System model and analytical conditions -

» Creation of a system model

* Asystem model was created for use in the analysis of e
radiation during transportation and in the heat analysis of b
6 containers.
Cylindrical type: Pail, Drum, HIC
Rectangular type: 1m3, 6m3, 1m3 with shield
* In each of the containers, solidifications containing b
radioactive nuclides were filled up to 80% of the volume.

fHl1

b o

HO
Cylindrical container model Rectangular container
model
> Ana|yt|ca| conditions Fig. 3 System model used for the analysis of radiation during

transportation (Example)
+ Solidification material

Ordinary Portland Cement (OPC)
Density 2.69 g/cm?, thermal conductivity 0.5 W/(mk)
* Radioactive nuclides
Typical nuclides contained in the secondary waste generated
from contaminated water treatment were assumed.
Sr-90, Co-60, Cs-137
+ Radioactive concentration
The values where any temperature change was expected
were analyzed.
1.0E+5to 1. OE+10 Bg/cm?3

Fig. 4 System model used for heat analysis (Example)

B q
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[Study Results] [ Confidential]
- Relation between the container system and maximum temperature -

» Changes in maximum temperature due to

differences in containers
* Maximum temperatures were analyzed in 3 types of cylindrical 220 AT

containers and 3 types of rectangular containers. 200 .
yp 9 sy 1-00E+09 Bq/cm? =
* The trends in maximum temperatures were understood with respect to

the volume of each shape (top image in Figure 6). =24 a
. L 140 /
* Itwas suggested that the maximum temperature can be expressed ~ 120 .
with a single relational expression irrespective of shape by organizing 40 //' -
it with the number obtained by dividing the volume of the solidifications E5,, b7
by the distance between the center of the solidifications and the % Lim ./ " o _'_Cylinc_irical
midpoint (edge) of the upper surface of the solidifications. (Bottom 5. T ;O”ta'”e’l
. . . 2 a0 o w-Rectangular
image in Figure 6) - 3 container
1.00E+04 1.00E4+05 1.00E4+06 1.00E+07
e Volume of (cm?)
e ~ ! solidifications
S i Pl
L ~ 12 220
w \12 W ~
= 2 200 Cs-137 R? = 0.9659 o
2 3
180 1.00E+09 Bg/cm
C_) 160 e

Fig. 5 Distance from the center of the solid till the edge g 10
120

100 P
80 '
60 o
40

®
20
0 5000 10,000 15000 20,000 25,000 30,000 35000 40,000

Volume of solidifications/Distance till
the edge

Fig. 6 Relation between temperature and the container systems

e

> Investigation concerning the influence of nuclides

Temperature

» The temperature of the solidifications was investigated by changing the nuclides.

* It was estimated that there was no rise in temperature in case of Cs-137 and Co-
60 based on a trial calculation carried out using the analytical values of
radioactive concentrations of the secondary waste generated from contaminated
water treatment.

» Meanwhile, a temperature rise of about 3°C was estimated in case of Sr-90
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(a) Establishment of techniques for selecting the preceding processing method

@ Low-temperature treatment technology [Confidential]

ii. Investigation of change in properties of solidifications (ii) Evaluation of the relation between

the Cs inventory and the temperature of solidifications
[Summary/ Plan for the following yeatr]

» Current Summary

The shapes and sizes of the typical waste containers that are in use at Fukushima Daiichi and at
other nuclear power facilities as well as the containers under study etc. were investigated.

There are two types of containers, cylindrical and rectangular, so 3 containers from each type
were selected for analysis and their effect on the maximum temperature was analyzed. In a
single container, there is a high possibility that the temperature will not reach such high levels so
as to cause any change in properties, like the strength of the solidifications.

It was found that irrespective of the shape of the container, the maximum temperature can be
derived by a relational expression of the distance between the center and the edge middle point.

» Plan for the following year

TRID

The thermal conductivity of the AAM solidifications prepared using the acquired data will be
measured. After reflecting it in the calculations, AAM will be calculated and the difference with
the cement solidifications will be surveyed.

A trial calculation of the coefficient that can estimate the temperature of the solidifications from
the analytical values will be performed based on the calculations for the main nuclides. (Sr-90,
Co0-60, Cs137).
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(a) Establishment of techniques for selecting the preceding processing method
@® Low-temperature treatment technology
ii. Investigation of change in properties of solidifications (iii) Investigation and evaluation of
factors influencing long-term change in properties
[Implementation Details]

[ Confidential)

In order to investigate the long-term property change behaviors of solidifications, an investigation was conducted to
study the effects of passage of time and external factors. An investigation of the thermodynamics data necessary for
analyzing the cement solidifications and the AAM solidifications and the evaluation regarding the adequacy of the data
was conducted with respect to the methods devised by means of the thermodynamics equilibrium calculations, which are
based on the results of long-term property change behavior evaluation of cement.

From the information such as phase changes obtained as a result of evaluation, an attempt was made to select
specific elements (waste) that affect the solidification process of OPC and AAM and which need to be excluded.

FY Implementation Details

2019 Collection and organization of the thermodynamics data and the study of applicability of the thermodynamics equilibrium
calculation

Implementation of the stability phase calculation assuming the shift to the crystallizing phase, drying and rise in
temperature (up to 60°C)

- Attempting of presumptions regarding the assessment of changes in the mineral phase that influences long-term
behavior, by means of equilibrium calculation

+ Study on the adequacy of the thermodynamics data used for forecasting long-term behavior and the applicability of
the equilibrium calculation for AAM.

2020 Applicability of the thermodynamics equilibrium calculation technique for evaluating the property change behavior of
solidifications

Identification of the applicability range for various low-temperature solidifications. Simulation of property change
behavior of solidifications due to contact with underground water. Study of adequacy and applicability of the
thermodynamics data by comparing with the experiment results.

- Presentation of the findings regarding the effect of the carbonate slurry and the iron co-precipitate slurry on the long-
term property changes in cement solidifications and demonstration of applicability of the thermodynamics equilibrium
calculation technique for the evaluation of property change behavior of solidifications.
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[StUdy Resu|tS] [ Confidential]
- Study items and implementation status (1/6) -

» Collection and organization of the thermodynamics data (common for cement and AAM)

* The database used is 'Thermoddem' created by the French Geological Survey.

* The calculation code used is 'The Geochemist's Workbench'.

* The thermodynamics data of the N-A-S-H phase is investigated and added to the database to calculate the amorphous
phase of AAM. It is confirmed that the minerals necessary for the calculations pertaining to cement have been included.

Eperimental
Ty

> Calculation of the AAM system material -

for St gtesation 1

+  Study of the thermodynamics stability phase
Based on the findings (Figure 1) on the changes in the properties of
naturally found Zeolite or natural minerals such as the ones found in the
vicinity of salt water or alkali water lakes which resemble AAM in terms |
of constituents, the mineral phase emerging after the change in L R B
properties was estimated. PR N Tempcralire)
= The mineral phase and the N-A-S-H phase presumed from the literature e
survey were used for the AAM calculations.

log TDS (mg/L)

o Calculation of the mineral phase Fig. 1 pH of v_arious natura_l water bodies and a Ii_st of

Along with implementing the calculations of the AAM solid phase and the (S,f]f)?,r;d;%gmerals found in salt water and alkall water fakes
coexisting liquid phase, the calculations were compared with the o0
leaching test results of the metakaolin system AAM acquired in FY2018. - sk
Figure 2 shows the comparison between the calculation result of the S L o i
solid phase, the calculation result of the pH of the liquid phase and the § o | | e ———— s
experimental values. S .|

=The solid phase was not consistent during the period of the equilibrium :
solubility test. In the calculation of the liquid phase, the result Ce m wm we v B oEx e =
reproducing the tendency (The pH and Na concentrations were roughly , Liquid-Solid ratio Py —
reproduced. The Si concentration differed.) of being close to the Tvees e

. [val btained Fig. 2 Changes in volume and changes in pH of the mineral
experimental value was obtained. phase due to the changes in the Liquid-Solid ratio
E_—
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[StUdy Resu|ts] [ Confidential]
- Study items and implementation status (2/6) -

* Investigation of equivalent mineral phases
It was difficult to reproduce AAM with the N-A-S-H single phase, since
AAM was amorphous in the thermodynamics equilibrium calculation, and

Table 1 Comparative evaluation of the calculation results and the
experimental values using mineral combinations

. Solid N n
had thereby become a combination of minerals. However, even in that Mineral combination | gahse. taudghase ___ points
state, the tendency of changes in the pH or the amount of components in Fiit . havone | & o A A 0 38
the liquid phase could be reproduced partially. ﬂ*ﬂhnﬂi* 2Tl g g f; A 2 X
. . . i e = C u 4
If one can understand the tendency of changes in the liquid phase e T T o T o T T o T
alone, then there is a possibility that it may contribute to the study of Teile ¥ % Naloie o o o 5 o a0
disposal, hence the combination of solid phase minerals (mineral phase B L = = N e
i : . ilips = 5 B o a Y
equivalent to amorphous AAM) was studied as it can well reproduce the Hedlandile ¥ NeASH 1 a o o 4 o a0
pH, Si/Al ratio, Si quantity, Al quantity, Na quantity, etc. of the liquid Clnoptiifie _ »  MeASH1 [ & =] o o o a5
. . . amo Si ® MefEH 1 Fay ® & Fay Q 25
phase, which were obtalr_led through the Ie_achlng test. ey =l haani T = - < - 5 =
=A comparative evaluation of the calculation results and the WASHZ = NASHI | = . a & o 20
experimental values was carried out. (Table 1) Phifpaie » JeclleX : o - & o 23
Heulandite  « Zeclite X L] L Q & Q 3.5
Clnoptiits =  ZeciteX | & (2] a] o | o | 4=
There are a few combinations by which the liquid phase composition can amoSi ¢ FecteX | O ¥ & A o 10
H H H Jechbe ¥ Zecline X o % & & Q 30
be reproduced well, a_nd also the solid phase Si/Al ratio can be ners = =emx T B - n ~ S —
reproduced to a certain extent.
=The pH (Al and Na concentrations) calculated under various
conditions had values (Figure 4) closer to the experimental values in all 5 ]

of the mineral combinations. As for the Si/Al ratio of the solid phase, the 13
calculated value was not close to the experimental value under the

condition where the Liquid-Solid ratio was high. 2 £,
X o /
nll = r‘/" /
[ 10 Experiment e Ff 7\
. al values g1ir Experimental
. . . . < values
Findings concerning the long-term behavior of the AAM g @ o : . .
material or the thermodynamics data are very few, but it is ¢ :_= 8B 8 = S Wil
Liquid-Solid ratio Liquid-Solid ratio

077 Qucesandne <Matvite @Cinopticite * NGHL & Cinoptioite * Jeoinel

suggested that short-term leaching behavior can be .
O T g ancine *Matcite @Cimpsioine  WGH! 1 Ciaopsioine *Zeoiet | | Omental

reproduced by setting multiple metastable phases. (Smenl Values

Fig. 4 Comparison with the equilibrium solubility test results
(pH and solid phase Si/Al ratio)
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[Study Results] [Confidential]
- Study items and implementation status (3/6) -

> Calculation of cement material

*  Study of the thermodynamics stability phase
There are results of evaluation of cement by means of the thermodynamics equilibrium calculation. However, based
on experimental findings, manipulations were made to intentionally select the mineral phase.

Not applicable for the analysis of solidifications containing waste without the experimental

findings.
The analysis was performed by changing the method of
excluding the mineral phase as follows. 100 — =
[1]1© Calculation results considering all minerals in the DB G :]n = Andradite
— =C1.6SH
. . BN .
[1]1® Result recalculated after excluding the minerals assumed - gj’::?a
to be in the thermodynamics stability phase and the C-S- g = Ethingiie
H minerals of the crystals from [1]® = . - AT
[1]1® In addition to [1]®, calculation was carried out after S 40 Hydrotalcite
further excluding the minerals not assumed to be = B
generated due to the conditions such as temperature and 3 2 .
ressure. etc o> = Monticellite
p ! . g » Portlandite
[2] The minerals assumed to be generated in the target 0

system were selected from the DB, and the mineral phase [LELE Nz (1}-3 i2l
composition was calculated under the conditions which

i Fig. 4 Volume percentage of generated mineral phase at each
would generate only the selected minerals.

level

Although the result (Figure 4) is significantly different due to the method of exclusion, it was found that the results
obtained were similar to the case where the calculations were carried out by selecting minerals assumed to be generated
based on findings, using the method of exclusion by following a certain rule based on the thermodynamics stability phase
studied during this research, ([1]® and [2])
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[StUdy Resu|ts] [ Confidential]

- Study items and implementation status (4/6) -

* The calculations for changing the content rate of the carbonate slurry, calculations for temperature changes
and calculations for leaching due to contact with water, were carried out for the cement solidifications.

(# At the present stage, there are indications from the results obtained from the thermodynamics equilibrium
calculation but a comparative verification with the experimental findings needs to be conducted separately.)

» Mineral phase composition when contained in the slurry (Figure 5)

Slurry: Carbonate slurry
Temperature: 20°C
Content is 0 to 55 [mass%] in increments of 5%

. : Indications from the calculation results
# The calculation did not converge above 60 [mass%)] or moré. ]

(O Changes in the cement-based minerals due to the
addition of carbonate slurry

70
Pore water  Decrease in portlandite, which is the main mineral in
60 Hydrotalcite
= C3FH6 cement
& 50 A . . . .
E = KatoiteSi1 * Changes in the Aluminate system minerals
= 40 | Monocarboaluminate (KatoiteSi1, Ettringite — Monocarboaluminate,
% c = CAFH13 hydrotalcite)
5530 1 Ettringite . _ .
8 = C1.65H + Changes in the ferrite-based minerals
£5% = Portiandte (C4FH13—C3FH6)
Halite
10 = Gaylussite fMinerals — There are no major volume changes.
—— H rom
0 — = Calcite | bonate (O Carbonate slurry 45 mass% or more
0 5 10 15 20 25 30 35 40 45 50 55 [[wBurkeite gy
[%] m Brucite Increase in the solid phase volume due to a newly

Carbonate slurry content

generated phase originating from the carbonate slurry

Fig. 5 Volume changes in the mineral phase of the cement
solidifications following changes in the carbonate slurry content
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[Study Results]

[ Confidential]

- Study items and implementation status (5/6) -

Changes in the mineral phase composition
during changes in temperature

-Waste content rate: Carbonate slurry is 30 [mass%]

*Temperature: 0 to 60 [°C], 100 [°C] (Crystallizing conditions)

a3

fem]
¥ &5 8 8

=

=

Mineral phase
composition
o

H
100

V] 10 20 » 40 80 &
Temperature [
Eamun-  Burhehe » Culclu C2Evr%a
0l ite  Portandie s CLESH s CAFHYY
s Nocaass . Pore water o Minerals from the
e et ey carbonate slurry

Fig. 6 Volume changes in the mineral phase of the carbonate slurry cement
solidifications following temperature changes
» Mineral phase changes in case of leaching

following contact with water

Mineral phase
Volume %

[volunw®s)

100

2

2

s
[

w
S

o —————————
-

L

{11 00 1000 2000

tnitial 10
Liquid-Solid ratio

(Pure water/Solid phase mass weight)

fiLeached part

® Portlandite
Hydotni e

8 C3FHG6

o Maonosul fate(Fe)

uCAaHLY

o Thanmesite
CISH
Cl3sH

uC10SH

BMSHI2

W Cpeize Mineral
W Burkeite)
= Brwite |

Fig. 7 Change in mass ratio in the mineral phase following

changes in the Liquid-Solid ratio

s from

\carbonate
slurry g

# The temperature at which calcium silicate hydrate (C-S-H) changes to the crystalline phase is
unknown, hence the calculations were performed in the temperature range of 0 to 60 °C where
there was no change, and at the temperature of 100 °C, where the changes are presumed to
have taken place.

[Matters indicated from the calculation results]
O A temperature rise of up to 60°C
» Changes in the Ferrite-based minerals (C4FH13—C3FH6)
- No changes in the minerals from the carbonate slurry.
— No big changes were seen in the solidifications.
QO Crystallizing conditions at 100°C
» C-S-H and Portlandite disappear and the crystal mineral is generated.
— Changes in the mineral phase, decrease in volume in the solid phase.

- Amount of waste filling: Carbonate slurry is 30 [mass%]

- Immersion conditions: Pure water

+ Solid-Liquid ratio: 1:10, 1:100, 1:500, 1:1000, 1:2000

-During the calculations of the various Liquid-Solid ratios, the decreased portion of
the mass and volume of the solid phase was assumed to be the leached out

portion.

[Matters indicated from the calculation results]
O Solubility alteration in the cement-based minerals
- Portlandite disappears.
- The C/S ratio of C-S-H decreases.
- M-S-H is generated.
O Changes in the minerals from the carbonate slurry
- At the Liquid-Solid ratio of 2000, Brucite disappears and
Calcite decreases.
- M-S-H is generated.
— Decrease in volume in the solid phase due to dissolution.

The calculation results for cement were obtained with respect to the essential filling rate, temperature
changes and the leaching properties required for studying the waste solidifications.
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(a) Establishment of techniques for selecting the preceding processing method
@ Low-temperature treatment technology
ii. Investigation of change in properties of solidifications (iii) Investigation and
evaluation of factors influencing long-term changes in properties
[Summary/ Plan for the following year]

[ Confidential)

» Current Summary

« The thermodynamics data was collected and maintained, and the thermodynamics stability
phase and the metastable phase were selected from the literature survey.

(AAM)

« Calculations were implemented for the AAM solid phase and the coexisting liquid phase, were
compared with the leaching test results of the metakaolin system AAM acquired in FY2018, and
the possibility to reproduce was obtained by setting multiple metastable phases.

(Cement)

» As regards the solidifications containing carbonate slurry, analytical values were obtained for the
mineral phase, mineral phase changes due to changes in temperature, and mineral phase
changes in case of leaching following contact with water.

» Plan for the following year

(AAM)

« Additional calculations will be performed when waste elements are added to clarify the applicability of
the thermodynamics equilibrium calculation at the present point and examine the issues.

(Cement)

* The iron coprecipitation slurry will be calculated. Additionally, analysis results of solidifications
containing slurry and the calculated results for elution, heating and drying test which are being
collected under other implementation items will be compared to clarify the applicability of the
thermodynamics equilibrium calculation at the present and to examine the issues.
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(a) Establishment of techniques for selecting the preceding processing method [Confidential]
@ Study on the approach for evaluating the applicability of treatment technologies
[Goals]

I. Investigation and study regarding the influence of waste composition on the performance of solidifications
To study the effect of the composition and chemical form of solid waste and the impact of the composition of
solidifications on the performance of the solidifications, in order to evaluate the range of solid wastes to which
various treatment technologies may be applicable.

ii. Data acquisition for equipment configurations for various treatment technologies

To study the concept of solidification treatment equipment, collect data on economic efficiency such as equipment
configuration and its treatment efficiency, maintenance details, types of consumables and replacement frequency
and types and weight of secondary waste etc. and thereby make additions and updates in the Technology
Investigation Table, in order to evaluate the waste specifications of various treatment technologies.

lii. Investigation regarding the volatility of Cs during high temperature treatment and its control

To study the volatility of Cs and its control mechanism and evaluate the volatile properties of Cs by means of
treatment methods and operating conditions, since the volatility of Cs is a problem in the high temperature treatment
technology.

' sProperty value of waste A

I Technical Information on the melting technology A

sol'idvifica
tion

Evaluation axis B

Evaluation axis A

“ Evaluation axis A

Melting technology
Fig. 1 Image showing the applicability evaluation method to be developed (Evaluation approach)
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(a) Establishment of techniques for selecting the preceding processing method

[ Confidential)

@ Study on the approach for evaluating the applicability of treatment technologies
I. Investigation and study of the effect of waste composition on the performance of solidifications

[Implementation Details]

In order to evaluate the range of solid wastes to which the various treatment technologies may be applicable,
the effect of the composition and chemical form of the solid waste and the composition of solidifications on
the performance of the solidifications was studied. The scope of the high-temperature treatments was studied
using a database and the scope of the low-temperature treatments was investigated through the results of
tests conducted under other items and through literature surveys.

In FY2019, the scope of applicability was studied using databases or literature, and in FY2020, the
insufficient data will be collected experimentally and the scope of applicability will also be studied.

FY

Implementation Details

2019

Evaluation of the filling concentration (composition range) with respect to the various secondary waste generated from
contaminated water treatment

- Collection of data on vitrification testing (including the supplementary activities) of the secondary waste generated from
contaminated water treatment through literature survey, and organization of glass properties for various filling concentrations
or compositions

- Incorporation of data in the glass properties model, and evaluation of the maximum filling concentration of the main
secondary waste generated from contaminated water treatment in the range within which the glass properties such as the
melting point, etc. are ensured

2020

Evaluation of filling concentration (composition range) when multiple wastes are mixed

- Reflection of the results obtained from the low-temperature system experiments and the results of the literature survey, and
organization and evaluation of the limiting values for the range of waste properties and the filling concentration (possible
mixing range) for the slurry

- Use of the glass properties model to evaluate maximum filling concentration of the main secondary waste generated from
contaminated water treatment in the scope within which glass properties such as the melting point etc. are ensured. And
verification of the properties by means of the glass melting test, if required (FY2019-2020)
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[Study Results] [ Confidential]
- Study methods-

» Collection of glass data from public literature together with the results of glass solidification tests of the
simulated waste from the Fukushima Daiichi NPS, which was measured under the Government-led
R&D Program on Decommissioning and Contaminated Water Management

» Setting up of restricting conditions (such as the melting point, viscosity and presence of precipitation
phase etc.), and evaluation of the highest concentrations of the secondary waste generated from
contaminated water treatment under these conditions by extrapolating the glass database

* Analysis based on INTERGLAD ver. 8 of the New Glass Forum (NGF) and some proposers’ data

» Evaluation of the secondary waste generated from contaminated water treatment as consisting mainly

of Carbonate slurries (Ca, Mg, Na), the Zeolites (Si, Al, Na) and the Titanic acids (Si, Ti), which are
present in large quantities

Carbonates

Recommended composition range

Experimental values (literature etc.)
of the glass properties
0 NLg(MCC-1)=5.6g/m?
x  NLg(MCC-1)>5.6g/m?

Titanic acids .
Zeolites (KUR-H, IE-96 etc.)

Fig. 2 lllustration of the Evaluation Results
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[Study Results] [ Confidential]
- Analysis with the Glass Properties Model -

» Atotal of 18,209 units of physical property data on glass containing more than 50% Zeolite could
be extracted from INTERGLAD (Fig. 3), and it was possible to derive an estimation formula for
liquid phase temperature, viscosity etc. by means of multiple regression analysis (Fig. 4).
Meanwhile, since there was insufficient data about the glass containing carbonate slurry or titanic
acid, it was difficult to derive an estimation formula for the same.

» On comparison with the PNNL estimation formula (which is in the public domain), the viscosities
were almost the same below 103 dPa/s, but higher above that value (Fig. 5). The concentration

range will be evaluated next year when the accuracy of the estimation formula will be improved
by outsourcing PNNL.

Liquid phase _ ) )
500 temperature |© ., Viscosity 1150C [dPas]

(90%) Liquid phase el

£
—
-
o . = o
temp:ergtbl:ge_m 5 300 I % 0
T~ ;
=5 L00 a o
o g e
25 Y o L
’ » 55 100+ Dﬂf ._#t."
4 o€ S 10% Rt
- 0N o = R
.: *Y - % - « E "ﬁ 109
Q- @00 8
/ = { 2
> 13 >
E 00 '..; 109+
%0 e00 =00 1000 1100 1200 1300 1400 1500 Y%7 100 107 107 107 10¢ 10° 10° 107 10"
NZ03 Bﬁ;” Measurement values Viscosity/dPa/s (InterGlad)
(640%) (50%)
Fig. 3 Liquid phase temperature data fg:::‘jgo" LT [T/K] =) a;x;
(The black spots confirm the melting point Fig. 5 Comparison of evaluation values with different
o . . . . . .
at 1250 C) Fig. 4 Multiple regression results and estimation formula viscosity estimation fo_rmUIaS _(EStlmatlon formula by
examples of the liquid phase temperature data ("X’ shows INTERGLAD and publicly available formula of PNNL)
the quantity of the contained element i while ‘a’ shows the
coefficient for the element i.)
E_—
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(a) Establishment of techniques for selecting the preceding processing method [Confidential]
@ Study on the approach for evaluating the applicability of treatment technologies
I. Investigation and study of the effect of waste composition on the performance of solidifications
[Summary/ Plan for the following year]

» Current Summary

« Based on public data of INTERGLAD ver. 8 of the New Glass Forum (NGF) and the data
proposed by related parties, analysis was carried out. The analysis showed that it was
possible to derive an estimation formula through multiple regression analysis for the liquid
phase temperature and viscosity of glass with Zeolite content.

» Plan for the following year

* Public data will be added to PNNL-specific database as well as the data obtained from
companies involved in the project, which enables estimation of a glass physical properties.
By using the estimation formula, the concentration range of the secondary waste generated
from contaminated water treatment including Zeolites (chabazite), Silica and Titanic acids
(CST) and Carbonate slurry, which can melt in glass, will be evaluated.
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(a) Establishment of techniques for selecting the preceding processing method [Confidential]
@ Study on the approach for evaluating the applicability of treatment technologies
ii. Collection of data on equipment configuration for the various treatment technologies

[Implementation Details] (1/2)

Economic data such as equipment configuration and its treatment efficiency, maintenance details, types
of consumables and replacement frequency and types and weight of secondary waste etc. was
investigated and organized in order to evaluate the waste specifications of various treatment
technologies.

In case of some of the technologies, the lacking economic efficiency data was acquired by studying the
concept of solidification treatment equipment, and this data was organized as technical information for
various technologies.

The lacking economic efficiency data was collected in FY2019, and in FY2020, the investigation results
including all the data obtained till date will be organized.

FY Implementation Details
2019 Data acquisition on equipment configuration for each of the treatment technologies
- Investigation of equipment configuration and its treatment efficiency, maintenance details, types of
consumables and replacement frequency, secondary wastes etc., as part of the applicability evaluation
of various treatment technologies, and study of the target technologies.
- Further study in case of some of the technologies such as the study of the process flow or material
handling etc., and organization of its results as technical information for the various technologies.
2020 Consolidation of the investigation results for each technology
- Consolidation of investigation results that will include all the data that has been collected till date.
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(a) Establishment of techniques for selecting the preceding processing method [Confidential]
@ Study on the approach for evaluating the applicability of treatment technologies
ii. Collection of data on equipment configuration for the various treatment technologies
- Technologies to be investigated -

Types of investigations (Major classification)

Classification Solidification treatment technology methods — —
Technical Investigation (Investigation about the Estoation .baSEd on economic efflqency GELE)
" 4 3 (Study of equipment scale etc. depending on the
Process flow, Equipment configuration etc.) o
radiation dose)
A (There are no examples for a low radiation dose
Joule Heating (LFCM) FY2019 and therefore, a study was conducted in FY2019 to|
see whether an investigation is possible.)
Flow type (Itis determined that a; alternative evaluation (Itis determined that a;1 alternative evaluation
fctetepieatnd QR between Joule Heating and Induction Heating is between Joule Heating and Induction Heating is
possible) possible)
Vitrification
Induction Heating (CCIM) [Partial project] [Partial project]
High- Joule Heating (ICV) FY2018 [Partial project]
temperature]
treatment Incan type
External Heating (Dem & Melt) [Partial project] [Partial project]
Induction Heating (Itis determined that an alternative evaluation (Itis determined that an alternative evaluation
between Incan and Induction Heating is possible) | between Incan and Induction Heating is possible)
Flow type
Meltin A (There are no examples for a high radiation dose]
vieting Plasma Heating FY2019 and therefore, a study in FY2019 to see whether or
solidification h S "
not an investigation is possible.)
A (There are no examples for a high radiation dose]
Incan type Induction Heating FY2018 and therefore, a study in FY2019 to see whether or
not an investigation is possible.)
Out drum type FY2018 FY2019
Cement
solidification
In drum type FY2018 FY2019
Low-
temperatur T
treatment (Not studied from point of view of engineering. An
Out drum type
lalternative evaluation is deemed possible as there arg} -
AAM compositions similar to cement.) (An alternative evaluation of the adaptability of the
solidification equipment to the differences in radiation dose is
In drum type FY2018 considered possible with cement solidification)

» Technical investigation of methods (Joule Heating method and Plasma Heating method) from amongst the
solidification treatment technology methods that were not investigated

» Study of the cement solidification technology concerning equipment addition in line with the radiation dose

(confinement or shielding) or the size of the equipment, as an investigation based on the data on
economic efficiency
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[Study RGSUltS] [ Confidential]

- Investigation of applicability to the secondary waste generated from contaminated water treatment

«  The properties of the secondary waste generated from contaminated water treatment were enumerated, and
applicability of the high-temperature solidification treatment technology was investigated.

Problematic Limiting values

waste
properties LFCM Plasma Heating

Less than 1650°C

Melting point Less than 1200°C

10Pa/s order or less at the treatment temperature #1 Approx. 1 Pa/s order or less at the treatment temperature #*

Viscosity

All types Must be less than equivalent viscosity even for hot water. Must be less than equivalent viscosity even for hot water.
B . There is migration to off gas regardless of the concentrations . . )
Cs concentrations (Control " d b ted) There is a shift to off gas regardless of the concentrations.
ontrol measures with a cold cap can be executed).
Moisture content Can be supplied in liquid or slurry state 5 wt% or less is the standard
Since the leaching tolerance of the solidifications decreases due Due to the drop in melting point, the quantity of waste mixture is curbed. The
BaSO to formation of the sulfate laver. it is necessary to curb the quantity of waste input is about 50wt% for SiO2. There are no restrictions from
Ferrocyan ast, uantity of the waste mixturg ' Y the viewpoint of the formation of the sulfate layer, since it is expected to be
ide sludge q ’ volatile as SOx.
. CN decomposes or oxidizes and does not remain inside the o . o
Cyanide ldficati CN decomposes or oxidizes and does not remain inside the solidifications.
solidifications.
CaCoO3 It is necessary to add the melting point lowering agent . . . . ) .
Y 9P 929 It is necessary to add the melting point lowering agent. (For instance, waste at
Carbonat  MI(OH) 2 It is necessary to add the melting point lowering agent. weight ratio : SiO2 = 66:34)
e slurry Na,CO, Although there is no issue since Na lowers the melting point, depending on the chemical form of Na, there is a rise in the volatility of Na or Cs.
Boric acid Although there is no issue since B lowers the melting point, depending on the chemical form, there is a rise in the volatility of B or Cs.

Titanate Titanate When the melting point exceeds the treatment temperature, the melting point lowering agent is necessary.

#1 It is based on the investigation results. However, although it differs by an order of magnitude, it does not mean that a lower viscosity is required in principle in the case of
plasma heating.
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- Collection of data on economic efficiency (Study results concerning layout) -

[Study Results]

[ Confidential]

Items such as confinement, shielding etc. or the scale of facility was investigated considering the

radiation dose of the secondary waste generated from contaminated water treatment.
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Fig. 1 Equipment layout plan for remote in-drum type cement solidification treatment
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[Study Results]
- Collection of data on economic efficiency and comparison of practical engineering application -

[ Confidential]

« Comparison and study of practical engineering usage of the various technologies following from FY2018

Technology investigated this year

Target secondary waste generated from

contaminated water treatment — Solid
products

Technical achievements

Treatment Temperature
13
0
1]
S Treatment Speed
a
Cs Volatilization rate

> High influence parameters
z
=
Q
Q.
o Process Risk

Main equipment configuration

Secondary waste generation
2
g Difficulties in remote operation
3
]

Process in the shielded area

Shielding/Controlled Area/Total
Building Area (m?)

Estimated maturity for on-site

application

LFCM

Zeolite+Carbonate slurry

— Glass solidifications

Stage of practical application on an actual scale within Japan and
overseas

(HLW, LAW)

1100 to 1200°C

Approx. Up to 0.3 t/h #2

Cs: Unknown #4
Cold cap formation, Treatment temperature, Hot water output

control

Formation of non-homogeneous solidifications, blockage of hot water,
container damage, uncontrollable cold cap

Power supply equipment, off-gas system, shielding equipment

HEPA filter, Filter residue, Refractory re-covering,

Electrodes

Refractory replacement in the furnace

Waste supply/mixing, Vitrification/hot water

Unknown

Demonstration test at a full-scale level with simulated waste is
required.

Plasma heating

Carbonate slurry

— Molten solidifications (slag)

Stage of practical application on an actual scale within Japan and
overseas

(LLW)

Up to 1600°C

Approx. 0.2 to 0.3 t/h #3

Cs: As an example it is 50%

Composition adjustment, Treatment temperature, Hot water output
control

Leakage of cooling water, container damage, inadequate hot water
supply

Drying equipment, power supply equipment, torches, off-gas
systems, shielding equipment

HEPA filter, Filter residue, Refractory re-covering,

Electrodes

Refractory replacement in the furnace

Unknown due to low dose performance only, estimated to be similar

to LFCM

0/Unknown/1450 (2F underground, 2F above ground, 4800 in total)

Demonstration test and active test at the full- scale level with
simulated waste are required after optimizing the solidification
treatment conditions.

#1 Approximately 1/100 of the maximum inventory measurement value of each nuclide in the currently obtained carbonate slurry was set as the threshold for high dose and low dose.

# 2 The glass production rate was 1 t/ h, the waste filling rate in the solidifications was estimated to be 0.2 and the moisture content of the pretreatment waste was estimated to be 50 wt%.
# 3 As per the investigation results. Approximately 0.2 to 0.5 t/ h when estimated with PACT-8 of Japan Atomic Power Company or with the Plasma melting furnace of JAEA. The composition ratio for treatment is Carbonate slurry : Glass material = 5: 5.
Density of solidifications 2500 kg/m3, pretreatment waste moisture content 50wt% and the volatile matter in the solidifications in the carbonate slurry are considered.
# 4 The plan is to investigate the actual values in the United States next year.
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Cement solidification (In drum type)
(High dose #1-Remote operations)

Carbonate slurry

— Cement solidifications

Many waste (LLW) treatment results available within Japan
and overseas

Room temperature

0.24 t/h (12 batches/ series) - 2 systems

None

Moisture content of waste, Amount of sodium carbonate

Back-up (water addition) difficult when fluidity is poor

Material supply equipment, agitator equipment, dustproof/
exhaust equipment, shielding equipment (remote control
system), forklift with shielding

None

None

Waste crushing, Weighing, Kneading, Transfer of

solidifications, Lid closure, Curing

700/1400/2100

Demonstration tests and active tests at a full-scale level
with simulated waste are required.
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(a) Establishment of techniques for selecting the preceding processing method [Confidential]
@ Study on the approach for evaluating the applicability of treatment technologies
ii. Collection of data on equipment configuration for the various treatment technologies
[Summary/ Plan for the following yeatr]

» Current Summary

« Atechnological investigation was carried out with respect to the high-temperature treatment
techniques namely, the LFCM and Plasma melting.

« Items related to economic efficiency such as confinement, shielding etc. or the scale of facilities
was investigated considering the dose of the secondary waste generated from contaminated

water treatment with respect to the cement solidification (In-drum type), which is treated under
low-temperature.

» Plan for the following year

+ The data investigated so far will be organized and evaluation items that can be used as
evaluation axis to compare technologies will be compiled. Additionally, the scope of
application of each technology will be shown in figures.

* Any data required additionally during summarizing the data will be collected.
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(a) Establishment of techniques for selecting the preceding processing method [ .. ...y
@ Study on the approach for evaluating the applicability of treatment technologies
lii. Investigation of Cs volatilization and control during high-temperature treatment
[Implementation Details]

The volatilizing of Cs is a problem in the high-temperature treatment technology and affects the model or
the equipment configuration strongly.

Therefore, the phenomenon of Cs volatilization and its control mechanism has to be evaluated on a
laboratory scale, and the volatile properties of Cs have to be evaluated based on the treatment methods
or the operating conditions. In FY2019, information regarding the Cs volatility was collected and a study
was conducted regarding the control of Cs volatility, and in FY2020, data will be acquired by

experimenting on small amount of samples. '

The mechanism for implementing measures to control the volatilization rate of Cs by means of
temperature control or additional loading of waste used in various facilities, was investigated and
confirmed to evaluate the Cs volatilization rate and present effective control measures.

FY Implementation Details
2019 Organization of findings related to volatility control of Cs during high temperature treatment of waste
- Organization of the concerned literature surveys and the engineering test results for each candidate
technology.
2020 Measurement of the efficacy of Cs volatilization control during high temperature treatment of the

secondary waste generated from contaminated water treatment

- Evaluation of the Cs volatilization control effect with KURION-H, IE-96, silicate titanium acid etc.
(FY2019-2020)

- Evaluation of the Cs volatilization control effect in a sample containing a glass component that
simulates vitrification (FY2019-2020)

- Comparison of the engineering test results of each organized model with the volatilization control
effect under the obtained ideal conditions. (FY2019-2020)
TRID m




(a) Establishment of techniques for selecting the preceding processing method [ fiqential]
@ Study on the approach for evaluating the applicability of treatment technologies
lii. Investigation of Cs volatilization and control during high-temperature treatment
- Outline of the investigative tests (1/2) -

+ Use TG-DTA, to measure the extent to which the control measures are able to bring down the volatility of CS from the
secondary waste generated from contaminated water treatment.

i) Cold Cap (low temperature) A 700°C
simulation i 9

' weight
i

X AW
Top Off § Cold Cap|Effect
Dried secondary waste generated from _
contaminated water » | Effect
i\ Simulation of Too Off Fri Time
ii) Simulation of Top Frit A 700°C
weight :

T

Top Off Frit

v

Time
Top Off Frit Effect: The effect of controlling volatilization by lowering the melting temperature by adding a low melting point vitrifying agent to the molten surface
Cold Cap Effect: The effect of decreasing the evaporation area to control volatilization by floating a solid cold cap at low temperature on the upper part of the
molten substance

> Test flow

Verifying the volatility
control effect in the case of
waste + vitrifying agent +
Cold Cap

when a vitrifying agent has
been added to the waste

Assessing volatile behavior Assessing volatile behavior
with a waste sample only
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[Study Results]
- Consolidation of findings concerning Cs volatility control during high-temperature treatment of

» Literature and actual results investigation
* It has been reported that the Cs volatility at the time of vitrification of Zeolite changed significantly depending on the
melting temperature or the glass additives (B,O; etc.). There are almost no reports on other adsorbents for Cs

volatilization.

waste -

[ Confidential)

* The volatility rate of Cs differs depending on the model, but it is difficult to judge, since it depends not just on the device
conditions such as air tightness or temperature control inside the reactor, stirring method (bubbling) etc. but also on the
operating conditions such as the melting temperature or the cold cap formation, mixing ratios of waste, selection of
vitrifying material etc., which continue to vary.

Liquid Fed Ceramic Melter

(LFCM)

Rotary kiln Induction heating
(AVM, AVH)

Cold Crucible Induction Melting
(CCIM)

External heating type
(Dem&Melt)

Joule heating
(GeoMelt)

Operating
temperature/
heating method

1100 to 1200°C
/Direct energized joule heating

+Real-time results with adsorbent
Volatility data of Cs

infused high-reslurry at West Valley,
etc. during

SRS and Hanford. Real-time results
engineering scale

with the high-level nitric acid liquid

testing/ Full-scale
waste at WAK, JNFL.

testing

Results for Cs volatility are uncertain.

Method of
-Formation of Cold Cap
controlling volatility

1150°C
/High frequency induction heating
(metallic container)

Real-time operation with ORANO-UP3
~There is a report that Cs volatility is a
problem but no clarity about any

specific amount of volatility.

+A low temperature scorch layer is
formed on the molten surface due to

the supply of liquid waste.

1000 to 1200°C
/High frequency induction heating
(glass)

+The off gas migration rate is

Cs = several % or more during the
engineering scale testing at IHI (There
are no details for actual testing by other

subsidy projects.)

-Formation of Cold Cap

-Decrease in the melting temperature
because of optimization of the glass
composition.

*Bubbling is minimized.

900 to 1100°C
/External heater

1250°C
IDirect energized joule heating

+The off gas migration rate is +The off gas migration rate is

Cs = 1to 9 % during the engineering  Cs = Less than 1% during the
scale testing at KURION (There are no engineering scale testing at ORANO
details for actual testing by other (There are no details for actual testing

subsidy projects.) by other subsidy projects.)

+Due to melting from the lower side and
by maintaining low temperature on the

upper side, volatility is controlled.

+Comparatively low temperature
+Until the final stage where the waste

-Temperature control easily controls
has melted till the upper-most side,

the Cs volatility.
volatility is controlled by infusing a low-

melting point glass material called Top
Off Frit.

= Data on change in volatility properties depending on operating conditions is necessary in order to interpret the differences in

the Cs volatility rate.

T1TRID
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[Study Results] [Confidential]
- Verification of the effect of volatility control -

» Measurement of the amount of Cs volatility during high-temperature treatment

OClarification of the amount of volatility in different OChanges in the amount of volatility due to the addition of a
temperature zones vitrifying agent
*Zeolite that has adsorbed Cs is heated with the vitrifying - The weight decrease is measured following heating after changing
agent and the weight decrease in each temperature zone is the vitrifying agent added to Zeolite that has adsorbed Cs.
measured.
100 1350°C 1400
100 <0 1400 R
| 4 Forecasted decreased r 1350°C 1250°C|
| values due to 1250°C 95 1200
g5 dehydration 1150°C 1200
A s 90 1000
90 AT e gso'c : - 1000 g‘
\/ J:r o b i g‘ g & 800
—~ 85 Forecasied ' M { 800 B G g
= decreased J A g B = 2 <
= values due to et Assumed vitrified ® 80 6800 o
2 'decarburization \ | body weight [~ —_
" 80 —— F | s00 s o
| S00¢C__J . Y ~ 75 400
! eight decrease due to -~
= | the volatility of Cs etc. 400 — 15 (Reagent base)
5 “ ——I= - TG (Without reagent base B) 200
| A7) 7 —uT06 (Glass base)
0 Temp.(C) . 200 —Temp.(C)
DTA o 65 0
Initial sample weight : 10.211mg o 5 10 15 0
65 0 X o
0 5 10 15 20 Time (h)
Fig. 2 TG analysis results for each method of addition
Time (h)
Fig. 1 TG/DTA result of the sample added with reagent base Due to differences in composition of the vitrifying agent (presence of B) and the form

of addition (reagent powder, vitrified powder), there are changes in the amount of
volatility, and data suggesting that the variations are significant at the temperature of
1000°C or more, is being collected.

By measuring the amount of weight decrease due to volatility in the different
temperature zones, an ideal volatility decreasing effect resulting from differences in
the melting temperature could be clarified (Cold Cap).

= Continue collecting data in order to understand the tendency of changes in the rate of volatility due to variations in the
operating conditions. Study whether the variations in the results of the engineering scale testing can be explained by the
variations in the operating conditions, and reflect the results in the comparison of the rate of volatility of Cs based on the model.

S T
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) ) ) ) ) [ Confidential]
(a) Establishment of techniques for selecting the preceding processing method

@ Study on the approach for evaluating the applicability of treatment technologies
iii. Investigation of Cs volatilization and control during high-temperature treatment
[Summary/ Plan for the following year]

» Current Summary

« Findings concerning the control of volatility of Cs during high-temperature treatment of
waste were organized.

* Measuring test of phenomenal Cs volatility on a laboratory scale was started.

» Plan for the following year

« Measuring test of phenomenal Cs volatility on a laboratory scale will continue to collect data.

« Differences in engineering test results will be studied whether the operating conditions affect the
engineering test results. The study results will be reflected in the comparison of Cs volatility rate
that can be an evaluation axis.
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(a) Establishment of techniques for selecting the preceding processing method [Confidential]
- Summary of the Progress Status -

implementation tems

@ Low-

temperature
treatment

technology

@ Study on the
approach for
evaluating
applicability of
treatment
technologies

i. Collection
and evaluation
of data on low-
temperature
treatment
technology to
contribute to

(i) Study on the verification method for low-
temperature treatment solidification

(ii) Collection of data on properties of cement and
AAM solidifications for the slurry

the

identification of  (iii) Investigation of special cements
technology

ii. Investigation (i) Investigation of change in properties of
of change in solidifications due to heating

properties of

solidifications (i) Evaluation of the relation between the Cs

inventory and the temperature of solidifications

(iii) Investigation and evaluation of factors
influencing long-term changes in properties

i. Investigation and study of the effect of waste composition on the
performance of solidifications

ii. Collection of data on equipment configuration for the various
treatment technologies

iii. Investigation of Cs volatilization and control during high-
temperature treatment

IESpPELL WU DSIUTTY, ILIS 1HTTUSUY PIuyIesollly das sulicuuicu.

Selection of simulated waste and study of evaluation methods has ended.
The screening flow concept has been created.

Simulated carbonate slurry has been manufactured.

Composition conditions for the simulated solidifications have been selected.
Simulated solidifications have been manufactured and the various analyses
continue on an ongoing basis.

Literature survey and selection of cement for testing has ended.
Performance testing of the target special cements base material has ended

Literature survey regarding the change in properties of the solidifications due
to heating etc., has ended.
The heat addition test has been executed (part of it is still underway).

Modeling and simulation calculation (OPC) of the container has ended.
Trial pertaining to the relation between inventory and temperature of
solidifications

Comparison between the thermodynamics equilibrium calculation for the AAM
solidifications with the experimental results

Trial run of the thermodynamics equilibrium calculation pertaining to the
property change behavior of the carbonate slurry cement solidifications is
conducted.

Collection and organization of the vitrification test data has ended.
The calculation to evaluate the physical properties using the glass
characteristic model (InterGlad) has ended.

Investigation concerning plasma melting, LFCM and cement solidification has
ended.
Addition into and update of the Technology Investigation Table is carried out.

Organization of literature survey and engineering test results concerning Cs
volatility has ended.

Testing to measure the amount of Cs volatility during high-temperature
treatment continues to be carried out on an ongoing basis.
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(b) Presentation of disposal methods, and development of safety assessment techniques

[ Confidential)

@ Study on disposal methods in accordance with classification of solid wastes and collection & consolidation
of information for establishing safety assessment techniques

B Results

O Important case examples were identified by conducting an
overseas disposal site survey. In addition, the applicability to the
waste disposal at 1F was evaluated.

O A process for studying the disposal concepts was established in
order to study waste management strategies.

B Goals

O To create the image of waste packages and present disposal

methods based on the classification of solid waste.
B Implementation details

O In FY2019, several disposal methods were studied in accordance
with the classification of solid wastes, based on the survey details
on domestic and overseas disposal concepts and safety
assessment techniques and based on the information on solid
waste properties. The items that need to be studied for the
establishment of safety assessment techniques for each disposal
method were identified. The concepts of the studied disposal
methods were organized to clarify the image of waste packages
resulting from each of the treatment technologies applicable in
accordance with the characteristics of solid waste.

O In FY2020, studies will be continued on multiple disposal methods
in accordance with the classification of solid wastes, based on the
survey details on domestic and overseas disposal concepts and
safety assessment techniques and based on the information on
solid waste properties. Necessary information regarding the
identified items that need to be studied will be collected and
consolidated. The image of waste packages resulting from each of
the treatment technologies applicable in accordance with the
characteristics of solid waste, for the studied disposal methods will
be studied.

B Indicators to determine goal achievement

O (FY2019) The items that need to be studied for the establishment of
safety assessment techniques for each disposal method should be
presented. The concept for clarifying the image of waste packages
should be presented.

O  (FY2020) Multiple disposal methods based on the classification of
solid waste should be presented. Necessary information regarding
the identified items that need to be studied should be presented.
The image of waste packages should be presented.

1IRID

Disposal to Diversion 2009-2017

AV Nt rteernd S ACET recdiecin of wese fom
300ms Dy NDA sliw i P Wil nuossy nouary

Processing,
[N 89% recycling, disposal
4 o at VLLW disposal

7 tacility, ete.
2009 2017
Processing, -~ _
recycling, oy 1% Disposal at
disposal at VLLW oo, | oone | LW disposal
disposal facility, site
etc.
Fig. 1 Waste disposal strategy in the UK
Understanding the Study on disposal

properties of wastes
[Characteristics]
sLarge amount of waste |
sVarious types of wastes/
*High uncertainty

concepts
*Depth of disposal
«Structure of the facility
*Environmental
conditions, etc.

7"

Plan for manufacturing
waste packages
*Measurement / sorting |

+Solidification treatment H

«Disposal container, etc.

Performance evaluation of
disposal site
*Evaluation scenarios

+Evaluation model J
*Evaluation parameters, etc.

-

Fig. 2 Process for studying the disposal concepts
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(b) Presentation of disposal methods, and development of safety assessment techniqu@”ﬁde”“a']
@ Study on disposal methods in accordance with classification of solid wastes and
collection & consolidation of information for establishing safety assessment techniques

1. Creation and review of research plan [ [
2. Study of specifications and contracts . .
pertaining to outsourced task
3. Organization and classification of waste
characteristics Targeted waste in FY2019 Targeted waste in FY2020

: | ]
4. Study of disposal concepts

Targeted waste in FY2019 Targeted waste in FY2020

: I ]
5. Study on safety assessment techniques
|
]

6. Study on the requirements for waste
packages

7. Study on the image of waste packages

B Implementation details (proposed)

The research plan will be created and reviewed.

Specifications and contracts of the outsourced task will be studied.

Waste characteristics will be organized and classified.

Disposal concepts suitable for the characteristics of solid wastes will be studied.
Performance of disposal site will be evaluated for the studied disposal concepts.

The requirements of waste packages from the perspective of disposal will be studied.

The image of waste packages based on the applicable treatment technology will be studied.

NOo o~ WNPE

S T T s
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(b) Presentation of disposal methods, and development of safety assessment techniques [Confidential]
@ Study on disposal methods in accordance with classification of solid wastes and collection & consolidation
of information for establishing safety assessment techniques

Results and issues in FY2017 — FY2018, and study policy for FY2019 — FY2020

<Major results of FY2017 — FY2018>

1. Survey of case examples of overseas disposal sites
@ Case examples from overseas disposal sites were identified and their applicability to 1F waste disposal was
evaluated.

2. Establishment of a process for studying the disposal concepts

@ The process for studying the disposal concepts, in which the plan for waste conditioning (measurement /
sorting, solidification treatment, containers, etc.), the disposal concepts, and performance evaluation of disposal
sites are studied serially, was established.

3. Case study on multiple disposal concepts
@ A case study on improved confinement function of the disposal facility, disposal container, and solidifications
respectively was conducted, and it was confirmed that the effect could be verified and feedback could be given.

<Issues and study policies for FY2019 — FY2020>

1. Study on disposal concepts considering the characteristics of each type of waste

» In the study to be conducted during FY2019 - FY2020, the characteristics of each type of waste will be studied
and consolidated.

» The process for deriving the disposal concepts based on the characteristics of each type of waste will be
studied.

2. ldentification of issues in establishing safety assessment techniques and items that need to be studied
» Safety assessment of hypothetical waste packages and hypothetical disposal sites will be conducted in
consideration of latest regulations, and the issues in safety assessment and necessary parameters will be studied.

3. Study on the concept of waste package requirements from the perspective of disposal safety
» The concept of waste conditioning and its requirements will be studied based on the characteristics of each

type of waste.
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(b) Presentation of disposal methods, and development of safety assessment techniques

[Confidential]

@ Study on disposal methods in accordance with classification of solid wastes and collection & consolidation

of information for establishing safety assessment techniques

Table 1 Examples of 27 types

Course of action for FY2019-FY2020 (1/2)

<ltems discussed by the concerned parties while formulating the plan>

@ 27 types of accident wastes from the assumed inventory studied by means of characterization, will be Waste
studied, based on the fact that these cover a wide range of wastes and that the results of studies generate
conducted so far can be used. d from
water
. . . . . . . . treatment
@ At present, since the inventory is uncertain and there is uncertainty in dose evaluation parameters as
the disposal sites are yet to be determined, it is estimated that the result of dose evaluation will include
significant uncertainty.
Therefore, in this study, the focus will be on establishing a process for determining the disposal methods
and on identifying related issues, using the results of dose evaluation as reference values.
Debris
@ First, as a starting point, preliminary dose evaluation will be performed. The dose, when 27 types of
accident waste is considered as raw waste and hypothetically disposed of in trenches, pits or at medium
depths, will be evaluated, and compared with the standard value including the one under study by the
Nuclear Regulation Authority. As a base for the disposal concepts, a preliminary study will be carried out
on which disposal classification is expected for each type of waste.
Based on this disposal classification, the aim is to study the treatment and disposal measures based on
the characteristics of each type of waste and to present a disposal concept based on the waste
classification. Dismantli
27 types of Distribution of Proposed ng
waste raw waste Elrraeeiies disposal concept il
o e of each waste \yaste A
Carbonate precipitation disposal> ; —ﬂ'reatmen(—-
slur‘ry Waste A, B+ - - Study of'disposal a
B:Ezz % Preliminary dose concelpts )
RPV waste (L1 before the evaluation , <Pit disposal> Dose_,eva et _’Trea:,mem_-
accident 000
Metal inside PCV()L2 before Waste C, D Waste B
the accident)
. . —il'reatmem—-
Figure 1 Flow of Stud ' : -

T1TRID
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of accident waste

Types of waste

Kurion

AREVA sludge

SARRY

Carbonate precipitation slurry

Used adsorbent from ALPS
(Titanate)

<0.005 mSv/h

0.005-0.1 mSv/h
0.1-1 mSv/h
1-30 mSv/h

>30 mSv/h

RPV waste (L1 before the
accident)

Metal inside PCV (L2 before the
accident)

Metal inside the building (L3
before the accident)

Concrete inside the building
(Not released before the
accident)
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(b) Presentation of disposal methods, and development of safety assessment techniques

@ Study on disposal methods in accordance with classification of solid wastes and collection & consolidation
of information for establishing safety assessment techniques

Course of action for FY2019-FY2020 (2/2)

( N\

I. Preliminary dose evaluation for )

| each type of waste )

. + . The 27 types of
Il. Organization of waste information required > wastes are
for the study of disposal concepts selected as

(& J

* targets

p \ (Comprehensive
Ill. Evaluation of characteristics for study)
each type of waste

I\ J o

( + . B B N\

IV. Selection of waste to be studied in i
| FY2019 ) Narrowing down

» Domestic and overseas disposal case examples
(Studies in FY2017 - FY2018)

Process for studying the disposal concepts (Studies in FY2017

» Information and characteristics of the waste (I, Ill) ]

<Scope of implementation in FY2019>
+Preliminary dose evaluation of waste

evaluation

<Scope of implementation in FY2020 (planned)>

evaluation

i VIII. Selection of waste to be studied
v in FY2020

» Information and characteristics of the waste (I, Il)
» Domestic and overseas disposal case examples
(Studies in FY2017 - FY2018)

- Selection of waste to be studied based on the study in FY2019
- Study of disposal concepts for the selected waste and its dose

Organization of waste information and evaluation of characteristics
- Study of disposal concepts for the selected waste and its dose

)

Process for studying the disposal concepts

Studies in FY2017 - 2018

Vs

segregation, measurement, etc.)*
.

IX. Process until waste conditioning (treatment,

[Confidential]

|
(" V. Study on the process until waste 3 * !
conditioning (treatment, sorting, measurement, - - N !
(_etc.)* X. Study on disposal !
! # M= ====== A
I . methods
Z - Targeting the N |
VI. Study on disposal g - - - = -~ ! selected * Feedback of 1
| methods* .. waste f Y evaluation results |
! (Detailed XI. Dose evaluation e e |
Feedback of | study) L
f . 1\ evaluation results 1 y
VII. Dose evaluation g —— 1 T e [ ittt
L
#:1n this study, the process up to waste conditioning and the s Output Image
disposal methods are collectively referred to as the "disposal @ Proposed disposal concept based on the type of waste
concept”. @ Issues with the dose evaluation techniques and items
that need to be studied
@®Requirements of waste packages from the perspective of
disposal safety
________—
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(b) Presentation of disposal methods, and development of safety assessment techniques [ Confidential]
@ Study on disposal methods in accordance with classification of solid wastes and collection & consolidation of
information for establishing safety assessment techniques

|. Preliminary dose evaluation for each type of waste

Purpose

Overview of

The 27 types of accident waste (secondary waste generated from contaminated water
treatment, debris, felled trees, dismantling waste) will be allotted for trench disposal, pit

disposal, medium depth disposal, and geological disposal.

» In |, raw waste is assumed. However, the sensitivity to exposure dose during the elution
period in the Groundwater Scenario is evaluated by a parameter study.
» In |, overseas case examples (artificial barriers, etc.) surveyed during FY2017 - FY2018 are

not considered.

evaluation ) Groundwater Scenario and Nearing Scenario are used.
methods

Inventory
(27 types of
Waste)

Dose evaluatlon
in Nearing
Scenarlos

in Groundwater
Scenarlos

AIIotment with
respect to
preliminary disposal
classification

|
|
1
1

[ Dose evaluatlon
.

1IRID

The assumed inventory for the 27 types of accident waste (secondary waste
generated from contaminated water treatment, debris, felled trees, dismantling waste),
which is the result of the FY2017 - FY2018 IRID study, was used.

The following parameter surveys were conducted.

> Inventory (50 %ile, 95 %ile)

The following parameter surveys were conducted.

» Inventory (50 %ile, 95 %ile)

» Impact on disposal depending on the presence of affecting

substances

Placed by humans

Exposure route
*Person staying at site
*Excavation worker
*Geotechnical engineer
e |Lab analyst

Waste

*In the preliminary dose evaluation, a person
staying at the site is evaluated as a representative

example. Use of well Person
water R|ver

...... involved in
!_ _-l fishery

Ground water

» Elution period (1y to 100,000y), amount of penetrated water #1n the preliminary dose evaluation,

(reference value x 1 to x 0.001)

the river route is evaluated as a
representative example.

The 27 types of accident waste (secondary waste generated from contaminated water treatment,
debris, felled trees, dismantling waste) were allotted for trench disposal, pit disposal, medium

depth disposal, and geological disposal.
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(b) Presentation of disposal methods, and development of safety assessment techniques
@ Study on disposal methods in accordance with classification of solid wastes and collection & consol
of information for establishing safety assessment techniques

|. Preliminary dose evaluation for each type of waste

gt e

Summary of
preliminary dose
evaluation results

The 27 types of waste were allotted disposal classes assuming that these consist mainly of raw
waste.

In the Nearing Scenario, the dose when the scenario occurs largely depends on the disposal method (stationary
density).
Following could be the countermeasures for this scenario.

*Reducing the maintainability of the inventory

+ Extension of management period

|:> In the Groundwater Scenario, most of the waste needs to be disposed in deep depths if no measures are taken.
Following could be the countermeasures for this scenario.
*Reducing the maintainability of the inventory
*The elimination of impacts of substances with impact on disposal does not reduce the distribution and sorption
performance of the natural barriers and of areas where distribution equilibrium is achieved.
* Nuclide migration measures (Solidification treatment, installation of artificial barriers)

|:> Sensitivity evaluation of the_effects (changes in dose and disposal classification) upon implementing the above
measures was performed and the results were organized based on the type of the waste.
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(b) Presentation of disposal methods, and development of safety assessment techniques
@ Study on disposal methods in accordance with classification of solid wastes and collection & consolidati
of information for establishing safety assessment techniques

II. <Organization of waste information>

&gonfidentiall

The waste information necessary for studying the disposal concepts was organized, based on
the results of the preliminary dose evaluation and the IRID studies conducted so far.

Targeted waste Organized items (excerpts)
27 types of waste linked to the inventory Basic Information ~ <Source of information>
Secondary waste generated from contaminated » Quantity
water treatment Inventory estimated

Radioactivity properties

» KURION .
» AREVA » The amount of radioactivity per nuclide duréng the FY2018
> SARRY » Uncertainty in the amount of study
» Slurry 1 Iron co-precipitation radioactivity D
» Slurry-2 Carbonate precipitation » Form of disposal o
» ALPS-4 Ag impregnated activated carbon _ POS: l. Prel|m|nary dose
» ALPS-2 Titanate Nearlng Scenario, Groundwater evaluation
etc. Scenario
Debris, felled tress PhySICal_ properties , N
» Debris 1 to 5 » Physical properties
» Felled trees Shape, size, shape stability, dispersibility,
) _ Solubility, confinement property
Dismantling waste » Chemical .
» RPV waste (L1, L2 before the accident) emical properties
» PCV waste (metal) (L2, L3 before the Material/substance, moisture content, Study results of
accident) ?nclusiqns (toxic substances,' > Waste project
» PCV waste (concrete) (L2, L3 before the impacting substances, organic substances) = v
. public information,
accident) Storage and treatment t
» Waste inside the building (metal) (L3 before » Storage status etc.
the accident, not released) Status of occurrence (existing occurrence, future
» Waste inside the building (concrete) (L3 occurrence), storage form
before the accident, not released) > Treatment options J
L eSS
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(b) Presentation of disposal methods, and development of safety assessment techniques [ Confidential]
@ Study on disposal methods in accordance with classification of solid wastes and collection & consolidation
of information for establishing safety assessment techniques
[ll. Evaluation of waste characteristics

The characteristics of 27 types of
waste were evaluated focusing on
quantity, diversity, and uncertainty.

Example of waste in large “quantity”

» Type of debris - Debris 1 (0 to 0.005 mSv/h), etc.
The entire quantity of debris is to the order of a few hundred thousand m?, which is about the same as the maximum planned amount at
Rokkasho.

» Concrete inside the building (not released before the accident)
The quantity is to the order of a few hundred thousand m? as the material has become radioactive waste due to contamination at the time of the
accident. The guantity changes depending on the state of contamination.

» KURION, carbonate slurry

The quantity of secondary waste generated from contaminated water treatment is relatively small, however, as an adsorbent KURION is greatest in number and
as slurry sludge the quantity of carbonate slurry is largest.

Examples of waste with great “diversity”

» General secondary waste generated from contaminated water treatment
Waste specific to 1F. The amount of radioactive substances and chemical substances mixed in the same type of waste_differs depending on the operation
history of the facility.

» Types of debris
Although the main waste comprises metals and concrete, there are variations in contamination (amount, form of contamination) and contaminants (type,
amount).

» Dismantling waste

Similar to the dismantling waste generated during general reactor decommissioning, the waste itself is radioactivated, and the extent of contamination by
radioactive gas, fine particles, and contaminated water is large.
Contamination is likely to occur due to other types of waste and chemicals during fuel debris retrieval and dismantling.

» Concrete inside the building (not released before the accident)
It is not classified as radioactive waste in general decommissioning and is a contamination unique to 1F.

Examples of waste with high “uncertainty”

» General secondary waste generated from contaminated water

treatment
The amount generated may fluctuate depending on the operating conditions of the equipment in the future. There is also great uncertainty in the radioactivity
properties due to variations in the amount of nuclides adsorbed.

» Dismantling waste
Uncertainty is high as the radioactivity properties vary depending on the contamination status.
» Concrete inside the building (not released before the accident)

Uncertainty is high as the amount of waste generated and the radioactivity properties vary depending on the contamination status.
______— e
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(b) Presentation of disposal methods, and development of safety assessment techniques
@ Study on disposal methods in accordance with classification of solid wastes and collection & consol
of information for establishing safety assessment techniques

V. Selection of waste to be studied each year

8 types of waste were selected for detailed study (V to VII) based on the results of the studies conducted so far.
Table 1 Selected waste

Secondary waste generated from contaminated

%ot?grc]ientlall

KURION Adsorbents such as zeolite that adsorbed radionuclides such as C-137, and metal containers containing them
water treatment
2 AREVA SRR R (AT e RN Precipitates containing radionuclides such as Sr-90 (including ferrocyanide, barium sulfate, etc.)
water treatment
3 Slurry-2 Carbonate precipitation Secondary waste generated from contaminated Sr-90is a typ!c_z_il nuclide of carbonate slurry (Main components are CaCO, Mg(OH),) generated in water
water treatment treatment facilities.
a Debris 1 (0 — 0.005 mSv/h) Vs e Thg maln'ma}tenals are metal and concrete contaminated by the crushing and dismantling of structures such as
buildings inside the premises.
5 Debris 2 (0.005 — 0.1 mSv/h) Various debris Similar to Debris 1 except that it has a higher amount of radioactivity
6 iz e ptrheeszl::rcei d\:;st)sel (L e Dismantling waste Fuel debris, cesium, etc. from the accident that are adhered to the activated metal in the pressure vessel
Waste inside PCV (metal) (L2 before the ’ . Fuel debris, cesium, etc. from the accident that are adhered to the radioactivated metal (PCV body, equipment)
7 . Dismantling waste . .
accident) in the containment vessel.
Waste inside the building (concrete) (not ’ . Highly concentrated contaminated water and / or contaminated air that are adhered to the building and the non-
8 Dismantling waste

released before the accident) radioactive concrete in the building

<Representativeness of selected waste>
Multiple wastes are selected from the categories of secondary waste

Covers waste from extremely high-level radioactive waste Category > ! 4
concentration (KURION, waste from pressure vessel) to low-level - genergted frqm contaminated water treatment, various debris,
radioactive waste (Debris 1). and dismantling waste.
Includes short half-life nuclides and long half-life nuclides caused by

Covers waste from L3 to L1 and waste that is expected to mportant nuclides ) > ST o
W be geologically disposed. w radioactivation and contamination.

Includes relatively uniformly contaminated secondary waste generated
from contaminated water treatment and solid waste with uneven
surface contamination.

Includes slurries, building materials (building concrete),

R — and metal-based reactor components.

Includes disposal of various debris that may contain Includes wet waste that may require solidification to reduce the risk

organic matter, and substances affecting the gl of hazards.
environment (AREVA).
Covers waste from the two most abundant raw wastes

distribution

Includes existing waste currently stored at the site (debris, etc.) and
dismantling waste that will be generated decades later.

(Debris 1 and concrete inside the building (not released
before the accident)) to the least abundant raw waste.

Ime ot occurrence
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(b) Presentation of disposal methods, and development of safety assessment techniques [ Confidential]
(@ Study on disposal methods in accordance with classification of solid wastes and collection & consoh&ation
of information for establishing safety assessment techniques

V. Selection of waste to be studied each year

Study policy for “V. Study on the process until waste conditioning”, “VI. Study on disposal methods” and “VII.
Dose evaluation”

@ In “V. Study on the process until waste conditioning”, multiple treatment options shall be studied based on
the characteristics of each waste.

@ In “VI. Study on disposal methods”, the concept of disposal site with artificial barriers to reduce the amount
of penetrated water shall be studied for the three categories, namely, surface disposal concept (L3), near-
surface disposal concept (L2), and medium depth disposal concept (L1).

@ In “VII. Dose evaluation”, the treatment options studied in V and VI and the model parameters for
incorporating the artificial barrier into dose evaluation, shall be studied. Here, with long-term institutional
control as the pre-requisite, parameters such as nuclide migration and biosphere shall be reviewed with
reference to cases from other countries.

Preliminary dose evaluation and Study of disposal concepts and
characteristics evaluation dose evaluation
(I 'to 1) (V to VII)
Target: 27 types of waste Target: 8 types of selected waste
(comprehensive)
Sensitive evaluation of time of @ Setting of disposal options and disposal methods
occurrence, Kd, elution rate, ﬂ[ > @ Provision of models and parameters for dose
amount of penetrated water, etc. evaluation

Study on specific
countermeasures and
evaluation methods

Study on the direction of
measures
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(b) Presentation of disposal methods, and development of safety assessment techniques
@ Study on disposal methods in accordance with classification of solid wastes and collection & consolidation
of information for establishing safety assessment techniques

V. Study on the process until waste conditioning

clean concrete

Multiple processes up to waste conditioning from the concrete inside the
building (not released before the accident) are studied and the amount of
radioactivity and quantity for each waste package that gets generated is set.

Table 1 Flow of each treatment option :
(llustration of waste inside the building (concrete) (not released before the accident)) Fig.1 Sample image of building concrete

steel reinforcement

[ Confidential]

surface contaminated concrete

B

l RI D Note) Set with reference to NEA / RWM /R (2011) and NDA / RWM/ 120 (2015). % is the percentage against raw waste.

Option A Option B Option C
Raw waste Concrete inside the building (not released before the accident) }
v v
Y Chipping of Breaking, smashing
Cutting with sugface p . materials
diamond wire Contaminated |
( l, ( l, debris D
Treatment : Substances Y
et R | —
- based on e
Y radioactivity epris y
Breaking, smashing Filling of grout
and separation of |n5|dte ISO Packaging and
matgrials GolilE ER filling of grout
Disposal / ' te Waste sted| ( Pack h N - ¥ N
Reuse [ Concrete ] fonferﬁlf%:égfneehf ee} acsmi%:{csem Concrete waste Concrete waste [ reinfgﬁggkent ]
block (CL level) inati (CL level) package (CL level)
Change in
radioa%tivity 100%-100% 0%-98% 100%-+2% 0%-89% 100%-17% 0%-+1%
and volumeNote)
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(b) Presentation of disposal methods, and development of safety assessment techniques onfidential]
(@ Study on disposal methods in accordance with classification of solid wastes and collection & consol‘&
of information for establishing safety assessment techniques

V. Study on the process until waste conditioning

Multiple processes up to KURION waste conditioning are studied and the amount of radioactivity and quantity for each waste package that gets generated

is set.

Table 1 Flow of each treatment option (lllustrating KURION)

ation

Option A Option B Option C Option D
Raw waste [ KURION ]
Extraction and Extraction and Extraction and
separation of adsorbents separation of adsorbents separation of adsorbents
] ] ]
} } } } } ‘
Temporary Temporary Temporary
Adsorbent stprage containgr Adsorbent orage contairjer Adsorbent storage container
——— — —
v
Treatment . . . .
Melting v Melting v Melting Drying
Dehydration Vitrification
compression
\ 4
Filling of
A 1ling or grou
container inside highly Storage in
cg%g?r:eer Filling of grout SiF EenLEne]
. I i Linde Filling of grout
A provided with | | - inside SS inside 95
SRieiaing container container
| |
v v v Y v v v 1 y v
Disposal / | ' ( Y cran ) A Dried
Rp Adsorbent || Slag Metal || Adsorbent|| Slag Metal ||| Adsorbent | Slag Metal A
euse \ package package || (CL level)|| package || package || (CL level) package 1 package) (CL level)
Change in
radioactivity and 99%- 1%- 0%- 99%- 1%- 0% 99%- 1%~ 0%~ 100%-
volume Note) 198% 3% 96% 60% 3% 96% 36% 3% 96% 100%
B—

1IRID

against raw waste.

Note) Set with reference to IAEA. TRS No 401 (2001), NDA / RWM / 120 (2015), IHI Engineering ReVigiv PP 25 'Vor 5; 135Ue 1 (2018)" 96 'is tHer petcetitige =~
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(b) Presentation of disposal methods, and development of safety assessment techniques
@ Study on disposal methods in accordance with classification of solid wastes and collection & consol

of information for establishing safety assessment techniques
V. Study on the process until waste conditioning

Table 1 Treatment options for secondary waste generated from contaminated water treatment

gt e

Treatment Change in radioactivity’
Waste option Explanation Waste package and volume Note)
A Grout filling of sludge in stainless steel (SS) container Sludge package (grout filling in SS container) 100%-330%
B Colmplressmn of sludge by dehydration and storage in a highly durable container provided with Sludge package (high durability container) 100%-100%
AREVA shielding
C Vitrification of sludge and storage in SS container Vitrified solid package (SS container) 100%-60%
Raw waste Disposal of raw waste (treatment / conditioning is not studied) Raw waste 100%-100%
Segregation of temporary storage containers and adsorbents Adsorbent package (grout filling inside SS container) 99%-+198%
A Grout filling of primary waste (adsorbents) in SS container — -
Melting of secondary wastes (temporary storage container) and grout filling of slag inside SS|Slag package (grout filling inside SS container) 1%-3%
CIENET Metal (CL level) 0%-96%
Segregation of temporary storage containers and adsorbents o ) Adsorbent package (grout filling in highly durable container) 99%:-60%
Compression by dehydration of primary waste (adsorbents) and grout filling in a highly durable
B container provided with shielding Slag package (grout filling inside SS container) 1%-+3%
Kurion Melting of secondary wastes (temporary storage container) and grout filling of slag inside SS
container Metal (CL level) 0%-38%
Segregation of temporary storage containers and adsorbents Vitrified solid package (SS container) 99%:+36%
c Vitrification of primary waste (adsorbents) and storage in SS container Slag package (grout filling inside SS container) 19%:+3%
Melting of secondary wastes (temporary storage container) and grout filling of slag inside SS
container Metal (CL level) 0%-38%
D Dried inside the temporary storage container and disposed directly Dried raw waste 100%-100%
Raw waste Disposal of raw waste (treatment / conditioning is not studied) Raw waste 100%-100%
Segregation of temporary storage container and slurry. Slurry package (grout filling inside SS container) 99%+195%
Grout filling of primary waste (slurry) in SS container I . 0220,
A Melting of secondary wastes (temporary storage container) and grout filling of slag inside SS Slag package (grout filling inside SS container) 1%6-3%
container Metal (CL level) 0%+ 45%
Separation of slurry and high-performance containers. Slurry package (high durability container) 99%-53%
Compression by dehydration of primary waste (slurry) and storage in a highly durable container
Slurry-2 B provided with shielding Slag package (grout filling inside SS container) 1%-3%
Carbonate Melting of secondary wastes (temporary storage container) and grout filling of slag inside SS
precipitation container Metal (CL level) 0%:45%
Segregation of slurry and high-performance containers. Vitrified solid package (SS container) 99%-32%
Vitrification of primary wastes (slurry) and conditioning in SS container L . 07420,
¢ Melting of secondary wastes (temporary storage container) and grout filling of slag inside SS Slag package (grout filling inside SS container) 1%-3%
container Metal (CL level) 0%+ 45%
D Dried inside the temporary storage container and disposed directly Dried raw waste 100%-100%
Raw waste Disposal of raw waste (treatment / conditioning is not studied) Raw waste 100%-100%

— s --——---
I RI D Note) Set with reference to IAEA. TRS No 401 (2001), NDA / RWM / 120 (2015), IHI Engineering REVI&W 7"Pp™25'Val 5, 185l T (20T8)" %6 7S the percentige ™" 16 4
against raw waste.



(b) Presentation of disposal methods, and development of safety assessment techniques
@ Study on disposal methods in accordance with classification of solid wastes and collection & consolidation
of information for establishing safety assessment techniques

V. Study on the process until waste conditioning
Table 1 Treatment options for various types of debris and dismantling waste

[ Confidential]

Change in
Treatment . radioactivity and
Waste Option Explanation Waste package volume Note 1)
A / Raw waste  |Cut with diamond wire, made into concrete block and disposed directly Concrete block 100%-100%
Concrete inside Concrete waste (CL level) 0%-98%
the buildin B Chipping of parts of the contaminated surface Steel reinforcement (CL level) 0%+1%
9 Grout filling of contaminated surface inside 1ISO container Package with surface contamination (grout filling inside ISO
(Not released . 100%+2%
before the container)
accident) Broken and sorted into radioactive concrete waste, non-radioactive concrete [Soncrete waste (CL level) 0%-89%
C and steel reinforcement Steel reinforcement (CL level) 0%-+1%
Grout filling of radioactive concrete waste into ISO container Concrete waste package (grout filling in ISO container) 100%-17%
A Disassembled, shredded and grout filled in stainless steel (SS) container Egrfti;?r?:r)of dismantled solidifications (grout filling inside SS 100%:*255%
'\pﬂgiﬁl = e Dismantling and chipping of contaminated surfaces Package with surface contamination (grout filling inside SS Set for each nuclide
. Note 2) 0,
(L2 before the B Grout filling of primary waste (surface contamination) in SS container E{(;r:jtiaggitriz/ated metal package (grout filing nside SS St f0’r1e7a?h mucide
accident) Grout filling of secondary waste (radioactivated metal) in SS container s P 9e 9 9 5
container) Note 2)  153%
Raw waste Disposal of raw waste (treatment / conditioning is not studied) Raw waste 100%-100%
|RPV waste A Disassembled, shredded and grout filled in (SS) container PaCkage o elsazllisn sofeliez e (el Gl irse £ 100%-255%
(L1 before the CErEE
accident) Raw waste Disposal of raw waste (treatment / conditioning is not studied) Raw waste 100%+-100%
A Volume reduced by crushing and grout filling inside 1ISO container Debris package (grout filling inside ISO container) 100%-170%
|Debris 1 Sorted into radioactive debris and non-radioactive debris through Debris (CL level) 0%-65%
0 —0.005 B measurement . N .
gnSv/h) Grout filling of radioactive debris inside 1ISO container Debris package (grout filling inside ISO container) 100%-60%
Raw waste Disposal of raw waste (treatment / conditioning is not studied) Raw waste 100%-100%
A Volume reduced by crushing and grout filling inside 1SO container Debris package (grout filling inside ISO container) 100%+-170%
|Debris 2 Segregated into radioactive debris and non-radioactive debris through Debris (CL level) 0%-65%
0.005-0.1 B measurement . S .
SnSv/h) Grout filling of radioactive debris inside 1ISO container DI [ ER (il iy st/ (50) EemEt ey AT
Raw waste Disposal of raw waste (treatment / conditioning is not studied) Raw waste 100%-100%
Note 1) Set with reference to NEA/ RWM/ R (2011), NDA / RWM/ 120 (2015), NWP-REP-120-Issue 1 (2016), ED26.RP / 340737 / PROJ / 00033 Version 2 (2015). % is
the percentage against raw waste.
Note 2) Set for each nuclide as it is accompanied by activation products (Be-10, C-14, CI-36, Ca-41, Ni-59, Ni-63, Co-60, M0-93, Nb-94).
I S
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<Assumptions pertaining to near-field during dose evaluation>

v
v
v

ANENENEN

\

Low permeability water

(b) Presentation of disposal methods, and development of safety assessment techniques [Confidential]
@ Study on disposal methods in accordance with classification of solid wastes and collection & consolidation
of information for establishing safety assessment techniques

VI. Study on disposal methods
An imaqe Of the Surface diSDOS&' COnCGDt (|_3) It is assumed that the floor and side walls have low

permeability, and the upper part has a low
permeability layer that reduces the amount of
penetrated water and is covered with soil. The
disposal facility is backfilled with sail.

Backfilling of excavated soil Soil cover to limit penetration

I

Wastes filled in containers and loosely
packed

lllustration of _artificial \

Quaternary

N EN BN EXCEX EXEN EXEXOEYIEXOEY XY ; [
EXEN BN EXEX EX BN EY FYOEN RN EY N " deposit Soil cover
XYYy mey e ":‘;;(m;m:' }Drainage |ayer
...... B CABMIRRL " gav s i
R U BENTBFIXS e ptimths <y 4—} Low
S s s g e permeability
- Sepstwtew geeits SICUTEX |aye|’

Low permeability water
sealing wall sealing wall

Example of artificial barrier at VLLW disposal site
(Kings Cliffe) in the UK
(Based on the 2017-2018 overseas disposal facility
\ survey results) /

Base rock

The soil clay liner after the soil cover continuously maintains a permeability coefficient of 1E-09 m/s.

The container is sound until the initial damage period, after which the container gets damaged at a unit rate.

The nuclide release begins immediately after the container is damaged. In addition, the contaminants are instantly transported from the waste package to the
backfill.

The saturation periods of grout waste and debris shall be conservatively ignored. Complete saturation occurs immediately after the damage of container.
The backfill is modeled as a mixed compartment with no cracks. Advection is assumed as the dominant transport process to the outside through backfilling.
The effect of the organic complex is considered in terms of the solubility increasing coefficient and the sorption decreasing coefficient.

It is assumed that the soil cover always has a smaller effective permeability coefficient than the bottom and side walls of the facility. Therefore, the flow of
seepage water through the near field is dominated by the permeability of the soil cover.

The transport through the unsaturated layer is ignored. That is, the nuclide transport from backfilling to the outside goes directly to the saturated layer.

T T s
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(b) Presentation of disposal methods, and development of safety assessment techniques [Confidential]
@ Study on disposal methods in accordance with classification of solid wastes and collection & consolidation
of information for establishing safety assessment techniques

VI. Study on disposal methods
An image of the concept of near-surface disposal (L2)

It consists of a reinforced concrete vault in which
low-permeability clay is laid on the floor and the

Similar to surface disposal facilities. The possible differences

" Large amount of cement is used as grout / backfillin upper part is covered with mUItiple soils. The
material J 9 Waste package disposal facility is backfilled with cement grout®.
* Highly durable barrier that suppresses water flow \ » The bentonite wall surface controls seepage water.
+ Low permeability transportation route Cement grout / backfilling

#: When burying vitrified solidifications, bentonite is used for

Soil cover that limits backfilling.

~

Diagram of artificial barrier

Quaternary
deposit :
|
1

- Filter laver (sand / coarse
Bio-intrusion
barrier

Surface soil / rootina

Moisture retention
layer

A4

S R TR
,-w*-"l“, Rt

Drainage layer (course gravel) Round gravel smaller than 150 mm

Foundation slab *;,n/«—
I LELH A Geotextile protection layer
L]
=

Low permeability water Low permeability Geomembrane
sealing wall Base rock water sealing wall Low permeability

Geotextile separation layer

V. —or s e Waste =P Flow of water

Ll

Example of artificial barrier at LLW disposal
site (Drigg) in the UK
(Based on the 2017-2018 overseas disposal

K facility survey results) j

<Assumptions pertaining to near-field during dose evaluation>

Same as surface disposal except for the following items.
v' The initial pH of backfilling is maintained for a long period of time, ignoring the evolution of backfilling pH over time.

S T T s
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(b) Presentation of disposal methods, and development of safety assessment techniques [ Confidential]
@ Study on disposal methods in accordance with classification of solid wastes and collection & consolidation
of information for establishing safety assessment techniques

VI. Study on disposal methods

An image of medium depth disposal facility (L1)

It is installed at about 50m below the

h 4 : :
: - =4 ground. It consists of a tunnel with
" Depth about 50m concrete walls. It is plugged in and
closed. The voids are backfilled with

Cement grout / backfilling

i . < Waste package cement grout.
& Low permeability = . /
Fl,_ Concrete & Iine{ /\ /
-l 1 '\\

g £ A A A&

Bentonite N

Lining concrete L AA A
I

Rock bolt : A& A A

L A N4 & 4 &
B \ Base rock

<Assumptions pertaining to near-field during dose evaluation>

Same as surface disposal except for the following items.

v" The permeability coefficient of the barrier of the medium depth burial facility shall be similar to the structural concrete typically used in nuclear
facilities. As a result, the initial permeability coefficient is set to 1E-10 m/s, and after 5000 years, the function of the permeability coefficient of the
medium depth burial facility will be completely lost, and the permeability coefficient will become the same as that of the base rock.
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(b) Presentation of disposal methods, and development of safety assessment techniques

[ Confidential]

@ Study on disposal methods in accordance with classification of solid wastes and collection & consolidation
of information for establishing safety assessment techniques

VII. Dose evaluation — Overview of evaluation

Setting of evaluation conditions for dose evaluation
» The scenarios and reference dose used here are the same as those used for I. Preliminary dose evaluation (some scenarios that were not

considered earlier, are also evaluated).
» For nuclide migration / biosphere parameters, the parameters that have a proven track record overseas are used.
» Study on the evaluation methods for the amount of penetrated water, nuclide release, and time of container damage (an example is shown on the

next page).
Table 1

Major items

VIl Dose evaluation

Overview of the dose evaluation conditions and comparison with the preliminary dose evaluation

<Comparison> |. Preliminary dose evaluation

Land users (L3, L2), concentration limit (L1)

Scenario Nearing scenario Land users (L3, L2), excavators (L3, L2),
Concentration limit (L1)
Nearing scenario reference dose 300 pSvly (L3), 1 mSvly (L2), 20 mSvly (L1)
Groundwater scenario River users, sea users, well users River users, sea users
Groundwater scenario reference 10 pSvly per type of waste
dose
Parameters Institutional control period (y) About 400y (until 2400) 50 to 600y (L3), 300 to 600y (L2)

Nearing scenario inventory

Takes groundwater migration into consideration

Does not take groundwater migration into consideration

Release of nuclides [ Set for each waste package 1 Instant release (Raw waste)
Container damage time - Set for each container Not used (Raw waste)
i -
Amount of penetrated water Clteling i amoun_t_o_f penet_rated water by means of Typical setting in Japan (L3:1, L2:0.1, L3:0.16 m/y)
| artificial barrier ) ]

Migration distance to the well

50 m (L3, L2), 150m (L1)

Migration distance to the river

100 m (L3, L2), 300m (L1)

River flow

107 m3fly

Nuclide migration parameters in
cement-based materials and soil

Data from LLWR in the UK (LLWR 2011 ESC)

Typical setting in Japan

Biosphere transition coefficient

Data from LLWR in the UK (LLWR 2011 ESC)

Typical setting in Japan

Changes in distribution - sorption
coefficient due to substances having
an impact on disposal

Set based on the data from LLWR in the UK (LLWR 2011
ESC)

Two sets of distribution - sorption coefficient are set and are
evaluated individually.

<Assumptions pertaining to the geosphere and biosphere in dose evaluation>

v' The geosphere shall be a porous medium.

v" The biosphere model of LLWR2011ESC is applied. These are time-dependent models. The effective dose of PEG is evaluated by multiplying the nuclide

flux in ocean and geosphere by the biosphere coefficient.
v" The impact of organic matter in the geosphere is considered by evaluating the concentration of organic matter in the geosphere and the sorption

inhibition coefficient. This method is the same as the method for considering the impact on backfilling.

1IRID
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(b) Presentation of disposal methods, and development of safety assessment techniques

[ Confidential]

@ Study on disposal methods in accordance with classification of solid wastes and collection & consolidation
of information for establishing safety assessment techniques

VII. Dose evaluation - Example of model and parameter settings

<Setting the amount of water penetrated from artificial barriers in L3 and L2

facilities>

The L3 facility is assumed to have a clay liner, and the L2 facility is assumed
to have an artificial barrier composed of a clay liner and geomembrane.

Burial disposal Artificial barrier

Amount of penetrated

Degradation behavior

facility water (initial)
L3 Clay liner 3.16e-2 mly —
Clay liner 3.16e-2 mly —
L2 Damage starts from 150y
EBAeS(;)rI’r]];:‘.nSbI’::Qte) 3.16e-5 m/y Loss of function at 1000y

<Reference> SERCO/E.003796/010 issue Feb 2011

<Setting of container confinement function>

The container shall have the function of trapping radionuclides from the waste
package for a certain period of time. In addition, empirically, the settings were
configured such that once the damage starts the damage of the container is
distributed over the same period as the damage time, and the nuclides are
released in stages over a period of the same length as the damage period.

Type of container

Damage time (year

Damage period

with shielding

after closing) (year)
ISO Container 10 10
Stainless steel container 300 300
Highly durable container 1000 1000

<Reference> SA/ENC-0658 issue Feb, 2007

T1TRID

{m/y)

Amount of penetrated

—

water
\

500 1000 1500

Elapsed time after burial 'y

Fig. 1Changes in the amount of penetrated water over
time at the L3 and L2 facilities

ISO container

Stainless steel container I

||||l|&"

- I NS,
- W=,
' >

Highly durable container with
shielding

>

Fig. 2 lllustration of disposal containers

Flexible container
bag

Cost, durability
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(b) Presentation of disposal methods, and development of safety assessment techniques [Confidential]
@ Study on disposal methods in accordance with classification of solid wastes and collection & consolidation
of information for establishing safety assessment techniques

Summary and Challenges
Summary

v/ The accident waste was comprehensively classified into 27 types and preliminary dose evaluation was performed to determine their anticipated
disposal class, indicating their disposal in trench, pit, medium depth, or geological disposal. A parameter survey was conducted on the percentile of the
inventory, the sorption distribution coefficient, the time of occurrence of the Nearing Scenario, the elution rate of the waste package, and the amount of
penetrated water, and the sensitivity was evaluated with respect to the changes in the disposal classification, when respective measures were
implemented. (1)

v' The information necessary for studying the disposal concepts pertaining to the 27 types of waste was consolidated and the characteristics were
evaluated. From these results, 8 types of waste were selected, for which disposal concepts were studied in detail. (Il to 1V)

v' For each of the selected wastes, multiple possible treatment options were presented. In addition, the disposal images of L3, L2, and L1 with the
artificial barrier installed were presented. (V, VI)

v/ The models and parameters for the dose evaluation of disposal concepts were provided, dose evaluation for multiple treatment options was performed,
and the expected disposal class was presented. (VII)

Challenges

The evaluation of this study presumes that there is a large amount of uncertainty, and the challenge for the future is to alleviate the
uncertainty of the techniques developed here. Following are the challenges for each type of uncertainty. Challenges pertaining to
individual waste are described in VII.

v" Uncertainty of inventory: First of all, it is important to provide feedback on characterization. Then, it is necessary to consider the
methodology for alleviating the uncertainty of inventory. For example, C-14 and [-129 are the dominant nuclides in many wastes. The
uncertainty can be expected to be reduced by increasing the accuracy of these inventories on a priority basis.

v" Uncertainty in parameters: Overseas literature is referred to for some of the safety evaluation parameters. It is necessary to consider the
regulations in Japan and the characteristics of waste at 1F. For example, with respect to the performance of solidifications, more realistic
parameters need to be provided, such as by incorporating the study results of latest treatment methods.

v" Uncertainty of disposal site: The challenge is that there is significant uncertainty depending on the disposal site. Although this
uncertainty cannot be eliminated until the disposal site is determined, countermeasures must be studied in consideration of the
possibility that the disposal site may not be determined early. One approach is to set parameter sets for multiple hypothetical disposal
sites and study the site uncertainty through mutual comparison.
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[ Confidential)

(b) Presentation of disposal methods, and development of safety assessment techniques

@ Development of techniques for assessing impact of affecting substances, etc. on disposal
- Goals and implementation details -

B Results

O Nuclide migration parameters and barrier materials that have a high
priority in assessing the impact on nuclide migration during disposal were
selected based on the investigation of substances having an impact,
which are likely to be contained in solid waste, and the assumed concept
of disposal.

O  The approach towards the method for assessing the understanding of the
affecting processes based on the substances having an impact, and the
impact on nuclide sorption parameters based on the data volume, was
established. (Fig.1)

B Goals
O  To develop methods to quantitatively evaluate the impact of various
affecting materials on nuclide migration during disposal along with the
data required for the evaluation, and to incorporate them in the studies on
the feasibility of disposal and as the basic information for safety
evaluation.

B Implementation details (Fig.2)

O InFY2019, the findings that had been insufficient to evaluate the impact
of the main substances affecting nuclide migration were investigated and
the data was expanded together with improving the methods for
guantitatively evaluating the impact (Sorption Reduction Factor: SRF) on
nuclide sorption during disposal.

O  InFY2020, the investigation of insufficient findings and expansion of data
will continue, impact assessment methods for nuclide sorption will be
established, and trial settings will be specified for the nuclide sorption
parameters (distribution coefficient: Kd) and their uncertainty range with
respect to the current safety evaluation assumption conditions and issues
pertaining to the settings, will be identified.

B Indicators to determine goal achievement

O  Data required for assessing the impact of the combination of important
affecting substances and nuclides should be expanded and the impact
assessment techniques should improve. (FY2019)

O  Trial settings should be specified for the nuclide sorption parameters and
their uncertainty range with respect to the safety assessment assumption
conditions and issues pertaining to the same should be identified.
(FY2020)

1IRID

Types and amounts of affecting material such as
waste components and coexisting materials
(Organic material, boric acid, salt, cement, ... etc.)

e N

@ Direct impact assessment technique® Indirect impact assessment technique:
Direct impact such as reduction in sorption due to Changes in pH and salt concentration of
complex formation between affecting material pore water in barrier materials due to
components and nuclides THMC changes (especially chemistry)
caused by affecting materials

Reference conditions
Barrier materials, pore water chemistry)

Threshold for impact + Sorption
Reduction Factor
Method ®: Evaluated from data on rise in
solubility

Method @: Evaluated from thermodynamic [Conditional conversion method,
calculations

sorption model, etc.]
Method ®: Evaluatecl based on data on impact

f il
of sorption ‘y l A

L — O ¢
K4+ Uncertainty Kg+ Uncertainty g Rffj:lizcrtea::éy

Impact assessment technique for
environmental conditions such as
pH and salt concentration

® Direct + Indirect impact:
Consideration of both impacts by combining evaluations ® and @

Fig.1 Overview of the method of assessing the impact of
affecting materials on nuclide sorption
_ , v WIEMIER (SRF) _ ,
1 11 B | 1 # I L vty | Wi | el

W [ISATAIGM | oML | NeBuOe | NadFECNN] X NaSO. | cou
| (EDTAIM'Y |  o0.68M 2100w | 110N L109M" | 1X10°M° |

n#eis - Perspective of data expansion in FY2019-FY2020:
, « Expansion of data on impact of boric acid and
i 5 ferrocyanide on actinides

» Expansion of data on insufficient nuclides such as
| Vit organic materials and sulfates

L
L Vd

b s

m T St

5__ ] R R R ) .
[7 d U Prahe, I IR ’ )] Rav
i R EER I A AT G v e/ W L & i
Fig.2 Sample chart of organization of the Sorption Reduction Factors for
the barrier materials with respect to the affecting factors
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(b) Presentation of disposal methods, and development of safety assessment techniques [Confidential]
@ Development of techniques for assessing impact of affecting substances, etc. on disposal
- Overall flow of the study -

Table List of affecting substances (Example of
consolidation of the relation of impact)

relationships with respect to the organized affecting

substances .:|

RN/ BEH ®e ” " — . . . . .
B — azaea DRESDYERANZK L, Fig. Example of organization of relationship
e ) ADEAT Y SR AET AL BRERUA TR B BERET : - EAORA 5 NeT—sm ~ . . .
ene. gl e mAGRERE TRaRML weagpoei  _EREROOPR | between the information on the affecting
ROBEELCHET B . £ DI S I EYRIBAK A>3 prs sk rai R )
e A0S B B A 18y i = process and nuclide interaction
1 BT ZRT AL ROE
BKRS CEKRD OBAF (. HEOWKISEWVTRETDAREEAHBED,. 14 NaOH Na*,Ca?* 2| s SEERORBDEL
NI LY RRE S B ER T AR DD, Ca(OH) — TIREL
SEKHA DBHICE>THIBKDAA L BEN LR EREFICHELR 2 o 24
Aot A D= RS, <YhH (O oy st oo
BRSNS SRR TOY LRy DA L
£LBaAHE H H A A - o ed . wrerenn [wroan | e . e
EE) -tgir:;l b LR GRS RS di oy Lot 17 T o —’ b A -0 P : acn .“ - ."
BN B, q AR \ | st ol o 12
s - BT REREAS OH- . . . P o . — -
;- materials-forstudy Investigation and organization of information EIE-E =
POVES - SRR AR ORARS LA (7 (BRiR) AVEHLTOYRZIRIELIZSE . RUMFAR = i PR = DR f K
LF—tar . -S| RELSHT < 2 b - ma e @ m
CRERRBILE |07 o ok do S W RAE LSRN D3, O%Q et materialsyandio rganization of
ﬁgﬁ% R HEMIZEY. TONBERMELETORMANECHTRMELHD. |O n S I"] | S am O n ro Cesy —es m echan i S m S -_u]n ':'.- - e
(K. BRRR =P ses. sETSTETR
T BHELEBAF I E>C. "oM T AF ORR BRI FORRAECET F - 3 2 e ’ D i o
" = VITELOT A £ 3 2 A
s, — and interactions affecting the sorptiofee: .. o nows
- R A DMK DER L LB R EMMICL DN R ELDTHE W b h . Linde J I\ I i
&ﬁ(ﬁé - = . - . T T
AR &Eﬁggs}iﬁméﬁﬁiuN‘/H-»fho)iéﬁ’r—utzﬁf@ﬂ’é&@ﬁﬂ:ﬂitéﬂi’é ekl £ enavior R e TNl Al
o A K EER DO F BB T BT A B -7 Vs [T~ E"‘ ses m - m
e N e -- «& __ ___ W . o [ e e ie [
""" - N-----------——-—-——— 15 Completion of comprehensive investigation of | D SeaTRaT
1 1 . r -
* . . . . 1 T TR R e -
> Target substances: 6 | information and consolidation of general | (e, e
! : 1 E ek’ S S
| |
1 1

1

! . ora

' substances identified

! (Organic substances, seawater component,
1

Represe Sorption Reduction Factors (SRF StUdy Of, elvaluitlon Tgthoﬁs for . .
Element group WEUVER  Material  Material Material Material Material Material ® 10° materials-and-nucl F\.Q that Collection Of.data on .mat.e”als
element A B c D E F S cannot be evaluated using data and nuclides, which is
Cs 1 2 2 1 2 46 g 10° | alone insufficient, and study of
sr 1 7 3 10 8 31 = 10% A/ Jevaluation methods based on
Divalent transition . o 1 it
N 1 0 % 1121 T, Method (D B Ve
zr(v) Presentation of impact 100 12 109 g O $.000¢ Pa
— o P ST
oy Bssessmeptdatgior o, (@l ¢ et 2SR WS
] N | &
amgn SUbStaNCey having an i, 4, 2 10t PN |
Th (V) |m9act oqod_lspolgal, 106 12 1 5 _—~ Method @ Impact threshold \\_>\ i
Np) Which cogibuteg to 4o 4 o 10° S, [sorption
H T
uwy safety eyaluation 02 12 1 € 191 e ‘\\;\ Reduction Factor
5 5 ) B T ‘:év.r) & van Loon 1964) A o
H A I A R R 109 10 104 0 0 -
. OHCR (Wakand 2014)
Anionic species Se = = = = = = ISA concentration (M)
L . . Example of impact assessment by WCSH 097 (Wb 2014)
Sample chart of organization of Sorption Reduction Factors for _.— means of multiple methods
; ; ; N[ factare o oee—mmm T —— ; 10 10 10 1078 1072 10t 10°
barrier materials with respect to affecting factors ___------- e appropriate to the volume of .
_____________________________________________ — information ISA concentration (M)
Iy : : f f i i i i i i 1 : i i . A
| Sorption affecting data that is unavailable/insufficient is being collected, mainly for ferrocyanides, : Sorption Reduction Factor of Am to cement in an Cases of evaluation based on existing data
1

: sulfates, and carbonates. organic material (ISA) coexisting system

| » Evaluation methods appropriate to the volume of data are being studied and assessed.

=
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(b) Presentation of disposal methods, and development of safety assessment techniques [Confidential]

@ Development of techniques for assessing impact of affecting substances, etc. on disposal
- Study results up to FY2018 “Selection of affecting materials and barrier materials for evaluation”-

Table 1 Major accident waste and affecting substances

B Affecting substances to be evaluated contained therein
O Organic substances, seawater component, and boric acid solution were SR BT NN R Debris/ felled trees SEREIG
selected as coexisting substances commonly contained in most of the JHHHBHEBHHEBHEHABEBRBEE
accident waste. &sgiiﬂié“a Aig :~Z§§
O Ferrocyanides, sulfates, and carbonates were selected as raw waste rwvase (S E(318]° (5 e SH L
. HEIEE z sl l2z |z
components that may have an impact among secondary waste dHHEEE 3 G I e
generated from contaminated water treatment that are not very common Nk El
but have a relatively high priority. -l
Zeolite
= Selection was done with respect to these 6 types of affecting substances e GRS
(Table 1) Carbonate o
Magnesium hydroxidel o]
gpulfate o)
5 |Activated carbon ]
B Barrier materials, parameters, and nuclides to be evaluated et [ 0100 0lololololofo olololo o
3 | Titanium-based material
O Barrier materials and nuclide sorption parameters that are common to & [Ferrocyanides o o
all disposal concepts and are expected to be significantly impacted by (e OO 0100000 0100 B0 o>
affecting substances in areas close to waste, were selected (Fig.1). et 5
O Target nuclides were selected from the nuclides to be evaluated for the ihctid 1S S S S R L O e B 2 .
existing disposal concepts and from the approach of grouping based on oo sen 0[O [0 [0 [0 [0 0 [0 0 0 0 0 ofolofo
. . . . 2 |0il content O[O|O]|]OJOJO|O|O|O[O|O]|O o|O0[O]|0O
chemical s|m|lar|ty, el olo|lo|ololo]o|o|o|lolo]lolo]ololo]o ololo
8 |Slica-based substances [l KeAKe]
aFuelde 0sits (ol Kol Ke)
O: Affecting substances contained in raw waste
B Combination of affecting substances and barrier materials to be _ _— _
Waste layer Concrete pit Low diffusion Low permeability
ev al u ated Waste Waste material (concrete) layer (mortar) layer (bentonite)
- activation mortar) ?ISEI’I? LI_TIOI‘I TI
.. . . . . . . R Distrib ff ffi t coefficient coefficient
O The existing findings and methods can be applied to indirect impact due » e » w Buson
i ) ) . Other waste - =t Di LIISIIOH Permeabili
to chemical changes in pore water. Hence the focus of this study is on v v et

L) Lo

~Change in ionic ~Change in ionic Change in ionic ~Change in fonic
strength strength
" strength strength
-Complex formation +Complex formation .
s ] s T ] ~Complex formation -Complex formation
B 'ge in pl o ge in pl ~Change in pH and Eh -Change in pH and Eh
-Bentonite alteration ~Mineral alteration

the direct impact of affecting substances for which the existing findings
are insufficient.

+Change in ionic strength
+Complex formation
+Change in pH and Eh
*Cement alteration
*Metal corrosion

-Cement alteration -Cement alteration

O For the direct impact, evaluation targets were selected in consideration |__ Concentration of affecting substances in pore water Low
of the level of sufficiency of existing knowledge (limiting targets for
buffer material). Fig.1 Impact on nuclide sorption in each barrier layer
E—
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' i , Confidential
(b) Presentation of disposal methods, and development of safety assessment techniques {Confidential]

@ Development of techniques for assessing impact of affecting substances, etc. on disposal
- Status of data collection and parameter settings -

Hazardous substances
Representat
Element group . :
ive element Organic 1 . . .
" Seawater Boric acid Ferrocyanides Sulfates Carbonates
substances
Alkali metal Cs O @) o [ @) O
Alkali earth metal Sr | O @) o O O O
Divalent transition metal | Ni(I) | ) O o O o O
Tetravalent transition metal | Sn(IV) O O ] | ] O
Pentavalent transition metall Nb(V) | O O ] ] ] u
o Trivalent actinide Am(TI) O @) [ ] o (] O
D Tetravalent actinide Th(IV) | O O X X X @)
Q Pentavalent actinide Np(V) O O o O o O
Hexavalent actinide uivl) | O O [ ) @) O @)
Ha|ogen I | OXS OXS OXS OXS OX3 OXS
/Anionic species Se 3 X3 O*s8 QX8 O*s8 X8
Hazardous substances
Representat
Element group .
ive element . ) .
Boric acid Ferrocyanides
Alkali metal Cs [ ] o
Alkali earth metal Sr o @)
Divalent transition metal | Ni(II) o O
Tetravalent transition metal | Sn(IV) [ ] [ ] *1 Isosaccharinic acid (ISA)
Pentavalent transition metal] Nb( V') [ ] [ ] *2 lonic strength 0.68 M
o Trivalent actinide Am(II) o o *3 SetatKd =0
wn Tetravalent actinide Th(IV) X X C.): Data has been set up
(o) — : New data to be collected or set up in this fiscal (to be continued
@), | [|Pentavalent actinide Np(V) ® ) next fiscal if data is insufficient)
Hexavalent actinide U(VI) [ @) B: New data to be collected or set up in the next fiscal
Halogen I oX O x: Data acquisition is difficult
Anionic species Se OXS O.Xs . Additional investigation and settings planned in this fiscal
L e s
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(b) Presentation of disposal methods, and development of safety assessment techniques [Confidential]
@ Development of techniques for assessing impact of affecting substances, etc. on disposal

Example of study on assessment of impact of

organic substances ©
In FY2019, the comparison of the three techniques?®
proposed as the techniques for evaluating the
Sorption Reduction Factor and the evaluation cases
of their effectiveness were improved.

In addition to the past evaluation cases of trivalent
actinide Am targeting the sorption effect of
isosaccharinic acid (ISA), which is said to have the
greatest impact, application and evaluation
targeting tetravalent actinide Th (V) and
hexavalent actinide U (VI) were studied.

It was confirmed that evaluation technique @
based on thermodynamic data for all nuclides
leads to more conservative evaluation results than
technique ® based on ideal actual measurement
sorption data.

Meanwhile, it was also confirmed that technique @
largely depends on thermodynamic data, and that
selection of thermodynamic data and verification of
its reliability are important.

#Three evaluation techniques for the Sorption
Reduction Factor

Technique @: Evaluated from data on rise in solubility

calculations

Technique ®: Evaluated based on data on impact of

i Technique @: Evaluated from thermodynamic
| sorption

SRF [Sorption Reduction Factor]

1.0E+03

- Study of sorption impact assessment techniques for each affecting material: Trial parameter setting -

C]
A A A O HCP, pH 13.2 [4] Threshold
1.0E+02 A (a._ 1) Value
. A J& HCP,pH11.9[4]
)
Threshold LN _ N \—Sorption.

. \ .
ot value *—Sorpti(_)n _g' Reduction
g Reduction T 1 00E D4 A A \Factor
E E A
g 1.0E+00 aCtor ;’ “\é

o A
1.0E-01 A \\
AHCP, pH 13.3[4] (b'l) A
OCSH 0.97, pH13.3[2] 4
1.0E-02 -

Th concentration [%)
@
o

1.E+06

1.E+05

1.E+04

1.E+03

1.E+02

1.E+01

1.E+00

1.E-01
1

1.0E-06 1.0E-05 1.0E-04 1.0E-03

ISA concentration (M)

““Techniqu

1.0E:

actual measurement data

®): Evaluation based on

1 GED4 0E03 VE-07

ISA (M)

ISA concentration [M]

Comparison of techniques

R — 100
(a-2) CaTh{OH)a(HIsa)+ % / w | (b-2)
\ / = B0 o o
: ’/ :{_. 0 UO,(OH),"
K E € UO,{OH),(HISA)?
A § 50
I\ & 40
/ 1
) ' S 0 ~
Th{OM), \ = JO
Th{OH),{HIsa),”? \ ST J N Y S
/ el 10
E-06 1E05 1E-04 Technique @: Evaluation based on 1 E-04 1603 1.E-02
ISA conceniration M thermodynamic data A concentration [M]
| Ee08 - . '
—— SRF (Th) - Andra-TDB a TharmoChinio |
— — SRF (Th)- JAEA-TDB* / 5 LE«0S Il _ _ eavO8¢ (b-3)
-3 b X 1 EeD4 -
(a ) / “
Method ‘®/ § 1 Ee02 Method @ :
// Method ; qaum :
2 etod @ | § |
Method (3) -1 B Method (3 /
A R - ) ) p————e T .
Y ¥, 1) J
.E-06 1.E-05 1.E-04 1 EO4 1800 1 E02

SA concentraton (M)

Fig.1 Evaluation results based on each technique and example study of comparison (Left: Th (1V), right: U (V1))
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(b) Presentation of disposal methods, and development of safety assessment techniques [Confidential]
@ Development of techniques for assessing impact of affecting substances, etc. on disposal
- Study of sorption impact assessment techniques for each affecting material: Trial parameter setting -

Example of study on assessment of
impact of organic substances @

The typical domestic and overseas
evaluation cases pertaining to the impact of
sorption on various organic substances
were investigated and organized.

» The target organic substances and their
evaluation techniques are organized for
each evaluation case considered in the
evaluations in Sweden SKB, Swiss Nagra,
and Japan's Second TRU report.

» Each evaluation case mainly studies the
evaluation of isosaccharinic acid (ISA).
For other organic substances, if there is
an impact, the ISA value is assigned
conservatively or the actual measurement
data is used to evaluate whether the
impact will become apparent.
= In light of the above, the Sorption
Reduction Factor is set for ISA based on
the actually measured sorption data.

Literature

Target organic substances

Technique for assessment of impact
concentration (threshold value)

Technique for assessment of impact of organic substances
(Sorption Reduction Factor)

SKB TR14-10

ISA

« Set from experimental results, chemical
analogs, etc.
« Consideration to Ca concentration

The Sorption Reduction Factor is set from the experimental
results and chemical analogs. Divide the reference settings
of distribution coefficient by that value to set the distribution
coefficient considering the impact of organic substances.

Organic substances other than
ISA, such as EDTA and NTA

Roughly set from the ISA chemical analog

Concrete admixture and its
deteriorated material

Assuming no potential effect as it does not strongly affect metal ions

Nagra NTB 14-08

Nitrate/ nitrite

Low content, hence not evaluated.

EDTA None Sorption Reduction Factor of Ni, Co, Pb is set
Cyanide None Sorption Reduction Factor of Ni, Co is set
Ammonia, amine None Cement deterioration stage and high NH; concentration

affects Ni, Co

ISA

Set from experimental results, chemical
analogs, etc.

« The Sorption Reduction Factor is set from the
experimental results and chemical analogs. Divide the
reference settings of distribution coefficient by that value
to set the distribution coefficient considering the impact of
organic substances.

« A constant Sorption Reduction Factor is set in the range
from a concentration that has no impact to the maximum
concentration expected at the disposal site.

GLU

Same as above

Same as above

Concrete admixture

The concentration in pore water is low and has no impact.

Organic polymer

The impact is negligible.

Bitumen, degradation products
of acidic ion-exchange resin

The concentration in pore water is low and does not affect nuclides other than Ni.

Second TRU
compilation

Organic substances such as
waste cloth

« Cases evaluated based on experimental
results were referenced.

« The concentration in the filler pore water was
evaluated assuming that all organic
substances contained in Group 2 are
decomposed into ISA by cellulose.

« The Sorption Reduction Factor is set at the ASA
concentration from the setting example of the solubility
increase coefficient.

« The Sorption Reduction Factor is assumed to be equal to
the solubility increase coefficient.

Solvent waste

« Thermodynamic data confirmed that DBP does not affect Ni solubility.
« Experimental results confirmed that TBP and DBP do not affect U solubility.

Asphalt solidification

The results of Pu solubility experiments using asphalt leachate indicated absence of impact.

Cement admixture

The distribution coefficient data for Pu in the presence of a water-reducing agent indicated a low impact.

e
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(b) Presentation of disposal methods, and development of safety assessment techniques [confidential]

@ Development of techniques for assessing impact of affecting substances, etc. on disposal
- Study of sorption impact assessment techniques for each affecting material: Trial parameter setting -

JAEA-Review 2006-011 Nagra NTB 14-08
(Mihara, 2006) (Wieland, 2014) Ochs et al, 2016
Example of study on assessment of
seawater impact o t . Decrease .f? Qist:ibution
0 impact on measure ) . coefficien
The inf _ . i Cs () values Sorption Reduction Factor 2 was set. Conflicting sorption with Na,
e Information on the assessment of the K, Ca
|mpaf:t of seawater in setting the nuclide Sorption Reduction Factor 6 was set.
sorption parameters for cement-based Sr(ll) Theeass i ehsiuiter Conflicting sorption associated with -
materials in other countries was investigated. coefficient under seawater cement alteration
. ] ) system conditions
» In the latest case in Switzerland, detailed Ni (1) No impact No impact
studies and parameter settings were No impact on measured
; ; : : Zr (IV)
carrlgd out, including the mechanism of the values Avalue that is smaller by an order of
sorption effect of seawater components on Increase in distribution magnitude is set for a salt water
) "y - environment
each nuclide and the effects of seawater Nb (V) ngfef'rc'seefg vg;tg?s'f;sggrcr: e o
components on cement alteration and conditions
Secondary mineral formation. A value that is smaller by an order of
» A comparison of the trends of increase and magnitude is specified in Kd settings
. . . Am (Il (Assuming that the sorption phase in the
decrease in sorption due to the Impact of Increase in distribution cement paste is_ only C-S-H, the
seawater in the table confirmed that the coefficient under seawater decrease in sorption due to cement
trends of increase and decrease of many system conditions alteration is taken into consideration)
nuclides are different in each report, Th (V) Very little impact
reflecting the complexity of the sorption A value that is smaller by an order of Np is sensitive to salt
mechanism of nuclides on cement. magnitude is set for a salt water conc_entr_atic_m '
Np (V) environment Increase in distribution
= Here, the Sorption Reduction Factor is - See trivalent actinides coefficient in salt water
set based on the Nagra case (Wieland, U (V1) ;
2014), which studied the impact of T
i i i i DiEEEEEE In ClEtaulen Decrease in distribution
seawater, including its mechanism, coefficient under seawater The distribution coefficient 0 is set. coefficient
most systematically. | system condl@lons _ Conflicting sorption with Cl, no sorption Conflicting sorption with
Conflicting sorption with into C-S-H ble CI
anions stable
L L . . e in alsilmiien The distribution coefficient 10-“m?3/kg is
#The findings that reduce the distribution coefficient Se coefficient under seawater set considering that a lot of ettringite in )
are hatched red, and those that increase the system conditions the sorption phase remains even after
coefficient are hatched blue. CIECIED

1IRID
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(b) Presentation of disposal methods, and development of safety assessment techniques [Confidential]
@ Development of techniques for assessing impact of affecting substances, etc. on disposal
- Setting of data collection targets and conditions for specifying the Sorption Reduction Factor -

B In FY2019, data was collected for the affecting substances, barrier materials, and nuclides to be evaluated that have been
specified so far, and for which no data had been collected or for which data needed to be collected again.

B In order to collect the data of sorption in the presence of boric acid, ferrocyanides, and sulfates, a sorption test was
conducted with the concentrations of these affecting substances and liquid conditions (pH, etc.) as parameters.
B Considering the actual environment, the nuclides that form the carbonic acid complex were tested under conditions
wherein some carbonic acid was added. (Table 1)
Table 1 Data acquisition conditions

Affecting materials Boric acid Sulfate
Solid phase Bentonite Cement Cement
. + i + i . .
Test solution NaCl NaCl Qarbonlc NaCl NaCl C?arbomc NaCl NaCl + Carbonic acid
acid acid
pH 7,9.3 Cement eqU|I|bFr)||L_J|T2rr:3c)J|sture (Approx. Cement equilibrium moisture (Approx. pH12.5)
Boric acid Boric acid Boric acid .
. . . . . Sulfate concentration
Boric acid concentration concentration concentration . ) 3
Test parameters : . . . : Sulfate concentration Carbonic acid
concentration Carbonic acid NacCl Carbonic acid .
. . . concentration
concentration concentration concentration
Target nuclides Np (V) Am, Th Cs, Sr, Ni, Eu, Np (V), U (VI) Ni Eu, Np (V)
Affecting materials Ferrocyanides
Solid phase Bentonite Cement
Test solution NacCl NaCl + Carbonic acid NacCl
pH 4-12 8.8 Cement equilibrium moisture (Approx. pH12.5)
Test parameters Ferrocyanide concentration Ferrocyamd.e concentratllon Ferrocyanide concentration
Carbonic acid concentration
Target nuclides Cs Th Cs, Eu

Kunipia F manufactured by Kunimine Industries is used for bentoniteI and OPC Cement gaste is used for the cement samgle..
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_ _ _ [Confidential]
(b) Presentation of disposal methods, and development of safety assessment techniques
@ Development of technigues for assessing impact of affecting substances, etc. on disposal
- Results of data collection for setting the Sorption Reduction Factor (boric acid) -

Study on assessment of boric acid impact Test results for sorption of Cs, Sr

Test results for sorption of U (VI) into _ ;
into Cement (OPC) in the presence

B Since the sorption data from the Cement (OPC) in the presence of b at
. : " ie cyef of boric aci
boric acid coexisting system has . boric acid 01 -
hard.ly been rgported n the. 1E+2 —ooowagens| OPC-U(VI)-Borate  _ eC msr
previous studies, the Sorption A A (28days) &
. . " 0.01
Reduction Factor is set based on Fien o NaHCo, ] x - ™ -
the sorption data collected in this & . © Omoit S
iect f & 1E+0 @ ——ref._0 mol/L 3= ®
project so far. 08 molL £ g0001 i . :
W The effect of reduction in the 11 Y = 00004245 1\ ——ref 005moll £ .
impact of boric aC|d.|n the - 5 0.0001 . .
presence of carbonic acid and 164 1E3 1E2 161 1E+0 0 1.0E-03 1.0E-02 1.0E-01
the impact assessment Borate concentration [mol/L] Boric acid concentration  {mal1)
considering the concentration of
carbonic acid contained in . Test results for sorption of U (V1) Test results for sorption of Eu (l11), Np
cement pore water and bentonite into Bentonite in thg presence of (V) into Cement (OPC) in the presence
pore water was studied. boric acid of boric acid
. 142 e —————2 .
B For the nuclides collected up to _ 1000
hi b d their dat f Bentonite*-U(VI)-Borate
this y_ear,. ased on their data q . ... @ (PHO.3, 28days) E,
sorptlon in the presence of boric = T NaHCO, 100 § f
acid and carbonic acid, it was £ 1w y=047SACST & SE4molL i : .
evaluated that the boric acid =z A refoE-4 mall § < 1
. . O 0mollL T < T
effect was not significant for . 53
. = ==-ref._0 mol/L T E
nuclides other than U (VI) (Cs, Sr, o 58 AN
*Kunipia F (without calcite) 5 © P
Eu (1), Np (V)). s
1E-4 1E-3 1E-2 1E-1 1E+0 < 0 1.0€-03 1.0E-02 1.0E-01
Borate concentration [mol/L] Boric acid concentration  {mal1)
________ s
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(b) Presentation of disposal methods, and development of safety assessment techniques [Confidential]
@ Development of techniques for assessing impact of affecting substances, etc. on disposal
- Results of data collection for setting the Sorption Reduction Factor (sulfate)-

Study on assessment of ferrocyanide Test results for sorption of U (VI) into Test results for sorption of Cs, Sr, Ni into
impact Cement (Cf)PC) al th_z presence of Cement (OPC) in the presence of
. . errocyanides i
B  Since the sorption data from the e Y o= I
ferrocyanide coexisting system ' i\
has hardly been reported in the o - ¢ $
previous studies, the Sorption L 0T S, O § oo L ] u
. . o = 11.796x70-133 =
Reduction Factor is set based on & 1e+1 Y :
. . . z §
the.sorpt|on data collected in this S co001 o : o ()
pI'O]eCt so far. OPC-U(VI)-Ferrocyanide 1: %
B The sorption data was collected (28days) g3 ®Cs MSr +Ni
. . . 1E+0 ¢ 0.0001
focusing on the direct impact of e 1E-3 e 1E-1 E+d o L 0E-03 L 0E-02 L 0E-01
ferrocyanide complex formation Na,[Fe(CN);] concentration [mol/L] Ferrocyanide concentration (mel/1)
and the pH dependence of the
impact (wide range of impact Test results for sorption of Np (V) into Bentonite in the presence of
including Bentonite pore water ferrocyanides
1E+0
pH). " ' Bentonite*-Np(V)
B Based on the data of sorption in gg&;"yga”'de
the presence of ferrocyanides Ei y = 0.088x-0.297 *Kunipia F(without calcite)
collected until this year, SRF was = O pH4
setup in U (VI) and it was T S +  pH8
evaluated that the impact of pH10
ferrocyanide was not significant ref._pH4
for Cs, Sr, Ni. ref._pH8
1E-2
1E-4 1E-3 1E-2 1E-1 1E+0
Na,[Fe(CN)¢] concentration [mol/L]
L s
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(b) Presentation of disposal methods, and development of safety assessment techniques [Confidential]
@ Development of techniques for assessing impact of affecting substances, etc. on disposal
- Results of data collection for setting the Sorption Reduction Factor (sulfate)-

Study on assessment of sulfate impact

B Previous investigations have

suggested that the direct impact of
complex formation with sulfates may
not be apparent in many nuclides in
the impact assessment based on
thermodynamic data, but since
almost no data of sorption in the
presence of sulfates has been
reported, data has been collected in
this project.

The data of sorption in the presence
of sulfate ions shows a clear time
dependence, and a 28-day test
confirmed that sufficient sorption
equilibrium may not have been
reached.

From the data at the stage where
sufficient equilibrium was not
reached, it was confirmed that U (VI)
was affected, while the impact was
not clear in Np (V).

1IRID

Kd [m3/kg]

1E+2

1E+1

1E+0

Test results for sorption of U (VI) into Cement (OPC) in the
presence of sulfates

[OPC] Na,SO,

OPC : Kd-Na,SO, (28day)

1E+2
Time dependence ref.
_______ £% O
eI - Al g O
@EIlbe T =
______ © | E 1E+1 O
IS <
G_‘ .
--@=--0.25M 0.0025M Sulfate concentration
dependence (as of 28t
-=/=-0.025M =--=¢--0.0M day)
1E+0
0 10 20 30 1E-4 1E-3 1E-2 1E-1
Time [d] Na,SO, concentration [mol/L]
Test results for sorption of Np 1000
(V) into Bentonite in the Np
presence of sulfates: Time =
dependence of sorption 5 o
I

10

Sorption distribution .
coefficient

oM X

g !

ONo sulfates Sulfate 0.0025 mol/l
[Jsulfate  0.025 mol/l X Sulfate 0.25 mol/|

T T
5 10 15 20 25
(8)

Test duration

1E+0
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(b) Presentation of disposal methods, and development of safety assessment techniques

[ Confidential)

@ Development of techniques for assessing impact of affecting substances, etc. on disposal
- Summary of results of trial parameter setting (Impact threshold and Sorption Reduction Factor) -

Impact concentration (threshold value) and Sorption Reduction Factor (SRF)
Element group Representat Organic substances (ISA) Seawater Boric acid Ferrocyanides
ive element
Threshold value I SRF SRF"™ Threshold value SRF Threshold value SRF
Alkali metal Cs = 1 2 — 1 = 1
Alkali earth metal Sr 12102 M 10 8 — 1 — 1
Divalent transition metal Ni 1 | Issues present |Issues present -— 1
Tetravalent transition metal Sn |10+ M 100 10
Pentavalent transition metal Nb 110 M 100 10
8 Trivalent actinide Am 1x10* M 10 10 = 1 — 1
8 Tetravalent actinide Th 1104 M 100 10 Issues present |Issues present|  Issues present |Issues present
Pentavalent actinide Np 1210* M 10 10 — 1 1210 M 3
Hexavalent actinide i Sx10° M 10 10 12102 M 500 12103 M 3
Halogen I — 1 —_—
Anionic species Se — | —
Impact concentration (threshold value) and Sorption Reduction Factor (SRF)
i e . — 3 |yl
Element group Repé;zﬁzﬁtlve Boric acid Ferrocyanides | *Set M: mol/L, *2 Kd =0 (m°kg™)
i > *SRF between precipitation conditions => seawater
Threshold value SRF Threshold value SRF I cqndition\;v precipitati " W
Alkali metal Cs - 1 - 1 ' : Set based on the past information
- | | investigation results
Alkali earth metall Sr - 1 - 1 .
- — o~ : Set based on data collected through sorption
Divalent transition metal Ni tests (values that are not specified, will be set
Tetravalent transition metal Sn hereafter, or will be set after improving the
Pentavalent transition Nb data.)
metal
o : — Am = 1 - . )
Q Trivalent actinide . : Investigation of past information and data
wn Tetravalent actinide Th ISsues present Issues present Issues present Issues present collection not implemented (includes items for
(9] — — ) which absence of investigation results data
Np 1 1%1 1
o Pentavalent actinide ' has been confirmed)
— [ — 1 1%10°°M 2
Hexavalent actinide -
Halogen I
Anionic species e
.

T1TRID
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(b) Presentation of disposal methods, and development of safety assessment techniques

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

- Summary and future plans -

B The data investigation and collection scheduled for this year was completed, the threshold value and SRF were set

according to the existing data, and it was confirmed that the values based on the thermodynamic data are evaluated more

conservatively than the experimental method.

B In the next fiscal year, the plan will be studied again based on the evaluation results of this fiscal year and the disposal

exposure dose evaluation results, and the data that is considered to be highly important will be collected, and attempts will

be made to set the SRF.
Table Current evaluations and future challenges with regard to affecting substances

Organic substances

SEEECT
component

Boric acid solution

Ferrocyanides

Sulfates

Carbonates

-Regarding the impact of organic substances, the existing knowledge is relatively rich, and the sorption impact data of

isosaccharinic acid (ISA), which has the greatest impact, is extensive, so at present, it is appropriate to study the evaluation of
settings based on actually measured data of sorption in the presence of ISA.

-Although data on the impact of other organic substances is inadequate, evaluations based on thermodynamic data may be

applicable.

-As for the effect of seawater components on nuclide sorption, the existing knowledge is relatively extensive, and it is possible to

evaluate sorption reduction to some extent quantitatively based on the understanding of sorption mechanism such as sorption

conflicting with seawater component.

-Regarding the impact of boric acid, sorption impact data was collected, and based on the results, it can be evaluated that the

impact of boric acid is small for alkali metals and alkali earth metals, while boric acid has some impact on actinides. However,

considering the coexistence of carbonic acid, the impact is not significant.

-When the boric acid content of waste has a high concentration, it is necessary to properly consider the impact of boric acid

concentration evaluation and nuclide migration around the waste, in addition to the fact that boron is an environmental

standard material.

-For ferrocyanides, data of sorption in the presence of ferrocyanides was collected, and it was confirmed that its impact on alkali

metals and alkali earth metals is small, and that there is a possibility that its impact on sorption will become apparent in some

actinides.

-In addition to the fact that all cyanides are environmental standard materials, it is necessary to evaluate the behavior of

ferrocyanide itself in the waste and in the disposal environment, and to conduct studies including measures during

pretreatment.

-From the evaluation based on thermodynamic data, it was estimated that the sulfate complex had almost no impact on nuclide

sorption. On the other hand, in the sorption test of U (VI) to cement-based materials in a sulfate coexisting system, the
dependence of the distribution coefficient on the sulfate concentration was confirmed at a relatively high sulfate concentration,

and clear time dependence of sorption was confirmed.

-Regarding the impact of carbonates, it is a component originally contained in the natural rock and groundwater environment,

and its impact assessment technique, which has been examined in conventional studies, can be utilized.

-Even in the absence of carbonates from accident waste, the impact of carbonic acid ion concentration in the pore water is taken

into consideration, and it is believed that it is not necessary to further consider the impact of carbonates contained in accident

waste.

-1t is essential to study the applicability and validity of evaluation techniques, including

techniques based on thermodynamic data, for various combinations of organic
substances and nuclides, assuming organic substances and their degradation
products that may be included in accident waste.

- Further review of the settings based on the latest knowledge on the sorption

nent of the

mechanism of each nuclide and the impact component is

required.

- The challenge is to obtain test data with sufficient accuracy for high sorption nuclides

such as actinide nuclides, and it is necessary to continue to study the evaluation of
the Sorption Reduction Factor with due consideration given to the relationship
between the impact of boric acid complex formation and sorption reduction, the
evaluation of conflict with other ligands such as carbonic acid complexes, and the

consistency of the impact between nuclides.

-1t is presumed that their impact is complicated depending on conditions such as

nuclides and pH, and it is necessary to expand the data on the relationship between
the impact on complex formation due to ferrocyanides and the reduction of sorption,
to confirm the consistency of the impact between nuclides, and to study the

evaluation of the Sorption Reduction Factor.

-A clear time dependence has been confirmed in the sorption test in the presence of

sulfates, and further data collection and evaluation are required, including the data on

the possibility of the impact of solid phase transition.

-Itis necessary to confirm the validity of the evaluation described in the left column.

[ Confidential)

Aifizsiing Current evaluation of impact of sorption during disposal Future challenges
substances
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2. Project detalls

c. Characterization efficiency improvement

(a) Characterization efficiency improvement
(1) Establishment of a characterization method that combines

evaluation data based on analytical data and migration

models

I Understanding the contamination mechanism

. Evaluating the representativeness of analytical data

iii.  Investigation and consolidation of the characteristics of analytical
data

lv.  Statistical inventory estimation method

v.  Acquisition of analytical data

vi.  Evaluation and management of analytical data

Simplification and speeding-up of analytical methods
l. Development of sampling technology

. Study on streamlining the separation process

iii.  Development of automation technology

lv.  Establishment of standard analytical techniques

(b) Development of sampling technology

1IRID

[ Confidential)
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[ Confidential)

(a) Characterization efficiency improvement
Overview of analysis, and R&D using that data o sew o e

This year’s course of action

anroving the analysis methoD' Analytical Analyzing Analysis plan Planning the analysis
technique

i Analysis will be continued, data will
Deve_lopment W'”. EE Data be accumulated, the database will Since the standard
continued targeting be steadily updated and these analysis planning
the Okuma facility. | tasks will be continued. method and Bayesian
Will be started from this (Updating the date&se ?c?tlgseu?nstgguizzeiﬁd
year, slfaliEHI el i i methodology will be
continued and the results Waste information studiod
will be reflected in the i
estimation technique
sequentially.

Will be started from the first

year,
Gtudy of contamination mechanisn) Gtudy of representativeness incorporation into the
( f estimation technique will be
ste

| Studying of the characteristics of wa:

considered.
It is difficult to support \
. . . the representativeness ¢
Contamination mechanism modelx S iE SEE T
is expected from
future plans. Waste model

___( Establishment of inventory
The technique

incorporating estimation method
Bayesian statistics is |
roughly established.

Furéhe_:jcha}l(l_eggesdwill Analysis and evaluation method The inventory will be calculated again
& II ST L ¢ | using the improved technique and the
r:wlzzs‘el?e‘esn\t/atlios?e;t results are planned to be provided as
; ; : input for studies to be conducted next

Estimated inventory year.

Gtudy of disposal concept9 The nuclide believed to be
necessary as part of

| analytical data will be

identified through safety
¢ ¢ analysis of disposal..

Proposed disposal strategies  |nformation required in the future
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. i .. i [ Confidential]
(a) Characterization efficiency improvement

(1) Establishment of method for characterization

- Flow from generation of radioactive waste to its disposal, and implementation details -

Contamination Storage Treatment Disposal
Treatment Treatment o
Source term Contaminants Waste Storage (Stabilization) (Waste conditioning) Burial disposal, etc.
Migration of nuclides Generation of waste Movement of waste
) SR
\ Clearance
Volume Cement
Reactor Building reduction \ J
— T
-------------------------------- L3
Damaged fuel
. - \ )
Turbine Building Incineration
Radwaste Building L2
Centralized Waste /

Treatment Building

$tructures associated witH
ecommissioning activitieg
such as contaminated
water treatment, etc.

Activation product
Structural material
Cooling water, etc.

(ii)
Representativeness
Data traceability |[T——=

Existing structures i I

Stored waste |

Mid-level

Dehydration

(iii) Characteristics
Properties of
contamination distribution

(i) Understanding the contamination
mechanism

(v) Acquisition of analytical data

Study of model illustrating the migration Collection, transportation and analysis of samples

of radioactive nuclides from the source
term to the contaminant.

atao

(i) Evaluation and management of analytical data
Recording in database and planning of analysis

T1TRID

(iv) Statistical inventory estimation
Estimation of amount of radioactivity
present in waste
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(a) Characterization efficiency improvement

(1) Establishment of method for characterization
I. Understanding the contamination mechanism

B Results 1.0E+00
O The analytical data of a variety of samples was collected and the . Legend
contamination behavior of the nuclides was organized. For example, 10 ® Unit1Rr/B
U in the contaminated water has a different ratio to Cs depending § 10602 10° & ., R/B
on whether it is present in PCV or in the downstream side of PCV 3 100 | A
(Fig. 1). Also, Np shows a different behavior than U and Pu (Fig. 2). _ Unit 3 R/8
O Similarly, the concentrations of radionuclides in solidifications and s < P2 10t Unit 17/B
contaminated water were compared relative to each other with Cs g8 “ / Unit 27/B
as reference, and the group of elements with similar behavior were S5 i ~ ® st
studied. - d A
- Goal ﬁ o . Unit 2 PCV

O To understand the contamination mechanism in order to create a s

. . . . . 00 1.0t+02 1.0E:04 1.08+06 1.0E+08 .
model that expresses migration behavior of radionuclides. | ; : "7 Centralized RW

137 Cs Radioactivity concentration

® Implementation details Fig. 1 Ratio of radioactivity concentration of 235U and 137Cs

O Study models containing multiple source terms and multiple

2
4
@

mediums with respect to migration of nuclides. Radionuclides have in a variety of contaminated water samples™
things that are considered important in waste management. Hence LE+03
if data cannot be obtained through analysis, estimate the behavior.

O (FY2019) The elemental processes of contamination was examined, g S ® o
considering the fact that the phenomenon of contamination is § 8 o | o’ ol o T ® oo To
generally approximated by means of log-normal distribution. R ° o

O (FY2020) The study results will be reviewed based on the newly £ 0 |88 g 2
obtained data. % © A

& e
B [Indicators to determine goal achievement S ° e b o

O A model that represents the contamination phenomenon should be ey | [SNREITIVEE ° o o A ol © ° 5
created. (FY2019) ' ©Pu-238/U-236

O The model should be reviewed. (FY2020) Loy LLACn2srvss]  ©

§ Sampling location
Fig. 2 Ratio of radioactivity concentration of 23’Np and 236U

#1 * The 56th Session of Team for Countermeasures for Decommissioning and Contaminated Ina Varlgty of contammgtgd water samples
Water Treatment / Secretariat Meeting, Jul 26, 2018. (Normalized transport ratio in fuel composition)
— B
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) ) .. ) [Confidential]
(a) Characterization efficiency improvement

(1) Establishment of method for characterization
I. Understanding the contamination mechanism

B As the contamination status of waste varies widely depending on the material and the place of generation, a “case study” with limited
targets was conducted (Fig. 1).

B Inthe case study, the classification of target waste was studied and 21 types of waste were set up (Table 1). The method for evaluating the
"importance” of waste was studied, selection was conducted in 3 stages using this index and the target wastes for this case study were
selected.

In the first stage, it was narrowed down to 7 types including debris (3 types), secondary waste generated from contaminated water
treatment (2 types), and dismantling waste (2 types).

Finally, the Reactor Building dismantling waste was selected. Of the Reactor Buildings, Unit 2 with a large amount of analytical data was
targeted. The two possible mechanisms for contamination of the reactor building were considered to be via air and contaminated water,
which were suitable for the study. (Fig. 2)

Study on the waste
classification methods

Table 1 Waste classification for the case study (5) Reactor Building _g

boundary

From well plug to

. Contamination
refuelling floor =

via air

Study on the methods for

evaluating the importance
of wastes

Setting the evaluation
policy
Setting of evaluation items

Setting of ‘evaluation
standards
v

Selection of wastes for the
case study

T
Evaluation and selection
at Stage 1
Evaluation and selection
at Stage 2

Evaluation at Stage 3
v
Case study

Fig. 1 Case study flow

T1TRID

e ST e R i
- (4) Containment vessel
v}

<0.005 [mSv/h]
0.005 - 0.1 [mSv/h]
0.1-1 [mSv/h]
1-30 [mSv/h]

> 30 [mSv/h]

Protective clothing,
etc.
Felled trees

Contaminated soil
KURION
SARRY

Decontaminating device

Secondary waste (R

generated from
contaminated
water treatment

ALPS slurry
ALPS adsorbent

Mobile type treatment
device
Concentrated liquid waste

Inside the pressure vessel

Inside the Reactor
Building

Other buildings

Dismantling waste

Waste from
decommissioning work
(including debris retrieval)

Deposits

Concrete, Metal

boundary

Concrete, Metal 1| %]
Concrete, Metal

Concrete, Metal

Concrete, Metal v}

Burned ash

Burned ash

Contaminated soil

(For each adsorbent) “

(For each adsorbent)

Sludge

After narrowing down in
stages, finally the
contamination inside the
Reactor Building was

i
Iron co-precipitation, Carbong
precipitation

(For each adsorbent) |

(For each adseibent)

selected.
Slurry
Caricrete, Metal
Concrete, Metal
Concrete, Metal 1] 1]
Concrete, Metal v} %)

Various devices (Metal, etc.)
Debris is likely to have adhered.

Deposits

(3) Reactor pressure
vessel boundary

(2) Fuel cladding tube
(1) Fuel matrix E‘E

Physical barrier

From blowout
panel to
environment

From the suppression
chamber to the basement

Contamination via
water

To water treatment
via the Turbine
Building

Fig. 2 Case study on contamination model
(Dismantling waste from inside the Unit 2 Reactor Building)

Olnternational Research Institute for Nuclear Decommissioning

189



(a) Characterization efficiency improvement

(1 Establishment of method for characterization

[ Confidential)

I. Understanding the contamination mechanism (continued ...

For contamination via air inside the Reactor Building of Unit 2, the data on analytical samples with precise collection location was studied (Table 1).

For the transport ratio of major nuclides (relative value to 137Cs, normalized in fuel composition) , similar values are shown for elements with similar
chemical properties (Fig. 1). The change in nuclide composition seemed to be small in the process of migrating through the medium (air). The analysis-
based inventory estimation was carried out by reflecting these findings.

Meanwhile, it is suggested that nuclides (3H, 14C, 60Co, etc.) with a different tendency to correlate with Cs may have a different source term and

migration mechanism than other nuclides.

Regarding local nuclide migration in contaminated areas, measurement data was collected using an imaging plate (Fig. 2). It was found that the

contamination remained on the surface layer.

Radiochemical analytical data provides information on the location of contamination, but does not include direct information on the source terms or nuclide
migration processes. It is necessary to study an inductive approach based on analytical data.

Table 1 Analysis sample from Unit 2 Reactor Building
(Radiochemical analysis)

Sampling location

Ceiling

Floor - shield plug east
side

5th
floor  Floor - well plug upper
part (center)
Floor - northeast side
3 Floor - north side
floor  (Near RCW pump)
ond Floor - north side
fl passage (Near RCW
oor
HXx)
15t Floor- northwest corner
fl (Personal airlock room
oor
entrance)
PCV  TIP piping
.

Properties of the
sample

Deck plate coating

Boring core surface
coating

Boring core - lower
layer coating,
Concrete - upper and
lower layers

Same as above

Boring core strippable
paint

Boring core strippable
paint

Boring core

Pipe blocking material

0.00

Transport ratio (relative to 137Cs)

.0001

@ 1st floor Floor - northwest corner
# 2nd floor Floor - north side passage (near RCW Hx)
A 3rd floor Floor - north side (near RCW pump)
5th floor Floor - well plug east side
5th floor Floor - well plug upper side
5th floor Floor - northeast side
# 5th floor Ceiling
# 5th floor Ceiling
¢ 5th floor Ceiling
# Sthfloor Ceiling
3 » 5th floor Ceiling
TIP piping blocking material
# RadWaste Building The lowest basement floor (sludge)
» Turbine Building The middle basement floor (sludge)

- » Turbine Building The lowest basement floor (sludge)
. B x - - .
e o
-
‘ s * A .
-4 A
0
Y :
B
b 4 °
t v
-
. b S 2
A A - A
. = S
t . O
N
" - =] ) o =] o - © =] o -
: 3 2 3728 28 % § 3
© 8 2 & 4 2 3 3 3 %GB
- el < o
a8
; &
Nuclides

Fig. 1 Transport ratio of important nuclides to

each floor of Unit 2 Reactor Building

(concentration ratio relative to normalized 137Cs)

l RI D#l The 56th Session of Team for Countermeasures for Decommissioning and Contaminated Water Treatment / Secreta@ﬁﬁ%ﬁﬂﬁp%ﬁ%?%&@nSt'tUte for Nuclear Decommissioning

After grinding 15 times

Fig. 2 Example of
contamination distribution data
by means of an imaging plate #*
(Sample number 3RB-OP-C1)
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(a) Characterization efficiency improvement

(1) Establishment of method for characterization
I. Understanding the contamination mechanism (continued...)

B Regarding the contamination of the Reactor Building via contaminated water, the analytical data is limited to contaminated water. Studies
are under progress with the analytical data of the stagnant water and the solid contents (sludge) contained in it as a clue.
B The behavior of actinide nuclides in contaminated water appears to be different for U, Np, and Pu-Am-Cm respectively (Fig. 1).
O Compared to U, migration of Np to contaminated water is likely to be at a higher rate. There are cases where U may be contributed by

natural Uranium suggesting elution from structural materials. In the process of migrating from PCV to the Reactor Building and Turbine
Building, Pu, Am and Cm were lost from water suggesting that these got changed to another form.

B U, Puand Am were detected in the analytical data on sludge contained in stagnant water, and their movement to the sludge was proved
from the mass balance with water (Fig. 2).

® Contaminated water is circulated, because of which a certain percentage of radionuclides are continuously flowing in. It is important to study
the process of migration from source terms to water. Moreover, it is necessary to estimate the sedimentation of insoluble actinide.

O Unlike in the case of air, as it is not possible to take an inductive approach, it is necessary to expand and enrich the analytical data
(including the acquisition of various types of samples) and refer to findings from other projects as well.

1.E+03
¥ siudge m Stagnant water (after
100% d filtration
1.E+02 PN ¢ 7S oo
o
© @ o ® ® o ® ¢ .
0 ® ® ® 0 80%
&N 1.E+01 3
) ¢ ¢ 70%
o
S 2
60%
T 1ew00 R A& R
9 A 50%
Kej
; © (@) 40% Amount of
2 1E01 o o ) o
E @] 30% contained (g)
+~ O -
5] @ Np-237/U-236 ° o ® A 1) o 20%
3 1.E-02 o o
% O Pu-238/U-236 10%
i A Cm-244/U-236 © 0%
1 E_03 H Unif lldR dWh ste Unit 2 RadWaste  Unil I‘BT urbine Unit ll‘R adWaste Unil IZ‘dR adWaste  Unif léiT hh Unit 1 RadWaste Unif lZ‘RanWasx Uni !.’!T rbin Uni I1R dwss( Unit 2 Rac dthsl Uni l3T b
. N e = = = The Th Building T
Q 28 2oee E g 5 ] 3 |m5es|« hags;me t lo vlje ImgeTmem [ we‘ semZ. \vv?esl bags;:‘\e t \m:e lbags;:e t ujelmg eTme t lo 5e I:Jng;:u \vv?e nbageme it mwe em: t Iowe (h sement lowest (hgemel o wet
Se25E€2 3 £
Q(l 22 2ERPE & g g E [LI- 1WBS -1] (L zwss 1] [U- STBS -2] | [U- 1WB8 1] [U- ZWBS 1] [L- STBS 2] L 1wss 1 [u- ZWBS 1] [U- 3TB8 -2] | [U- 1WBS 1] [U- zwss 1] (LI 3T58 -2]
2 S k] 5 g
8 © 2 °

Cs-137 Am-241 Pu-238 U-238

z
Sampling location

Fig. 1 Transport ratio of important nuclides to contaminated water
(Concentration ratio relative to normalized 236U) #*

Fig. 2 Distribution of Cs and actinide nuclides in
stagnant water containigg solidifications (sludge)

N
l RI D #1 The 67th Session of Team for Countermeasures for Decommissioning and Contaminated Water Treatment / Secretariat Meeting, Jun 27, 201€International Research Institute for Nuclear Decommissioning 19 1



(a) Characterization efficiency improvement [Confidential]

(1) Establishment of method for characterization
I. Understanding the contamination mechanism (continued...)

B |tis desirable to determine the concentration of radionuclides contained in the waste by the simplest method possible. The scaling factor method is used
for difficult-to-measure nuclides contained in waste generated in association with the operation of nuclear reactors. Here, the concentration ratio is
approximated by means of log-normal distribution.

B We have assumed that the transport ratio, which is the normalized concentration ratio, can be approximated by means of log-normal distribution, and have
used it for inventory estimation. Cases of log-normal distribution were examined and its applicability to the waste at Fukushima Daiichi Nuclear Power
Station was studied.

B The log-normal distribution is used for the distribution with respect to events in a variety of fields. In the field of atmospheric science, the particle size of the
aerosol and the concentration of the contaminating substances are expressed by means of log-normal distribution with respect to the contaminating
substances. (Table 1). Moreover, considering the elemental processes of contamination, log-normal distribution is applicable to the formation of particles
(solid fine particles and water droplets), the flow of air which is the medium (wind velocity), and the concentration distribution which is the result of
contamination. (Fig. 1).

B Normal distribution is reproducible, and due to its nature, log-normal distribution also has similar reproducibility. It is considered reasonable that particle
size, wind velocity and contamination distribution, all have log-normal distributions. We will continue to study and assume log-normal distribution for
inventory estimation.

Table 1 Various events to which log-normal distribution is applicable #*

Examples where log-normal distribution Competing distributions
applies

Incubation period of infectious disease, illness 3 parameter log-normal,

Cumulali
Camalative fr
" \\\

recovery time, survival period, years of service, Inverse Gaussian, Weibull,
resale time, talk time, problem solving time, etc. Gamma, Beta Prime o
distribution, etc. +

0510 50100

vind velocily fm/s - 1
Wind velocity {m/s) L en Ty 1k

Economics Stock price, stock earning rate, insurance claim 3 parameter log-normal, “i b Fig. 1. Comulative frequency for wind velocitics
amount Pearson type, inverse 5 | at Kojiya in 1973, ERl :'vv T e 100
Gaussian, etc. g _ 7, Gt by e cmomtions i o et of
Stivival T tima " distribition Gk § :{: stability with the distanee of 10 ko,
applications of thermal ion electron tube system, H
particle size suppression, metal fatigue, etc. ‘T‘ 99
- 71,_#1,JA|111A.1, r—— ggo
Biology Concentration of blood components, lowest General gamma, Dirichlet, o Wi W v z
lethal dose multivariate gamma P B Lagwens stot of Suweuscs by wedd ¥ 1 imgendnd g
B G Wyt b MOa0reg Eaten ¥ b Fig || i & =1 s ity N, KB, B, SE,
Ecology Population Negative binomial distribution, R - P
logarithmic series distribution
Particle mass Wind velocity Contamination concentration
NI oileIdlel  Aerosol  particle  size, concentration of  Extreme value, Johnson,
science contaminating substances, flood frequency Weibull, Beta
Geology Particle size Multivariate normal distribution ) L . . . . . . .
(for spatial correlation) Fig. 1 Log-normal distribution associated with radionuclide contamination #22
#1 Kunio Shimizu, Applied Statistics, 17 (1), 55-59 (1988). #2 H. Neustadter et al., EPA-650/4-74-038 (1974) . #3 Jun Hiroo et al., Journal of the Air Pollution Control Association, 14 (8), 311 (1979).
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(a) Characterization efficiency improvement
(1) Establishment of method for characterization
I. Understanding the contamination mechanism (continued...)

B The study of contamination mechanism focuses mainly on inductive approach based on radiochemical analytical data. Based on
the gradual accumulation of analytical data, the study will be continued by referring to the findings from analytical and

experimental approaches and by combining them. (Fig. 1)
O Along with the targets of contamination, limited nuclides (as a standard 137Cs, which is easy to handle and 14C and 129

which are important actinides in disposal safety assessment) will be studied .

Source term

Damaged fuel

Activation product

Stored wastes

|Fa||out / natural products|

In addition to damaged fuel
(fuel and cladding), the effects
of activation products are also
considered.

T1TRID

Findings and accident analysis
techniques from existing safety research
will be used for studying formation of
particles and elution into water.

Migration process

-

Particle formation

Radionuclide

=

Radionuclide
Transport in medium

Q Air, water
|
|

Chemical reaction
Decontamination etc.

Effect with waste H

The diffusion in the medium
brings in the findings of heat
flow analysis.

The validity of log-
normal distribution will
continue to be studied.

Fixing of contamination
Waste A

B

C
D

E

Waste Z

The state of contamination is studied
by considering waste as a group.
(Refer to the section “Characteristics

of waste”)

Fig. 1 Direction of the study on contamination mechanism

e
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(a) Characterization efficiency improvement
(D Establishment of method for characterization
li. Evaluating the representativeness of analytical data

BEG~0.1mSwh

already accumulated about 60,000 units of data. (Fig. 1) - S~ 30w uh
70000 - . .
0000
50009
40000 -
30000 +
20000 -
10000 - =g g ..

O Meanwhile, analytical data on various samples has been
accumulated, and it was found that the concentration can be

B Results
O We have started digitization (creation of database) of information on g I

90000 -+ L 1mSwh - SmSvih
expressed by means of log-normal distribution. (Fig. 2) '

radioactive waste that is being stored and managed, and have
8000 <

Quantity (m?3)

A
"

(-]
3. Equipment / Controj’ .

i
‘l.
'
|

m  Goal
O Tofind a way to evaluate the representativeness of the data

obtained through analysis.

B Implementation details
O Group the forms of waste generation into several categories and

study the methods for estimating the inventory for each of them.

O (FY2019) Regarding contamination distribution of waste, the
processes from generation to accumulation and storage were Fig. 1 An example of identification of information on stored waste
assumed and the changes in contamination distribution were :
studied based on the analytical data. The usefulness of Bayes
estimation to statistically study the subjects for which the parent a3
population has not been determined was investigated.

O (FY2020) The study results will be reviewed based on the newly
obtained data. A statistical method for inventory estimation will be
studied based on the results of the previous year. In addition, the
applicability of the method will be evaluated using analytical data.

Panels
/ flame-
bstances

1. Meta) Waste
2. Concrete Or asphalt
4. Combyst le
retardant g,
5. Felled trees

Transport ratio [-
]

B Indicators to determine goal achievement Arrangement -1
O The waste information should be organized, and the waste : . o;_frte%u?_ncy
R I g3 istribution

characteristics should be evaluated. (FY2019) £ B5
O A method to indicate the position of analytical data with respect to § 35 §
waste information should be presented. (FY2020) ¥y 33

Log Transport Ratio

L
ABN scrth Abetang

Fig. 2 Study on statistical handling methods of analytical data
(Example of rate of release into the air inside the building)

T T O
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(Fig. 1)

B It was found that the storage areas with traceability are
limited to "Area Q" and "solid waste storage vault”.

(Table. 1)

O The debris that was present in "Area Q" has already
been transferred to the solid wastes storage vault, and
as a result, the only traceable storage area at present

is the "solid wastes storage vault”.

B The representativeness of the analytical data must be
studied in accordance with the traceability of the waste.

- Estimating the distribution position of analysis samples in the

- parent population.

AA

analytical database

oI

: Organizing
information on
: stored wastes

Storage and management status at the site

solid wastes
storage vault

i Estimating the

i contrast relationship
i between analytical

: samples and waste

...................................................

Small character
EICES

Fig. 1  References of waste data regarding the representativeness of analytical data
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Open storage

I covering with sheet
Covering with sheet
Covering with sheet
Covering with sheet
Covering with sheet

Soil cover type
temporary storage
facility

Temporary storage
facility

Storage in containers
Storage in containers
Storage in containers
Storage in containers
Open storage
Open storage
Open storage

Open storage

Temporary  storage
tank
Temporary  storage
tank

Open storage

(a) Characterization efficiency improvement
(D Establishment of method for characterization
ii. Evaluating the representativeness of analytical data
B To estimate the relationship between the analytical

samples and waste, the storage and management
status at the site is collated with the analytical database

Various debris
Various debris
Various debris
Various debris
Various debris
Various debris
Various debris
Various debris
Various debris

Various debris

Various debris
Various debris
Various debris
Various debris
Various debris

Various debris

Various debris

Various debris

Various debris

Various debris

Various debris

felled trees, trunk, roots,

branches and leaves

felled trees, trunk, roots,

branches and leaves

felled trees, trunk, roots,

branches and leaves

felled trees, trunk, roots,

branches and leaves

felled trees, branches and

leaves

felled trees, branches and

leaves

Used protective clothing

Surface dose rate
classification

0.1 or less
0.1 or less
0.1 or less
0.1 or less
0.1 or less
0.1 or less
0.1 or less
0.1 or less
0.1 or less

0.1 or less

(0fiEeak
(05iEea
(0L
(0555

(0L

1-

30

-30

-30

-30

-30

(SN~

[ Confidential)

Area
occupancy
rate

95%
99%
85%
78%
96%
83%
80%
100%
80%

26%

58%
88%
62%
27%
65%

100%

14%

26%

99%

0%

36%

63%

74%

88%

2%

88%

94%

81%

Table 1 Storage area information and waste traceability (as of August 30, 2019)

. Storage methods Stored item

[EIN Open storage
Open storage
Open storage
Open storage
[N open storage
[EN open storage
Open storage
Open storage
Open storage

Traceability
No
No

No
No
No
No
No
No
No

No

No
No
No
No
No

No

No
No

No

Yes, depending on
the item

Yes
No
No
No
No
No
No

No
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(a) Characterization efficiency improvement
(D Establishment of method for characterization
ii. Evaluating the representativeness of analytical data

B Frequency of dose rates in the waste storage data and analytical data was compared focusing on the areas in Units 1 to 4 and
the indoor environment. (Fig. 1)

O Waste storage data contained a lot of combustible / flame-retardant materials, metal waste, and felled trees with a low dose,
and concrete with 230 mSv/h. The analytical data contained a lot of concrete with its dose exceeding 5 pSV/h.

B The analytical samples thus illustrate characteristic contamination rather than being just a simple representation of distribution.
Based on these facts, the study on the representativeness and the method for evaluating it will be continued.

1000

800

D
o
o

N
o
o

N
o
o

Number of cases (number)

o

<0.1

1

EMetal waste
HConcrete or asphalt

waste

mEquipment / Control
panels

Combustible / flame-
retardant substances

Brelled trees
Hsediments
Other
Mixed wastes

Unknown

il w. [ [d.
0.1~1 1~5 5~30 30= Unknown
Dose (uSv/h)

Waste storage data

25

EMetal
mConcrete
Other

N
o

iy
w

Number of cases (hnumber)
)

w

0 L
<1 1~5 5~30 30= ynknown

Dose (1Sv/h)

Analytical data

Fig. 1 Indoor dose of debris in areas of Units 1 to 4
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(a) Characterization efficiency improvement

(D Establishment of method for characterization
lii. Investigation and consolidation of the characteristics of analytical data, iv. Statistical inventory

estimation method

B Results

O It was found that the migration rate of nuclides can be estimated
from the analytical data by expressing it as probability distribution
based on Bayesian statistics. (Fig. 1)

O  Although the distribution parameters (mean and variance) change
with the accumulation of analytical data, it was found that
improvements may not be seen depending on the type of nuclide
and waste, and hence it is necessary to improve the model and :
treatment methods. (Fig. 2). : . )|

| 1 ..allht |
m  Goal :

O To establish a method for statistically estimating the amount of Ratio of release within the building  Ratio of release within the building

radioactivity (inventory) contained in waste.

Uncertainty case
(minimum)
Reference case
(minimum)
Reference case
Reference case
(maximum)
Uncertainty case
(maximum)

Probability mass

Band representation Statistical representation

Alkali metal nuclides Lanthanide and actinide nuclide

B Implementation details
Group the forms of waste generation into several categories and
study the methods for estimating the inventory for each of them.
(FY2019) The usefulness of Bayes estimation to statistically study
the subjects for which the parent population has not been
determined, was investigated. The processes from generation to
accumulation and storage were assumed and the changes in
contamination distribution were studied based on the analytical data.

O (FY2020) The study results will be reviewed based on the newly

obtained data. A statistical method for inventory estimation will be -
studied based on the results of the previous year. In addition, the

Fig. 1 Nuclide migration ratio obtained with the help of Monte Carlo
calculations based on Bayesian statistics (expressed in terms of
probability density distribution)

applicability of the method will be evaluated using analytical data. o 3
B Indicators to determine goal achievement | i
O The characteristics of the analytical data should be organized and - » _
shown. The statistical methods suitable for application should be 2008 2018 2017 2015 2016 2017
identified (FY2019)
O Study results should be reviewed. A statistical method for inventory Average (1) Variance (o)

estimation should be proposed. The applicability should be

evaluated and shown. (FY2020)
Fig. 2 Changes in log-normal distribution parameters with increase in data

(Transport ratio of alkaline earth metal elements to the Reactor Building)
— e
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(a) Characterization efficiency improvement onnieentia

(D Establishment of method for characterization
lii. Investigation and consolidation of the characteristics of analytical data

B Characteristics such as dose rate are being investigated based on waste information in order to clearly specify the
characteristics of waste that is currently stored.

® As there are relatively high number of records of stored waste generated in and around Units 1 to 4, it is expected
that by understanding the contamination of the Reactor Building, the characteristics of the waste that is currently
stored can be roughly understood.

W It appears that waste unevenly exists in the container, and this was investigated from the dose rate data of the
container. (Fig. 1) Variations in data measured from multiple directions suggested that there had to be specific
distribution.

® The relationship between the dose and quantity of waste stored in the facility was investigated (Fig. 2). Although there
were variations in the blocks in which waste was stored, as a whole it was found that there was specific distribution.

B Therefore, when the variation in the amount of waste and the dose rate is considered as a group, it was found that the

distribution of each could be discussed.
® Therefore, the state of waste accumulation will be modeled in three stages (individual waste, stored in a container,
and stored in the facility), and an attempt will be made to study and quantify the characteristics of contamination

distribution for each of them. (Fig. 3)

Various containers with
different levels of

*1 block R
' - blzzks Various solidifications contamination are
s with different levels of aggregated, so
‘6 blocks contamination are distribution is uneven.
> ) 7 blocks Generally, the ) a.ggrggaFed, S0
c T 1w +All blocks surface is distribution is uneven.
qg’_ ) w contaminated, and )
o S, o the distribution is
Lo, = . uneven.
c -
< (:: —
I 8 : l ’4
1N | R i} ‘,,,,,-_..lel_i "
. W O S L £ 28 TS L0 Dose' s Solid wastes Storage container Storage facility
Standard deviation
Fig. 1 Uneven distribution of dose rates in Fig. 2 Amount of debris stored Fig. 3 Hierarchical structure related to
high-dose debris containers .(Val’ia!tion.in in solid wastes Storage vault waste accumulation and variations in
measurement values from multiple directions) No.8 (B2F) contamination distribution
E—
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(a) Characterization efficiency improvement

(1) Establishment of method for characterization
Iv. Statistical inventory estimation method

B A method to set the parameters of the analytical nuclide migration model based on the continuously accumulated analytical data was
established. (Fig. 1)

B In this method, the distribution of relative and normalized concentrations (transport ratios) is analyzed based on Bayesian statistics, and the
uncertainty of the parameters (mean and standard deviation) is quantitatively represented. Thus, the migration rate can be represented as a
probability density distribution. Moreover, as a result, the certainty of the estimated inventory can be shown together with radioactivity.

B Along with the accumulation of analytical data, the changes in the certainty of parameters can be investigated and used in the analysis plan.

-
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Release rate into the air inside the
_ _ _ _ _building for each element group
Fig. 1 Flow of setting migration parameters based on Bayesian statistics
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(a) Characterization efficiency improvement

(1 Establishment of method for characterization
Iv. Statistical inventory estimation method

B The bootstrap method and the jackknife method, which are methods for frequency-wise parameter interval estimation, were studied in order to study the
validity of introducing the Bayesian statistical methods, and as the bootstrap method was found to be more suitable when the amount of data is less, its
probability distribution parameters were compared with the Bayesian statistical method. (Fig. 1)

B While applying these to the inventory estimation of the accident waste at Fukushima Daiichi, currently, there is a restriction, in that the amount of data that
can be referenced is limited to about 10 to several dozen units. When the number of data is less, the methods based on frequency-based statistics have
disadvantages such as the possibility of giving smaller confidence intervals than needed, requiring verification by simulation, etc.

B |f the form of distribution of the target is known, the Bayesian statistical method can estimate the parameters even when there is little data. There is both
theoretical and practical experience, that this method enables parameter estimation even in situations where there is little actual data such as failure rates
in probabilistic risk assessment of nuclear power plants. In addition, it is possible to visualize the process of updating confidence intervals and improving
the extent of confidence by sequentially adding data.

B From these, its applicability to the inventory estimation of accident waste in Fukushima Daiichi is considered high.

-3.6 22 }
38 | - € 97.5% - =
- 2 r
R - = ’ ~ € 97.5%
1.8 | |
42 | =<+ 75% -
4 | B O | T ¥ T 75%
s * * b4 . < v A o e SR
_ = 0,
o ] 2 B B 25% £ R Q1 T 25%
14 |
48 | = €4 2.5% & 12 - =~ €+ 2.5%
- — — 12 =
52 — L L A A 1
s z 5 - 3 5 2 K = 3
'4{-'_0 X 2 E @ g Q E 5 @
= g Z g 3 £ g Z J g
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Logarithmic average of transport ratio Logarithmic standard deviation of transport ratio

Fig. 1 Comparison of statistical estimation results of probability distribution parameters (rate of semi-volatile nuclides released into the air inside the building)
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(a) Characterization efficiency improvement

(1) Establishment of method for characterization

Iv. Statistical inventory estimation method

[ Confidential)

B Using the results of the study, the inventory of various wastes was recalculated (Fig. 1). These results can be
used for the study of disposal concepts in the next fiscal year.
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Fig. 1 Example of statistical inventory estimation results (Total radioactivity of KURION adsorption tower used for secondary waste generated from
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contaminated water treatment)
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(a) Characterization efficiency improvement

(1) Establishment of method for characterization

W Results <
O Analytical samples were either collected or obtained from oo
TEPCO, which were then transported and analyzed (Fig. v/ ‘\ Sl

1). The obtained analytical data was published ey P L

subsequently (Fig. 2) and a database was created and
made available for test.

® Goal O e
O To accumulate analytical data to establish a method for : e i -
characterization. Fig. 1 Collection of samples of secondary waste generated

from contaminated water treatment from the storage cask (HIC)
B Implementation details

. . . 1086 14
O The samples for analysis were either collected or obtained Co60 —a—Sh-125 -Cs-137
from TEPCO. The obtained analytical samples were stored L A N A | Y

and managed in cooperation with TEPCO and were
transported to the analytical facility. Samples were
analyzed at a licensed facility. (FY2019, FY2020)

O The obtained analytical data was published subsequently
and made available for test via the Internet. In addition, the
data that must be further expanded and enriched was
studied in consideration of the accumulated data and the
prediction on waste generation. (FY2019, FY2020)

B Indicators to determine goal achievement
O Analytical samples should be collected, stored and
managed, transported, and analyzed. Analytical data
should published on an ongoing basis. Missing analytical
data and samples should be indicated. (FY2019, FY2020)

10¢

103 4=

102 1

pH (=)

107 A

100

X L
10" f--------- Note) ‘Shows the radioactivity-concentration-corrected for - -
attenuation on Mar 11, 2011.

The plot points with outline only, indicate value below the

lower detectionimit.. —. . oo i

Radioactivity concentration (Bg/L)

outlet
outlet
outlet ]
outlet®
Activated carbon

Activated carbon
outlet

Cerium oxide
outlet
outlet
outlet

Chelating resin 2
outlet

Inlet (raw water) |+
Carbonate
precipitation |
Titanate 1 outlet
Titanium oxide
Silver zeolite
Cerium oxide 4
Titanate 2 outlet
Chelating resin 1]

Fig. 2 Radioactivity concentration at the outlet of the main equipment in

the multi-nuclide removal facility (expanded B System) #1
#1 The 60th Session of Team for Countermeasures for Decommissioning and Contaminated Water Treatment / Secretariat Meeting, Nov 29, 2018.
—
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(a) Characterization efficiency improvement [Confidential]

(1) Establishment of method for characterization

v. Acquisition of analytical data
B The analytical samples of contaminated secondary waste generated from contaminated water treatment were collected from the
facilities and from stored containers, respectively.
B Processed water from the cesium adsorption facility (SARRY IlI) and ALPS adsorbent were collected.

O The used adsorption towers were collected during the transfer and discharge to high-integrity containers (HIC). As the amount
of contaminated water decreased, there was a decrease in the delivery frequency of adsorbents and hence samples were
collected from only 3 towers. (Table. 1)

B The samples that were collected from HICs that were generated before April 2016 were studied in FY2018, and 29 HICs were
selected as sampling targets. In FY2018, 12 out of 29 units were sampled, and the remaining 17 units were sampled in FY2019.
(Table. 2)

Table. 1 Collection results of treated water and Table. 2 Collection results of samples that are being stored inside HIC

secondary wastes generated from contaminated
water treatment in ALPS

Side . Surface of sample
Facility NENIE T Sampling date surface of LG st container
Classification [ Sampling date Sample name sample HIC hole (about 10 ml)
\s \s y+B 1% v+B
T eated Dec 8, 2019 SARRY I Dec 18, 2019 1 0.535 0.7 60  0.0035 17
Wi Jan 30, 2020 " Dec 19, 2019 1 3.114 35 210 0.025 8.0
Mar 17, 2020 " Dec 20, 2019 1 3.430 30 300 0.020 45
: Dec 23, 2019 1 4.000 12 120 0.035 13
Aug 26, 2019 ALPS Il chelating Iron Dec 24, 2019 1 4.550 28 200 0.024 10
resinl coptecipit Dec 25, 2019 1 1859 25 160 0.055 15
Sep 12, 2019 ALPS Il chelating iy Jan 9, 2020 1 1.237 35 150 0.013 55
Adsorbent resin 2 Jan 10, 2020 1 1.462 0.6 40 0.035 13
: Jan 14, 2020 1 2.658 25 260 0.025 14
Nov 29, 2019 ALPS | Titanatel Jan 17, 2020 1 4.240 25 100 0.060 15
Jan 20, 2020 1 3.430 70 400 0.045 23
Jan 24, 2020 1 4.550 40 300 0.080 22
CETioaE! Jan 23, 2020 1 6.583 30 180 0.75 220
e slurry
Carbonat Jan 15, 2020 1 7.873 15 800 1.1 350
g Jan 21, 2020 1 9.547 15 1000 0.80 350
ALPS Il y Jan 22, 2020 1 5.305 25 170 0.40 130
Clisleiiiy Jan 27, 2020 3 0.018  0.002 0.1 0.0005 0.08
resin 2

S
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(a) Characterization efficiency improvement

(1) Establishment of method for characterization
v. Acquisition of analytical data

® During the 65" Session of the Team for Countermeasures for Decommissioning and Contaminated Water Treatment / Secretariat Meeting
(April 25, 2019), the results of analyzing debris samples (floor boring core and strippable paint accompanying decontamination) collected
from inside the Reactor Buildings in Units 1, 2 and 3 (Fig. 1), containment vessel sediment deposit samples from Unit 1 and TIP pipe
blocking material samples from Unit 2 (Fig. 2), were reported.

g s :DE""S from Unit 1 RB (this report) ?:g i .Debns from Unit 1 RB (this report) _._I_._._i_iwg '
e Debris from Unit 2 RB (this report) & Debris from Unit 2 RB (this report) 8 PCV sediments
g A\ Debris from Unit 3 RB (this report) 5 Debris from Unit 1 RB (existing report) 5
E Debris from Unit 1 RB (existing report) g Debris from Unit 2 RB (existing report) 8
g GC-’ Debris from Unit 3 RB (existing report) 8
g 104 Debr fom Unit2 8 (exstng report ’ 8 10* Plot points with outline only, indicate %
8 Debris from Unit 3 RB (existing report) ’ 8 values below the lower detection limit ‘ E
2 " = & )
= 2 =
= 3 2
3 102 ® ¢ 2 10 4 o
Z ® > 3 g
o p E3 )
& A® o o0 g 0/ a8 5
10° & 107 R
) A . ? [¢]
10" 107 10’ 10 10° 10* 107 y4s 14
10* 10° 10° 107 10! 10° 10° 107
137Cs Radioactivity 157 . o
concentration (Bg/g) Cs Radioactivity
concentration (Bg/g)
> Regarding the 90Sr/137Cs ratio, the ratio tends to be high in the samples collected from the 1st floor of Unit 1 > The ratio of radioactivity based on 13’Cs is
(near the through hole X6) and the 15t floor of Unit 3. remarkably high for 55Fe, 89Co and 63Ni in the TIP
> Regarding the 238Pu/137Cs ratio, the ratio tends to be high in the samples collected from the 1st floor of Unit 1 pipe blocking materials. Meanwhile, it is extremely
(near the through hole X6) and the upper floor of the well plug on the 5t floor of Unit 2. low for actinide nuclides such as U and Pu.
> For °Sr and 23Pu, it was suggested that there were places where there was a difference in contamination > Even inside the containment vessel, the tendency of
against Cs. contamination varies greatly from place to place.
Fig. 1 Nuclide concentrations detected in debris samples (floor boring core and Fig. 2 Concentration of nuclides detected in the
strippable paint accompanying decontamination) collected from inside the sediments of Unit 1 containment vessel
Reactor Building (RB) (plot against 137Cs) (PCV) and Unit 2 TIP pipe blocking
material (ratio against 137Cs)
— Bl

l Rl D # Waste sample analysis results, Team for Countermeasures for Decommissioning and Contaminated Water Treatment / Secretariat Meeting (63" session), Feb 28, 2019
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(a) Characterization efficiency improvement

(1) Establishment of method for characterization

v. Acquisition of analytical data

B During the 67" Session of the Team for Countermeasures for Decommissioning and Contaminated Water Treatment /
Secretariat Meeting (Jun 27, 2019), the results of analyzing stagnant water collected from Unit 4 R/B basement, Units 2 to 4
T/B basement and Units 1 to 4 Rw/B basement, and the sludge contained in it, were reported. (Fig. 1)

O Atendency for the sludge to be enriched with U and Pu nuclides was seen.

B In addition, the analysis results of 23’Np and 12°] were g't‘;gggm water® Co-60 @ Sb-125 @ Cs-137 @ Eu-154 @ U-235 @ U-238 ® Pu-238 ® Pu-239+Pu-240 ® Am-241 ® Cm-244
reported for the stagnant water and treated water, for - (after filtration) & Co-60 A Sb-125 4 Cs-137 A Eu-154 A U-235 A U-238 A Pu-238 A Pu-239+Pu-240 A Am-241 A Cm-244
which the analysis results had already been reported.

O Regarding 2’Np, 18 samples including stagnant water 10¢ = z
in Unit 1 Reactor Building, water near the water é " ®
surface of Unit 3 PCV, and water from the outlet of e 10 s o o 2 &
SARRY, etc., were analyzed, and the detected 9 & a - ® o
concentration of 22”Np was less than 9 x 10-3 Bg/cm§, @ 10°
which was the regulatory concentration limit”. The o &
concentration in the water near the water surface of e 107 o ©, °o®
Unit 3 PCV was 2.5 x 10-3 Bg/cm?3, which was the S -% a%aa AAAMA o ®, oA
highest. Other detected concentrations were to the gz 10¢ ® <}
order of 10*to 105 Bg/cm. g9 " &
- - - « g 10° 2a A" A%
O From amongst the 47 analytical samples including
stagnant water in Unit 1 Reactor Building, water from

108 = - — = - e - -

. Lowest basement ftoer:in Wnit-t-RadwWasteBuilding Lowest-basement floorin tnit-2-RadWaste Building towest basement-floorimUnit 3
129 ) o

the outlet of KURION, etc., 1?°| was detected in 1 (L-1wB8-1) Turbine Byislipgg. 1) (L-3TB8-2)

sample of the water from the KURION outlet and 2 Note) Radioactivity concentration was calculated by dividing by the volume of stagnant water
samples of the water from the AREVA outlet. before filtration. The plot points with only outline represent values that are below the
Radioactivity concentration was 1.6 x 10-1 Bg/cm? for detection limit. Radioactivity concentration was corrected for attenuation on March 11, 2011.
the water from the KURION outlet and 2.7 x 102 Bg/cm?,

8.5x 102 Bg/cm? for the water from the AREVA outlet. » Many a-nuclides were detected in the sludge from the stagnant water (after filtration).

The a-nuclide concentration in the sludge of Unit 3 Turbine Building, in which 154Eu
was detected, tends to be higher than that in the Unit 1 and Unit 2 RadWaste
Buildings.

> 9Nb, 152Eu were not detected in any of the samples.

# Concentration limit in the water outside the surrounding monitored _ ) ) )
area as stipulated in the “Notice defining the dose limit basedonthe ~ Fig. 1 Concentration of nuclides detected in the stagnant water (after

provisions of the Ministerial Ordinance for Commercial Nuclear filtration) and sludge collected from the basement floor of each building
Power Reactors concerning the Installation, Operation, etc.
— .

l Rl D # Waste sample analysis results, Team for Countermeasures for Decommissioning and Contaminated Water Treatment / Secretariat Meeting (67t session), Jun 27, 2019
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(a) Characterization efficiency improvement
(1) Establishment of method for characterization
v. Acquisition of analytical data

B The boring core on the outer wall of the Unit 2 Reactor Building was analyzed. These samples will help in finding the distribution of
contamination present inside and outside the wall.
O Boring core samples were collected from two places in the upper part (around 5,300 mm in height) and two places in the middle part
(around 3,000 mm in height) of the western side outer wall opening (width 5,230 mm x height 6,650 mm).
O With these analytical samples, the waterproofing material from the exterior of the boring core, and the outer side wall and the inner side
wall of the concrete part were analyzed, respectively. (Fig. 1, 2)
B The ratio of °0Sr/137Cs was similar to the values reported so far. The ratio of 238Pu/137Cs was about an order of magnitude larger than the

values reported so far. (Fig. 3)
B This is the data on the local contamination distribution of Unit 2, and the distribution will be studied together with other data (rooftop, ceiling

back, floor, etc.).
Waterproofing material in outer wall

Debris from Unit 2 RB (this )

Debris from Unit 2 RB (this 101
report)

report)

. Concrete In OUter 106 Debris from Unit 1 RB (existing 103 Debris from Unit 1 RB (existing

K'Wa” Slde report) 102 report)
-2~{  Concrete in inner ‘

Debris from Unit 2 RB (existing Debris from Unit 2 RB (existing
wall side \‘

report] report)
— Concrete core —

Debris) from Unit 3 RB (existing Debris from Unit 3 RB (existing
Fig. 1 Overview of analytical sample

report) report)

Plot points with or
104 are below the lower det

Plot points with only outline indicate values that are

10! below the lower detection limit
L 2
/.

6‘/

OB o s/

10 /7 /'/

10° 10° 107 108

10?

100

90Sr Radioactivity concentration (Bg/g)
L SN
.. ®
0 N\
\\

238py Radioactivity concentration (Bg/g)

10! 103 10° 107 10t 103 10° 107
137Cs Radioactivity 137Cs Radioactivity
concentration (Bg/g) concentration (Bg/g)
Sr-90 Pu-238
Fig. 3 Concentration of nuclides detected in the sample from
Fig. 2 %8(5?(;?3\5 ;F&Z?é?nﬁ)% ﬁgaf:ggtéﬁgl )sample the western outer wall of the Unit 2 Reactor Building
P 9 (Plotted with reference to 137Cs)
_________ =
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(a) Characterization efficiency improvement

(1) Establishment of method for characterization
v. Acquisition of analytical data

B The used adsorbents, which are the secondary waste generated after contaminated water treatment from the multi-nuclide removal facility
(ALPS), contain different nuclides depending on their types. Hence radioactivity analysis is important in order to study their treatment and

disposal methods. The absorbents were analyzed for the first time.

B For activated carbon adsorbents, the analysis method was studied in advance. Due to the low concentration of radioactive Cs nuclides, vy -
ray analysis was performed directly without removing the Cs nuclides. For a-ray and B-ray analysis, a method of treatment in which a solid
sample Is dissolved in acid, etc. to bring it in the liquid state (making a solution), was studied and applied. (Fig. 1)

®  Asaresult of the analysis, ®0Co, %Ru, *Sb and **’Cs were detected and quantified (Table. 1). >*Mn, %°Sr, %Nb, **Cs, *2Eu, **Eu, **Pu,
239Pu+240py, 241 Am and 2**Cm were not detected. From these facts, the nuclides that can be captured in the final stage of the process

became clear

Sample

[
y ray analysis

<making a solution>

Measurement (e semiconductor detecion|  TNe€rmal 120 % for 40 minutes Table. 1 Concentration of radionuclide detected in activated carbon adsorbent
54Mn, BOCO' 94Nb, decomposition 700 °C for 120 minutes
106Ry, 1255, [ Sogum percaronate Radioactivity concentration [Bg/g]
134,137Cg, 152 154F odium carbonate
Alkali melting |00 for 30 minutes Name of %co 1%%Ru 125gp 137cs
g R IS (About5.3 | (About374 | (About2.8 (About 30
;:;zcentrated nitric yeal’S) dayS) years) years)
Filtration [nism o (28+0.1) x | (28+0.3) x | (1.3+£0.1) x P
- - <
l | l ADC-AALS8-2 10 102 101 6 x 10
Chemical treatment Chemical treatment ADC-AALS8-3 (16+ 01' x| @1t 02'2) x| (694 00'3) 8 <5x10?
B Ray analysis a Ray analysis i i (31£0.1) x | (3.8+£0.3) x | (1.6+x0.1) x | (7.8£1.9) x
*Measurement (gas flow type low +Measurement (Si semiconductor detector) ADC-EALS-1 101 102 101 10-2

background B ray measuring device)

%Gy 238PU, 239+240PU, 241Am, 244Cm

Fig. 1 Analysis flow of activated carbon adsorbents
207
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(a) Characterization efficiency improvement
(D Establishment of method for characterization

v. Acquisition of analytical data
B Current analytical samples

Debris/contaminated water, ‘]A.EA (Mge3E Debris from concrete core on the west wall of Unit 2 Reactor Building refueling
Science Research
etc. . floor
Institute)
Secondary waste generated A A NS
yw 9 Fuel Cycle Stagnant water that contains building sludge, adsorbents used in multi-nuclide
from contaminated water . . : . . . 8
Engineering removal system (Cerium oxide, activated carbon, silver zeolite etc.)
treatment .
Laboratories)
JAEA (Oarai
Contamination distribution, Research and ) . -
Debris from cover soil temporary storage facility
etc. Development
Institute)
Sludge, debris etc. from NDC Debris from buildings, debris from cover soil temporary storage facility, stagnant
buildings water containing building sludge
Contaminants from PCV NFD Unit 1 PCV deposits, Unit 2 TIP piping blockage

B Results of transportation of analytical samples from Fukushima Daiichi NPS to various analysis facilities

Transportat Date of
ion Destination Analytical samples
transport
frequency

Transport 1 9/26/2019 ,(\ID[‘)]éEA (Nuclear Science Research Institute), @ @ Stagnant water, treated water (Debris
@DJIAEA (Nuclear Fuel Cycle Engineering @ Slurry from multi-nuclide removal system

U e liSes S| el Al Laboratories), @NFD @ Sludge from buildings
@DJIAEA (Nuclear Science Research Institute), @ . .

Transport 3 2/19/2020 JAEA (Oarai) @ Debris (@ Debris

e T s
l RI D Olnternational Research Institute for Nuclear Decommissioning 208
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(a) Characterization efficiency improvement
(D Establishment of method for characterization
v. Acquisition of analytical data

Continuous implementation of operations on the database FRAnDLi (Fukushima Daiichi Radwaste Analytical Data Library) (Fig. 1).
Relevant data released by TEPCO is also compiled in addition to the data acquired in this project (Table 1).

The statistical data on accesses showed that there is constant usage throughout the year (Fig. 2).

In addition to continuous expansion of data, improvements will be examined in the next fiscal year in consideration of long term

accumulation of analytical data.

Material
published online

Summary

; Data input file
Summary file

(Excel format)

Server
[ Sample
Database classification
master
; Automatic generation
DEEIEEE (G5 —_———
format)

Communication ! B Japan?se' Engli;h
Published | website ! " website
ublishe ' ’

Published
contents ’
(Japanese) contents (English) = g

Fig. 1 Overview of database (FRANDLI) for analysis
results

T1TRID

Table 1 Compilation of data from the last fiscal year
(As of Feb 14, 2020)

Data (Sample) Data reporting organization Total stored
items

Contaminated water IRID/ JAEA

Building sludge

IRID/ JAEA 12
Tokyo Electric Power Company 68

Tokyo Electric Power Company 1012

2000 14000
No. of .. Cumulative

accesses per access count

2
.
o) (9]
S~ month 1000083
A 29
o 8 m,\'g-
3™ soooQ‘D
o< 28
C = w0 @ F
= %)

= 5 ~ @
OE 2000 A
g ] 0

= > o > o B > (9] c Qo

2 ®m c 5 3 2 K 0 9 & 0

< s 53323 9% zo0 =

3

Fig. 2 Transition in number of times the
database is accessed (Including repeated
access)
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(a) Characterization efficiency improvement
(D Establishment of method for characterization
vi. Evaluation and management of analytical data

B Study on the contamination of stored waste

O  The current analytical data contains little data on alpha
nuclides and on 1-129, which is important for the

evaluation of safety of disposal. Study was conducted on NONe g e
the utilization of waste storage data in order to expand
; i Beta contamination
the analytical data for these nuFlldes. - presen |
O Waste storage data was organized according to Alpha
contamination classification in order to study the wastes Coma”")'r”eégéonq—
. (Fig. 1
to be analyzed. (Fig . ) _ Alpha and beta gy
O  The occurrence locations where alpha-contaminated contamlnatlor;
waste has been recorded are limited to the area of Units presen [ —
1 to 4. However, alpha-contaminated wastes recorded Totalftotal
are in very small amounts in the wastes generated from TR ) 0 0t 100
g . w Units 1 to wUnits 5 and 6 4 other premises
Units 1 to 4 areas. (Fig. 2) " Common outside the Wa_tgrtreatrlnent .TWank area
B Study of sampling methods as considered necessary for facilities ___premises facily astes area

Fig. 1 Percentage of occurrence locations according

future analysis based on the organized data of waste S o
to contamination classification of waste storage data

storage.
O  The following 3 approaches were studied in connection
with the sampling methods using waste storage data:
* Collection from the containers in the solid radioactive
waste storage facility
+ Collection from the existing storage area (Other than LAlpha and beta contamination
solid radioactive waste storage facility) present

Collection duri K ol din the fut -Alpha contamination present
ollection auring work planned In the future Beta contamination present

None
“No entries

Fig. 2 Contamination classification ratio for the wastes generated from Units 1 to 4

l RI D Olnternational Research Institute for Nuclear Decommissioning 2 10
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(a) Characterization efficiency improvement onfidentia

(D Establishment of method for characterization
vi. Evaluation and management of analytical data

B Study was conducted on types of debris using the debris types database compiled in FY2018 for the
sampling methods to be implemented in future.

O A conceptual study was conducted on the method of collecting samples from the containers inside the solid
radioactive waste storage facility, and the method of collecting samples from the wastes that will be
generated in future (Fig. 1), and issues related to the facilities, operations and exposure during work were
identified.

O It may be reasonable to conduct a study on collecting samples from the wastes that will be generated in
future on a priority basis, since sampling from the already stored wastes requires considerable manpower

and time. Investigation of Request for cooperation from Coordination of sampling

Advance wastes produced the Engineering Management schedule with the prime .
preparation from work Group, TEPCO Holdings Inc. contractor's in-charge +| Work preparation
Primary sampling I—

Selection of Have the Sampling

Accompany the No. recorded while :
prime contractor’s Jentering the relevant Transportation of
work in-charge wastes In the Debris wastes
Alpha contamination and fellleilree
measurement control sheet

Work site Setaramma

contamination
Temporary storage

| Sampling point

| gn

Waste sampling sampling Seal the sample | [Transport| [ Storage at
Sampling process ntainer tion delivery point
. In case of alpha contamination, it is mandatory to
process proceed with the work within the house where alpha

zone is set
Use a band saw
Sample 10g - surface dose rate 1 mSv/hor less

Fig. 1 Example of work flow for the method of collecting samples from the wastes that will be produced in future
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(a) Characterization efficiency improvement

(D Establishment of method for characterization
vi. Evaluation and management of analytical data

B |tis indispensable to establish an approach to the analysis plan in conformity with the characteristics of Fukushima
Daiichi wastes in order to continue the analysis. Hence, investigation was carried out in a joint effort with NNL in U.K.

B DQO process (Data Quality Objectives Process) is an approach to the analysis plan developed by U.S.
Environmental Protection Agency (EPA) for environmental restoration (Clearance)”. This approach is recognized as
the standard method in the field of radioactive wastes. (Fig. 1)

B This approach is applied in the analysis of wastes in U.K. In addition, it is also combined with Bayesian statistics for
subjects with uncertain parent population. (Fig. 2)

STEF1

At the # ulviern

Step 1. State the Problem. ,
Detoe the grotiam That necessilades the study
ideraity the planning team, examme budget, schedule

Step 1 State the problem

.
Step 2. Mdentify the God! of the Stuey.
atw how ermvvorenental data wil be wand in meeting cbjnctives and
subang the protdem «sentfy shuty Quansons, dule alemabve outcomens

Step 2 Identify the goals

\ 4
Step 3. idenufy information Inputs.
Idenify dats & oformaton needed 1O answer study Questions

Step 3 Identify the information inputs

A}
Step 4 Define the Boundaries of the Study
Spealy the taget poputaton & chamctensacs of niefest
deine spotid & sermporal Memsts scale of inference

Step 4 Define the boundaries

v
Step 5 Develop the Analytic Approsch
Define the parameter of interest sgechy the type of infecence
and develop the g for drawing conchusions hom findiegs

Step 5  Identify the necessary data

{ |
Desision making Estimation and other '@
(hypothes's testing) anaiytic approaches
. —— .
Stop 6. Specily Performamnce or Acceptance Crivsia Step 6 Study the effects of additional analysis
. b 4
Spectty probabdey Nrts for Develop performance caena for new data
T rupcson and fae Baanng coluctig Or dcceplatie critang for
NCCRPRANOR (ORI ST sxning dala Deng conucdernd kr wan
Step 7 Develop the analysis plan
L] L]

)
. J
Step 7. Develop the Plan for Obtaining Data
Sewct Be resowce-efective sampiing and anyss plan
that mewty Sw performance critersa

Fig. 1 DQO process of U.S. EPA Fig. 2 DQO Process applied in waste analysis in U.K.

B
l RI D * US EPA, “Guidance on Systematic Planning Using the Data Quality Objectives Process. EPA QA/G-4 (2006). ©International Research Institute for Nuclear Decommissioning 2 12
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(a) Characterization efficiency improvement

(1 Establishment of method for characterization
vi. Evaluation and management of analytical data

B Case study was conducted by selecting debris, felled trees, waste generated from contaminated water treatment (slurry) as waste
characteristic to the Fukushima Daiichi NPS. Assuming the conditions in the U.K., evaluation was conducted on the required analysis
score by estimating the concentration distribution using Bayesian statistics.

O Itis important that debris has a dose rate classification closer to concentration levels in disposal classification and it is necessary to
conduct analysis in stages.

O In case of felled trees, the required analysis points were estimated in comparison with the concentration levels in disposal
classification assuming the concentration after incineration. (Fig. 1)

O In case of slurry, radioactive concentration was high when compared to disposal classification and hence the necessity of analysis
was low. Since it is discharged from technologically-designed facilities, it is easier to characterize compared to debris, etc.

B Using this example as reference, it was decided to proceed with the study in the next fiscal year presuming the situation within Japan.

Vinsts 1~ Falien Trees (Trunks, Toiga amd
— TR R T

Fig. 1 Example of study conducted on the analysis score for felled trees using a method
incorporating DQO and Bayesian statistics

s
l Rl D Olnternational Research Institute for Nuclear Decommissioning 2 13
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(a) Characterization Efficiency Improvement
@ Simplification and speeding-up of analytical methods

B Astudy was conducted for the simplification and speeding-up of the current methods of analysis
with an aim to establishing analysis methods that will be used regularly for the analysis of accident
waste. (Figure.l)

Applicability of the \\
sampling technology

—

Applicability of standard
analysis methods

Drying/Heating/ l- b i . -'l
Collection Alkali fusion :
L ] L 2 [ 2 Adsorption Adsorption 1
| Distillation | Distillation Sample G separation Scbasaron 1
preparation 1
D T .. ! — .
= I Applicability of automation
| I technolo
[ 15¢ l [ 1CP-MS ]' Acid decomposition 9y
1 (fully dissolved) I
———————————— J I 1
: § 3 3 T 3 1
Adsorption . Adsorption Adsorption 1
: separation S separation separation 1
1
1 Filtration Separation Np-237, U (5 nuclides), Pu 1
1 (eo-ise. £u15d amarated (5 nuclides), Am (3 ) I
l =3 nuclides), Cm (3 nuclides) Q oma 9.0
- @ \T—/ 1 Applicability of streamlining
1 .
| ' = of the separation process
|
: I HPGe | 2D, [ ICP-MS I [ JCP- M8 l [ 1P MS ] :
| Si Detector 1
L T 1. 1 —————————————_

Green box indicates the location of
changes during the ICP-MS application

Fig.1 Targets for analysis method improvement and strategies for the same
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(a) Characterization Efficiency Improvement

@ Simplification and speeding-up of analytical methods
I. Development of sampling technology

B Results
O By ensuring the representativeness of the sample through evaluation of the distribution
of radioactive concentrations on the surface of radioactive waste by a non-destructive

Sampling forms
All | Random | |Layer-wise| | Last form |

) - o ) - it oo Fay Y o
analysis, a methodology that would work with as minimal sampling as possible, was ‘1.*: SRR | ] il EEREN)
developed (Fig. 1). , N R — R

O A device that would measure the distribution of the gamma ray releasing nuclides on the 000 Eva‘“a""”"“"e”“;: amples by using stali "“‘2?‘“"@5
sample surface and a device that would collect the sample in the form of powder from 000 ® ® 5y ®
any location, were prototyped (Figures 2 and 3). ee@ iy d's"!e““‘?“) (ndicatorsof == it concenration
’ X concentration distribution) i have a one-to-one correspondence and
SF evaluation is passible.)
®  Goal e T A i J
Lyt - . ;
O  To highlight specific strategies along with manufacturing a mock-up device for sampling ‘ﬁ Algfze”gﬁﬁg';grfr;';tﬂ;'s%ﬁf:g%fd Reduction
and thereby, to identify the issues in the verification of functionality and in real-time statistical evaluation.
application in order to establish a practical sampling method. ‘ Fig.1 lllustration of sampling technology that

. . can work with a minimal amount of sample
B Implementation details P

O  The methods to decide the collection location and the methods to verify the sampling
accuracy and the validity of the sampling size were studied in FY2019 with respect to the
sampling size from the statistically evaluated sample surface. Moreover, based on the
findings obtained from the prototype manufactured in FY2018, a mock-up device was
designed by carrying out tests to verify the selection of conditions etc. to optimize the
design. During the verification testing related to the mapping device, optimization of 2z
background correction methods and the optimization of the positional relation between Fig.2 Prototype sample mapping Diaphragm
the samples and the detector was studied, so that highly sensitive and quantitative device vacuum pump  Electric drill
measurements were possible. During the verification testing related to the sampling -
device, collection methods that suit the material and the optimization of the design in
order to accurately collect the cut sample from any location, were studied.

O  In FY2020, the mock-up device will be manufactured, and any points of improvements or
issues to be resolved will be selected from the point of view of site application.

Nilu Filter holder

B Indicators determining achievement of goals
O  Specific strategies should be presented for a practical sampling method for the analysis
samples. (FY2019)
O A blueprint of the mockup device to be used for the sampling device should be prepared.
(FY2019)
O  Any points of improvements or issues concerning the manufacturing of the actual

equipment should be presented. (FY2020
E—

l RI D Olnternational Research Institute for Nuclear Decommissioning 2 15
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(a) Characterization Efficiency Improvement

@ Simplification and speeding-up of analytical methods

I. Development of sampling technology

Laser
Shape displacement
) . ) ) i measuring part meter 1L-100:
A mock-up device for the device that would measure the distribution of the Kevence
gamma ray-releasing nuclides on the sample surface (mapping device) was Radiati Y Sample fixing
designed based on the findings obtained from the prototype manufactured in adiation part
measuring part
FY2018. -
) ] ) o Radiation
The device consists of a sample feeding part, a sample fixing part, a shape measuring

measuring part and a radiation measuring part (Fig. 1).

container

[ Confidential)

O A system was designed to record the geometrical shape and the radiation
data of the target sample obtained by means of measurements.

A mock test was conducted to examine which radioactivity other than that of
the part to be measured would influence the measurement value. The
influence from the surroundings of the part to be measured was about 6%
higher, and it could be confirmed that there was sufficient resolution to
evaluate the distribution. (A-B in Fig. 2). Even when the difference in the
concentrations was large, the influence was about 50% and the shades of the
radioactive concentrations could be confirmed with high resolution (A’-C in Fig.
2).

A study regarding a statistical methodology was conducted to enable
evaluation with a minimal amount of sample, while ensuring the
representativeness of the sample concentration on the basis of the data on the
distribution of the gamma ray-releasing nuclide concentration on the sample
surface.

O  With regard to the distribution of radioactive concentrations on the sample

surface, evaluation formulas for the number of samples were studied
assuming two cases based on normal assumptions.

Sample feeding part

Fig.1 Entire outline of the mock-up device of the device to measure the

distribution of the gamma ray-releasing nuclides on the sample surface
(mapping device)

7 ]

[ [ [ ]

: Radiation level [Bq] of
part to be measured

: Radiation level [Bq]
in the vicinity of the
part to be measured

A":19.4cpm

A:194.7cpm

AA’: Measurement value in which
there is no influence of the

m m [1{)7 surrounding radiation level
C 29 7 B,C: Measurement value in which
Z3./cpm

the influence of surrounding
radiation level is considered
Fig.2 Test concerning resolution for measurement (3 cm square)

B.206.1cpm
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(a) Characterization Efficiency Improvement
@ Simplification and speeding-up of analytical methods
I. Development of sampling technology

A mock-up device for the device that would perform
the sampling of the analysis sample from the
sampling surface was designed, based on the
findings obtained from the prototype manufactured
in FY2018.

O A drill material suitable for the target material was
studied, and a drill blade was designed and
prototyped with a shape that enabled the powder
generated during cutting to accumulate around the
cutting hole instead of being dispersed in the
surroundings, and which could facilitate the easy
collection of this cutting powder (Fig. 1).

A concrete cutting test was conducted to evaluate

the validity of the study results. The collection rate

of the powder was obtained (Table 1 shows the
results for a depth of 25 mm) by cutting at various

depths (25, 50, 75, 100 mm).

O A high collection rate of 96% or more was

obtained in case of all the cutting depths.

O It was understood that the relative standard

deviation (RSD) was 7% or less for all the cutting

depths, and the cutting powder could be collected
with a high level of repeatability.

T1TRID

Nilu filter

To the diaphragm
vacuum pump

—E"

The cut powder is
sucked and
collected by the
Nilu filter.

Cutting
. powder

Drill blade

_ Jig to prevent the dispersal
A of cutting powder

(W30nn x D30rn)

Fig.1 Proposed study of the sampling mechanism

Table 1 Cutting powder collection test results (cutting depth 25 mm)

N Weight of the Nilu filter [g] Weight of the concrete block [g] | it oo er collection
> Packing ng\f/‘éteﬁr”g Difference] Prior to test Aﬂgsihe Difference rate [%]
1 143.81 147.67 | 3.86 | 1857.52 | 1853.57 3.95 97.7
2 143.81 147.50 | 3.69 | 1853.57 | 1849.79 3.78 97.6
3 143.81 147.36 | 3.55 | 1849.79 | 1846.14 | 3.65 97.3
4 143.81 147.29 3.48 | 1846.14 | 1842.51 3.63 95.9
5 143.81 146.94 3.13 | 1842.51 | 1839.27 3.24 96.6
6 143.81 147.13 | 3.32 | 1839.27 | 1835.82 3.45 96.2

Average value| 3.51 Average 96.9
s | .41
RSD[%) 6.8

Olnternational Research Institute for Nuclear Decommissioning 2 17
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(a) Characterization Efficiency Improvement
@ Simplification and speeding-up of analytical methods
ii. Study on streamlining the separation process

Results

[ Confidential)

The triple quadrupole ICP-MS (ICP-MS/MS) is believed to be useful from the viewpoint of streamlining of the separation process because the influence of
nuclides of the same atomic mass number (isobars) can be reduced by reaction with gas, and the device on its own has a high separation performance.
Therefore, the latest findings (information about lower limit of detection, effective solid phase extraction agent and effective reaction gas etc.) related to
analysis using the ICP-MS method, were organized (excluding actinides). As a result, it was possible to propose a separation process, which was changed
from beta-ray measurement using a liquid scintillation counter (LSC) requiring complicated pretreatment, to the ICP-MS method, which can simplify the

pretreatment process for eight nuclides. (Fig. 1)

Goals

O  To evaluate the optimal separation and measurement conditions for the proposed separation process by testing with simulated radioactive waste samples.

O  To propose a similar streamlined separation process for actinides.
B Implementation details E:E

O InFY2019, the optimal separation and measurement conditions for the
separation process proposed in FY2018 were studied by testing with simulated <.c-_l,-,-, S
samples. Optimum liquidity and fluid volume of reagents during the extraction or I’ ' Separation
the separation process were studied for the separation conditions. With | Distation | Diodlation | prig% [ ] :
reference to the measurement conditions (ICP-MS/MS), device conditions such GD ED D QID Sf_r-:aiﬂon
as the optimal types of gas and flow rate were evaluated for the separation from [ l!‘ 1 .!.» 1 [® ”lm ] 1 (‘_‘.’"/)
hindering nuclides. Moreover, like FY2018, even in case of actinides, a rational ) \M{M [ (e LHC ] T
separatlon process presuming alpha ray spectrometry and_ ICPTMS, which is $ — Form:tiqn =
believed to be able to separate and measure multiple nuclides in batches, were S —— deposits *
proposed, and calibration methods for that device were also proposed. Sepstaton I sepgraton || Sepgraion QT' Dissolution of Separation @ 1

O InFY2020, in continuation with FY2019, tests using the simulated samples will G <.'§‘l'3f'>(,.f,..", ng = Fomaion o M ion (j/.j ) (....l’._;) “}'_:)
be conducted. 3 i [Fw][Fm] [rw]

|
B Indicators for determining goal achievement LSC: 13 Nuclides = 5 Nuclides

O  Optimal separation and measurement conditions for a streamlined separation o ICP-MS: 2 Nuclides =10 Nuclides
process should be presented. (FY2019, FY2020). | ) -

O Alist of the current analysis methods for actinides should be presented. 1w on'tirm: |06 ] [ ow 11Ps Streamlining and speeding up of
(FY2019) processes_

. . .. Decrease in exposure and waste

O A proposed practical method concerning actinides should be presented.
(FY2019) Fig.1 Outline of the separation process introducing the new ICP-

O  Proposed calibration techniques for devices used for actinide measurement MS method
should be presented. (FY2019)

—
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Olnternational Research Institute for

Nuclear Decommissioning 218



(a) Characterization Efficiency Improvement
@ Simplification and speeding-up of analytical methods
ii. Study on streamlining the separation process

B [tems to be evaluated during the tests to evaluate validity or feasibility were
decided (Table 1).
B Validity evaluation testing of the separation process was conducted with the

separation process applying the ICP-MS method and with the radioactivity
measurement method”.

# The beta ray measurement nuclides (3¢Cl, 41Ca, 3Ni, 99Sr) for which the application of the ICP-MS method is
deemed unsuitable from the viewpoint of detection sensitivity

[ Confidential)

Table 1 Evaluation items for the validity or feasibility tests

ICP-MS method

Radioactivity measurement method

Collection rate evaluation
Evaluation of the effects of
spectral interference concerning
isotopes

Collection rate evaluation
Evaluation of nuclides that could
hinder measurements due to
similarities in chemical behavior,

B For the chemical separation of %Zr and %Mo, a method with a high selectivity for Zr Evaluation of the effects of etc.
and Mo while separating out the hindering Nb, was proposed (Fig.1). spectral interference concerning +  Evaluation of the decontamination
= Th diti Nb f d duri h vsis of ICP-MS/MS. wh isobars coefficient of hindering nuclides
e conditions to separate Nb were found during the analysis o - , when . Evaluation of the effects of
ammonia was used as a reactive gas (Fig. 2, 3). spectral interference concerning a
sample matrix
7 Conditioning (Pure water 5mL, 1M HNO,10mL)  zris (;‘fectlg\;ely gepaaied omyihe
3 Addition of sample isobars (*3Nb,*3Mo) by using the NH; gas
] i .
_ ution of Zr by oxalic acl ’ : *44 H,flowrate ' 2.5mi/min - 5,000
' Elution of Nb by high concentration of oxalic s i\ - L, 2 0,000 +102 B Zr 1 ppb
7acid o 18000 o\ He & 1 mi/min 80 < 000 ZriNH )™ 12114 8¢ps Nb_1 ppb
i - f ‘ > v 1 i n '>_‘ daaa * ) :.;7' l l-;“'l
I Elution of Mo by Nitric acid - 10000 g \, (1ppb¥Nb, 0.51ppb"Zr) S = 00 -
8000 ’N‘ 20,000
6000 b ‘:,‘ S 15000
Zr resin € 400 ® ® € 8 10,000 i
3 ¢ B 3
o 2000 v S . > 1 o 5.000 II
N o =3 -~ - o - o S . § 0 bt _‘1 - e mtns ...
. Zr collection liquid -> ICP-MS/MS 0 VST ROSRSITONEEETERRY
“ measurement N';'3 flow nl/m AM (NH; gas )
* I’ Mo collection liquid -> ICP-MS/MS rate
L measurement
Fig.1 Separation process of %3Zr and %Mo Fig.2 Separation of Nb and Zr by means of a Fig.3 Separation of %Zr from ?3Nb, ®3Mo by
reactive gas means of ICP-MS/MS
.
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(a) Characterization Efficiency Improvement

[ Confidential)

@ Simplification and speeding-up of analytical methods
lii. Development of automation technology

Results
The performance of the manufactured automated systems was compared with
operations carried out by skilled personnel (Fig. 1). A series of analytical
operations were carried out for Ni assuming the most complex Ni-63 separation
operations and the utility of the automated systems was proven as similar
collection rates and accuracy were achieved when the collection rates were
compared (Table 1).

Goal
To evaluate the feasibility of the separation process of nuclides to be measured
using the manufactured automated systems.

Implementation details

Separation and purification tests using the automated systems were conducted
and their feasibility was evaluated with respect to the separation process which
was studied under "(ii) Streamlining of the separation process" throughout FY2019
and FY2020. Since the aim of these tests is to evaluate the feasibility under the
actual analytical conditions, the tests will be conducted by using simulated
radioactive waste samples.

Among the separation processes, the types or quantities of the solid-phase
extraction agents and the types and concentration of reagents that will be used for
each of the elements subject to separation during the solid-phase extraction
operation, will be different. For this reason, it is necessary to evaluate the feasibility
of the operation conditions of the automatic solid-phase extraction system by
selecting the column size and optimizing the reagent flow rate during the
separation operation according to each target element. In particular, if there is a
large difference between the rate of reagent addition to the resin and the liquid
passing rate in the resin, the reagent may accumulate at the top of the column,
overflowing the reagent, or mixing with the reagent in the next step, which may
have a large impact on the separation accuracy. Therefore, it is important to
evaluate the optimum operation content under each analysis condition.

In addition, if a problem that cannot be sufficiently addressed within the operating
condition range of the current automation device is found in the test from the
viewpoint of accuracy and speed, improvement of the device will be considered to
solve the problem.

Indicators for determining goal achievement

a m Analytical operation units

[ TR € *1 Dissolution operation =y :
y 2 Sorting and distribution operations ¢ 1 > Y “ad
v 3 Reagent addition operation ii
4 Filtration operation o—
P
/ Heating and solidification by evaporating . B ——
¥ 5 and drying operation L 2 3 > v
. ,‘[ - ] 6 Constant melting operation o—
m_ — R 7 lon exchange and solid-phase extraction
’ operation

!

Automatic solid-phase extraction system

» Improvement points: It is now
possible to use columnsin 3
sizes

Solld Extraction
Cotlumn

ImproveMment points: System improvements such that it is
possible to insert air between the reagent addition
operations so that there is no mixing between the various
chemicals
Fig.1 Configuration of the automation technology and the improved
automatic solid-phase extraction equipment

Table 1 Performance evaluation of the automated system
(Comparison of collection rates during the Ni-63 analysis)

Operations Ni Collection Standard
rates deviation

O  The feasibility evaluation results for the separation operation using the
automated system for the streamlined separation process should be presented. Automated systems 89.8% 2.9%
(FY2019 and FY2020)
Skilled analysts 87.0% 2.2%

T1TRID
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(a) Characterization Efficiency Improvement [Confidential

@ Simplification and speeding-up of analytical methods
iil. Development of automation technology

The validity and feasibility of the examined automated equipment was evaluated with respect to the size of columns filled with resin and the
reagent liquid passing speed.

The automatic solid-phase extraction equipment consists of a column unit, a pump unit and a control computer. It is possible to process 4
samples at the same time (Fig. 1).

The applicability of the automatic solid-phase extraction equipment was studied by targeting the analysis methods which combined the
extraction chromatography with the ICP-MS/MS (Table 1). As for the repetition accuracy of the Zr collection rate, an excellent result was
obtained when compared with the relative standard deviation of 2.6%. when done manually.

A phenomenon wherein the eluant might not spread throughout the resin was observed (Fig. 2). In FY2020, a further speeding-up will be
studied by optimizing the liquid passing speed along with making further improvements in the repetition accuracy and the collection rate
through improvements in this phenomenon.

Table 1 Reproducibility of extraction and
separation of Zr and Mo with the automatic
solid-phase extraction equipment

Zr collectionrate [%) | Mo collection rate (%]
Pump A 73.8 94.5 m FTW' ‘." v .I
Pump B 82.9 95.0 " i v Q Vi
Dayl [rampc 845 80.1 AV
average 80.4 89.8 W 0/
Relative Standard Deviation 7.1 9.4
Pump A 70.3 92.5 ;
Pump B 82.6 94.6 , a
Day2 [rumpo 75.0 93.6 - ' &
Average 76.0 93.5 8 - 5
Relative Standard Deviation 8.1 11 “;"-_ |
Pump A 74.3 91.2
Pump B 76.0 88.9 The flow of the eluant
Day3 [rampc 823 89.9 was not uniform.
Fig.1 Automated system with the automatic solid-phase vorage 775 90.0
extraction equipment at the core - — ] ] )
(Part of the ion-exchange and solid-phase extraction) e = = Fig.2 State of Fhe column after
N Average 78.0 911 the Mo elution operation
LIS - —
Relative Standard Deviation 51 47
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(a) Characterization Efficiency Improvement
@ Simplification and speeding-up of analytical methods
iv. Establishment of standard analytical techniques

Results
In order to evaluate the feasibility of the proposed separation
process for the beta ray measurement nuclides, separation and
purification tests were carried out for the target nuclide elements.
Excellent results were obtained for both the collection rates as well
as the standard deviations, and it was therefore expected that it
could be applied to radioactive waste analysis (Fig. 1). Moreover,
since beta nuclides generally require complex chemical separation
operations prior to measurements, techniques to train engineers
who will start new analysis on this topic were studied.
A Quality Assurance guideline draft was created, which could be
reflected in a system conforming to the ISO9001 Standard, and
which takes into account the swift verification and validation of
standard analysis methods (Fig. 2) for a wide variety of analysis
samples that are characteristic of radioactive waste.

Goal
To evaluate the feasibility of the methods of analysis using the
streamlined separation process, in consideration of quality
assurance in the form of radioactive waste analysis method.

Implementation details
Throughout FY2019 and FY2020, each parameter corresponding
to the test conditions shown in Fig. 2, was evaluated for the
analysis method that uses the separation process examined in
"(ii) Streamlining of the separation process", and its feasibility as a
radioactive waste analysis method was assessed. If it is
determined that the verification and validation conditions are not
satisfied, such as the lower limit of detection cannot be obtained
due to the influence of hindering nuclides, the influence removal
method or alternative analysis method will be considered.

Indicators for determining goal achievement
Feasibility evaluation results for the radioactive waste analysis
methods with respect to the analysis methods using the
streamlined separation process should be presented. (FY2019
and FY2020)

T1TRID

Sample (Including Sr and Ni carriers)

Cleaning

3 solution

Eluant

_ Cleaning Sr fixed quantity

solution

Eluant

Ni fixed quantity

[ Confidential)

Collection Standard
rate deviation

Sr 88.1%

Ni 95.8%

2.8%

3.7%

Fig.1 Example of separation and purification test (System separation of the Sr and Ni nuclides)

[Streamhnmg the verification and validation of the standard analysis methods] ~

Concrete 12,14C cid dissoluti exchange PAES
S9N, Column
Ashes 53N AIkaIl fusion separation
Soil o d onversnon into ~ Séparation of
ashes deposns

|Selectivity and uniqueness (o] (o]

g Measurement range (o) (o]
=
= S [Calibration and traceability O
o L

S
] : Inclination O (o] O
g8
=5 )
g ; |Linearity (0]
] : o
2 g [Detection Iowerllm}t/l O
S o lquantitative lower limit
o o
= 2 [roughness O (o]

B

3 |Accuracy Q (&) Q

[Speeding up of the verification and validation of
the standard analysis methods]

Verification

Development

of an analysis
method

Analysis Office for the 1F
radioactive waste

External
Expert
Committee

Standard
analysis
method

Cooperation

Past

Cooperation

New

Verification of
analysis
method

External analysis office

Developmem Verification

of the ana]ygs) and valldatlon

method of the anaIyS|s
method

Analysls Office for the 1F radioactive

waste

(In the analysis
office) Standard
analysis method

Fig.2 Specific methods of streamlining and speeding up verification and validation
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(a) Characterization Efficiency Improvement

@ Simplification and speeding-up of analytical methods
iv. Establishment of standard analytical techniques

€ Presentation of proposed specific evaluation items regarding the verification and validation conditions for
the standard analysis methods (Table 1).

Study of specific evaluation items (Proposed)
Table 1 Verification and validation methods for standard

analysis methods [Dissolution]

Dissolution @: Dissolution/ leaching rate and their repetition accuracy
Sample (matrix) Elements (nuclides)f g efaction) e @: Influence on solubility or on the repetition accuracy due to differences in the sample
C

properties or sample elements

Concrete — B . Ac'd. lon exchange ICP-AES .
S A 12C+++ | dissolution [Separation]
- 2N\ Ni S9N P Column o ®*: Collection rate and repetition accuracy
shes all fusion . . . . . P
63Ni++ » separation e @ : Necessity of enrichment operation to obtain the necessary sensitivity
- LS =3 | AR D || SR v ®7: Influence on the collection rate or on the repetition accuracy due to differences in the
ashes deposits sample properties
=S s e e ®": Do the nuclides believed to hinder measurements satisfy the decontamination coefficient
s Selectivity and uniqueness O ‘O> : required for the Fukushima Daiichi radioactive waste analysis methods? (Beta ray
S @ ()] measurement nuclides)
“g’. N . 0 @) @ : Evaluation using methods confirming that the hindering nuclides can be removed from
§ castirement fange @ e the measurement sample (Gamma ray nuclide measurement from the measurement samples)
s - N (0] (Beta ray measurement nuclides)
S G ®?*: Evaluation of spectral interference by comparison of the B.G counts of operation
Q 2 . .
§’- 0 0O o) BLANK test and the simulated sample (ICP-MS measurement nuclides)
§ Inclination @ AODE @i
= # : Executed with validity evaluation from the “Study on
% Linearity G% streamlining of the separation process"
=) (‘) [Measurements]
= Detection | limit/ . . . .
f qfaifit':t?vgﬁ,\r,elrnri%it i) @ : Impact of the difference in the matrices of the calibrated sample and the measurement
3 sample on the measurement values
s O O ) N ) .
@ Toughness @ ® @0 : Device calibration and its measurement accuracy that ensures traceability
3 - O o @ : Evaluation of the method detection lower limit/ quantitative method lower limit
§ Accuracy @ @ at @ : Linearity of calibration curve including the quantitative lower limit (ICP-MS
- measurement nuclides)
@ : Range of energy for the beta ray measurements (Beta ray measurement nuclides)
I e s
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(b) Development of sampling technology [ Confidential]

B Pastresults (FY2018)

» A conceptual design was created for the sampling devices
inside the adsorption towers of the cesium adsorption apparatus
(KURION) and the secondary cesium adsorption apparatus
(SARRY). (Fig. 1)

» Atesting apparatus was manufactured for the collected
elements and tests were conducted to gather the zeolite
samples from inside the adsorption tower to verify the collection
performance of the sampling tool. (Fig. 2)

» On the basis of the test results, the structure of the sampling
tool was studied and a basic design was developed. (Fig. 3)

Sampling device

Coring device

Modified sampling
tool
resin model

Work stand

Work dock

Coring device Sampling device

Fig.3 Sampling tool design
Fig.1 Conceptual design of the sampling device
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_ [ Confidential]
(b) Development of sampling technology

m Goal

To study the sampling devices compatible with the cesium adsorption apparatus (KURION) as well as the
secondary cesium adsorption apparatus (SARRY) for the collection of cesium adsorbent, and to test and
evaluate the element technology necessary for designing the mock-up devices.

B Implementation details

® FY2019

During the study of sampling devices, information such as the contents inside the adsorption towers, stage
of generation, water flow time, surface dose rate etc. was organized and depending on the analysis
requirements, the adsorption towers to be collected, were selected. Together with this, the collection conditions
were reviewed. Based on the study results of the sampling devices compatible with both, the cesium
adsorption apparatus (KURION) as well as the secondary cesium adsorption apparatus (SARRY) adsorption
towers for which the conceptual design was created, items for the element tests including an opening method
of the adsorption tower, collection of samples, closing of the opening. required for the mock-up device were
selected, the required element test devices and the simulated adsorption towers for testing were designed and
manufactured, and test preparations were carried out.

® FY2020

Once the element test device is ready, element tests will be conducted and evaluation will be carried out for
making openings of the adsorption towers, collection of samples, and closure of the opening. Based on the
evaluation results, a perspective will be obtained on the collection methods and devices applicable at the site.

B Indicators for determining goal achievement

Selection of element test items necessary for designing the mock-up sampling
FY2019 device and preparation for testing.
(Target TRL at completion: Level 3—4)

Completion of element tests necessary for designing the mock-up device and
FY2020 evaluation of the same.
(Target TRL at completion: Level 3—4)

[Excerpts from the Subsidy Project Manuals]
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(b) Development of sampling technology [Confidential]

- Conditions for selecting and collecting the adsorption towers (1/4) -

Selection policies for the samples to be collected from the adsorption towers were studied in order to
select the adsorption tower to be used for collection of samples.

B Analysis and evaluation requirements

>

Alpha nuclides have been detected during the analysis of stagnant water. Since the alpha nuclides have
a very high sorption distribution coefficient, there is a possibility that they exist in the vicinity of the
adsorbent surface.

The results of the interim report on safety evaluations during disposal indicate the importance of
confirming the existence of predominant nuclides (C-14, 1-129 etc.) during disposal.

The properties of the adsorption tower will change significantly depending on the types of adsorbent,
composition of the stagnant water, operating conditions etc. The assessment and evaluation of individual
differences is important.

The adsorption towers, which were used during the initial stage of the earthquake, should be collected
on priority because the concentration of nuclides in the stagnant water is high in such adsorption towers.

B Approach to representativeness

>

Regarding the representativeness of the collected samples, two approaches can be considered: one
focused on the adsorption towers (individual differences between the adsorption towers) such as the
structure of the adsorption tower, period when it was used, adsorbent used, and the content of
radionuclides, and the other focused on the adsorbent location (spatial non-uniformity) such as the
radionuclide distribution inside the adsorption tower.
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(b) Development of sampling technology [Confidential]

- Conditions for selecting and collecting the adsorption towers (2/4) -

B Individual differences between the adsorption towers

» There are 10 or more types of adsorbents used for the adsorption towers.

» The composition of stagnant water changes with the passage of time and the composition of the
contaminated water passing through the adsorption tower also changes as per the "Structure” and
"Arrangement” of the adsorption tower which acts as the treatment system.

» Therefore, the nuclide composition and the radioactivity concentration for each adsorbent solid varies. It has
actually been indicated that the variation in the surface dose of the adsorption towers is large, and that the
individual differences are large.

» Especially, the nuclide composition captured by the adsorbent has a large impact on treatment method
selection and the treatment equipment design, and it is necessary to understand the trends.

1.0E+03
3 é Types of adsorbents
5‘: 1.06+02 E 8 8 ©® S\ 7 (Surface Modifying Zeolite)
a 3 % 8 ° o .
é 1.0E+01 F e 0o B o ° g = « H  (Hershlite)
.. 00 ) .
% 1.0E400 ! . 1 ;~’ . ! ' g g: : é - o # AGH(Silver added Zeolite)
i ° 3 i Y o &&d % o EH (Synthetic Zeolite)
S  10E01 p 3 =" o
'1 2 ' 5 e = ® * TSG (Titanate silicate system)
£l B N 51 r ) .
. _ £  L0EM § ‘ ;o,, 1+ | ©silicasand
KURION adsorption towers SARRY adsorption towers @ 3 . i‘ “;_i e
No. of towers: Approx. 800 units No. of towers: Approx. 200 units 1.0£-03 . 1 . + +
11/03 13/03 15/03 17/03 19/03

Date of removal of the adsorption towers

Fig.1 State of storage of the used adsorption towers Fig.2 Example of data organization of the KURION adsorption

towers (Contents, dose rate and date of generation)
—

T s
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(b) Development of sampling technology

- Conditions for selecting and collecting the adsorption towers (3/4) -
B Spatial non-uniformity

[ Confidential)

In FY2015, Cs adsorption distribution measurements (JAEA/ IRID#) (Fig. 2) were carried out by filling IE-96
adsorbent in a full-scale SARRY adsorption tower internal mock-up facility (Fig. 1).

* It was found that the Cs concentration distribution in the direction of depth accurately matched with
the analytical value.

* |t was confirmed that there was almost no concentration distribution in the circumferential direction.

= The concentration distribution of the entire adsorption tower can be presumed if the

adsorption concentration of one place is actually measured.

Top view

c
o
=
[&]
5}
=
S
8
X
<

Side view

=~

)

S

Adsorbed Cs concentration
[mg-CS/ml-filled layer]

Fig.1 SARRY adsorption tower internal mock-up facility

©

<

S

2017/1/24

1 Cs concentration at equilibrium adsorption (Cs 7.7 ppm)
(Zeolite filling density 0.726 [g-80%RH/ml — filled layer])

[ [ a Axialdirection A
A @ Axial direction B
n - Axial direction C
° o Radial direction D-E

ZAC analysis (Langmuir
~equation) -

0 10

30 40 50 60

Depth from the top side of the [cm]
filled layer
Cs adsorption distribution measurement value

(linear display)

Fig.2 Cs adsorption distribution measurement value #

70

Adsorbed Cs concentration

[mg-CS/ml-filled layer]

2017/1/24

Depth from the top side of the filled Tayer [cm

Cs concentration-at equilibrium-adsorption (Cs 7.7 ppm)
10 14 [¢) A Axial direction (19 cm from the center)
L] o @ Axial direction (32 cm from the center)
1 m Axial direction (23 cm from the center)
O Radial direction
A L —ZAC analysis (Langmuir equation)
0.1 a
L A
0.01 r ¢
(Zeolite filling density
0.001 7 0,726 [g-80%RH/mI —
-filled layer]
0.0001 T \y D T T |
10 30 60 70

0 20
Depth from the top side of the [y

filled layer

Cs adsorption distribution measurement value

(Semi-logarithmic display)

#IRID (2017): “Subsidy Project of Decommissioning and Contaminated Water Management in the FY2014 Supplementary Budgets, R&D for Treatment and Disposal of
Solid Radioactive Waste (Final report)” pp. 3-20 — 3-22, pp. 4-381 — 4-386
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(b) Development of sampling technology

- Conditions for selecting and collecting the adsorption towers (4/4) -

M Selection of adsorption towers

» The adsorption towers used during the first stage of
the operations when the concentration of nuclides in
the stagnant water was high, have a higher priority.

» The SARRY adsorption towers used in the first
stage of operations correspond to the flange type.

» Samples are collected giving priority to the
adsorption towers installed on the upstream side.

B Number of adsorption tower sampling points

»  Collect samples from one point on each adsorption
tower.

B Collection location

» The surface range is set from the surface of the
adsorbent (top end) to 100 mm.

Tablel Conditions for selecting and collecting the adsorption towers

Types
Collection
targets

Structures

Amount of collection

No. of sampling points per
tower

Collection depth from the
surface

Position

Diameter of opening in
adsorption tower

Method of closing the
opening

Selection and collection conditions

for the adsorption towers

The adsorption towers used during the first stage of the
operations are given priority.

Especially, those on the upstream side of the system are
given priority.

KURION: All adsorption towers have a common structure.
SARRY : The flange type adsorption tower is applicable.

10 to 20 mL/sample

One point in the circumferential direction x One point in the
depth direction
(One point per adsorption tower in total)

Surface to about 100 mm

KURION: Top plate side of the adsorption tower
SARRY: Adsorption material filling port flange

Approx.¢ 50 mm

A pressure resistance of 1.37 MPa is ensured in the
closed part.
The closing plug is a detachable structure.
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(b) Development of sampling technology [ Confidential]

- Selection of element test items (1/3) -
B Assumptions during actual work

Risks were evaluated assuming actual work at the site and the necessary element test items and the element test device

were studied.
@ ~ @

‘ [Existing Crane]
Rated load: 24 t or more
7100 . - Lift: 7.5 m or more

‘ 3- .  —
b S
[Integrated e Rt = ‘
sampling device] = 5400 Install the adsorption tower With the existing crane,
on the work stand with the detach the shield lid and
[Work Dock] existing crane. load the [Work dock] on top
of the adsorption tower.
}

&)

[Work Stand]

[Adsorption tower]
(Inside the work stand) 1

To install the adsorption tower, the integrated sampling device
and the work dock.

With the existing crane,
connect the [Work dock]
with the [Integrated
sampling device].

Bore holes in the top plate
of the adsorption tower with
the [Integrated sampling
device].

Existing Crane

A device that remotely executes a series of work processes
such as making openings, sample collection, and closing of the
opening by switching the vertical slide unit and tip tool.

Integrated sampling
device

Its function is to shield the upper part of the adsorption tower,

Work dock connect the adsorption tower with the sampling device, secure
the boundaries and control the shaking of the rod core during
making openings.

Collect the sample by
inserting the sampling tool
from the bored hole.

Attach the closing plug on

Installation of the adsorption tower and for shielding the sides. the bored hole.

D S A scaffold for the workers to work on.

Fig.1 Equipment layout Fig..2 Work steps (KURION Adsorption tower)

e
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(b) Development of sampling technology [Confidential]

- Selection of element test items (2/3) -

B Risk evaluation

Contamination

Exposure

Hydrogen ignition

Change in properties of
the adsorption tower

Foreign material intrusion

Falling or flying objects

Equipment damage

Failure in integrity of the
adsorption tower

1IRID

Table 1 Evaluation of the risks involved in a series of work processes

Risk details Risk reduction measures

Spread of contamination in the surroundings due to the sampling
heads after collection

Diffusion of contaminants from inside the adsorption tower during the

collection work

Leakage of contaminants from the closed part

Excessive exposure of workers due to the operation and
maintenance of the sampling device

Ignition of hydrogen generated in the adsorption tower

Change in properties of the flange gasket of the adsorption tower
due to frictional heat or the shearing force during making openings

Difference in the plate thickness, or in case of the flange type tower,
difference in the assumed number of flange plates

Mixing of cutting splinters in the adsorption tower

Fall during the installation operation of the work dock and the ISM
Damage during transportation of the adsorption tower
Interference with the internal piping during collection

Interference due to shaking of the shaft during making openings and
collecting samples

Equipment parts caught during making openings and closing the
opening

Pressure resistance lacking in the closing plug

Failure in withdrawal of the rods due to failure in return of the
sampling head vane (damage)

Evaluating the surface adhesions (contamination) on the sampling apparatus
after collection and appropriate curing and enclosure

Securing the boundaries during the collection work
Ensuring appropriate sealing

Shielding (shielding by the work dock) the upper part of the adsorption tower
Shortening of human working hours

Ventilation and measurement of hydrogen concentration inside the
adsorption tower

Reducing the frictional heat by appropriate conditions of making openings
and lubrication

Remote verification by camera leaving a margin for the cutting ability and
stroke

Collecting by suction and assessing the cutting conditions so that the mixing
is minimal

Use of special hoisting attachments and surveillance with camera
Use of special hoisting attachments

Checking the insides with a camera after making openings
Assessing the amount of shaking of the shaft beforehand

Understanding the conditions under which making openings or closure can
be carried out in a stable manner

Process control based on a prior pressure test

Study of the vane structure
Study on a head shape that does not require vanes

# [ | . Indicates items that must be evaluated through actual tests and are considered as test items in this research.
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(b) Development of sampling technology

[ Confidential)

- Selection of element test items (3/3) -

B Element test items

Test for making
openings

Collection test

Closure test

Installability confirmation
test

1IRID

Table 1 Element test items

-Verification of operating conditions
-Determining the need for shaft holding mechanism
Reflection in the study on the working hours

-Verification of effect on the subsequent work processes (collection
and closure)
-Verification of validity of the blade for making openings

- Evaluation of workability of joints
+Validity of equipment layout
- Determining the necessity of contamination prevention measures

-Verification of operating conditions
-Verification of required performance (10 to 20 ml)
-Determining the necessity of contamination prevention measures

- Evaluation of workability of joints

-Understanding the information input to exposure evaluation
(distance and time)

-Verification of operating conditions

-Verification of the structure of the closing plug

- Setting the operating conditions

- Evaluation of workability of joints

-Validity of equipment layout

= Structural verification of the parts aligned with the work dock
-Measurement of the work dock installation time

- Structural verification of the parts that match the position of the
element test device

-Load factor of motor (rotation direction and vertical direction)
- Durability of cutting blade

-Rotation speed and feed speed

- Time required for making openings

- Cutting splinter status and cutting oil supply conditions

- Status of shaking and vibration of the shaft

- Shape of the hole (circular, coaxial etc.)
*Amount of cutting splinters and cutting oil mixed in the adsorption
tower

*Replaceability and time of replacement of the tool for making
openings

Scope of work from the glove port

- Dispersion status of the cutting splinters and cutting oil
+|dentification of any other issues

-Rotation speed and feed speed
- Amount of collection
- State of sample dispersion

~Handling properties and handling time of collection tools
- Scope of work from the glove port
- Identification of any other issues

- Closing torque value
-Feed speed

- Pressure resistance (test pressure: Approx. 2 MPa)
-Loosening torque value for detachment

-Installability and installation time of the closing plug
- Scope of work from the glove port
-ldentification of any other issues

-Installability of work dock in the simulated adsorption tower
(alignment)
-ldentification of issues from the viewpoint of actual work

-Installability of the device on the work dock
-ldentification of issues from the viewpoint of actual work
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(b) Development of sampling technology

- Format of the element tests -

[ Confide

ntial]

» Step 1: Preparation for element tests ... Execution of "Design and manufacturing of the element test device" and “Preliminary
testing (making openings, sample collection and closing of the opening)”
» Step 2:Element tests... Verification of the feasibility of a series of work processes with the element test device
_Preparation for element tests Element tests
(Step 1) Ongoing. Scheduled for execution by the first half of FY2020. (Step 2) To be executed in the second
S - half of FY2020.
Organization of the conditions presumed for the
designing of the element test device
gning Verify the feasibility of a series of work
processes related to sampling by using
the element test device (Fig. 3).
[mmmm—— e m e mm e ————
i Designing and manufacturing of the - g .............................
] element test device Preliminary testing
i Verify the basic performance necessary for
| Design and manufacture the device (Fig. 1) making openings, sample collection and
| thatis required to carry out the element tests. closing of the opening through preliminary
! testing (Fig. 2).
: -
1
1
1
1
1
: = 1
: Making openings Collection Closure
! Fig.2 Preliminary testing
: Integrated sampling
1 device for the test Work dock for the test Simulated Reflection of the
I adsorption tower
[ . . . result of the
| Fig.1 Configuration of the element test device preliminary test in
e e e ————— the design

Fig.3 lllustration of the element test
device
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(b) Development of sampling technology [Confidential]

- Preparation for element tests - Designing and manufacturing of the element test device (1/7) -

Presuming the site environment and based on the study of the collection conditions and the sampling
procedures and the results of the preliminary tests, a detailed design was created for each component
required to perform the element tests, such as making openings of the adsorption tower, collection of
samples, closure of the opening etc., and manufacturing of the equipment was started.

B Configuration of the element test device

Integrated sampling
device for the test

Table 1 Configuration and functions of the element test device

To make openings, collect and close by

Work stand for the
test

Integrated sampling switching the tool attached to the tip of the
equipment for the test rotating rod that operates in the vertical
direction.

To fix the integrated sampling device for the
Work dock for the test test and align it with the upper surface of the
adsorption tower.

Simulated adsorption To reproduce the superstructures of the
tower SARRY and the KURION adsorption towers.

Work dock for the
test

To support the device during testing and
prevent any falls. It is the scaffold used

Work stand for the test during work, such as switching the tools etc., .
d the int ted ling device f Simulated
around the integrated sampling device for adsorption ower
the test.

Fig.1 Configuration of the element test device

» Since the aim is to perform the element tests in a cold environment, the boundary securing functions and the
shielding functions will be omitted for every equipment, but the profile such as the shield thickness, which affects

the workability, will be reproduced.
_________

T
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(b) Development of sampling technology

[ Confidential)

- Preparation for element tests - Designing and manufacturing of the element test device (2/7) -

B Integrated sampling device for the test

» Making openings, collecting and closing by switching the tool.
» The tool is switched manually through the glove port.

Table 1 Specifications of the integrated sampling device for the test

Specifications Basis of the specifications

External appearance

Drive
method
Vertical Motor
drive specifications
Stroke
Rotati | Motor
o a'lona specifications
drive

Making openings

Collection

Closure

T1TRID

1100 x 950 x 3200 mm

Vertical drive with ball screw

Output: 0.75 kW

Torque: 20 Nm

Rotation speed: Up to 250
rpm

2000 mm

Output: 5 kW

Torque: 300 Nm

Rotation speed: Up to 150
rpm

Tool for opening

(¢ 60, 50, 40 mm)

+ Cutting splinter sucking
function

+ Cutting oil spraying function

Sampling tool
(Collection capacity max. 20
mL)

Insertion of the closing plug
with the closure tool

Motor for

The external appearance is decided based on the assumed
crane lifting height, the necessary stroke, the workability
through the glove port, etc.

High positioning accuracy due to high rigidity.

Suction
collection
unit

Depends on the machine tool manufacturer's findings.
To suit the feed speed of the blade for making openings.

It should be possible to insert the sampling tool till a depth of
100 mm from the adsorbent surface.

Depends on the machine tool manufacturer's findings.
To suit the cutting speed of the blade for making openings.

making
openings,

collection and

closure

*Bore holes of multiple diameters forming stepped holes.
*Installation of a suction mechanism so that the cutting
splinters do not get mixed inside the adsorption tower.
*Installation of an oil spraying mechanism for cooling and
lubrication.

Motor for
vertical drive

The collection capacity is set at 20 mL, since the target value
for collection is 10 to 20 mL.

Fig.1 Internal image of the integrated sampling
device for the test

The closing plug is remotely installed in the stepped hole
that is formed.
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(b) Development of sampling technology

Designing and manufacturing of the element test device (3/7) -

- Preparation for element tests -

B /fA.\ N,

/

:
foumEl
-hnn o

g aZn 1N 200

COUPEBE

B Detailed design of the integrated sampling device for the test (illustration)

Fig.1 Overall layout of the integrated sampling device for the test

T1TRID

Fig.2 Diagram of the partial assembly of the rod drive mechanism
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(b) Development of sampling technology [Confidential]

- Preparation for element tests - Designing and manufacturing of the element test device (4/7) -

B Making openings

=) : Flow of cutting oil

Table 1 Functions of the tool == : Collection flow of cutting splinters

*Remotely operate the tool to perform cutting
(tool switching is a manual operation).

To be able to remotely bore -Friction control and cooling by spraying the

holes on the KURION and the ~ cutting oil (Fig. 2). _
SARRY adsorption towers at - Collection of the cutting splinters and the

positions where the sampling cutting oil by suction (Fig. 2).
tool will be inserted. (Fig. 1) -Holding mechanism for controlling the shaking

of the rod core.

Positions of 8
; 60
making — O
openings / 250

©50-60
Counter-bored hole

Collection of
the cutting
splinters and
0il by suction

Holding
mechanism on the
4 W B work dock-side

Position of
making an
opening

@ 50-60
Counter-bored hole

Lower welding plate ¢ 40

Cutting blade Details of Oil spraying

e —>
040 the B Part
Fig.1 Positions of making openings and oepnings sectional view _ ) )
(Above: KURION adsorption tower, Below: SARRY adsorption tower Fig.2 lllustration of opening tool
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(b) Development of sampling technology [Confidential]

- Preparation for element tests - Designing and manufacturing of the element test device (5/7) -

B Tool for making openings

From the cutting oil spraying 5 —17

A X -
N N 4 Unlt} - -
% N 7 ‘ . .
g \ g b4 & Motor for rotational drive
; N 7
. 7 7 | Rod coupling
i A \ tity of i &
\ \ et ol 0=~ 30 [mrveyele) o -
4 - 4 Speed of injection [, ~ 3] [Su"l::g'ﬂ}ﬁ] [)# 5 ()
7 g -’ -
Supplied air pressure .25 [MP 3] -& - - <
{) f = .
‘ij — I | e——
To the suction-collection unit = - U
\ . .
Rod for making openings
Ll
Wk
)
"» B Blade for making
= I i / openings
£y ”
3 | - ==
| -
\M/
T~
Suction
pressure 20~ 30 [kPa] /
Suction flow 200 ~ 300 [m"_-'h]
rate \
Supply of cutting ——
oil
ety COll€CtION OF
cutting powder / \

The cutting oil supplied by the "Cutting oil supply unit" is
supplied to the tip of the blade via the center of the rod, and this
cutting oil along with the cutting powder gets sucked into the
suction-collection unit from the outer side of the rod.

Fig.1 Tool design for making openings Fig.2 Configuration of the mechanism for making openings

S
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(b) Development of sampling technology [Confidential]

- Preparation for element tests - Designing and manufacturing of the element test device (6/7) -

® Collection (Sampling)

» Samples from inside the adsorption tower will be collected by inserting a sampling tool through the bored holes (¢ 50)

Table 1 Collection (sampling) tool functions

Collection position The stroke is set such that samples can be collected from the surface (in the vicinity of

It should be able to (Fig. 1) 100 mm) of the adsorption tower.
remotely collect 10 to
20 mL sample from Stroke the sampling tool by rotating it clockwise (closing the sampling port), and when it
the vicinity of the Sampling tool reaches the sampling position, rotate it counterclockwise to open the sampling port and at
surface (Fig. 2) the same time slide out the vane and scrape off the adsorbent for sampling. (Collection
port volume: Approx. 20 mL).
T & . i E

g AT m I

= ik !

g

o

3 Collection | |

Surface layer; port closed | = -
Collection positior Collection
- | gl port open
(@) SARRY (b) KURION SR

Fig.1 Sample collection position Fig.2 Vane opening-closing type sampling tool
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(b) Development of sampling technology

- Preparation for element tests - Designing and manufacturing of the element test device (7/7) -

B Closure

To perform the closure operation by inserting the closing plug in the bored holes after the collection is over (Fig. 1, 2).

By rotating the shaft while pressing the closing plug into the
stepped hole, the steel spring is extruded, the polyurethane
part is expanded, and the bored hole is closed. The steel
spring can also be removed by rotating the shaft in the

It should be possible to close the reverse direction.

During routine storage, no pressure is applied, but it is assumed that pressure is applied on the adsorption tower due to
the method of the pulling out operation. Therefore, studies were conducted for a closing plug with the same pressure

resistance performance as the adsorption tower.
Table 1 Functions of the closing tool

bored holes remotely

Installation
method

Specifications

Closing rod (Also acts as the rod
for ¢ 60 hole)

Conversion connector: There is
a 12.7 [mm] angular ball lock
between the closing plug and

the connecting part due to which

it is possible to remotely
separate the plug

Closing plug

(a) Structure of the closure tool

(b) Structure of the
closing plug

-Max. pressure: Approx. 1.37 MPa (Maximum Working

Pressure of the adsorption tower)
+ Closing port diameter: ¢ 50 mm

-Compatible with both KURION and the SARRY adsorption

towers

Rotating
shaft

| Steel spring -

Tapering
part

4
Y7 LAY
TG s ;\\
(11
| tﬁ /
l‘ 4
8%
tﬂ 20
|4 o

=y

Tool part

Polyurethane
(for testing by
hardness)

Fig.1 Closing plug (left: image, middle: disassembly image, right: prototype)

Fig.2 Installation of the closing plug
Left: KURION, Right: SARRY

[ Confidential)
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(b) Development of sampling technology [Confidential]

- Preparation for element tests - Preliminary test for making openings -

B Preliminary test for making openings

» Preliminary test for making openings of a steel plate was carried out by installing a rod for opening and
a prototype blade for the preliminary test on the machining center (Fig. 1).
» It was found that it was possible to reduce the size of the cutting splinters (approx. 5 mm or less) by

shaping the blade for making openings.
» It was confirmed that it was possible to improve the accuracy of the bored holes by installing the holding

mechanism.
» An insight was obtained on the bored holes from the preliminary test results, and this will be reflected in

the element test device.

: i 4"
3 center
| h
* |
p

Opening rod for the
reliminary test (Approx. 700

Preliminary test equipment for Appearance of preliminary Installation of holding Condition of the bored holes
making openings test for making openings mechanism

Fig.1 Preliminary test for opening
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(b) Development of sampling technology [ Confidential]

- Preparation for element tests - Preliminary test for collection (1/2) -

B Preliminary test for collection

» The preliminary test for collection was carried out with the element test device for collection which had been
manufactured in the previous years (Fig. 1).

» The vane opening-closing sampling tool was newly manufactured in order to deal with the issue of insufficient
amount of collection encountered during the previous years’ preliminary test for collection.

» During the previous years’ test, only one kind of property was set for the collection target (zeolite). Presuming an
actual test, the preliminary test for collection was executed for multiple test targets (Fig. 2).

Motor for

rotational drive Collection

port

Motor for
vertical drive

Sampling head
# Executed
with 4 types

Test targets

Itaya zeolite Z-05 Particle size 0.5 to 1 mm Dry
F S ltaya zeolite Z-12 Particle size 0.5 to 2 mm Dry
-I}l'7 ltaya zeolite Z-13 Particle size 1to 3 mm Dry
F Itaya zeolite Z-05 Particle size 0.5 to 1 mm Moist

Itaya zeolite Z-12 Particle size 0.5 to 2 mm Moist #

®@ @ ® ® ® 0

Simulated Itaya zeolite Z-13 Particle size 1 to 3 mm Moist

sample

#: Samples collected during the previous years’ tests

Fig.2 Test targets

e e
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(b) Development of sampling technology [Confidential]

- Preparation for element tests - Preliminary test for collection (2/2) -

B Results of the preliminary test for collection

The results of the preliminary test for collection are shown below (Fig. 2) using various sampling tools (Fig. 1).
The optimal values from the previous years’ tests were used for the operating conditions during collection

The vane opening-closing type
had satisfactory collection
22.00 under all conditions

T T
= All the collected amounts of
20.00 the dry sample were
satisfactory %

18.00 % e

N 16.0f °D
\ ry
Moist
14.00 °
| =
N E 100
n
IC] Target collection amount
D E. 10.00 10 [g] =10 [ml]
8 *Bulk density 1.0 [g/ml]
£ 800
I
c
O 600
Spiral Flat Fixed vane type Vane opening-closing typg g
8 4.00 Operating conditions

Collection rotation speed: 50 rpm
; Feed speed: 20 mm/min

0.00 ol ol Q ‘
Dry Moist Dry Moist Dry Moist|Dry Moist Dry Moist Dry Moist|Dry Moist Dry Moist Dry MuistlDry Moist Dry Moist Dry Moistb

2.00

Fig.1 Various sampling tools

Z-05 z-12 213 Z-05 z-12 213 Z-05 z-12 213 Z-05 z-12 213

Spiral Flat Fixed vane type Vane opening-closing type
Tool shapes and adsorbents
Fig.2 Results of the preliminary test for collection

> It was possible to collect sufficient amounts of sample with all the tool forms since the dry sample had a high fluidity.

> Since the moist samples had a high adhesiveness, the samples could not be collected in a stable manner, except in case of the vane opening-closing type of tool.

> The vane opening-closing type had satisfactory collection under all the sample conditions.
However, zeolite was found to be caught in the opening and closing mechanism of the vane opening-closing type. Moreover, since there is a risk of interference from or
damage to the vane at the time of withdrawing the tool from the bored holes, the shape will be further reviewed and study on the risk reduction measures will continue.
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(b) Development of sampling technology [Confidential]

- Preparation for element tests - Preliminary test for closure -

B Preliminary test for closure

» The preliminary test for closure was carried out by mounting the prototyped closing plug on the pressure
resistance tester (Fig. 1).

» The closing plug was mounted with a manual tool, pressure was applied with a hydraulic pump and the
pressure values were noted for the leakage from the closing plug.

» It was confirmed that with respect to the maximum working pressure of 1.37 Mpa for the adsorption tower,
there was no leakage from the prototyped closing plug even at 1.4 MPa.

» A study will be conducted for the optimization of the material and structure with an aim to developing a
closing plug which will not leak in a pressure resistance test for approx. 2 Mpa, which is 1.5 times of 1.37
MPa.

Prototyped closing plug Preliminary test for closure Mounting status of the closing Closing plug when it has
plug risen up due to internal
pressure

Fig.1 Preliminary test for closure
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(b) Development of sampling technology [Confidential]

- Summary (1/2) -

) ) ) Table 1 Outline of the collection conditions
B Overview of the results and issues in the current year

» Collection conditions and adsorption tower selection policy

8 Types Priority to the adsorption tower used during the
The collection conditions and the selection policies for adsorption towers (KURION, g first stage of operations _
. . . = Especially, priority for the upstream-side
SARRY) were studied (Table 1). Note that these will be reviewed based on the future 3 adsorption tower
; 5
- results of a[]alyS'S- ) ﬁ Structure KURION: Compatible with all adsorption towers
» Selection of the element test items e SARRY: Flange type
The element test items for the series of operations namely, making openings, collection and T T m—"
closure, were selected. points
(@]
H H o Depth Depth of 100 mm from the surface of the
» Design of the element test device = ot
g
The contents of the element tests for a series of work processes (making openings, g Amount i 2
collection and closure of the adsorption tower) were studied assuming the actual work % Opening 50 mm
conditions. Moreover, in order to conduct the test, the designing of the element test device CJ diameten
was completed and its manufacturing was started (Fig. 1 and 2). Closing plug Pressure resistance at 1.37 MPa (short term),
Detachable

Simulated adsorption tower

Overall layout Integrated sampling device Work dock for the test Sampling tool Closing plug (KURION)

for the test

Fig.1 Element test device Fig.2 Components of the element test device
—
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(b) Development of sampling technology [Confidential]
- Summary (2/2) -

B Overview of the results and issues in the current year
» Execution of preliminary tests

< Preliminary tests were conducted for making openings, sample collection and closing of the opening (Fig. 1 to Fig. 3).
* A perspective of an opening method was obtained from the preliminary test.
»  There will be an ongoing study regarding the methods of collection and closure.

The vane opening-
closing type had
‘; 2 ] satisfactory collection
,;" 4 o under all conditions _
|
3
l

r
*
>

Fig.1 Preliminary test for making
openings

» Risk evaluation

Fig.3 Status of the preliminary test for
closure

*  Therisks involved in a series of work processes were identified. The risks were evaluated through the element tests.
*  The exposure during the series of work processes was evaluated. The validity of the assumed working hours was evaluated through the
element tests.

B Overview of the plan for the following year

»  The sampling tool will be improved based on the results of the preliminary test for sample collection.

»  The preparations for the element tests will be completed after manufacturing the element test equipment and simulated adsorption
towers etc., which are required for the element tests.

»  The series of element tests for making openings in the adsorption tower, collecting samples and closing an opening of the adsorption
tower will be conducted.

»  The possibility of applicability for collection methods and equipment that are applied at the site will be provided based onthe test results.

T T s
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2. Project Detalls

d. Integration of R&D Results
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d. Integration of R&D
- Study on waste stream -

B Results

O

By FY2018, methods were developed for integrative evaluation
of consistency in results, progress status and pending issues
by reflecting the latest results obtained through previous
research (Fig. 1). Further, consistency in results, progress
status and pending issues were presented in these developed
methods.

B Goals

@)

]
@)

To incorporate the results obtained in other researches into
waste stream and perform integrative evaluation of consistency
in results, progress status and pending issues.

Implementation details (Details are shown on the next page)

In FY2019, options were developed for treatment methods from
the perspective of both treatment and disposal, by reflecting
into the waste stream the requirements on the basis of the R&D
results of disposal (waste conditioning, waste preliminary
storage) as also R&D results of treatment (pre-treatment,
treatment, re-processing). Further, the entries in the Input
compilation table were revised for each target waste (Fig.2).

Waste stream will continue to be updated in FY2020 by
incorporating the issues and R&D results obtained in FY2019
and the results of evaluating progress status, consistency in
results and pending issues will be presented.

Indicators for determining goal achievement

O Waste stream should be updated. (FY2020)
O The input compilation table should be updated. (FY2020)

1IRID

Details of study

Output

. '
Ensuring completeness!

S,

=T Consolidate required

x -
| (Treatment flow) information and issues

—p——— =

Information required for
the study conducted at
each step, and issues

Refining the timelines

Research results Time axis

compilation table

3 Set the study time at each
Mid-and-long-term step for each type of waste ===

road-map

Organizing the priority
order and methods

TEPCO HD Storage
& Management Plan

Waste stream (overall
picture of waste
management)

'
|}
'
'
'
:
'
—L-}I —

Confirm the overall picture

of waste management

1
1
'
|
|
|
|
1
1
1
'
'
|
|
|
I
1
1
|
'
|
|
|
|
1
1
1
| m | ¥
l '.’ . —_—

Fig. 1 Overview of the study on the waste stream

TSN
- " -

L T TN

@ Describe the information input from upstream to downstream.
For example) Present the amount of generated raw waste, raw
waste specifications, and container specifications as information
input from “waste” to “pre-treatment, treatment, re-processing”

«xn | (DDescribe the details studied in each step. L
vy | For example) Processing capacity and
processing methods were studied in “pre-

treatment, treatment, re-processing’”.

Fig-. 2 Example of input compilation table

Olnternational Research Institute for Nuclear Decommissioning

Al il |

® Describe the information input from downstream to upstream. For
example) Present the necessity of level classification, the allowable
amount of gas generation, and the study of the effect of materials
considered to be harmful to disposal, as information input from
“disposal, re-usage" to “pretreatment, treatment, re-processing"
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d. Integration of R&D

- Background and goals -

Background
1. Various kinds of waste generated in Fukushima Daiichi and each has its own requirements from a safety perspective
effected on the site. In addition, properties of some waste are uncertain.
v" As of end of FY2018, IRID has prepared a list of 890 types of solid wastes inclusive of already existing wastes and wastes
expected to be generated in the future. There may be a further increase in types of wastes.
2. These wastes should be processed and stored safely and it is necessary to provide a path for the disposal of these
wastes.

v" It has been decided to have a “Technical perspective concerning the policy on treatment, disposal and its safety” in the Mid-and-
Long-Term Roadmap by around 2021.

@ In this connection, it is necessary to develop the flow (waste stream) from the generation of solid waste, to its
storage and treatment (segregation, volume reduction, stabilization etc.) and eventually to long term storage or
disposal.

@ In this subsidy project, we are working towards narrowing down the waste streams having multiple options
depending on the characteristics of wastes and various efforts are being made to identify issues.

3.  Meanwhile, it requires a lot of time to complete research pertaining to characterization of wastes and safe methods for
waste treatment and disposal.

v'Itis necessary to conduct R&D in a reasonable and efficient manner.

@ In this subsidy project, we are striving to promote streamlining and efficiency of overall R&D while providing
information feedback mutually for each and every aspect of R&D. (Role of “Integration of R&D results”)

Target setting for integration of R&D results in this subsidy project

« The following targets will be presented toward the Mid-and-Long-Term Roadmap Third Phase
(From FY2021 onwards).
v' Updated input compilation table and proposal for waste streams as of then
v' Evaluation results of the issues to be addressed when developing a waste stream
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d. Integration of R&D [Confidential]
- Overall integration flow (formulation of waste stream) in this subsidy project -

#The blue callouts are the main items studied in FY2019
Input Contents for study Output

Organize necessary

1. Proposed waste stream that

|
. |
. — information and issues 1 integrates the processing flow
R&D results (inventory etc.) . ! that can be presented currently
- s - dl 2. Issues in waste stream
= -l (Processing flow with : formulation '
———— E plenty of options) | " S I
e S e = — Input compilation table -
‘ : : for each waste : Matters and details that
Chall - and 1 | =] need to be studied,
allenges in an = —> .
> information needed to 1 | status of 'n't'at'_ves’
study each stage of the ! 1 necessary actions
stream 1 1
| |
: . | 1
¥— Feedback on disposal studies | Set the study time for each I
1 step of each waste | Period when the study of
R&D results (treatment etc.) : —:-—i each stage of waste will
(Waste ot | _table be essential (expected)
Management Reflecting the progress of Timeline compilation
Sheey | €— )

proposal and integrated

Mid-and-Long-Term
stream proposal

Unification of input Roadmap
information by

1
1
1
1 E Z— I e Current processing flow
[En s 7 B ) ) I
1
1

using the List of
Wastes and Waste
Management Sheet

(Refined processing flow) i
T | © Waste stream

= =, = = (Dash board)

TEPCO HD
Storage and
management plan, etc.

- o o o

Fig_ 1 Overall integration flow Detailing waste classification, and refining the processing flow
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We are trying to integrate the whole picture and accumulate the R&D results, but it is necessary to further refine the processing flow

d. Integration of R&D~ [ e

- Overview of 1F waste treatment summarized at present in this subsidy project —
(Waste stream dashboard)

despite lack of information, in order to have an insight into the feasibility of treatment and disposal.

i
C

the policy-has-been decided.

Scope of the study on policies |
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Extended storage
Temporary Storage facility for solid waste .
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Secondary waste
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progress in the study
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d. Integration of R&D
- Example of study on refining the treatment flow and current issues
(Example of HIC slurry) -

@ Multiple options for pre-treatment,
treatment and re-processing

[ Confidential)

@ Multiple options for the methods
related to waste conditioning

Generation of Temporary Pre-treatment, treatment, re- S Prelimi " .
waste storage processglrg(jJ c(gé ;nllzanon Storage Waste conditioning rel |n”(|)|fn\:;\1’rgstseorage Disposal/ re-usage
I I I :
HIC st | o ” HIC st : Il container Confirmation
Multi-nuclide storage existing storage storage | 1, o { i irmati
removal system | Iq L Il storage of waste
H'%.ﬁ?f;‘,fbé’(ﬂate T Prevention of spread p| Storage to prevent |- Filling I
precipitated slurry) | of leakage I spread of leakage |
) Storage into a 1
Segregation —" separate Container storage [ i . Container
. I container Segregation| |  Filling  |-B{ storage
HIC Image A: It is necessary to provide feedback 4
(Before SUS ' | Cement
reinforcement) on the study results of waste types Decrease in A kneading and
. (characteristics of wastes etc.) in order moisture 1 o W[ —>| solidification 1} Disposal
Basic flow . . content | necessary to 1 -
to refine the options for pretreatment, provide Melting and
treatment and re-processing. I | feedback onthe | —»| solidification |»
‘ | | Solidification | | study results of | - D: Feedback from the
I gg?éé%rm of | —»{ hardening |» Study on disposal is
: : (anticipated I — 1 requwed in order to
Dismantling/ requirements)in | Sand filling refine the options for
segregation order to refine I A e waste conditioning.

]

Sample image of slurry from the multi-nuclide removal system (Pictures represent simulants)

Combustible
material (PE

container etc.)

Stream S8

the options for
pretreatment,

treatment, re-

processing.

C:ltis
necessary to
provide
feedback on the
study results of
ideal form of
storage
(anticipated
requirements) in
order to refine
the options for
waste
conditioning

(Minimum requirements
for waste, such as
mechanical strength
and multi-nuclide
confinement
performance)

Fig. 1 Example of refining the treatment flow and
current issues (Example of HIC slurry)
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d. Integration of R&D
- Study policies for current issues -

1. Itis necessary to have consistency in waste classification, which will be used
during the study of each stage from characterization to disposal.
<Study Policy>

a. To re-organize the classification in order to link it to the radioactivity
evaluations in the distant future.

b. To study integrated management by consolidating the inventory information
etc. into a waste list.

c. To revise the already created treatment flows into flows considering the
nuclides or the physical amounts etc.

2. ltis necessary to determine the specific details of the ideal form of storage.

<Study policy>

a. To study the ideal form of storage and examine the pre-treatment, treatment
and re-processing required for it.

3. Itis necessary to indicate the minimum requirements of a waste form.

<Study policy>

a. First of all, disposal concepts are considered to confirm the feasibility, in case
that a waste form are not required the best confinement performance.
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d. Integration of R&D
- Study policies for current issues —
1. Waste classification

equipment

Multi-nuclide removal facility |

Core internals Fuel from within the Inside the buildin (PP and_ocean__
core | .
- — ! Soil
|__ Released in the air inside the !
| J buildin | . . -
N7 9 Debris (outside the building)
Fuel debris
Felled trees
ittt ||| § I B ATy = e
Waste from pressure vessel [before the accident: equivalent 1o Waste from pressure vessel [before the accident: equivalent to f .
w2 Dismantling
r‘ (Contamination due to adhersnc‘e of fuel debris + stagnant (Contamination due to adherenc‘e of fuel debris + stagnant waste
" Waste from pressure vessel [before the accident: equivalent to Waste from pressure vessel [before the accident: equivalent to
b | L2]
Stagnant ﬁ H (D (I (O D ) (Contamination due to stagnant water)
water ; ident:
LLL| waste from containment vessel (metal) [before the accident: equivalent to Waste from containment vessel (concrete) [before the accident:
L- L2] - o equivalent to L2] .
(Contamination due to adherence of fuel debris + stagnant water) (Contamination due to adherence of fuel debris + stagnant water)
11 [ Waste from containment vessel (metal) [before the accident: equivalent to Waste from containment vessel (concrete) [before the accident:
s 12] equivalentto L2]
(Contamination due to adherence of fuel debris + stagnant water) (Contamination due to adherence of fuel debris + stagnant water)
| | | waste from containment vessel (metal) [before the accident: Waste from containment vessel (concrete) [before the accident:
- equivalentto L3] = _ equivalentto L3]
(Contamination due to stagnant water) 4 (Contamination due to stagnant water)
Contam_ln_ated water treatment L. | Waste from containment vessel (metal) [before the accident: Waste from containment vessel (concrete) [before the accident:
equivalentto L3] — - etqulvglenlt u;L3] I
: (Contamination due to stagnant water) ontamination due to stagnant water,
Adsorption tower fe ==
Waste inside the building (metal) [before the Waste inside the building (metal) [before the accident: non-
. . F\, accident: equivalentto L3] radioactive]
Decontamination Contamination due to stagnant water) Contamination due to stagnant water]
g g

Waste inside the building (metal) [before
1B the accident: equivalent to L3

Waste inside the building (concrete) [before the
accident: equivalent to L3]
(Contamination due to stagnant water)

Waste inside the building (met

al) [before
fivel
4 Waste inside the building (concrete) [before the accident: non-

radioactive]
(Contamination due to stagnant water)

[ Waste inside the building (concrete)

Waste inside the building (concrete) [befor'e

# R&D concerning the treatment and disposal of solid waste, Interim report (April 5,
2018), cited from Classification of waste based on contamination.

[ Confidential)

In order to link the solid waste at 1F to the radioactivity evaluations in the distant future, it was
considered appropriate to broadly classify waste under the following four types. The definitions
(proposed) and characteristics of each type of waste were studied. These classifications were also
defined in detail.

(1) Dismantling waste, (2) Types of debris, (3) Secondary wastes generated from contaminated

| Released in the atmosphere |

1IRID
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The study will continue in FY2020

1IRID

d. Integration of R&D

- Study policies for current issues -
1. Waste classification

(1) Dismantling waste

Definitions The waste which is managed by storage in container units depending on various waste

(proposed) properties and when the waste is generated, in accordance with the decommissioning plan.

Characteristics | The waste present at 1F even before the accident and some of which is radioactively
contaminated, etc.

(2) Debris types

Definitions Waste that consists mainly of metal and concrete, but organic matter (gum tape and curing

(proposed) generated during work) is also mixed in it, and the contents are not managed.

Characteristics | The waste present at 1F even before the accident, and variation in the properties of the
inventory and materials is large.

(3) Secondary wastes generated from water treatment

Definitions Waste such as used adsorbents generated from contaminated water treatment facility. Note

(proposed) that it does not include the dismantling waste of the contaminated water treatment facility itself.

Characteristics Properties such as inventory and water content differ depending on when the waste is
generated and the water treatment facility at the source of waste generation, but the waste is
segregated and managed at the time of generation for each type of adsorbent.

(4) Others

Definitions The waste that is not included in the above-mentioned dismantling waste, types of debris or the

(proposed) secondary wastes generated from contaminated water treatment.

Characteristics | Waste that differs significantly in terms of material or inventory, physical amounts, properties

D e e
Olnternational Research Institute for Nuclear Decommissioning

etc. and which is difficult to define uniformly.
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d. Integration of R&D

- Study policies for current issues -
1. Waste classification

The detailing of waste classification was carried out jointly with the operators.

For conformity with the input compilation table, a waste management sheet was created for
each type of waste and the mechanism to improve the searchability of information was studied.

In FY2019, an example was created for the consolidation of information into the waste
management sheet for the main secondary wastes generated from contaminated water

treatment.

x -

Fig. 1 Input compilation table

The Waste Management Sheet for each type of
waste is maintained so that the details or progress
of the R&D results for each item in the input
compilation table can be referenced.

B

Fig. 2 Waste Management Sheet

Olnternational Research Institute for Nuclear Decommissioning
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d. Integration of R&D
- Study policies for current issues -
2. Ideal form of storage

From “Basic approach to nuclear safety" (Atomic Energy Society of Japan (AESJ))

[ Purpose of Nuclear Safety]

The purpose is to protect humans and the environment from the harmful impact of radiation
resulting from nuclear power facilities and their activities.

[Basic Principles of Nuclear Safety]

Nuclear
Safety Category Principles

1 Obligation to safety

2 Role of Government

Responsibility 3 Role of regulatory organizations Principles related to organizations

1 and and systems (which will be studied
Management in the future)

= 4 Leadership and management for safety
o
% 5 Development of safety culture
- Protect ¢ | 6 Explanation on the validity of the nuclear power facilities It is necessary to decrease the amount
> hlrj?nzzlogn?j and their activities of the site boundary radiation dose and
i 2 h S prevent any leakage or diffusion during
; ,t @ 7 Risk control for humans and environment and continuous storage based on these viewpoints
< environment efforts for the same

Principles related to disaster prevention

8 Prevention of accidents and impact mitigation -
measures such as evacuation etc.

IS
o
S
“—
—
(=
(]
IS
=
o
b
S
=
()
()]
=
R d
©
=
©
(%]
=
©
S
=]
=
Y—
o
=
o
=
(8]
(O]
—
o
S
o

Confinement 9  Preparation and response during emergencies (which will be studied in future)
3  of radiation
risk source 10  Protection measures for reducing the existing radiation Principles related to natural radiation
risk or the uncontrolled radiation risk sources (which will be studied in future)

S
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d. Integration of R&D [ Confidential]

- Study policies for current issues -
2. ldeal form of storage

Ideal form of storage considering nuclear safety (Proposed)

M Ensure the shielding of radiation.

B Ensure the confinement of radioactive materials. (Maintain in a state where there is no leakage or diffusion,
and leakage or diffusion does not take place easily)

B  When the gases are released in a controlled manner, ensure that the radioactive materials have
been sufficiently diluted by the ventilation and air-conditioning system of the storage facility.
(When hydrogen is discharged through the container vent etc.)

Using the above principles, the form of storage for each type of waste will be studied
in consideration of the future waste conditioning treatment and ensuring safety during
storage, etc.

For instance, following are the assumptions for the secondary wastes generated from contaminated water
treatment such as slurry etc. illustrated by a specific example in FY2019.
The ideal form of storing the other types of waste will also be studied in FY2020.
® The study assumes that the radiation is shielded at the storage facility.
® The study assumes that the radioactive materials are confined inside containers and the storage
facilities.
The amount of free water is reduced as much as possible so as to lower the uncertainty (risk) of

any further leakage or diffusion. The study assumes that solidification treatment is not performed
considering the effect on future waste conditioning treatment.

® |t is assumed that the gas generated from waste is released in a controlled manner. The study
assumes that it is ensured that the radioactive materials have been sufficiently diluted by the
ventilation and air-conditioning system of the storage facility.

The study will also be continued from the viewpoint of functional requirements with respect to
the ideal form of storage.
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d. Integration of R&D
- Study policies for current issues -
3. Minimum requirements for waste packages

Identification of factors that have a large impact on refining the waste
conditioning treatment for the waste stream

(1) "Necessity of Solidification" has a particularly large impact on the study of
waste streams.

(2) "Necessity of Mineralization and Detoxification" has a large impact on

refining of the waste stream

Study of the waste stream when the best waste package performance is not required.

(D In order to obtain a technical outlook, a case of waste conditioning treatment wherein the
introduction of equipment is as limited as possible, and which is feasible up to disposal, will be
assumed as Case 1 (Base case) in the waste stream.

2 First of all, in order to minimize the waste conditioning process (equipment introduction), a waste

stream will be developed wherein waste package performance such as confinement of waste

during waste disposal is not required, and the feasibility of this waste stream will be studied.

In Case 1, volume reduction is not considered while identifying issues. (Equipment that has been

introduced or is planned to be introduced is excluded)

@ Other cases will also be studied based on Case 1.

©
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d. Integration of R&D [Confidential]
- Study policies for current issues -
3. Minimum requirements for waste packages

Based on the set pre-conditions and through the study of treatment and disposal processes and
discussions with the concerned patrties, it was decided that the waste packages must have harmful gap
countermeasures at the very least.

> It was assumed that the other waste package functions (confinement, strength etc.) will be ensured by means
of the containers or at the disposal sites.

his 1 not for d sh thatis assumed from
storage to disposal. It does not target must be each type of waste in the future,
Is it necessaryto confine gases

1E premises?

Tk yard [ |

This ase1 not for and shows the flow thatis assumed from storage to ansnort Conleinet
disposal. It does not target any d designing of must be stidied separately for each type of waste n the future. i Acceptance test/ Waste preliminary storage area] *1 [Waste burial area]
Is it necessary o soldify the AL Vematonans
The assumed flow from the generation of waste waste prior to i b ir-conditoning
Storage facillies il storage willalso be necessary n future for the fall countermeasures? only filing and solidification) e o Lo L Ll SNy | | it
o Moreover, = Rlicyieia] scallec ] Damage veriication/
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yar Handiing Area *1] [Receiving Inspecion Areal 1 waste verifcation
Y emsport device [Outdoor (Within the 1F premises)] | | L l:ﬂ pe J To begin with, why are only the gap
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|

R

Ventilation and
ir- Waste
conditioning | Storage.

System Container

scattering or leakage of
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WMeasurementor
radioactive
concentration, and other

shielding function during transport) | |

{ e+
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 tempor . e
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i including sorting.

n Process Area (Filling o 1 -3 1 30 [Ew;;;aw]‘ e ."[T‘m‘n'sbb’r\ Container Handling Area *1/ Trick ;"'
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il ation of
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Conversion of storage containers to waste package containers, and process verification
and validation for waste package performance were set as the preconditions. The
verification of these preconditions will be needed in future in order to verify feasibility.
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d. Integration of R&D
- Proposal for refining the treatment flow -

The refining of the treatment flow was carried out for the main secondary wastes
generated from contaminated water treatment based on the study results for ideal form
of storage and for the minimum functions required for waste packages.

Sheet.

The classification was
detailed and summarized in /
the Waste Management

LY HIC (slurry)

Basic flow

Prevention of escalation Storage for preventing
of leakage escalation of leakage

Pre-treatment, treatment, re- Preliminary
Generation of waste Temporary storage rocéssin " Storage Waste conditioning storage of Disposal and reuse
P 9 waste

Contamination

_classification |

( . . ) [Continuation of

Multi-nuclide HIC storage
HIC storage current stora;e“ A&7

filling
material

r-. Containe|, _,
Injection of H orage| 4 of waste
= v

Storage in

Segregation
greg separate

container

Reduction
of water
content

1

Material remaining
L in HIC Storage

mination

Metal (SIS
reinforcement
| material, etc.) |

[ copulistibles | Stream S8
(PZ containers,
etc.) J

tream S6

gend]  Existing options / options for which equipmentis bging
planned by the operator

e wem w  Options narrowed down based on hypothetical
conditions
Other options

Injection of Containe
filing material r .

Cement melt-
solidification |-m

Melt-
solidification

A 4

Vitrification

Y

Sand |-

L filling |

/

From the TEPCO HD plan and the study of the ideal form
of storage, it was assumed that the moisture in the
secondary wastes generated from contaminated water
treatment will be reduced.

It was assumed that the waste will not be solidified.

T1TRID

From the study of the minimum requirements for
the waste packages, it was assumed that filling

material will be injected as the minimum

response. In this case, it was assumed that a

storage container will be converted into a waste

package container.

Geological disposal (marginal depth or
deeper) was assumed from the results of
the study on the disposal concept.
Moreover, the waste conditioning
treatment facility is assumed to carry out
the process of verifying and validating
waste packages.
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d. Integration of R&D
- Example of reflection into the waste stream (Dashboard) -

[ Confidential)
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The current integrated results are not quite convincing.|
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Fig.1 Example of reflection in the waste stream (Dashboard)
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d. Integration of R&D

- Summary -
Summary of FY2019 Results

1. The waste classification was reviewed and defined in detail, and summarized in the Waste
Management Sheet.

2.  Theideal form of storage (proposed) was studied and the required treatments were examined.

3.  The cases in which the best waste package performance is not expected were studied, various
R&D results were incorporated and a waste stream proposal that indicated the current status
and required the least amount of treatment (the load on the disposal side is large) was
developed.

Main issues in the third stage highlighted through the R&D in FY2019

v The integrated results of the R&D outcomes for Case 1 suggested based on the current evaluation that
countermeasures such as solidification or man-made barriers would become necessary for near surface or
deeper disposal even for the comparatively low radiation wastes such as the low radiation debris (surface
dose rate of 0 to 5 uSv/h) or the felled trees. A further study is necessary from a rational viewpoint.
Especially, regarding the settings for important nuclides (C-14 and 1-129) which are below the detection

lower limits, it is important to improve the degree of certainty of the inventory presumptions that are done on
the basis of the contamination mechanism.

v During the study of Case 1, it was assumed that the harmful gap countermeasures were necessary during
the waste conditioning treatment, and the use of the current storage containers as waste package
containers and the verification and validation of the waste package performance processes were assumed
to be the preconditions. In order to ensure feasibility, it is necessary to verify the technical support for
these preconditions with respect to each type of waste.

FY2020 Plan (Proposed)

A waste stream will be developed as Case 2, in case that existing concepts
concerning the light water reactor can be applied to waste management in
Fukushima Daiichi NPS. (Excluding disposal)
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3. R&D Management
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[Confidential]
- Human resource development, knowledge gathering, clarification of

conditions and specifications, setting indicators -

B Mid-and-long-term human resource development

O The IRID Symposium 2019 was held in lwaki city, Fukushima Prefecture on August 1,
2019. At the symposium, an exhibition panel was provided to introduce research results
and future plans of the project for promoting understanding of research and supporting
educational activities.

O At the Fall Session of the Atomic Energy Society of Japan (Sept 13 - Sept 15, 2019),
presentation on 12 research results were delivered to promote understanding of
research and support educational activities.

B Gathering of knowledge from Japan and overseas

O Cooperation with research institutions (CRIEPI) has been continued since FY2014.
Furtheremore, information on the same cases was obtained from research institutions
overseas and investigation on the information was conducted. Useful information was
acquired from experts and experienced persons.

O The IRID design review meeting was conduced to confirm the validity of the output that
is an objective of the project. (on June 4, July 19, December 10, 2019 and February 25,
2020)

m Clarification of test conditions and development specifications

O The IRID design review meeting was conducted to exchange opinions with experts
from and outside IRID concerning preconditions, hypothetical conditions and details of
the project output, etc. on June 4, 2019. The test conditions and specifications were
clarified.

M Setting an index for determining goal achievement

O To start an index setting, an index for determining the achievement of project goals
were considered, and the targeted Technology Readiness Level (TRL) was determined.
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- Coordination with other R&D, and research and operation management

B Coordination with the reactor decommissioning task and other R&D

O Information related to the progress made by each project and the challenges faced were
shared by conducting regular meetings between concerned persons from related projects.
Moreover, the mechanism (archive) for sharing project plans, management of information on
results, which has been developed until now, will continue to be developed and utilized.

O In order to carry out thorough research and development related to treatment and disposal of
waste generated during fuel debris retrieval, without leaving anything out, the R&D team
participated in the working of the Canister Project and the Retrieval Project so as to be able to
share information from the respective projects.

(April 22, May 20, June 17, 2019 and February 18, 2020)

B Research management

O Persons concerned with this project met (Waste treatment and disposal project coordination
meeting) every month on a regular basis. During the meeting the R&D schedule and progress
status were shared, and in addition, policies for resolution of issues encountered were
decided and accordingly measures were implemented.

April 5, May 10, June 6, July 4, August 2, September 5, October 3, November 5, December 6,
2019 and January 9, February 2, March 2, 2020#
#Meeting conducted in writing

B Reflection of site information of Fukushima Daiichi, etc. and operation management
considering on-site applicability
O A “Memorandum of understanding related to initiatives for decommissioning Fukushima

Daiichi” was exchanged between IRID and TEPCO, the required management system was
developed in cooperation with TEPCO and appropriate safety measures were implemented.
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- Project report, communication of information, alternative plans -

® Project report

O The first debrief meeting was held on October 29, 2019 and in addition, a progress
report was submitted to the MRI Secretariat every month-end.

B Enhancing communication of information

O The results of this report were posted on the IRID website in an attempt to
communicate information to the general public in an easy-to-understand manner.
Moreover, the results of this project were communicated by holding presentations at
various conferences held within Japan and overseas by AESJ or overseas institutions,
etc.

B Advance preparation of alternative plans

O Alternative plans were studied in advance as required, in preparation for circumstances
during the project period, wherein the project does not progress as planned. However,
such circumstances did not arise during this project.

l Rl D Olnternational Research Institute for Nuclear Decommissioning 267



