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1.

Background and purpose of the project No.2

1.1 Background

For the decommissioning of the Fukushima Daiichi Nuclear Power Station (Fukushima
Daiichi), equipment and facilities (including collection containers) suitable for the
conditions of fuel debris are required to safely and reliably collect, transfer, and store the
retrieved fuel debris.

A contaminated water treatment (liquid system) is currently under review by the retrieval
side (Subsidy Project of Development of Technology for Further Increasing the Retrieval
Scale of Fuel Debris and Reactor Internals) and fuel debris in slurry and sludge state is
expected to be retrieved.

However, both collection containers and methods for transfer and storage of fuel debris
in slurry or sludge state have not yet been studied.

1.2 Purpose

The purpose of this subsidy project is to conduct case studies in Japan and abroad
involving containers for slurry or sludge, and transferring, collecting and storing of the
containers for addressing one of technological issues. The technological issues are also
clarified in case of that applying existing technologies such as technology for transferring
and storing the collection containers (canisters) of powdery and lump-like fuel debris.

Fuel debris is expected to spread easily because water lost in the fuel debris due to
drying treatment against suppressing hydrogen generation, therefore, the impact on the
performance of filters (blockage, degradation, etc.) that are installed on the canister lid to
prevent from dispersing dust outside the canister is studied.
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No.3

1. Background and purpose of the project

Target

(Supplementary)

The collection of slurry or sludge from
contaminated water is currently under
review, but a review of collection
containers, transfer methods, and storage
methods has not yet been undertaken.
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7. Implementation details of this project

2) Development of fuel debris handling technologies
(ii) Technological development involving the treatment of fuel debris and deposits
@ Treatment technologies for deposits collected from PCV

No.187

The bottom row shows a conceptual diagram of the contaminated water treatment system during fuel debris retrieval.
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2. Goals No.4

The indicators for determining target achievement for the end of FY2021 are as follows.

1. Case study of handling radioactive materials in powder, slurry, or sludge form

* Overseas case study of handling powdery, slurry or sludge radioactive materials must be
analyzed. Specific precautions and a concept of ensuring the safety for radioactive materials in
powder, slurry, or sludge form must be clarified.

(Not subject to TRL* evaluation)

2. Identify issues involving the storage of fuel debris in powder, slurry, or sludge form
* Issues involving safe, reliable, and rational storage manners when fuel debris is stored in the
dry condition using the same canister for particulate or lump-like fuel debris must be identified.
(Target TRL* upon completion: Level 1)

3. Performance assessment of canister filters

 The environments and conditions that affect canister filter life must be understood and
organized. Also, the test methods and conditions for any item that are required to be tested for
evaluation of the filter life must be studied and any relevant existing knowledge must be
organized.

(Target TRL* upon completion: Level 1)

*TRL: Technology readiness level

|
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3. Implementation items, their correlations, and relations with -

other research

3.1 Implementation items
The following technological development issues were addressed for the engineering of transfer
and storage of fuel debris in the Fukushima Daiichi under this subsidy project.

(1) Case study of handling radioactive materials in powder, slurry, or sludge form
It is useful to collect and analyze experience, knowledge, and information on the handling and
storage of radioactive materials in powder, slurry, or sludge form when identifying issues
involving the storage of powdery, slurry and sludge form fuel debris (implementation items in (2)
below). Therefore, case studies of handling powdery nuclear and radioactive materials in Japan
and overseas, the storage methods and the facility size were investigated. Experience,
knowledge and information that are required to establish the system for containing, transfer and
storage of the fuel debris including precautions in handling powdery, slurry or sludge type fuel
debris, concepts for ensuring safety, and methods for reflecting these concepts in the design,
etc. were analyzed and organized.

(2) Identifying issues involving the storage of fuel debris in powder, slurry, or sludge form
Based on the results of the analysis and organization of experience, knowledge, and
information obtained from implementation items (1), issues involving safe, reliable, and rational
storage conditions were identified when fuel debris that is mainly powder, slurry or sludge form
is stored in drying conditions using the same canister for fuel debris in particle or lump form.
Also, technological issues were clarified to resolve from the perspective of whether the
necessary safety functions can be secured, whether storage can be stably conducted for long
periods of time, etc.

L
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3. Implementation items, their correlations, and relations with .
other research

3.1 Implementation items

(3) Performance assessment of canister filters
In addition to verifying the necessary specifications for filters studied in other related
research and development projects, the required specifications were broadly reviewed and
consistency between the selection process for the filters and the evaluation results of the
filters were confirmed. Furthermore, failure scenarios (i.e., corrosion, etc.) that impact filter
performance were selected and the test conditions for evaluating those scenarios were

studied.
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g mplementatlon items, their COFF@Y&HOITS_&TW

other research 0.7
3.2 Relevance between implementation items

(Target schedule) B3@: Development of Technology for Collection, Transfer, and Storage of Fuel Debris
Period 2
(The period until fuel debris retrieval begins)

2018 | 2019 | 2020 2021 2022 2023 onwards

Period 3-0

Item/FY

Maintain and manage safe plant conditions

Major events in the current |

Mid-and-Long-Term Roadmap V Begin retrieving fuel debris at the initial unit

Engineering for collection, transfer, and storage

[Development of Technology for
Collection, Transfer, and Storage of
Fuel Debris] .
Planning
0. Investigations and R&D v
planning for collection,
transfer, and storage

Update plans based on related projects, etc.

Canister Imp_lementgﬂon |t(_am in
specification this subsidy project

1. Development of

. i . § : ) ) Study of countermeasures against changes to canister
technology for collection  |L&viewsand Canister filter failure scenario selection flter performance
(implemented in structural saES s A
FY2020/21) verification testsl and consequence assessment Implementatlon |tem B
1
2. Development of drying Development of Expansion and enhancement of drying tregtment methods and operational parameters
technology technology for drying £ P

treatment - — -
Analysis, organization, and comparison of case

investigation, knowledge, and informition,

3. Case study of handling
radioactive materials in
powder, slurry, or sludge

Clarification of issues with current canisters in the

form (implemented in dry storage of fuel debris in powder, slurry, or S Ao
FY2020/21) Mefofm LA R LR LR LR

Hydrogen gas Implementation item in
Development of __ﬂﬂ_generatwn fests and this subsidy project
P (investigation of transter I

transfer technology

Verification, etc. of dry storage with

conditions ‘ Alignment with related technological developments
[Development of Technology
for Further Increasing the
Scale of Retrieval of Fuel
Debris and Reactor Internals] - Field work (including engineering) | |
R&D

Team Meeting for Countermeasures for Decommissioning and Contaminated Water Treatment / Secretariat Meeting (86th meeting) Materials “FY2021
Decommissioning R&D Plan,” Added to “(Target schedule) B3@: Development of Technologies for Containing, Transfer, and Storage of Fuel Debris”
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3. Implementation items, their correlations, and relations with

other research | o
3.2 Relevance between implementation items

No.8

International Research Institute for Nuclear Decommissioning
Tokyo Electric Power Company Holdings, Inc. (I RlD)

[Project Management for the
Decommissioning of the Fukushima
Daiichi Nuclear Power Station]

- — - Project for further increasing retrieval
Fuel debris characterization project Note - : scale Note 1
— - - Canister (sludge) project Note 1

[Provide information for the canister — , , [Provide information for canister (sludge)
(sludge) project] [Provide information to related projects] project]
- List of fuel debris characteristics > Collected information and identified e - Fuel debris collection and storage
(Knowledge on their morphology, issues involving the drying and storage - Information related to criticality control
properties, basic physical properties, of sludge (Constrained conditions, etc. for
etc.) i i maintaining sub-criticality)

Canister project Notel Canister (drying) project Note1

[Provide information for the canister [Obtain information from the canister

(sludge) project] (sludge) project]

- Canister shape - Reference information for examining

- Processes from fuel debris collection drying technology

to storage

Note 1:
Project for further increasing retrieval scale: “Development of Technology for Further Increasing the Retrieval Scale of Fuel Debris and Reactor

Internals” Project

Fuel debris characterization project: “Development of Analysis and Estimation Technology for Fuel Debris Characterization” Project

Canister project: “Development of Technologies for Containing, Transfer, and Storage of Fuel Debris” Project

Canister (drying) project: “Development of Technologies for Containing, Transfer, and Storage of Fuel Debris (Drying Technology for Fuel Debris)”

Project
Canister (sludge) project: “Development of Technologies for Containing, Transfer, and Storage of Fuel Debris (for fuel debris in powder, slurry, or

sludge form)” Project

Consistent results can be obtained by sharing and coordinating
information from related projects within IRID and the
information provided by this project.

|
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4. Implementation schedule No.9

Development of Technologies for Containing, Transfer, and Storage of Fuel Debris

(for fuel debris in powder, slurry, or sludge form)

FY2020 FY2021
1 Z 3 4 ] ] 7 B ] 10 11 12 1 Z 3

1. Investigation into cases of handling radioactive
materials in powder, slurry, or sludge form

@ Investigation planning(examination of investigation
targets, investigation items, etc.)

@ Investigation —'m
® Organization of investigation results m

2. ldentification of issues involving the storage of fuel
debris in powder, slurry, or sludge form

@ Identification of targets and items to organize m

@ Identification of evaluations and issues

@ Evaluation based on Japan and overseas
investigation results

3. Performance assessment of canister filters

(@ Identification of environments and conditions

@ Study of filter life evaluation methods

@ Study of test methods and conditions

4. Progress report, etc.
v v v

mmm— Planned schedule mmmmm Actual schedule
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5. Project organization

(As of the end of March 2022)

No0.10

Tokyo Electric Power Company Holdings, Inc.

O Project Management for the Decommissioning of
the Fukushima Daiichi Nuclear Power Station

International Research Institute for Nuclear Decommissioning

(IRID) (Head Office)

O Formulation of an overall plan and technology management
O Technology management such as the progress of
technological developments

Related development projects

Mitsubishi Heavy Industries, Ltd.

Toshiba Energy Systems &
Solutions Corporation

Hitachi-GE Nuclear Energy, Ltd.

Development of Analysis and Estimation
Technology for Fuel Debris Characterization

(1) Case study of handling

(2) Identifying issues involving

(3) Performance assessment of

radioactive materials in
powder, slurry, or sludge
form

the storage of fuel debris in
powder, slurry, or sludge
form

canister filters (review)

(1) Investigation into cases of
handling radioactive
materials in powder, slurry,
or sludge form

(2) Identification of issues
involving the storage of fuel
debris in powder, slurry, or
sludge form

(3) Performance assessment of
canister filters

(1) Investigation into cases of
handling radioactive
materials in powder, slurry,
or sludge form

(2) Identification of issues
involving the storage of fuel
debris in powder, slurry, or
sludge form

(3) Performance assessment
of canister filters (review)

Development of Technology for Further
Increasing the Scale of Retrieval of Fuel
Debris and Reactor Internals

R&D on Solid Waste Treatment and Disposal

Development of Technology for Containing,
Transfer, and Storage of Fuel Debris

Development of Technology for Containing,
Transfer, and Storage of Fuel Debris (Drying
Technology for Fuel Debris)

MHI-NS
- Literature translation and organization

MHI-NS: MHI NS Engineering Co., Ltd.

1RID
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6. Implementation details No.11

6.1 Case study of handling radioactive materials in powder,
slurry, or sludge form

6.2 Identifying issues involving the storage of fuel debris in
powder, slurry, or sludge form

6.3 Performance assessment of canister filters
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6. Implementation details No 12
6.1 Case study of handling radioactive materials in powder, slurry, or
sludge form

@ Purposes and goals
The purpose of the project is to investigate the cases necessary to obtain the
information and knowledge for reviewing the experience, knowledge, and information
on the handling and storage of radioactive materials in powder, slurry, or sludge form,
and identify and organize precautions in the handling of the fuel debris.

@ Comparison with existing technology
In the Development of Technologies for Containing, Transfer, and Storage of Fuel
Debris project conducted up to FY2020, technologies were developed for the safe
handling and storage of fuel debris in particle or lump form using canisters.
However, fuel debris in powder, slurry, or sludge form is expected to be collected when
retrieving fuel debris, so it is important to identify issues in safely storing them in the
same way as fuel debris in particle or lump form and to clarify the technological issues
to resolve.

From the perspective of implementing the above, it is useful to collect and analyze the
experience, knowledge, and information on the handling and storage of radioactive
materials in powder, slurry, or sludge form.

- EEEEES
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6. Implementation details No.13
6.1 Case study of handling radioactive materials in powder, slurry, or
sludge form
@ Implementation items and results
a. Investigation planning(1/2)
Potential investigation targets and items was reviewed to obtain the experience,
knowledge, and information on the handling and storage of radioactive materials in
powder, slurry, or sludge form.

<Potential investigation targets>

USA
Cases of radioactive materials discharged from contaminated water treatment during
retrieval of TMI-2 fuel debris
Cases of slurry and sludge in the decommissioning of the Hanford Site (K-Basin)

UK
Cases of slurry and sludge in the decommissioning of the Sellafield facility

Japan
Japan Atomic Energy Agency. Cases of radioactive materials discharged from liquid
waste treatment
Japan Nuclear Fuel Limited: Cases of radioactive materials discharged from liquid
waste treatment at a reprocessing plant

- EEEEES
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6. Implementation details No.14
6.1 Case study of handling radioactive materials in powder, slurry, or
sludge form
@ Implementation items and results
a. Investigation planning(2/2)
<Investigation items>
Investigation items from the perspective of safe transferring and storage
Shielding, maintaining sub-criticality, heat removal, confinement, structural integrity,
long-term integrity, hydrogen countermeasures, fire
Investigation items from the perspective of handling and processes
Specifications (structure, etc.) for canisters and handling equipment and
specifications for drying, etc. processes and the equipment for such processes

l D Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation details No.15
6.1 Case study of handling radioactive materials in powder, slurry, or
sludge form
Implementation items and results
b. Investigation (1/2)
An investigation format was created to organize investigation items and cases involving the
handling and storage of radioactive materials in Japan and abroad were surveyed.

[Overview of the entire plant]
- Basic information (background, purposes, information on target substance,
etc.)
] ) [Outline of each process]
<Investigation format sample (example)> - Overview of the process (purposes, flow, etc.)
- Safety assessments (structure, heat removal, confinement, shielding, criticality,
heat removal, hydrogen countermeasures, etc.)

Overview of the entire plant - Permission and authorization (regulatory requirements, inspection items, etc.)

Investigation results (including ideas on the establishment, etc.) Source (related literatures)

[©) Basic information

a. Background/Circumstances/Purposes, etc.

b Positioning (Practical application complete In planning Research
) purpose, etc.)

c. Information on the target substance (the source of the sludge)

(a) |Fuel type (plate fuel, uranium dioxide fuel, fuel debris, etc.)

(b) |Chemical components and composition of sludge (assumed)

(c) [What kind of treatments were used in transferring and storing?

If drying was used, the specifications of components and the reason for
the process

Details of treatment for solidification, etc.

If concentrated, the specifications of components, etc.

) Has the sludge been processed into a form for transferring and storing
(composition and moisture content)?

Method used to transfer (pipeline, etc.) sludge to the storage facility (tank,
etc.)

Sludge storage method (storage inside a tank, etc.)

Permission and authorization

Whether regulatory requirements exist

Permission and authorization procedure and examination period

Inspection items before shipment or before/during storage

Planned schedule

Future plan

d
e
@
a
b
€]
[a
|
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6. Implementation details

6.1 Case study of handling radioactive materials in powder, slurry, or
sludge form
@ Implementation items and results
b. Investigation (2/2)
Investigations on the handling and storage of radioactive materials, etc. in powder, slurry, or

sludge form have organized the following items from the perspective of both handling and
processes and the safe transfer and storage of fuel debris in powder, slurry or sludge form.

No0.16

<Investigation items>

- Maintaining sub-criticality, shielding, heat removal, structure, hydrogen, fire, confinement, long-
term integrity, drying

<Investigation targets>
USA

A case of radioactive materials discharged from contaminated water treatment during retrieval of
TMI-2 fuel debris

A case of slurry and sludge in the decommissioning of the Hanford Site (K-Basin)
UK

A case of slurry and sludge in the decommissioning of the Sellafield facility
France

A case of slurry and sludge at the La Hague reprocessing plant
Japan

Japan Atomic Energy Agency: A case of radioactive materials discharged from liquid waste
treatment

Japan Nuclear Fuel Limited: A case of radioactive materials discharged from liquid waste
treatment at a reprocessing plant

- EEEEES
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6. Implementation details No.17
6.1 Case study of handling radioactive materials in powder, slurry, or
sludge form
® Implementation items and results
c. Organization of investigation results (1/8)
The main results from investigation into Japan and overseas cases involving
the handling and storage of radioactive materials, etc. in powder, slurry, or
sludge form are shown below.

Table Investigation results on the handling and storage of radioactive materials in powder, slurry,
or sludge form (1/8)

Investigation | Investigation Investigation results
items target
Maintaining TMI-2 - Even when a coagulator was added to the canister (collection container), the
sub-criticality boron materials installed inside the canister safely ensures criticality.

- The canister (collection container) can be transferred in a transfer cask.
Analysis using an evaluation model verified that sub-criticality for the canister
and transfer cask can be maintained.

Shielding IAEA - Spent fuel/damaged fuel is mainly stored in wet storage, with more than 80% of
spent fuel stored in wet storage. Wet storage management primarily employs
shielding and cooldown and heat removal with pool water. Safety measures and
calibration inspections are easy to incorporate and it is assumed that
continuous SAFSTOR can be established through pool water conditions and
analysis.

3
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6. Implementation details No.18
6.1 Case study of handling radioactive materials in powder, slurry, or

sludge form
® Implementation items and results

c. Organization of investigation results (2/8)

Table Investigation results on the handling and storage of radioactive materials in powder, slurry,
or sludge form (2/8)

Investigation | Investigation Investigation results
items target
Heat removal |[IAEA - Spent fuel/damaged fuel is mainly stored in wet storage, with more than 80% of

spent fuel stored in wet storage. Wet storage management primarily employs
shielding and cooldown and heat removal with pool water. Safety measures and
calibration inspections are easy to incorporate and it is assumed that
continuous SAFSTOR can be established through pool water conditions and
analysis.

Hanford (K- |- It was verified that concentrically arranging highly radioactive waste that has
Basin) undergone washing, dehydration, drying, etc. treatments in a scrap basket
facilitates heat removal.

Sellafield - It was verified that increasing the surface areas of fins on the Magnox fuel
element improved the efficiency of heat removal.

l D Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation details

No0.19

6.1 Case study of handling radioactive materials in powder, slurry, or

sludge form

® Implementation items and results
c. Organization of investigation results (3/8)
Table Investigation results on the handling and storage of radioactive materials in powder, slurry,

or sludge form (3/8)

Investigation Investigation Investigation results
items target
Structure Hanford (K- - A separation treatment for sludge collected from the bottom of the Basin by using the pump
Basin) [KW- was conducted through the Integrated Water Treatment System (IWTS) (spent fuel: grains 1/4
Basin] inch (0.64 cm) or larger, powder (sludge) ): coagulation sedimentation, ions: ion exchange

resin) after transporting the sludge into the storage container through the transportation piping
(Hose-in-Hose). Pu content in the collected sludge was verified below a certain value and
then cement solidification was carried out in drum cans.

- From the viewpoint of maintaining criticality, particles collected by coagulation sedimentation
were collected in tanks (settle tanks) with an outer diameter of 20 inches (0.5 m) and a length
of 16 ft”(5 m)d Surplus water was discharged via high-pressure washing and 99.7% of sludge
was collected.

WRAT TRACE

Figure 1 Hose-in-Hose Notel ysed
for sludge transportation
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Figure 3 Settle Tanks Note 2

|

Figure 2 Overview of the sludge treatment and solidification system
installed at K-West-Basin Note1

Note 1: From P.Knollmeyer et al. Waste Management 2006 Conference, February 26 - March 2, 2006, Tucson, AZ. Progress with K Basins Sludge Retrieval, Stabilization and Packaging at Hanford Nuclear Site, 2006
Note 2: From Eric G et al. Waste Management 2011 Conference, February 27 - March 3, 2011, Phoenix, AZ. Sludge Retrieval from Hanford K-West Basin Settler Tanks, — 11449. 2011.
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6. Implementation details N0.20
6.1 Case study of handling radioactive materials in powder, slurry, or

sludge form
® Implementation items and results

c. Organization of investigation results (4/8)

Table Investigation results on the handling and storage of radioactive materials in powder, slurry,
or sludge form (4/8)

Investigation [ Investigation Investigation results
items target
Hydrogen Hanford - A physical model evaluated the possibility of gas accumulation in the solid-liquid bed when K-Basin
(K-Basin) sludge was stored in a high-level radioactive liquid waste storage tank, and the relational expression

of the hydrogen concentration is examined.

- The relational expression between the rate of hydrogen gas generation and temperature was
examined, factoring in the thermal decomposition of organic matter inside the high-level radioactive
liquid waste storage tank, the radioactive decomposition of water, corrosion of tank steel, and more.

- It was verified the event in which the gas generated by the radioactive sludge was capped by the
radioactive sludge and was not released, resulting in a gas accumulation. Study of the relationship
between the volume of gas retained in sludge and the yield stress of sludge.

Negligible ' ‘
GRS
! |

Small Gas N ?.“ Radioactive
GRS accumulation . L sludge
2107

= : RiEa
S
'3
t
'
- [ ‘
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e R T Potentially
_“: Large —
/ B GRE 2 '!\

Figure 2 Gas accumulation formed by radioactive sludge within a sludge
lh~AA Note 2

Figure 1 Hydrogen discharge event
(GRE: Gas Release Event) Note 1in tanks at the Hanford Site

Note 1: From PA Gauglitz et al. PNNL-24255 WTP-RPT-238 Rev.0. Hydrogen Gas Retention and Release from WTP Vessels: Summary of Preliminary Studies, 2015.
Note 2: From G.Terrones et al. PNNL-13805. Vessel-Spanning Bubble Formation in K-Basin Sludge Stored in Large-Diameter Containers, 2002.



6. Implementation details
6.1 Case study of handling radioactive materials in powder, slurry, or

sludge form
@ Implementation items and results

c. Organization of investigation results (5/8)

Table Investigation results on the handling and storage of radioactive materials in powder, slurry,
or sludge form (5/8)

No.21

Site

Investigation | Investigation Investigation results
items target
Hydrogen Savanna River |-When the agitator was suspended during treatment of high-level radioactive liquid waste, a

behavior model of hydrogen gas that accumulated in liquid waste and released upon the
resumption of the agitator was evaluated.

Sellafield - In the hydrogen formed by the corrosion of shavings during the dismantling of Magnox fuel,
the amount and form of hydrogen accumulated in the Mg(OH), slurry of corrosion products
were examined in the test.

JAEA

carbonic acid slurry, and that the volume expands.

Immediately before
irradiation

Initial water
level

90 10

=

Figure 1 Rise in water level and increase in accumulated water from gamma-ray

6 hours after
irradiation

(a) Gamma-ray
irradiation

22 hours after
irradiation

44 hours after
irradiation

(8.5 kGy/h)

Water level
(Top surface of
supernatant)

Slurry height
(Interface between
supernatant and
slurry)

irradiation to a simulated carbonate slurry in HIC Note 1

Static water level at the beginning: 100 mm

Water level after approx. 120 days: 99 mm

(b) Non-irradiated

50 ——r—r—r .
§ [— Seawater ) /
e aro naie JHURION Py R
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@ F (95 g/L, pH = 12) Fner_gy absorbed
o I raction 1
.!_-_‘30— pure water ‘ i Slurry (95 g/L)
L e i ]
Q Solution 91.8%
¢ | & + ]
O 20k Suspended
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- It was verified that gamma-ray irradiation causes hydrogen gas to accumulate within the

5 10
Absorbed dose, D [KGy]
Figure 2 Relationship between absorbed dose and the

amount of hydrogen generated from gamma-ray
irradiation to a simulated carbonate slurry in HIC Note 2

Note 1: From Takafumi Motooka et al., Atomic Energy Society of Japan Proceedings 2120, Spring 2016, Irradiation Experiments of Simulated Carbonate Slurry in HIC (2) Gas Retention Behavior of Simulated
Carbonate Slurry under Gamma Ray Irradiation, 2016.

NaAate 2 Eraom Pyuiiit Namaicht ot al Atoamie Enarcyv Sociatyvy of Tanan Prorcracadinne 2121 Cnrina 201A Irradiatinn Evinarimaente nf Cimiilatad Carbanate Shiirrvys in HIC (2Y CHiidice nn Radinhcic Rahaviinr nf CSimiilatad




6. Implementation details No 22
6.1 Case study of handling radioactive materials in powder, slurry, or

sludge form
@ Implementation items and results

c. Organization of investigation results (6/8)

Table Investigation results on the handling and storage of radioactive materials in powder, slurry, or sludge form (6/8)

Investigation| Investigation Investigation results
items target
Fire La Hague - Asphalt solidification with a large volume of waste filling was studied as a treatment

method for radioactive sludge, but French regulatory authorities did not allow permission
due to the issue of gas generation from the radioactive decomposition of asphalt. An
alternative measure, having the sludge dried via a Drying/Compress process, pelletized,
and then collected in a container with sand, is currently under consideration.

- Construction of a facility that is designed for retrieving the graphite and magnesium waste
(approximately 600 m?3) used in the uranium fuel cladding stored at the La Hague
reprocessing plant was completed and the retrieval begun.

Figure 1 Drying/Compress process Notel Figure 2 Magnesium waste storage container Note 2

Note 1: From Elisa LEONI et al. WM2019 Conference, March 3 — 7, 2019, Phoenix, Arizona, USA. La Hague STE2 Sludge Retrieval and Conditioning Strategy -19229. 2019.
Note 2: From Bruno VILTARD et al. WM2020 Conference, March 8 - 12, 2020, Phoenix, Arizona, USA. Start-up of Silo 130 Waste Retrieval at La Hague: 1st Step Towards Reducing Legacy
Inventory -20020. 2020.



6. Implementation details No 23
6.1 Case study of handling radioactive materials in powder, slurry, or

sludg

e form

® Implementation items and results
c. Organization of investigation results (7/8)

Table Investigation results on the handling and storage of radioactive materials in powder, slurry, or sludge form (7/8)

Investigation | Investigation Investigation results
items target
Confinement (Hanford - A container called an MCO (Multi Canister Overpack) for collecting highly radioactive sludge has

(K-Basin) been designed based on the ASME Class 1 vessels (equivalent to a reactor pressure vessel) and
ensures airtightness in the collection, transfer, and storage of sludge (in an interim storage
facility).

Sellafield - High-level radioactive liquid waste generated when reprocessing Magnox spent fuel and spent
oxidized fuel is concentrated in an evaporator, denitrified, and then pulverized and vitrified. The
vitrified material is injected into a stainless steel container and the lid is welded shut to seal in the
radioactive material.

T™I - After retrieving fuel debris, each target substance is packaged in a dedicated fuel debris canister.

- Analysis of pressure and temperature fluctuations when a canister was dropped or transported

verified that fuel debris would not leak.

Long-term  |Hanford - The internal pressure load is an influential factor in the long-term integrity of MCO and reducing

integrity (K-Basin) the temperature (maintaining temperatures below 60°C, including when drying), dehydration
(adding magnesium oxide or calcium oxide as a dehydration agent), suppressing corrosive
reactions (adding nitrite or phosphate to the solution), and adding supplements (adding nitrate
(NOy) or nitrite (NO,") to the solution) are recommended to reduce the generation of hydrogen
gas.

Drying Hanford - Low-temperature vacuum drying (pressure conditions: 8 Torr (1 kPa), temperature conditions: 40

(K-Basin) to 50°C, drying time: 50 hours) was used to limit fuel damage from the rapid oxidation of uranium

in collected sludge.

1RID
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6. Implementation details No.24
6.1 Case study of handling radioactive materials in powder, slurry, or

sludge form
® Implementation items and results

c. Organization of investigation results (8/8)
Filter Canister

ot ™S~ e Tuse
(Typ)
N\men Rod
Module End
Cops
s:’p:(:n\' .ll: N7 'I
Figure 1 Hanford’s MCO (Multi Canister Overpack) Figure 2 TMI-2 filter canister Note2

and a scrap basket to be collected in the MCO
Note 1 (Size of collected particles: 0.5 to 800 pm)

Note 1: JCH2MH ILL (2012): “Knock Out Pot Material Multi-Canister Note 2: “THI-2 Defueling Canisters Final Design Technical Report” 77-
Overpack Proof of Dryness (OCRWM), Sludge Treatment Project 1153937-04
KOP Disposition, PRC-STP-00210, Revision 2”

|
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6. Implementation details No.25

6.1 Case study of handling radioactive materials in powder, slurry, or
sludge form

@ Contribution of outcomes to relevant study areas
The results of investigations of cases involving the handling and storage of radioactive materials in
powder, slurry, or sludge form were summarized to contribute to identifying issues in the handling
and storage of powdery, slurry and sludge type radioactive materials.

® Analysis with respect to the on-site applicability
These case investigations are useful references when examining the handling of fuel debris in

powder, slurry, or sludge form, which are the forms assumed to be collected during fuel debris
retrieval.

® Goal achievement level
It can be concluded that goals have been achieved since the following indicator was met.
» Analyze overseas cases of handling radioactive materials in powder, slurry, or sludge form and

organize specific precautions, ways to ensure safety, etc. for the handling of radioactive materials
in powder, slurry, or sludge form.

@ Issues to be addressed
As examples of investigations on the handling and storage of radioactive materials in powder, slurry,
or sludge form in Japan and abroad, the investigation was primarily conducted at TMI-2 and the
Hanford Site in the United States and the Sellafield facility in the United Kingdom. Further

information acquisition and analysis on the La Hague reprocessing plant in France and similar
facilities in Japan would be useful.

- s
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6. Implementation details No 26
6.1 Case study of handling radioactive materials in powder, slurry, or
sludge form

Summary
- Case studies were conducted based on literatures regarding the handling and
storage of radioactive materials in powder, slurry, or sludge form at TMI-2 and the
Hanford Site in the United States, Sellafield in the United Kingdom, and others.

- Based on the results of the investigation, the evaluation items, evaluation methods,
and countermeasures necessary for safely handling and storing fuel debris in
powder, slurry, or sludge form are classified according to safety assessments and
handling for each item (maintaining sub-criticality, shielding, heat removal, structure,
hydrogen, confinement, long-term integrity, drying), and organized by precautionary
points, etc.

- Further investigations of the experience, knowledge, and information regarding the
handling and storage of radioactive materials in powder, slurry, or sludge form will be
conducted in FY2022 and will target the La Hague reprocessing plant in France and
similar facilities in Japan. Investigating this knowledge and information is planned as
a continuation project of this subsidy project.

|
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6. Implementation detalls NG.27

6.2 Identifying issues involving the storage of fuel debris in powder, slurry,
or sludge form

@ Purposes and goals
The purpose and goals of the project is to identify issues involving safe, reliable, and
rational storage conditions and clarify technological issues to resolve when using a
canister for dry storing fuel debris in powder, slurry, or sludge form in a similar way as
fuel debris lumps or fuel debris particles.

@ Comparison with existing technology
In the Development of Technologies for Containing, Transfer, and Storage of Fuel
Debris project conducted up to FY2020, technologies were developed for the safe
handling and storage of fuel debris in particle or lump form using canisters.
However, fuel debris in powder, slurry, or sludge form is expected to be collected when
retrieving fuel debris, so it is important to identify issues in safely storing them in the
same way as particulate or lump-shaped fuel debris and to clarify the technological
ISsues to resolve.

l D Olnternational Research Institute for Nuclear Decommissioning
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No0.28

6.2 Identifying issues involving the storage of fuel debris in powder, slurry,

or sludge form
@ Implementation items and results

a. Identification of targets and items to organize (1/8)
It is assumed that different type of issues exist between the containing, transfer, and
storage of powdery, slurry or sludge type fuel debris and particulate or lump shaped fuel
debris. From the perspective of clarifying issues, items will be identified assuming transfer

An issue identification format
that reflects evaluation items
and organizational methods

and storage using the same procedures, e.g. using the canisters for fuel debris in particle
or lump form, which are the result of FY2020 technological developments.

Therefore, a series of handling processes (see No. 29 and 30) for fuel debris in

Flow of handling fuel
debris in particle or lump
form

(32 processes in total)

particle or lump form were considered and organizational methods and items to evaluate
were examined for each handling process (a total of 32 processes, from retrieving fuel
debris in reactors to long-term storage), and also a format for identifying issues (see No.
31) was formulated. These were conducted from the perspective of comprehensively
identifying issues involved in bringing fuel debris in powder, slurry, or sludge form (See
No. 32 and 33) into safe and long-term stable storage, including sludge collected during
proposed retrieval task, coagulation sedimentation sludge in water circulation systems,
matter captured on filters, oxide particles of various configuration materials, particles such
as processing abrasives and neutron absorbers for maintaining sub-criticality.

<Items to be evaluated>
1. Analysis and identifying of issues from the perspective of safe and
long-term stable storage
Evaluation perspectives: Shielding, maintaining sub-criticality, heat removal,
confinement (contamination), structural integrity, long-term
integrity, hydrogen countermeasures, fire
2. Analysis and identifying of issues from the perspective of handling
and processes
Evaluation perspectives: Canister structure (lid structure, filter, etc.), drying and
hydrogen concentration measurements

Other relevant
information on sludge
that is being examined
in other related projects

A 4

Identification of
issues (draft)

Results of investigations
into cases of handling
radioactive materials in
powder, slurry, or sludge |
form in Japan and
abroad

(See [6.1])

A 4

- Selection of issues and
consideration of countermeasures
- Clarification of technological
issues

(Technological issue solution
phase, solution period)

Issue identification flow

L
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6. Implementation details
6.2 Identifying issues involving the storage of fue
or sludge form
@ Implementation items and results

a. ldentification of targets and items to organize (2/8)
- A series of handling processes for fuel debris in particle or lu

(Fuel debris retrieval from inside reactors ~ Transferring insi

.. No0.29
| debris in powder, slurry,

mp form
de the premises: 17 processes)

the reactor building (pass

(assume they are stacked)

<Area classification>
Red: High contaminated area, Unmanned operations (remote tasks controlled from outside the area)
Reactor . . . Yellow: Area with medium radiation level (radiation level is controlled, but there is still a risk of harmful exposure)
‘K building Exam ple handli ng flow using the side entry method Unmanned operations (remotely operated from outside the area in principle with limited occasions of
workers working in it for maintenance and tasks.)
Green: Low contamination area (not substantially contaminated), Manned operation
Extension e . . e ] o R
building Lifting machine Manipulator Lifting machine Lifting machine
L 1 L 1 1C Cl
d & & T N Primary lid Secondary lid T
k ) Debris treatment cell fastening fastening PreparITtlon
§ machine/gas machine/gas ce
injector/leak injection
Canister lid fastening system detector nyte;\jlleak . é
3 H © L . etegtion system
Fuel debris RPV| Work - (Chgck surface contamination)  Gas injection
monitoring Canister Drying apparatus system —
ieval P
retrieval camera ort
. o e
equipment ; 0 - - ! .
. -—) 1 Transfer
Fuel debris unit Access tunnel t l : H -
t\f -—) -I |- - - °
CAS I 1 - -
— s vaed] r‘i -----
) ) ] ThedHying apparatusand the  Weight measuring ~ 1ransfer  Transport cask
PCV unit can Drying scagtlgrl:r transter inside of the canister are system cask transfer equipment Transfer
transfer apparatus Y classified as an area with high  (Surface contamination rack
system radiation level check)
- N e ) - Inside th
Inside the reactor I:> Debris treatment cell Sealing cell |:> Preparation cell I:> B?(Ierr?lsee
[1] Cut and process discharged [5] Transfer the unit can out of [6] Dry fuel debris [7] Load the unit can into the  (Dry fuel debris [12] Verify that the canister [13] Load the canister into the transfer cask
premises

materials
[2] Visua!ly verify discharged

(Load the unitcan into
the drying system ~
Drying treatment)

canister

[8] Fasten the canister lid

(Affix inner lid ~ Move to lid

fastening system ~ Fasten
lid - Verify lid seal)

[9] Verify surface
contamination on the
canister

through the access tunnel) " system ~ drying treatme

[10] Inject inert gas into the
(Connect the canister to
injection system ~ Inject
into the canister~)

[11] Measure the amount of
generated "

materials

[3] Collect fuel debris with the fuel
debris retrieval equipment and load
it into a unit can (hereafter “unit

*1: In addition to fuel debris, waste such
as reactor internals moves from inside
the reactor to the extension building
through the access tunnel.

[4] Dewater and dry fuel debris
[5] Transfer the unit can out of the

(Connect the canister to drying

has been delivered
(Measure weight, etc.)
[13] Load the canister into
the transfer cask
(Move the canister to the
top of the port)

[14] Fasten the transfer cask lid
(Fasten lid (primary lid) ~ Inject inert gas
(inside cavity) ~ Verify lid seal (primary lid)
~ Fasten lid (secondary lid) ~ Inject inert
gas (between primary and secondary lids)
~ Verify lid seal (secondary lid))

[15] Measure the amount of hydrogen

nt '2))
canister
thegas
inert gas

hydrogen

reactor building (transfer out of the
pedestal)

Figure Handling process for fuel debris in parti

1RID

*2: Executed if drying within the fuel debris treatment cell is not possible
*3: Considering executing this when injecting inert gas

*4: Considering executing this
when inert gas is injected
into the cavity

generated “

[16] Verify delivery of the transfer cask
[17] Load the transfer cask onto the transfer
vehicle

cle or lump form (1/2)

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation details
6.2 Identifying issues involving the storage of fuel debris in powder, slurry,

or sludge form
@ Implementation items and results
a. Identification of targets and items to organize (3/8)

- A series of handling processes for fuel debris in particle or lump form
(Bringing the transfer cask into the storage building ~ Long-term storage: 15 processes)

Example handling flow using the side entry method

Hydrogen gas treatment system —

Lifting machine

<Area classification>
Red: none

Yellow: Medium contamination area, unmanned operation (remote tasks

controlled from outside the area)

Green: Low contamination area, manned operation

\

( |
Storage building
L J

Handling
iig

Transfer
cask

Shieldin
monitoring cover
camera

——

=y

Area monitor

Gas treatment system

1 \ . L . urface
Storeq item . Primary Vent pipe temperaturg
Gate checking Drying lid of measuring

equim apparatu ) storage equipment

Scaffoldin cask  —

for work !

== Transfer —) —) —) L - wp—
cask rack L i

No0.30

[18] Receive the transfer cask at the
[19] Unload the transfer cask from

[20] Verify that the transfer cask has

truck bay door
the transfer vehicle

been received

[21] Measure the amount of hydrogen

generated "5
[22] Open transfer cask lid

(Remove secondary lid ~

primary lid)

cask ®

Remove

[23] Retneve the canister from the transfer

([25] V_erifythe stored \/

item™
(Load the canister
into the stored item
checking equipment

[24] Verify that the canister has been received

3

1D

*5: Execute after removing the secondary

lid

*6: Cover the canister with a shield cover

and move

\___~ Verify) J\

*7: Assume the dose rate
measurement

i Dry fuel debris ™8

\ (Load the canister
H into the dryin_g

! system ~Drying

1 treatment)

*8: Execute if drying is

required prior to storage

6] Verify prior to storing canister
[27] Load the canister into the

\
! [28] Fasten the storag
| storage container

I

I

I

I

container lid
(Fasten lid (second
lid) ~ Inject inert ga:
(between primary a
secondary lids) ~ V
lid seal (secondary

(assume they are stacked)
[28] Fasten the storage container

(Fasten lid (primary lid) ~ Inject
inert gas (inside cavity) ~ Verify
lid seal (primary lid))

e

ary
s

[30] Connect a vent pipe to the
storage container

[31] Verify vent pipe seal

[32] Long-term storage

nd
erify
lid))

[29] Verify confinement

Figure Handling process for fuel debris in particle or lump form (2/2)
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6. Implementation details

No0.31
6.2 ldentifying issues involving the storage of fuel debris in powder, slurry, °

or sludge form

@ Implementation items and results [Components subject to evaluation]
‘g . . : - Unit cans, canisters, unit can, and systems that
a. ldentification of targets and items to organize handle canisters

(4/8) [Evaluation perspective]
<|ssue identification format> - Design concepts, safety design policies, issues

Concepts and policies from a technological sﬁndpoint
Step Systems concents Permission and authorization Proposed issues
Technological Considerations for the 4 P (safety design) policies
Details of elements Basic requirements basic requirements Other components
No Locations | . ) a unit can Canister unit can Canister unit can Canister (Systems that handle components
implementation other than unit can and canisters)
- Structural strength shall be able to maintain the basic
@ Structure requirements in @ to @ against loads from the assumed
events.
- Fuel debris shall not melt from decay heat.
(@ Heat removal - Heat removal functions shall be able to maintain the basic
requirements of @ and @ to @.
@ Confinement .
Contamination) - Leakage of radioactive materials shall be prevented. ' \
. - The necessary shielding capabilities shall be in place to H H H
@
Cutting and @ Shielding prevent radiation sickness. Id en t | fy ISssues In
Inside the processing of - . N
1 . ®) Criticality - There shall be no risk of fuel debris reaching criticality. eac r 0 C es S 0 r
reactor discharged p
materials (® Hydrogen - Hydrogen explosion shall be prevented. tar g et C 0 m p 0 n ents
@ Fire - Fires shall be prevented from occurring.
Measures for the material accountancy and protection of
P
® Measuring nuclear fuel materials shall be enacted.
- The basic requirements of (D to ® shall be able to be
(@ Long-term integrity maintained even when accounting for aging.
(@ Other necessary items for |- The necessary functions for fuel debris retrieval and collection
handling operations shall be in place.
- Structural strength shall be able to maintain the basic
@ Structure requirements in @ to (@ against loads from the assumed
events.
- Fuel debris shall not melt from decay heat.
(@ Heat removal - Heat removal functions shall be able to maintain the basic
requirements of D and @ to @.
% Conflnemen'tl - Leakage of radioactive materials shall be prevented.
p . - The necessary shielding capabilities shall be in place to
. 73}
Visual @ shielding prevent radiation sickness.
2 Inside the verification of  |® criticality - There shall be no risk of fuel debris reaching criticality.
reactor discharged
. ® Hydrogen - Hydrogen explosion shall be prevented.
materials verog verogen &P P
@ Fire - Fires shall be prevented from occurring.
. Measures for the material accountancy and protection of I=
&
® Measuring nuclear fuel materials shall be enacted. r—
N - The basic requirements of (D to ® shall be able to be - -
(© -1
© Long-term integrity maintained even when accounting for aging. [Eval U atl O n Item S] = Safety assessm ents
(@ Other necessary items for |- The necessary functions for fuel debris retrieval and collection .
handling operations shall be in place.
Nt structure, heat removal, confinement

Identifying issues for each (contamination), shielding, criticality,
fuel debris handling hydrogen, measuring, long-term integrity)
process (32 processes) - Requirements for handling operations

T
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6. Implementation details

No0.32

6.2 Identifying issues involving the storage of fuel debris in powder, slurry,
or sludge form_

@ Implementation items and results
a. ldentification of targets and items to organize (5/8)

- Information on the fuel debris in powder, slurry, or sludge form that is expected to be discharged during fuel

debris retrieval (characteristics, amount generated, properties, safety requirements, etc.) was exchanged at
joint project meetings.

be discharged during fuel debris retrieval (excerpt from the table)>

<Summary of information on fuel debris in powder, slurry, or sludge form expected to

"

—(Remarks) Classification of colored cells in the table

: Items that can be provisionally set based on future desk studies, etc.

: Items that are considered difficult to judge (provisionally set) further (requires actual fuel debris information)

: Items that do not require further consideration (does not require criticality control and collection container)

1RID

—\‘

. ; i of Properties of the target substance when collected ina luding ad ther than fuel debris) | congidate collection Existence of 1 “yes” in the left Location of Safety requirements when
ocation o iming o ain collection collection into | collection into | transfer route |  frequency of handling collection
No.|  Types Properties generation Amount q of generation | [CoNtained materials | Shape (including Density Moisture Void ratio | (unit cans, canisters, container resopumn, the o | the collection | the collection | of collection collection containers (including
(including percentage) | fuel debris size) content treatment reatment metho container container container container storage)
- Molten fuel
- Core structures
- Concrete
Transfer from - Conirol shape to maintain
Conguaion |, Sedimentation Further - Gther solids (earth and - Sludge collection Secimentation | ensrer from o shes
Coaguiation ligh volume of particles | separation e of sand, precipitates, insoluble |- Particle form (particle container (©200 x ecarmtion tonk | baiamg e, et to
1 coarse filter with large particle size and | system inside the |11 [m3/y] 0.055 [m3/day] retrieval scale I'\EI!I[D]’\ absorbers, diameter: 100 to Approx. 1 [g/cm3] |90 to 95 [vol%] Almost 0 [vol%] Ha( None —_ Direct collection in the extension | through the 1 [pes/day] maintain hydr‘ugen
liquid waste | "G specific gravity fon (/3 units) solkifiedmetorils T D ) - Waste storage building interior of the concentration levels below
buiding abrasives, elc.) container ror o e el
- Aluminum sulfate
(1000 ppm)
- Boric acid components
- Molten fuel
- Core structures
- Concrete Transfer from - Control shape to maintain
Coagulation Sedimentation Further - Gther solids (earth and  Sludge collection Sedimentation | the extension Subcrtcally
sediment in High volume of particles | separation Increase of sand, precipitates, insoluble | Paricle form (particle container (6200 x separation tank | building ~Use venting, etc. to
2|intermediate and | with small particle size and | system inside the |54 to 7 [m3/y] 0.27 to 0.035 [m3/day] retrieval scale I'\EIA"VDI'\ absmheré size: several tens to Approx. 1 [g/cm3] |90 to 95 [vol%] Almost 0 [vol%] None — Direct collection in the extension | through the 1 to 8 [pieces/day] maintain hydr‘ugen
inal ‘\:::\‘g“;gle low specific gravity E"j‘lfgz';” (1/3 units) solidified materials, @4 waste storage building interior of the concentration levels below
abrasives, etc.) cell the explosion lower limit
- Aluminum sulfate
(1000 ppm)
~Powder adsorbents (tanic Transfer from ~Conirol shape to maintain
Sedimentation - Sludge collection In technological
Comsmin ooty po | ruve [k i, .o o P e s
3 adsorbents on the order of | system inside the |310 [m3/y] 1.6 [m3/day] J | (Particle size: several | Approx. 1[g/cm3] [90 to 95 [vol%] | Almost O [vol%] | Ha Yes moisture content of | Direct collection 111 [pesiday] )
concentated | 200rberts ystem in retrieval scale | magnelite) e Hhe sorage moisture conter in the extension | through the maintain hydrogen
water buildin (1/3 units) - High base PAC (1000 container rovisional SE“\VH ) building interior of the concentration levels below
9 ppm) P 9 cell the explosion lower limit
Generated by collecting
dust debris floating in the
air with a metal HEPA filter
in a gas phase system and Further - Particle form (particle
4| Gas phase :‘S”'gvga‘fkwasm"g o N“féﬂ"‘f:;a:/‘ Increase of - Dust debris ;‘SZ:‘J':ZE"&W;E‘ but
sludge Coverty considering | bhast sy feewl cale |- otrers perten tha foatin
treatment in a liquid phase the air)
system sedimentation
Separation tank as one
proposal
For Gd203 and
The amount of Gd particles and glass - Gd particles: Particle |- Gd203 particles: For Gd203 and - Gd particles:
materials containing BIGd used is estimated | T® amount of Gd partcles and glase form 4.3 [glom3] e aleria | lass material Transfer 55111 | None (no need o consider)
Solid-type absorbents (Gd to be 2.5% of the volume of debris. 9 per day (Particle size: upto |- Glass material 9 | containing B/Gd, | There is no size limit for
estimaled to be 15 liters (L5 E -3 - G208 waer content i None (no need to The government R&D project
particles, glass materials ASsuming that an addiional 1% of this trns | Po(RAR0 0 08 LO N 5 E L8 e borate glass 500 pm) containing B/Gd: | (2! void ratio fs 0% | containers that collect | The containers | £ORE (1S None (no need | 15 E-5 [m3/day] x|y of the
Neutron containing B/Gd) and Location of into sludge, the volume ratioto debris is |11V ASSURG 1At 20 0 Further (Clasa matoral oaiaming |- Glass material 429 [glem3] O —— inknown for absorbents that collect No special reatment | None (no need to- | None (no need | %0 GEARE | 365 [days) =55 | JECCRE e SR STy
5| absorbers for | solidifiec-type absorbents | debris retrieval |2.5% x 1% = 0.025% e T o cirome ol o |Increase of | (& containin - Sodum silcate: | SMIOWTL IO | sodium silicate, | (Absorbents willnot be | absorbents can be |1 SPECE e consider) to consider) |19 6onSik year] ELsore o e
maintaining sub- | (sodium silicate) that have | task suchas | The amount of sodium silicate used is o B e 30 et QBT [remieval scale (POD 1 (a0, | Partcle form (particle | 2.1 [glem] (M3V- | 300 SEERIE, | but thought o be | collected separately after |disposed of as  |SISEGION L | Colleted along | Collected aiong | SOTECIE | - Sodium sifcate: | L SOISCOASHL Sora0e:
criticality been processed together | pedestal, etc. estimated to be 5% of the volume of debris, | f2 18 SSIMAEC 10 b 3.0 Fere (h (1/3 units) S e a20ns, | size: up to 1 mm) 2019000230, s 9 low retrieval, but will be general industrial | ESIECION & 'S | with debris. ith debris. a bg Transfer 11 [L] i pertorn
with debris and changed to S0 the volume ratio to debris is 5% x 1% = | [M3/day]). Assuming that 19 of this turs 102, Cao, ., Fe203, | Zsodium silicate: revl, The usage | Mg (Will revise if data | collected along with fuel |waste. o g i once a year S Ell EI SIS
to sludge, then 3.0 E - 5 [m3/day] (M3V- CasO4, NaH2PO4) (Will revise if data absorbents. assessment of insoluble
a powder or sludge form 0.05%. (M3V-2019-000230, rev, The e N 3 o Imalday] MV Siudge form after | methods of non- | Wil Ve data |5 opyaine in the- | debris) 30 E5 [maiday] x [SeCoeMent oS
usage methods of non-soluble neutron | 219.C00230. revt, The usage Solidification (particle [ soluble neutron |5 0btained 2021-2022 365 [days] = 11
absorbers) size: up to 100 pm) | absorbers) iy project) [Uyear]

Listing of the fuel debris in powder, slurry, or sludge form expected to be discharged (19 types) Assume the
amount generated, properties, collection form, etc., and color-code according to the following classifications
- Yellow: Items that can be provisionally set based on future desk studies, etc.
- Pink: Items that are considered difficult to judge (provisionally set) further (requires actual fuel debris

information)

- Blue: Items that do not require further consideration (does not require criticality control and collection

containers)
—




6. Implementation detalls
6.2 Identifying issues involving the storage of fuel debris in powder, slurry,

or sludge form
® Implementation items and results

a. Identification of targets and items to organize (6/8)
<Example of fuel debris in powder, slurry, or sludge form expected to be discharged when retrieving sorted fuel debris>

No0.33

Properties of the target substance when collected in a collection container (including additives other
’ Location of Amount Frequency of Timing of than fuel debris)
No. Types Properties generation | generated generation generation Contained materials (including Shape (including | oo Moisture | o0 o
percentage) fuel debris size) Yy content
- Molten fuel
! " - Core structures
Coagulation High volume of ﬁii'g?;&a;:]o Further - Concrete - Particle form
sediment in particles with large P Increase of - Other solids (earth and sand, precipitates, h hi Approx. 1 |90 to 95 Almost 0
coarse filter particle size and fg:tg?e';':i'gﬁ 11 [m3/y] 0.055 [m3/day] retrieval scale |insoluble neutron absorbers, solidified gzsg;gﬁ;zsebflo?nio [g/cm3] [vol%)] [vol%]
liquid waste high specific gravity buildin (1/3 units) materials, abrasives, etc.) H
9 - Aluminum sulfate (1000 ppm)
- Boric acid components
- Molten fuel
. . . - Core structures
;:g;?nu;ﬁ??nn g;?t?c\llgéuvw% 0sfmall ﬁesilpr;?g%:‘o ::nucrrt(';:;e of g?r?:rrzgelids (earth and sand, precipitates, |, Par?icle f_orm Approx. 1 |90 to 95 Almost 0
2 }m:m:g{ﬁee::nd particle size and low tsg:t:;?e'g:ilgﬁ 541t07[m3ly] 10.27t0 0.035 [m3/day] retrieval scale |insoluble neutron absorbers, solidified gePssl'tlgI%ilzer;lfeveral [g/cm3] [vol%)] [vol%]
filter liquid waste specific gravity buildin (1/3 units) materials, abrasives, etc.) A
a 9 - Aluminum sulfate (1000 ppm)
- Boric acid components
Coagulation Dominated by gi:i‘;g?;:iagi? Further - Powder adsorbents (titanic acid, titanium | _ Particle form
settings in RO powder adsorbents P Increase of silicate, activated carbon, hematite, N P Approx. 1 |90 to 95 Almost 0
concentrated on the order of fg:‘:xe';‘:ilgs 310 [m3ly] 1.6 [m3/day] retrieval scale |magnetite) (li%mde size: several [g/cm3] [vol%] [vol%]
water several um building (1/3 units) - High base PAC (1000 ppm) H
Candidate collection Existence “yes? i Form of Location of Proposed Transfer Safety requirements when
of If “yes” in the left collection . c 5 5 _ g
No Types containers collection Solumn. the collectioninto |~ "m0 transfer route | frequency of handling collection [|nf0rmat|on on the organization of fuel debris in a
(unit cans, canisters, container treatment r‘nethod the collection collection of collection collection containers (including
others) treatment container container container container storage) pOWder, sIurry, or sludge form]
- Type
- Characteristics
Coagulation - Slltjd_ge c(oql)lggt(i)on Sedimefntation t‘l;]ransfter from - Ck;)ntljgl slhflpe to maintain - Location of generation, amount generated,

; : container X ] separation e extension sub-criticality P . P
zggggmtg liquid H400) None - (I:D(I)rlr‘e(gtion tank in the building through | 1 [pcs/day] |- Use venting, etc. to maintain frequency Of generatlon 1 time Of generatlon
waste a - Waste storage extension the interior of hydrogen concentration levels - Pro pertieg

container building the hot cell below the explosion lower limit q q q q
(Contained materials, shape, density, moisture
content, void ratio)
- Candidate collection containers
- Existence of collection container treatment and
Coagulation - Sludge collection Sedimentation | Transfer from - Control shape to maintain
sediment in container (200 x Direct separation the extension 1to08 sub-criticality treatment meth_Od ) . )
2|intermediate and  [H400) None - collection tank in the building through [piscesiday] |- Us® venting, etc. to maintain - Form of collection into collection container,
final treatment - Waste storage extension the interior of hydrogen concentration levels Il ti I ti
filter liquid waste |container building the hot cell below the explosion lower limit collec |_On ocal K?n
- Collection container transfer route and transfer
frequenc
Coagulation - Sludge collection In technological Sedimentation | Transfer from - Control shape to maintain S 19 t y : t h h d | d t .
Settiggs in RO container development (target Direct separation the extension sub-criticality - Sai€ y feq uirements when han Ing ana storl ng
3 (9200 x H400) Yes moisture content of B tank in the building through | 111 [pcs/day] |- Use venting, etc. to maintain collection containers
a’(;r:g?ntrated - Waste storage 60 vol% or less; collection extension the interior of hydrogen concentration levels
container provisional setting) building the hot cell below the explosion lower limit



6. Implementation details
6.2 Identifying issues involving the storage of fuel debris in powder, slurry,

or sludge form
@ Implementation items and results

a. Identification of targets and items to organize (7/8)
- Information on the advantages and disadvantages of drying treatment for powdery fuel debris was exchanged at joint project

No.34

meetings
Items Advantages Disadvantages
- Since the amount of hydrogen generated can be reduced by - When fuel debris becomes clay-like due to residual moisture from insufficient drying, hydrogen pools

using drying treatment to reduce the volume of water will form in the fuel debris, and one of the following reasons could cause hydrogen concentration to rise
contained in fuel debris, it can be collected in collection sharply by hydrogen being suddenly discharged from hydrogen pools.

containers (including canisters) to achieve values below the O Vibration caused by handling fuel debris

thdfoge” lower explosion limit of hydrogen (4 vol%). O Discharge caused by the hydrogen pool expansion (depends on the viscosity of fuel debris)
countermeasures

In addition, because it is assumed that the hydrogen pools cause fluctuations in the hydrogen
concentration of the gas phase section, it may be difficult to understand the amount of hydrogen
generated based on results from hydrogen concentration measurements.

Confinement
(Contamination)

- By reducing the volume of water contained in fuel debris
through drying treatment, fuel debris can be collected in
collection containers (including canisters) and handled in a
sealed state, and it is also possible to suppress the discharge
or radioactive materials.

- There is a possibility that the drying treatment will disperse dried radioactive materials in powder form
inside the canister and clog the hydrogen discharge filter installed in the lid.

- There is a possibility that an increase in the amount of dispersion of radioactive materials in powder form
will require a larger off-gas treatment system. In addition, there is a possibility that the maintenance
(decontamination) frequency for equipment that handles canisters such as transfer casks and storage
containers will increase.

- Radioactive gas (FP) could be released from fuel debris if the drying temperature is high (200 to 300°C).

- Reducing the volume of water contained in fuel debris through

facilitates uniform solidification, which increases stability and
makes it easier to estimate properties, etc. compared to non-
uniform solidification when not dried or partially dried.

Criticality drying treatment is advantageous from the viewpoint of —
maintaining sub-criticality.
- Since the amount of moisture with shielding effect is reduced, less water will increase surface dose and
Shieldin _ exposure levels.
9 - There is a possibility that dispersion of radioactive materials in powder form will increase the dose in
handling areas.
- Reducing the volume of water contained in fuel debris through
Long-term . : - ;
inteqrit drying treatment can reduce the risk of corrosion during long- —
integrty term storage.
Fire . - The drying treatment makes it easier for fuel debris in powder form to rise, which may increase the risk of
dust fires.
- The drying treatment reduces the volume of fuel debris, so - Drying treatment facility (drying system, off-gas treatment system, temporary storage system (areas)
storage efficiency is expected to improve. suitable for drying treatment speed, etc.) is required.
Others - Reducing the volume of water (ideally, completely drying) - There is a possibility that drying treatment will cause fuel debris in powder form to stick to the unit can

and canister, making it impossible to retrieve when the final treatment method is determined.

1RID
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6. Implementation details

No0.35

6.2 Identifying issues involving the storage of fuel debris in powder, slurry,

or sludge form
@ Implementation items and results

a. Identification of targets and items to organize (8/8)

- Creation of a draft process flow that adds the handling of fuel debris in powder, slurry, or sludge form expected
to be discharged during fuel debris retrieval to the series of processes for handling fuel debris in particle or lump

form.

<Assumed process flow for fuel debris in powder, slurry, or sludge form (draft)>

Reactor building +

extension building

: [Fuel debris ] (Cutting and of di materials ~ Unit can delivery)

| o coniseria }3
l

eceive empty mpty " " Empty cani -

i Pty canister Openlid HRaneve empty unit can; (id ) !

Bring inside the pedestal § -

S

Exectie dry
treatment based on
unit can condition?

Canister
(i open)

A ———

[8] Fasten
lid

Dt | [1jcutand 4 [2] Visual
== process  y Verification

[5] Transfer
Fuel debris B;S:zﬁa [4] Dewater outside the
& N | reactor building
4 | | |+ soingattheretrievalsite and after retrieval il be
handled in the future Reflected in this flow at the stage
of examination.
As of FY2018, the scenario statesthatanythingthat

- ety ke i

ly visual

Unitcan

. ——

iilbe

L' 0‘&

o o o — - —

«[Storage process] (Loading the unit can canister ~ Fastening the canister lid)

I

Canister

9] Veriy
surface

contamination l

b [Processes before canister delivery] (Verifying canister delivery ~ Verifying delivery) l

v

= [y l

[20] Inject Measure »
inert gas the amount .
of hydrogen

generated

[12]
Verify
delivery

Use a ransfer cask
for tansferring ir
the 1F premise:

Scenario I
Rranche; »

Empty sealed
container (lid
open)

mpty sealed

container 3 oed

‘Surface contaminao
grficaion

Pecontamination

“[Delivery process] (Loading the canister transfer casl

Empty
Empty shielding container

Empty transfer cask (lid
open)/

g o s v o6
* [Transfer process
* inside the premises]

Delivering the transfer cask]

transfer cas]

Open

Transfer cask (lid
open) / Shielding
container (lid open)

cask

[16] Verify
delivery

SR — e w— w— o w— ]

[17]
Load

L

(Note) Individual types of waste do not require sub-
criticality control, but if they cannot be sorted
by visual verification then they must be
managed as fuel debris.

- Abrasives [No.13] <)
- Solidifcation materialstichas geopolymers [No 141+

Waste

*: Processes that might not be implemented.

Generaﬁ’u_n in a gas system (metallic HEPA filter, etc.
+ MCCl crushed fragments in powder form [No.7]

+ MCCl crushed fragments in particle form [No8]

- Debris processing chips [N0.10, 11, 12]

- Gas phase fiter [N0.18]

In additon, dedicated containers for the folowing fuel debris in
partcle form with a particle size of 0.1 mm or more are assumed
o be mesh-structured containers such as a unit can.

~MCCI crushed fragments in particle form [No.8]

- Debris processing chips [No.11]
No

o - Deposits aL PCV bottc
. [5] Transfer
Generation in a liquid ::em 3] Collect CYEIDID
debris is ggllected in a sedimentation separation tank and fil reactor buiding
L — T —eeeee (No. 1to 3 occur

+ Fiter lquid waste coagulation settings [No.1 and 2] inthe extension
+ Coagulation settingsi [No3)

- Gas phase siudge [Nod]

buiding)

The followingis the process flow for
the fuel debris in particle or lump
formlisted above.

Itis necessary to refer to (from 8]
onwards) and determinethe
processes to be implemented from

the viewpoint of safety and handling.

- Inside RPV and PCV/

Fuel debris in powder, slurry, or sludge form and waste expected to be generated in the reactor building

Gas phase sludge [No.4] [liquid system]

Neutron absorbers for maintaining sub-criticality (sludge form) [No.5] [Waste] ')

Neutron absorbers for maintaining sub-criticality (slurry form) [No.6] [Waste] (o'e)

MCCI crushed fragments in powder form (particle size: less than 0.1 mm) [No.7) [Liquid

Abrasives [No.13] [Waste] (%

Solidified materials such as geopolymers [No.14] [Waste] ()

[Fumes, etc. during cutting [No.15] [Waste] (')

nebrg\)(onite heavy mud water [No.16] (particle size: several tens of ym to 5 mm) [Waste]

MCCI crushed fragments in particle form (particle size: 0.1 to 10 mm) [No.8] [Unit can]

Debris processing chips (aser gouging: 1 pm or less) [No.10] [Liquid system/gas system]

|Debris processing chips (laser gouging: 250 pm to 1 m) [No.11] [Collection container]
IDebris processing chips (disc cutter: 0.5 to 100 pm) [No.12] [Liquid system/gas system]

e ——

eposits at PCV bottom [No.17] (Particle size 0.1 pm to 10 mm) [Canister (loaded in a
eparator instead of a unit can)

as phase filter [N0.18] [Gas system (metallic HEPAilter, etc.)]

Fiquid phase filter [No.19] [Gas system (metallic HEPA filter, etc.)] I

Fuel debris in powder, slurry, or sludge form expected to be generated in the
extension building

(Note) Individual types of waste do not require
sub-criticality control, but if they cannot be

- Coagulation sediment in intermediate and final treatment filter liquid waste [No.2] [Sludge

- Coagulation sediment in coarse fiter liquid waste [No.1] [Sludge collection container/waste container]

sorted by visual verification then they must
be managed as fuel debris.

- Coagulation setings in RO concentated water [No3] [Sludge collcton contanerivaste coniner] —




6. Implementation detal
6.2 Identifying issues involving the storage of fuel debris in powder, slurry,

or sludge form

® Implementation items and results

No0.36

b. Evaluation/issue identification (including evaluations based on Japan and overseas

investigation results) (1/6) _ o _ N
- Issues in each process for handling fuel debris in powder, slurry, or sludge form were identified

based on the issue identification format.

<Example of issue identification based on the issue identification format>

Step

No Locations

ail

Details of
implementation

Technological
lements

Concepts and policies from a technological standpoint

Basic requirements

Considerations for the basic

Systems concepts

Permission and authorization (safety design)
policies

Proposed issues

unit can

Canister

unit can

Canister

unit can

Canister

‘Other components (systems that handle components other than unit can
and canisters)

3 | mside the
reactor

Collect fuel debris
he fuel
debris retrieval
equipment and fill
unit can

@ Structure

- Structural strength shall be able
to maintain the basic requirements
in 2)to () against loads from the
assumed events

- For the basic requirements in @ to
(@, guarantee either the unit can,
canister, transfer cask, storage
container, or cell

- Although the structure should
be able to maintain the basic
requirements of 2 and ®) ifthe

the
canister, it will be maintained by
the canister

- Although it is assumed that
system redundancies, etc. will
prevent the assumed events

uch as overturning or falling
during handiing and the policy
is not o consider them, a
structural strength evaluation
must be conducted i
becomes necessary to
consider them

- The current unit can structure proposal uses a mesh
structure for dewatering, making it difficult to collect fuel
debris in slurry or sludge form

- Since the cuirrent unif can structure proposal does not
have a lid (the upper part is open), vibrations or shaking
may cause fuel debris in slurry or sludge form collected
inside the unit can to spill out of the unit can.

@ Heat removal

- Fuel debris shall not melt from
decay hea

- Heat removal functions shall be
able to maintain the basic  _
requirements of (U and @ to @.

- The cells within the building have
sufficient ventilation capacity to
remove decay heat inside the unit

- Because the amount of heat
generated is small and heat is
removed by ventilation, active

heat removal is not guaranteed.

- The amount of heat
generated by fuel debris is
considered o be small, so
verify that ventilation can
satisfy the permissible
temperature for melting fuel
debris, etc.

- The amount of heat generated by fuel debris is small
and the ventlation should be able 1o remove it, but verify
that there are no significant issues on the heat'removal

<Building issues>

Verify that there are no significant issues in using building ventilation to
ensure the permissible temperature for melting fuel debris, etc.

(Since the amount of heat generated is considered to be small it is thought
that no significant issues exist)

(3 Confinement
(Contamination)

- Leakage of radioactive materials
shall be prevented

- The cells within the building have

- The unit can does not

sufficient
10 prevent contamination Quarantee o
(confinement). P

- The unit can does not
guarantee confinement
performance.

- There is no issue because the confinement performance
is not guaranteed

<Building (hot cell) issues>

- Dried debris in powder form discharged outside the unit can is likely to be
dispersed and it may be necessary to strengthen confinement performance
inside the hot cell

(However, other projects are examining the handling of fuel debris in
powder form inside the reactor, o it may not be an Issue.)

@ shielding

- The necessary shielding
capabilties shall be in place to
prevent radiation sickness.

- Cell shielding is designed to
prevent radiation exposure to
radiation personnel and the general
public caused by radiation emitted
from debris.

- Because the cell bears primary
responsibility shielding functions, the
thickness of the canister should be
the thickness required from the
perspective of structure, etc.

- There is no particular
guarantee as it is provided by
the cell boundary.

- There is no particular
guarantee as it is provided by
the cell boundary.

- No issue exists because there is no guarantee

<Building (hot cell) issues>

Verify the shielding guarantee at the cell boundary.

(However, other projects are examining the handling of fuel debris in
powder form inside the reactor, so it may not be an issue.)

® Criticality

- There shall be no risk of fuel
debris reaching criticality.

- Maintain sub-criticality in the unit
can geometrical shape.

- Maintain sub-criticality even in the
event of spillage, etc.

- Maintain sub-criticality in the
unit can geometrical shape.

- It is assumed that measures
will be taken on the equipment
end to prevent the unit can from
overturning

- Maintain sub-criticality in the
unit can geometrical shape.

- Verify the validity of the unit can’s assumed dimensions
with respect to criticality evaluation conditions (debris
distribution, arrangement, etc.)

(® Hydrogen

- Hydrogen explosion shall be
prevented.

- Maintain hydrogen concentration
inside fuel debris collection, transfer,
and storage containers below the
Tower explosion limit of 4 vol.%.

- Hydrogen is constantly
discharged inside the reactor
when the unit can is not
covered, so maintain hydrogen
concentration below the lower
explosion limit of 4 vol.% by
ventilating the inside of the

or.
- When the unit can is covered,

can is discharged properly.

- When the unit can is not
covered, en
concentration will be
maintained by ventilating the
inside of the reactor
- When the unit can is
covered, hydrogen
concentration will be
maintained by ventilating the
inside of the reactor. Conduct
hydrogen diffusion
evaluations, etc. as necessary
10 verify that hydrogen
jenerated in the unit can is
elow the lower explosion limit
vol.%

- As fuel debris becomes finer, the contribution rate of a-
rays, which have a large impact on water raiolysis,
incréases, and there is a possibilty that the amount of

VoI% in the unit can.
- Because fuel debris in slurry or sludge form is viscous, it
is possible that hydrogen pools willform in the interior and
intermittently discharge hydrogen, causing hydrogen
concentration in the gas phase section inside the unit can
10 rise suddenly.

Yellow markers indicate issues
selected from issues (draft) for each
fuel debris handling process (32

processes)

- Verify that measures will be taken on the equipment end to prevent
overturning with the handling of unit can.

@ Fire

- Fires shall be prevented from
occurring,

- Fires are prevented by creating an
inert gas atmosphere inside the

- Fires are prevented by creating
an inert gas atmosphere inside
the reactor.

- The high moisture content of
fuel debris is expected to
suppress dust fires.

- Fires are prevented by
creating an iner
atmosphere inside the reactor

- There is no issue, because fuel debris in slurry or sludge
form contains moisture and so will suppress dust fires.

(® Measuring

Measures for the material
accountancy and protection of
nuclear fuel materials shall be

- Material accountancy will not be
conducted when handling unit cans
that have collected fuel debris.
(material accountancy will be
conducted after loading into the
canister)

- Al efforts will be made to
design the unit can so that fuel
debris does not spill

- There is no issue because material accountancy is not
conducted with the unit can.

<l with materi ntancy and nuclear fuel material

measuring equipment>
- Itis possible that measuring nuclear fuel materials (including fuel debris in
slurry or sludge form) collected in the canister may not be correct because
of other materials such as concrete and moisture contained in the fuel

i
(However, other projects are examining methods for measuring nuclear
materials, so it may not be an issue.)

© Long-term integrity

- The basic requirements of (D to
® shall be able to be maintained
even when accounting for aging.

- There is no problem with material
integrity caused by corrosion, etc. of
structural components in the
environment during handling.

- Select materials that can
maintain structural integrity for
the expected unit can usage
environment.

- Select materials (SUS316L,
etc.) considerin
environmental conditions and
use analysis and testing to
evaluate integrity.

- The retrieval period is short and corrosion riskis not
assumed to materialize.

<Building (hot cell) and related component issues>

hererihe pnssnénny of problems with material integrity caused by

ortosion, etc. of structural components in the environment during
ndling.

(However, other projects are examining the handling of fuel debris in

powder form inside the reactor, so it may not be an issue.)

@ Other necessary
items for handiing
operations

~The necessary functions for fuel
debris retrieval and collection shall
e in place.

Olnternational Research Institute for Nuclear Decommissioning




6. Implementation detalls
6.2 Identifying issues involving the storage of fuel debris in powder, slurry,

or sludge form
® Implementation items and results
b. Evaluation/issue identification (including evaluations based on Japan and overseas
investigation results) (2/6)

<Main issues identified involving the storage of fuel debris in powder, slurry, or sludge form>
[Target equipment: unit can (unit can)]

No0.37

. Technological issues, solution phase, and
Items Selected issues Proposed measures solution period Notel
- Since the current unit can structure proposal uses a mesh - Study of containers without mesh structure - Study of container interiors for powdery fuel debris
structure for dewatering, it is difficult to collect fuel debris in interiors for filling powdery fuel debris. (alternative containers for unit can)
powder, slurry, or sludge form (hereinafter referred to as = Study of using related subsidy project (drying project)
o “powdery fuel debris”). and subsidy project starting in 2022*
) i i i ST T T T TT-------==========-===%|tis also necessary to examine the safety requirements for handling
5 - Since the current unit can structure proposal does not have a lid |- Implement countermeasures to prevent spills, unit cans and canisters in related subsidy projects that are
S (the upper part is open), powdery fuel debris may spill out during such as a unit can structure with a lid. reviewing the discharge of fuel debris in powder, slurry, or sludge
% handling. form.
- Because powdery fuel debris has a very small particle size, itis |- Develop drying procedures or dewatering - Study of drying systems for powdery fuel debris
difficult to dewater by having water fall from the unit can’s mesh methods because it is difficult to dewater via = Study of using related subsidy project (drying project)
part via gravity. gravity.
- In case of fine fuel debris, the contribution rate of a-rays, which - Verify whether the amount of hydrogen - Study of the amount of hydrogen generated and hydrogen
have a large impact on water radiolysis, increases, and there is a | generated from powdery fuel debris is greater discharge characteristics of powdery fuel debris
possibility that the amount of hydrogen generated will increase than that from fuel debris in particle or lump = Study of using subsidy project starting in FY2022 and
compared to the currently assumed particle size of 0.1 mm or form. actual machine engineering
larger. - Study of the discharge characteristics of - Study of methods for measuring hydrogen concentration in
hydrogen generated from powdery fuel debris. powdery fuel debris
- Measure hydrogen concentration and = Study of using actual machine engineering
c determine the subsequent handling methods
g-, (reducing the amount of collection, etc.) based
o on results of actual measurements.
E, - Because powdery fuel debris is viscous, it is possible that - Study of the discharge characteristics of - Study of discharge characteristics of hydrogen generated
I hydrogen pools will form in the interior and intermittently hydrogen generated from powdery fuel debris. from powdery fuel debris
discharge hydrogen, causing hydrogen concentration in the gas = Study of using subsidy project starting in FY2022 and
phase section inside the unit can to rise suddenly. actual machine engineering
- If the unit can is changed to the one with a lid (sealed), it may be |- If unit can structure will have a lid, examine - Study of container interiors for powdery fuel debris
difficult to achieve hydrogen concentration of less than 4 vol% in using a lid with a vent. (alternative containers for unit can)
the unit can. = Study of using related subsidy project (drying project)
and subsidy project starting in FY2022

TVOTC I,

TICTOtCUO SUPDSTOy PTUJCCT (UT YTy PTUJTTT)

- Subsidy project starting in FY2022

T DCVCTUPTITCTIT UT TCTTITTOTUYgTCS TUT COUTItarr iy,

: Development of Technologies for Containing, Transfer, and Storage of Fuel Debris

TTOOTSTCT, aITu, OtoT Tl

T UT T UCT DCOTTS (DTyNMTyg TCCIMTUTOgy TOT T UCT DCOTTS )

(development of the necessary technologies to the storage of fuel debris in powder, slurry, or sludge form)

- Actual machine engineering

: Study of after the characterization of fuel debris in powder form*

(*in the subsidy project, the properties of fuel debris in powder form were examined under assumed conditions)



6. Implementation detalls
6.2 Identifying issues involving the storage of fuel debris in powder, slurry,

or sludge form
® Implementation items and results
b. Evaluation/issue identification (including evaluations based on Japan and overseas

investigation results) (3/6)
<Main issues identified involving the storage of fuel debris in powder, slurry, or sludge form>
[Target equipment: canister] (1/2)

No0.38

Technological issues, solution phase,

method is required.

ltems Selected issues Proposed measures and solution period Notet
o - When powdery fuel debris is dried, drying could blow the finely - Development of a method for - Study of a solidification method for powdery fuel
5 powdered fuel debris and disperse it inside the cell, increasing solidifying powdery fuel debris that debris
5 contamination. In addition, because the fine powder passes through becomes finer powder after drying = Study of using subsidy projects (TBD) or
S the canister’s vent filter, the risk of the canister filter clogging could treatment. However, considering final actual machine engineering
5 increase. disposal, a reversible solidification

Confinement
(Contamination)

- When powdery fuel debris is dried, drying could blow the finely
powdered fuel debris, which could then pass through the canister’s
vent filter, resulting in high radiation contamination of the drying
equipment and the equipment that handles the canister.

- Evaluation of the behavior of fine
powdery fuel debris during drying
treatment (e.g., floating up) and the
amount of filter clogging and material
that passes through.

- Study of a drying method to suppress
the amount of powdery fuel debris that
the fuel debris can pass through the
filter, or containing and handling
methods that do not involve drying
treatment (such as a packaging
method for stable storage).

- Study of the dispersion characteristics of powdery
fuel debris in canisters during drying

= Study of using subsidy project starting in
FY2022

- Study of drying systems for powdery fuel debris
= Study of using related subsidy project (drying
project) and subsidy project starting in FY2022

- Study of handling methods (packaging methods)
for powdery fuel debris

= Study of using subsidy project starting in
FY2022

Hydrogen

- When fuel debris becomes fine, the contribution rate of a-rays, which
have a large impact on water radiolysis, increases, and there is a
possibility that the amount of hydrogen generated will increase
compared to the currently assumed particle size of 0.1 mm or larger.

- Because powdery fuel debris is viscous, it is possible that hydrogen
pools will form in the interior and intermittently discharge hydrogen,
causing hydrogen concentration in the gas phase section inside the
canister to rise suddenly.

- Response to hydrogen generation by
using the canister, which is the same
measure using the unit can.

(See No. 37)

- Response to hydrogen generation by using the
canister, which is the same measure to solve
technological issues of the unit can at the period of
solution.  (See No. 37)

Note 1: - Related subsidy project (drying project)
- Subsidy project starting in FY2022

- Subsidy project (TBD)
- Actual machine engineering

: Development of Technologies for Containing, Transfer, and Storage of Fuel Debris (Drying Technology for Fuel Debris)
: Development of Technologies for Containing, Transfer, and Storage of Fuel Debris

(development of the necessary technologies to the storage of fuel debris in powder, slurry, or sludge form)

: A subsidy project not currently planned that may be conducted in the future
: Study of after the characterization of fuel debris in powder form*

(*in the subsidy project, the properties of fuel debris in powder form were examined under assumed conditions)



6. Implementation details

No0.39

6.2 Identifying issues involving the storage of fuel debris in powder, slurry,

or sludge form
@ Implementation items and results
b. Evaluation/issue identification (including evaluations based on Japan and overseas

investigation results) (4/6)
<Main issues identified involving the storage of fuel debris in powder, slurry, or sludge form>
[Target equipment: canister] (2/2)

. Technological issues, solution phase,
Items Selected issues Proposed measures and solution period Notet
- The risk of dust fires may increase when drying powdery |- Maintaining of an inert gas atmosphere - Study of the atmosphere inside cells for
fuel debris because drying makes it easier for fuel debris | inside the cell. handling powdery fuel debris
to rise. = Study of using actual machine
o engineering
-E - Development of a method to solidify powdery |- Study of a solidification method for powdery
fuel debris that becomes finer powder after fuel debris
drying treatment. However, considering final [= Study of using subsidy projects (TBD)
disposal, a reversible solidification method is | or actual machine engineering
required.
= - Depending on the properties of the powdery fuel debris |- Study of material accountancy procedures |- Study of material accountancy procedures
? o collected in the canister, nuclear fuel materials may be based on nuclear fuel materials being for canisters
8 c discharged outside the canister, making appropriate discharged outside the canister. = Study of using actual machine
= material accountancy impossible. engineering
- Short-term handling, such as transfer using canisters - Evaluation of the possibility of canister - Study of assumed environment and
g - (material SUS316L) collecting powdery fuel debris, is corrosion occurring, factoring in the storage corrosion countermeasures during long-term
= considered to have a low risk of corrosion, but with long- | method and environment assumed during storage of powdery fuel debris
‘5 > term storage, environmental conditions like temperature, | long-term storage of powdery fuel debris. If |= Study of using subsidy projects (TBD)
S c residual water, and moisture within ingredients there is a risk of corrosion occurring, or actual engineering
a7 increases the risk of canister corrosion. countermeasures such as corrosion control
are considered.
Note 1: - Related subsidy project (drying project) : Development of Technologies for Containing, Transfer, and Storage of Fuel Debris (Drying Technology for Fuel Debris)

- Subsidy project starting in FY2022

- Subsidy project (TBD)
- Actual machine engineering

: Development of Technologies for Containing, Transfer, and Storage of Fuel Debris

(development of the necessary technologies to the storage of fuel debris in powder, slurry, or sludge form)

: A subsidy project not currently planned that may be conducted in the future
: Study of after the characterization of fuel debris in powder form*

(*in the subsidy project, the properties of fuel debris in powder form were examined under assumed conditions)

1RID
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Implementation details

No0.40

6.2 Identifying issues involving the storage of fuel debris in powder, slurry,

or sludge form

@ Implementation items and results
b. Evaluation/issue identification (including evaluations based on Japan and overseas

investigation results) (5/6)

<Main issues identified involving the storage of fuel debris in powder, slurry, or sludge form>

[Target equipment: other equipment]

Items Selected issues Proposed measures Technological ISSUGFS)é?i(()JéJt,\IIOOtglphaSG, and solution
- The flow of drying gas could disperse a large amount of - Drying treatment at a slow flow rate that does not - Study of drying systems for powdery fuel debris
fine powder inside the unit can into the drying equipment disperse fine powder. = Study of using related subsidy project (drying project) or
(including the exhaust gas treatment system). - Assuming that a large amount of fine powder is actual machine engineering
dispersed, develop equipment where filters canbe | _ sydy of the dispersion characteristics of powdery fuel debris in
replaced quickly and remotely, with a multi-line filter canisters during drying
o configuration. = Study of using subsidy project starting in FY2022
3 - Study of the system of each component and the dispersion
o characteristics of fine powdery fuel debris within each component
2 = Study of using actual machine engineering
n - When powdery fuel debris is dried, a large amount of fine |- Development of a method to solidify powdery fuel - Study of a solidification method for powdery fuel debris
powder within a canister could be dispersed inside debris that becomes finer powder after drying = Study of using subsidy projects (TBD) or actual machine
handling components (transfer casks, storage containers, | treatment. However, considering final disposal, a engineering
etc.) and equipment used in preparing canisters (inert gas | reversible solidification method is required.
injection equipment, hydrogen concentration measuring
equipment, etc.).
c = - When powdery fuel debris is dried, a large amount of - Evaluation of the behavior (floating up, etc.) of fine - Study of the dispersion characteristics of powdery fuel debris in
[ fine powder within a canister could disperse inside powdery fuel debris during drying treatment. Based each area and component, and the confinement performance,
GE) E~ canister handling areas (expansion building hot cells, on the results of these evaluations, the confinement countermeasures to prevent the spread of contamination, and
c @S etc.) and handling components (transfer casks, storage performance of each area and component, maintenance methods
= ° containers, etc.), possibly creating high radiation countermeasures to prevent the spread of = Study of using actual machine engineering
g Q contamination. contamination, maintenance methods, etc. are
oL considered.
- As fuel debris becomes finer, the contribution rate of a- - Response to hydrogen generation by using the |- Response to hydrogen generation by using the canister, which
rays, which have a large impact on water radiolysis, canister, which is the same measure using the unit | is the same measure to solve technological issues of the unit
c increases, and there is a possibility that the amount of can. can at the period of solution.
87 hydrogen generated will increase compared to the (See No. 37) (See No. 37)
1) currently assumed particle size of 0.1 mm or larger.
= - Because powdery fuel debris is viscous, it is possible that
= hydrogen pools will form in the interior and intermittently
T discharge hydrogen, causing hydrogen concentration in
the gas phase section inside each component to rise
suddenly.

Note 1: - Related subsidy project (drying project)

- Subsidy project starting in FY2022

: Development of Technologies for Containing, Transfer, and Storage of Fuel Debris (Drying Technology for Fuel Debris)
: Development of Technologies for Containing, Transfer, and Storage of Fuel Debris

(development of the necessary technologies to the storage of fuel debris in powder, slurry, or sludge form)

- Subsidy project (TBD)
- Actual machine engineering

: A subsidy project not currently planned that may be conducted in the future
: Study of after the characterization of fuel debris in powder form*

(*in the subsidy project, the properties of fuel debris in powder form were examined under assumed conditions)
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6.2 Identifying issues involving the storage of fuel debris in powder, slurryNo-41
or slud%e form

lem

tation items and results

b. Evaluatlonllssue identification (including evaluations based on Japan and overseas

investigation results) (6/6)
- The solution phase and solution period for the selected issues are shown below.

(Target schedule) B3@: Development of Technology for Collection, Transfer, and Storage of Fuel Debris

Item/FY

Period 2 (period until fuel debris retrieval starts)

Period 3-0D

Actual machine
engineering Note 1

2018 | 2019 ] 2020 2021

2022 [ 2023 onwards

Major events in the current
Mid-and-Long-Term
Roadmap

[Development of
Technology for Collection,
Transfer, and Storage of
Fuel Debris]

0. Investigations and R&D
planning for collection,
transfer, and storage

1. Development of
technology for collection
(implemented in
FY2020/21)

2. Developmen

technology BE

8. Case study of handling
radioactive materials in
powder, slurry, or sludge
form (implemented in
FY2020/21)

Development of transfer
technology

[Development of Technology
for Further Increasing the
Scale of Retrieval of Fuel
Debris and Reactor Internals]

Maintain and manage safe plant conditions

V Begin retrieving fuel debris at the initial unit

Engineering for collection, transfer, and storage

[Implementation items (example)]

- Study of the design and operation
(including rationalization) of each
component based on the results of
subsidy projects and the data following
collection of powdery fuel debris

Related subsidy project

Planning
v

- &

Update plans based on related projects, etc.

proje

This subsid
Canister . Y
o project
specification .
; d Study of countermeasures against changes
Weviews and . | canister filter failure scenario selection and A ,to canister filter performance
structural BEEEREEENEEEEE

verification tests

Development of

consequence assessment

-
Expansion and enhancement of drying treatment methods and operational parameters 1
10T

nv,

Analysis, organization, and comparison of case

Clarification of issues with current canisters
in the dry storage of fuel debris in powder,
slurry, or sludge form

Verification, etc. of dry storage with
current canisters

Hydrogen g
generation tests and

Investigation of

transfer conditions

‘ Alignment with related technological developments

(drying project) Note 1

[Implementation items]

- Acquisition of drying data for difficult-to-dry
materials (slurry, sludge, concrete)

- Expansion of drying data from canisters

- Clarification of drying equipment concepts
(Demands on canisters in terms of drying
treatment)

Subsidy project starting Iin

Subsidy prOJect TDB

FY2022 Note 1

[Implementation items]

- Case study of handling radioactive materials in
powdery fuel debris

- Study of hydrogen gas generation and
discharge characteristics

- Evaluation of the behavior of powdery fuel
debris within canisters

- Conceptual study of powdery fuel debris
collection methods

Note 1

Field work (including engineering)

Team Meeting for Countermeasures for Decommissioning and Contamlnated Water Treatment / Secretariat R&D

Meeting (86th meeting) Materials “FY2021 Decommissioning R&D Plan,” Added to “(Target schedule) B3@):

Development of Technologies for Containing, Transfer, and Storage of Fuel Debris”

Note 1: - Related subsidy project (drying project)
- Subsidy project starting in FY2022

- Subsidy project (TBD)

- Actual machine engineering

[Implementation items (example)]

- Study of a solidification method for powdery fuel
debris

- Study of the assumed environment and long-term
integrity when handling powdery fuel debris

: Development of Technologies for Containing, Transfer, and Storage of Fuel Debris (Drying Technology for Fuel Debris)
: Development of Technologies for Containing, Transfer, and Storage of Fuel Debris

(development of the necessary technologies to the storage of fuel debris in powder, slurry, or sludge form)
: A subsidy project not currently planned that may be conducted in the future

. Study of after the characterization of fuel debris in powder form*
(*ln the subsidy project. the properties of fuel debris in powder form were examined under assumed conditions)



6. Implementation detalls
6.2 Identifying issues involving the storage of fuel debris in powder, slurry,
or sludge form

@ Contribution of outcomes to relevant study areas

The results of identification of issues related to the storage of fuel debris in powder, slurry, or sludge
form were summarized to contribute to the clarification of technological issues to resolve in order to
ensure the necessary safety functions and implement long-term stable storage. For example,
reference information on the drying and storage of sludge.

No0.42

® Analysis with respect to the on-site applicability
Solving the technological issues related to the storage of fuel debris in powder, slurry, or sludge form
assumed to be collected during fuel debris retrieval is beneficial because it will lead to technologies
that can be applied on-site.

® Goal achievement level
It can be concluded that TRL Level 1 was achieved as planned because the following indicator to
judge goal achievement was satisfied:
« Identification of issues involving safe, reliable, and rational storage conditions when using a
canister for dry storing fuel debris similar to that for fuel debris in particle or lump form.

3
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6. Implementation details No 43
6.2 Identifying issues involving the storage of fuel debris in powder, slurry,

or sludge form

@ Issues to be addressed
Issues and countermeasures for each process up to storage were examined for dry storage of fuel
debris using similar canisters to those used for fuel debris in particle or lump form, and the following
technological issues to resolve were clarified.
(See No. 37 to 40)
In addition, related subsidy project and the continuation project of this subsidy project are planned to
solve the above technological issues after FY2022.

[Technological issues]

v/ Study of the interior of containers for powdery fuel debris (alternative containers for unit can)

v/ Study of the amount of hydrogen generated and the discharge characteristics of hydrogen generated from
powdery fuel debris

v/ Study of methods for measuring hydrogen concentration in powdery fuel debris

v/ Study of drying systems for powdery fuel debris

v/ Study of the dispersion characteristics of powdery fuel debris in canisters during drying

v/ Study of the systems in each component

v/ Study of the dispersion characteristics of powdery fuel debris in each area and component, and the
confinement performance, countermeasures to prevent the spread of contamination, and maintenance
methods

v/ Study of handling methods (collection methods) for powdery fuel debris

v/ Study of the atmosphere inside cells for handling of powdery fuel debris

v/ Study of assumed environment and corrosion countermeasures during long-term storage of powdery fuel
debris

v/ Study of material accountancy procedures for canisters

v/ Study of a solidification method for powdery fuel debris

|
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6. Implementation detalls
6.2 Identifying issues involving the storage of fuel debris in powder, slurry,
or sludge form
® Summary

- To comprehensively identify issues involved in safe and long-term stable storage of
fuel debris in power, slurry, or sludge form, evaluation items and organizational
methods for a series of handling processes and the canisters for particulate or lump-
shaped fuel debris were studied and the issue identification format was created .

No.44

- Information was exchanged at joint meetings with the related project, and information

involving fuel debris in powder, slurry, or sludge form expected to be discharged during
fuel debris retrieval was organized.

- Based on the above information and issue identification format, the technological
issues related to the storage of fuel debris in powder, slurry, or sludge form as well as
their solution phases and solution periods were clarified.

- Related subsidy project and the continuation project this subsidy project are planned to
solve the above technological issues after FY2022.

3
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6. Implementation details No.45
6.3 Performance assessment of canister filters

D Purposes and goals

Although it is assumed that the powdery fuel debris collected in canisters alongside fuel
debris in particle or lump form will be blown around the inside of the canister during various
handling and treatments (drying treatment, inspection, measurement, etc.) until final storage in
a storage facility, designs are progressing so that this dust will be captured by a filter installed
on the lid of the canister. Depending on the amount of powdery fuel debris captured, the flow
rate of hydrogen gas discharged outside the canister may decrease, or in the worst case
scenario, the canister may become clogged and the concentration of hydrogen gas inside the
canister may exceed the standard value.

In addition to the verification of the required specifications for filters that has been studied in
the related R&D project, “Development of Technologies for Containing, Transfer, and Storage
of Fuel Debris,” a broad range of the required specifications is reverified under this project.
Concepts of selecting filters that are being considered and consistency with evaluation results
of the filters are examined.

Furthermore, failure scenarios (i.e., corrosion, etc.) that impact filter performance are
selected and test conditions for evaluating those scenarios are considered.

@ Comparison with existing technology
The TMI-2 case study of vent filters was conducted to acquire knowledge, but information on
the effects of degradation due to a long-term use on filter performance is insufficient.

[ N ESS
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6.3 Performance assessment of canister filters
@ Implementation items and results

Setting of a study flow and study of each implementation item
a. ldentification of environments/conditions

Filter requirements - Examine general concepts for selecting filter specifications

Factor identification in filter 1S Identify factors that may cause filter degradation by referring to the scenario development
dearadation process for safety assessment (FEP Note 1) ysed in designing disposal facilities

- Refer to and organize the environment, fuel debris properties, and
canister specifications as input conditions from past projects
(canisters and fuel debris properties)
- Select degradation factors that match input conditions from among filter degradation
factors factors and identify possible degradation events

b. Study of filter life
evaluation methods Sort general filter properties
Organizatiomotiiliercaiegoriesy i Sort necessary requirements for evaluating each filter life

\
Select ion of degradation
events based on canister
environment

- For each type of filter, examine the possibility that the degradation events identified in
a. will occur under the following input conditions from retrieval to storage, and select
degradation events with high probability of occurring

C. Study of tes —~— AR Evaluation of filter degradation
methods and using a theoretical formula

conditions

- Use a theoretical formula to evaluate filter performance affected
by degradation from retrieval to storage

N A method for estimating degradation events in canister environments has been established

Note 1:

A method of organizing
individual events by

- Investigate general filter performance assessment methods (JIS, etc.) ~ SUmmarizing scenario
- Study of the applicability of general methods (inapplicable = consider ~ characteristics (Feature), events

Study of filter degradation simulation [ Study of filter degradation simulation methods
methods - Study of methods for determining the degree of degradation

Study of filter performance assessment
methods amendments) (Event), and processes
- Organize parameters (inputs) and issues required for testin Process) in a list

l Rl D Olnternational Research Institute for Nuclear Decommissioning



6. Implementation details

No.47
6.3 Performance assessment of canister filters
® Implementation items and results
a. Identification of environments and conditions (1/11)
(i) Filter requirements
- = Comblfsweugigalinisa::k:black’.7 = FlyashPOllen e
- Functions that confine fuel debris s v s -
partl CI es Cor;pr;z;tlilzl:e L  ULPAfilter HE;\W_}
I MMéfﬁcieLnZyifilter .
— Selected a filter with a capture rate that can oo o0 T BT — T
. Particle size (um)
guaranteg the set DF for the fuel debris Figure 1 Filter unit performance and particle size captured Note 1
particle size to be captured. o
o 023~35C ' |
0p g A 0~10C 5
- Functions that release hydrogen generated by water 60 g s
radiolysis N s

— Selected a filter with a hydrogen permeation performance that
allows the generated hydrogen to escape by diffusion so that
hydrogen concentration in the canister remain below the lower o ]
explosion limit (4 vol% or less at room temperature and pressure). 4 BLELTR 8 LT A

Note 1: Kamishima, “Performance of Air Filter Units” Aerosol Research Vol.4, No.4 (1989)

Note 2: Yagyu et al., “Effect of High Pressure on the Flammability Limits of Hydrogen,” Safety Engineering Vol.8, No.5 (1969)

IRID

Pressure [kg/cm2G]
= g
— Lo ] C
T

(L e 1§ VI R P

Hydrogen concentration (vol%) .

Figure 2 Flammaubility limit of binary
hydrogen-air system Note 2
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Implementation details

No0.48

6.3 Performance assessment of canister filters -Arangedintos environmental categories vith

® Implementation items and results
a. ldentification of environments and conditions (2/11)
(i1) Identifying factors in filter degradation

regard to the scenario development process for
safety assessment (FEP)
(radiation environment, thermal environment,
stress environment, chemical environment,
external environment)

- Arranged possible causes and events of filter
degradation for each environmental category

Environmental . Degradation
category Cause Events Event details mode
Radiolysis of fuel debris generates hydrogen and particles are blown into the atmosphere, clogging the filter. Clogged
Hydrogen —I= . - . - -
) ) eneration _Radloly_3|s _of fuel debris generates hydrogen and patrticles are blown into the atmosphere, clogging the filter and thereby Damaged
Radiation Radiolysis 9 increasing internal pressure and filter damage.
environment Embrittlement Prolonged exposure to hydrogen generated by the radiolysis of the water that accompanies waste causes hydrogen Damaaed
lembrittlement and filter damage. 9
L Radiation L } i i
Radiation degradation Radiation of fuel debris causes filter material to degrade and become damaged. Damaged
: The temperature of fuel debris rises due to decay heat and heat conduction causes the temperature of the filter to rise,
Thermal alteration resulting in thermal alteration and filter damage. Damaged
Thermal Decay heat Thermal IThe temperature of fuel debris rises due to decay heat and heat conduction causes the temperature of the container to
environment deformation ;. exerting stress on and damaging the affixed filter. Damaged
(container)
Thermal convection|Thermal convection causes powder of fuel debris to rise in the atmosphere and clog the filter. Clogged
- . - Impacts such as collisions and drops during transportation or earthquakes can deform or damage the container and filter,
Stress Vlbratl_on during Impact resulting in the loss of filter functionality. Damaged
environment transportation or from an Dust generated by
earthquake vibration \Vibrations caused by transportation or earthquakes cause fuel debris particles to rise and clog the filter. Clogged
Thickness reduction|Corrosive substances attaching to the filter cause corrosion and wastage. Damaged
Oxide film ICorrosion on the surface of filter fibers causes an oxide film to form, which increases fiber diameter (decreases pore Cloaged
Chemical generation diameter) and results in clogging. 99
. Corrosion T Prolonged exposure to vapors containing corrosive substances causes the accumulation of corrosive substances on the
environment Salt precipitation filter, resulting in clogging. Clogged
: : IA potential difference is created between the filter and the contact surface of the container or metal fuel debris, resulting
Electric corrosion in electric corrosion of the filter and weakening or damage. Damaged
. . Microorganisms such as mold grow inside and outside the filter, forming a biofilter that clogs the filter and prevents
Microbial membranehyolrogen permeation. Clogged
Differences between the Water film [Temperature differences between the inside and outside of the filter cause a film of water to form on the surface of the Clogaed
External canister interior and the filter that clogs the filter and prevents hydrogen permeation. 99
environment outside environment Aerosol deposition |Aerosols such as sea salt particles are dispersed and deposited on the outer surface of the filter, clogging it. Clogged
Powder dispersion Pressure differences between the inside and outside of the filter generate an air flow, causing powder to fly around and Clogged
iclog the filter.
UV in the environment UV degradation |UV in the environment degrades and damages filter material. Damaged

1RID

17 degradation events in total were identified.
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6.3 Performance assessment of canister filters
@ Implementation items and results
a. ldentification of environments and conditions (3/11)

Input conditions (fuel debris properties, container

(|||) Organization Of inpUt COﬂditiOﬂS (1/3) specifications, environment conditions inside and outside
canisters) were identified from information in past projects.
Table Results of identifying fuel debris properties

. . s " N dl
6. Implementation Qetalls o_f this project Items Properties Remarks 2
6.2 Implementation details
1) Technological developments to prevent f_uel debris diffusion Component | Molten fuel debris Main component 1 uo2 Data obtained from accident progression analysis of Unit 1
(@ Development of a fuel debris collection system
. p g ( grabbing, etc) X . X - ) - )
%%?:g:i:;i ;toﬁfl‘geebs”'sczmsnsce”:nd"r’:é‘:izr'; f;f::(:‘n Iekbing. <fc. Molten fuel debris Main component 2 Zr0o2 Data obtained from accident progression analysis of Unit 1
M MICCI Main component 1 Sio2 Data obtained from accident progression analysis of Unit 1
Powder ‘Smaller than 0.1 mm Sucked by waterborne system.
MICCI Main component 2 Fe203 Data obtained from accident progression analysis of Unit 1
Particle 0.1 mm to 10mm Sucked by pump. 2
e e PR IO | - o MICCI Main component 3 uo2 Data obtained from accident progression analysis of Unit 1
without processing
Lumps
(asize that needsgxeor llahea;vé::ssen before being UHT."ZZ?:?;‘ L’xﬁiiii‘;:xfoﬂ: :‘al o e Metal fuel debris Main component 1 Fe Data obtained from accident progression analysis of Unit 1
collected in a unit can) depending on its size after processing.
. . - e debriswil X . X . Ny N § §
- Implementatlon details —r ystem as the debris wil Metal fuel debris Main component 2 Ni Data obtained from accident progression analysis of Unit 1
4% thodis ikely o be faster
6.3 Development of technology for transfer of fuel debris Metal fuel debris Main component 3 Ru Data obtained from accident progression analysis of Unit 1
(1) Study of methods to predict hydrogen generation auires processimand — - -
® Implementation items and results (estimated and actual) 8 [y ckinothem up wiha Properties Molten and resolidified material Particle or pebble ¢ ¢, 1) g/cm3 Data obtained from accident progression analysis of Unit 1
b. Performing hydrogen generation tests (1/3) § IO .. . i con form
(i) Test conditions for hydrogen generation tests (spent fuel tests, J . Molten and resolidified material Lump form 610 11 g/cm3 Data obtained from accident progression analysis of Unit 1
Tests are conducted using particle size as a parameter to verify the particle o
dependt To el te the infl f th tact betwe llet TP
E‘afimui'i?nf 'Qﬁiuﬁni‘s"'.‘n"?ni bfu'n"u::,"ﬁsu"ne@igr". ?hce pi\le?:grﬁilss Molten and resolidified material Bedrock form 6to 11 g/lcm3 Data obtained from accident progression analysis of Unit 1
and test water, the water will be agitated to cause the particles to float in the
Z,“fal‘.fé ,'QCZ",,?!}.';’;‘;“X%iﬁ'ﬁf;;};’j‘m‘,i’;;‘?‘5{5’3’;‘;?3,‘Z:S’J!{,:“e influence MCCI product Powder or pebble form 6to 11 g/lcm3 Data obtained from accident progression analysis of Unit 1
recombination inhibitor halogen ions added in it and the other without such [RS8
halogen ions. Further, tests with and without agitating the test water are . MCCI product Lump form 210 11 g/cm3 Data obtained from accident progression analysis of Unit 1
planned to verify the mfh:ﬂence of agdltatlon’ oty . et 192 P00 O the hcrogen generatontest
Table Test conditons of the hycogen generation tests with spent fue it el
“ 6. |mp|ememat|on details MCCI product Bedrock form 2to 11 g/lcm3 Data obtained from accident progression analysis of Unit 1
Partcl siz: 6.3 Development of technolo‘gy for transfer of fuel‘ debris water Particle size (powder form) Smaller than 0.1 mm Fuel Debris Retrieval (Fundamental Technology) Project FY2018 Final Report Material No.21
Casel  orvoximately 0015 mm (1) Study of methods to predict hydrogen generation
Paric i o i H
Case2 . approxmately 0.1 ® Implementation items and results (estimated and actual) patticle: Particle size (particle form) 0.1 mmto 10 mm Fuel Debris Retrieval (Fundamental Technology) Project FY2018 Final Report Material No.21
Cased s d. Estimation of hydrogen generation amount in a canister
sk e amount of hydrogen generated in a canister that contains fuel debris was estmated using a linear N Particle size (lump form) 10 mmto 100 mm Fuel Debris Retrieval (Fundamental Technology) Project FY2018 Final Report Material No.21
=X | R ; 'rré éa\lwh/lng :un(dmgn s used o el detrs: it consiss nly of O, fuel debri ha originates i el e yrT——
loaded in the 1F-1 (a burnup of 40GWd/t and 10-year cooling periof poricle an cneepn s panyi P . . . .
N 50.%01% for the volume of dewatering and 1.1 vei% (- 0.1 %) 0 he volume of moisture to be ied R auid 9 Chioride ion 5.6 x 104 mol/L Canister Project FY2020 Final Report Material No. 46
"o agtaton were used for the volume of water in PHITS calculation. Hl
=0 | e - e e e lodide i 1.0 x 1074 moliL Canister Project FY2020 Final Report Material No. 46
I I | odide ion / -4 mol anister Project inal Report Material No.
SRS ety EISISEETO  ohmoary TOGToee Taot e potae
L ey aeonien ol ) - s memiz;f;sm‘m" mmmmm':m o (Pamc\esp:::r oLy “’:"'%ESS ‘:‘E:‘E’n"‘,"g;"é:} pH 9to 10 Canister Project FY2020 Final Report Material No. 46
§ | umPWTS . dsvibaion e ridesmied mediya e i parics mbed i+ - - - - - -
S S e wam e E oy e et Moisture content (before drying) 50 vol.% Canister Project FY2020 Final Report Material No. 50
g tosts () =1 Vray: 0158 Vray:0134 Vray:0.058 Vray:0002 Vray: 0002
2 Pf:;:ﬁ:ﬁ: : T T S I T I Cry 221Wkg U0,y 7 Moisture content (after drying) 0.1 wt% Canister Project FY2020 Final Report Material No. 50
3 Weigh of fuel debiis (M) Design value (72.9 kg for a canister with an inner diameter of 220 m) va
Ratoo el coraed it e M vabe (1 ydrogen Hydrogen generation rate (before drying) 1.6 x 10-16 L/h/Bg Canister Project FY2020 Final Report Material No. 50
ychogen generaion G vl (G) " pray and .generation
e e I W o I B ) ShEal] ERER i el Hydrogen generation rate (after drying) 2.3 x 10-18 L/h/Bq Canister Project FY2020 Final Report Material No. 50
[ — .
EIEM‘&&M ) sy 11 e Others Total inventol 2.18 x 10715 Bg/t JAEA/CRIEPI “Research on the Sophistication of Statistical Inventory Estimation Method”
ry q P! ry
e, : 1 S oo i o v oy e o Extracted from
Sy e X
oy e e 02 - ’ Subsidy Project of “Decommissioning and Contaminated Water Management (Development of Technologies for Containing, Transfer and
B T . P S —— Storage of Fuel Debris)” in the FY2018 Supplementary Budgets, Final Report, June 2021

Subsidy Project of “Decommissioning and Contaminated Water Management (Upgrading of Fundamental Technology for Retrieval of Fuel
Debris and Reactor Internals)” in the FY2016 Supplementary Budgets, Final Report, July 2019

JAEA/CRIEPI “Research on the Sthistication of Statistical Inventor* Estimation Method”

|
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6. Implementation details

6.3 Performance assessment of canister filters
@ Implementation items and results
a. Identification of environments and conditions (4/11)
(ii1) Organization of input conditions (2/3)

Table 1 Results of identifying canister specifications

No0.50

Table 2 Results of identifying transfer cask specifications

ltems Specifications Remarks Items Specifications Remarks
: - June 2021 Canister Project Final Report Material Not specified _
Material Stainless steel (SUS316L) Material No.112 : ‘ p
Seal material Elastomer resin (EPDM) .;Aui;griZ;Z’\]l.OCla}Lnslster Project Final Report Seal material Not specified —
e — - - Heat removal - June 2021 Canister Project Final Report
Heat removal Drvi June 2021 Canister Project Final Report method Drying Material No.94
method b Material No.106 June 2021 Canister Project Final Report
Internal diameter 220 mm .;Aué;griZgl)Zl\}OClaﬂster Project Final Report Internal diameter 1700 mm Material N0.94 _ _
. June 2021 Canister Project Final Report Height 1200 mm June 2021 Canister Project Final Report
Height 800 mm Material No.114 Material N0.94 _ _
Unit can outer 210 mm June 2021 Canister Project Final Report Capacity 12 canisters can be enclosed \lillu;t((:rizacizl\}o%anmer Project Final Report
diameter Material No.114 STTY - -
- - - ) . . June 2021 Canister Project Final Report
Unit can height 400 mm .;Aué;(;riZ;)IZ’\]l.OCla}erster Project Final Report Confinement function|Sealing Material No.52
= ats valie T T Gas processing No June 2021 Canister Project Final Report
Capacity 0.03 m3 dirrﬁé?])élig]r?se value from the above function Material No.52
. 30% (Fuel debris capacity: 0.01  |June 2021 Canister Project Final Report
Filling rate m?) Material No.26 Table 3 R | fid e . ifi .
Confinement Filter installation June 2021 Canister Project Final Report aple esults or | entlfylng storage container Speci Ications
fclanCtion , \';/'ate"izagzl\jl_oé-os e ltems Specifications Remarks
as processing L une anister Project Final Repor - —
function Recombination catalyst Material No.112 Material Not specified —
Vent filter (temporary values) Seal material Not specified — - - -
| Specificati R K Heat removal Drvin June 2021 Canister Project Final Report
tems pecifications emarks method rying Material No.5
. June 2021 Canister Project Final Report ; £ _
Material SUS316 Material No. 108 Internal diameter Not specified
Mesh diameter 0.3 pm June 2021 Canister Project Final Report Height Not specified —
Material No.108 - -
Capacity Not specified —
Recombination catalyst (temporary values) Confinement Vent pipe June 2021 Canister Project Final Report
Items Specifications Remarks function : Material NO.5__ : :
Jone 2021 Cansier Proeci Final Renort Gas processing _There is a gas treatment system |June _2021 Canister Project Final Report
Material Platinum catalyst (TKK H1P) Material No.120 ) p function in the later stage Material No.5
Catalyst bed June 2021 Canister Project Final Report Extracted from the Subsidy Project of “Decommissioning and Contaminated Water Management (Development of
thickness 20 mm Material No.112 Technologies for Containing, Transfer and Storage of Fuel Debris)” in the FY2018 Supplementary Budgets, Final

Report. June 2021

Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation details
6.3 Performance assessment of canister filters

@ Implementation items and results
a. Identification of environments and conditions (5/11)
(ii1) Organization of input conditions (3/3)

Canister
interior

Exterior
environment

No.51

Table Results of identifying environmental conditions inside and outside canisters

Process Sealing cell Drying treatment Preparation cell Receiving area Storage area Remarks
Temperature Up to 300°C Up to 300°C Up to 300°C Up to 300°C Up to 300°C March 2017 Canister Project Final Report Material No.50
Pressure Negative pressure Not specified Normal pressure Negative pressure Not specified June 2021 Canister Project Final Report Material No.4-5
H“m'(fr'gn(g)efore 100 % - 100 % 100 % - June 2021 Canister Project Final Report Material No.4-5
Hun:;:jylitr):q(;alfter Sufficiently low value Sufficiently low value Sulfficiently low value Sufficiently low value Sufficiently low value ‘;Léne 2021 Canister Project Final Report Material No.4-5,

Atmosphere gas

Same as building
atmosphere

Inert gas injection

Inert gas injection

Inert gas injection

June 2021 Canister Project Final Report Material No.4-5,
100-101

Cooling method

Dry natural cooling

Dry natural cooling

Dry natural cooling

Dry natural cooling

June 2021 Canister Project Final Report Material No.4-5

Exterior
environment

Building

Drying apparatus

Building — transfer cask

Transfer cask — building —
storage container

Storage cask

June 2021 Canister Project Final Report Material No.4-5

Confinement
function

Filter

Filter

Filter + seal

Filter

From the vent pipe to
the outside of the
building through the gas
treatment system

June 2021 Canister Project Final Report Material No.4-5

Not stated (expected to be

Up to 10 days

Not stated (expected to be

Not stated (expected to be a few

Maximum 50 years

June 2018 Canister Project Final Report Material No. 49

Assumed period a few days) a few days) days)
Process Sealing cell Drying treatment Preparation cell Receiving area Storage area Remarks
Temperature Room temperature 200°C Room temperature Room temperature Room temperature  |June 2021 Canister Project Final Report Material No.4-5
Pressure Negative pressure Not specified Normal pressure Negative pressure Negative pressure  |June 2021 Canister Project Final Report Material No.4-5
Humidity Properly managed — Properly managed Properly managed Properly managed [June 2021 Canister Project Final Report Material No.4-5

IRID

Extracted from

Subsidy Project of “Decommissioning and Contaminated Water Management (Development of Technologies for Containing, Transfer and
Storage of Fuel Debris)” in the FY2014 Supplementary Budgets, Final Report, March 2017

Subsidy Project of “Decommissioning and Contaminated Water Management (Development of Technologies for Containing, Transfer and
Storage of Fuel Debris)” in the FY2015 Supplementary Budgets, Final Report, March 2018

Subsidy Project of “Decommissioning and Contaminated Water Management (Development of Technologies for Containing, Transfer and
Storage of Fuel Debris)” in the FY2018 Supplementary Budgets, Final Report, June 2021
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6. Implementation details
6.3 Performance assessment of canister filters

® Implementation items and results

a. ldentification of environments and conditions (6/11) -

(iv) Selection of degradation factors (1/6)

- Sealing cell

Lifting
machine

~

Canister transfer

system

Weight measuring system
(Surface contamination check)

No0.52

- C__\ -—
o ‘Thici'ness Elcctric I
Qe RO ;;'ger;qi]c?ll] de-l;gre;wn;filcl)n m reducuon corros‘od deo:tl(;/atior.
ambritlemer t Degradation . \/ :
(Container)
Generated stress ontainer material
o Temperature Filter strength o Filter material . .
Amount of hydrogen | Radiation dose | Temperature | Filter strength Fuel debris Corrosive ion Fuel debris UV intensity
generated Irradiation time | Filter strength | Filter thermal composition concentration composition Ir_radlatlon time
Moisture content Filter material expansion coefficient | Fuel debris shape | Temperature Moisture content | Filter material
Temperature Time Filter material (lump) Humidity Temperature Time
Time Container thermal Container strength #/!msture content | {ymidity
expansion coefficient i i Ime i
_ v vexpansi icient y Container material yTime A N Damaged
A t ef >
h;:j?ggen AAmount of A A A A ﬂk gzt
generated hydrog?nd Temperature Freqlt_Jtegcy and{ |hternal and Corrosive ion Corrosive ion Temperature
Radiation dose |9enerate Contai h amplituae external concentration concentration Humidity
; Radiation dose ontainer shape Acceleration ' Temperature Temperature
Moisture content| % ; ) pressure Temperature Temperature External wind p e
; Moisture content| Fuel debris shape Filt . T e X wi Moi Humidity
Filter pore : - v |Flterpore difference Humidity Humidity d oisture -
; Filter pore Fuel debris position in |qj t . ! . spee Moisture
diameter : - lameter Powder particle | Moisture content | Moisture content ' content
i diameter the canister icld ™ P . . : Aerosol particle i i content
Filter strength : i ) Powder particlg Filter pore diameter| Filt : Microorganisms|
Powder particle |Powder particle | powder particle size  |sjze géeder density | T2 p dilaﬁwrquﬁe ize e Time
i size Powder densit . i | erosol density
5z Powder density y Powder denSIt L )
Sal;

9%,

i

Powder densit
Gas generation

Excluded because the event progresses slowly and does not lead to damage or
clogging while in the area

Excluded because there is no difference in pressure between the inside and
outside of the canister in the area

Excluded because the area is indoors

D

Thermal
convection

by vibration

generated

Dust

Dispersion

Pcwder

Oxide film

Jeneration

nrecinitatior,

Aerasol
ccumuatio

‘v

_ - N\
Micr20iel
memarane

n

Excluded because the salt concentration is adequately low based on fuel debris

properties

17 degradation events = 10 items excluded, so 7 items to be examined.
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6. Implementation details
6.3 Performance assessment of canister filters
@ Implementation items and results
a. ldentification of environments and conditions (7/11)
(iv) Selection of degradation factors (2/6)

- Preparation cell

Lifting
machine

No0.53

/

T

Secondary [id
fastening
machine/gas

Primary lid
fastir]ing/
machine/gas ;fon

injector/leak 'S'ygfet;gﬂeak

Preparation
cell

- ﬁ detector detection system
Y \
21 | :

JA

&
0

Transfer

Transport cask
cask

transfer
equipment

Transfer
rack

Transfer

=T a o C__\ -—
A Rediation Thermal Thermal fhici'ness Eiectric Y
- a R 0 - K .
Hyrogen o N alteration deformation reducuon corro<'on dea-adetion
smbrit'emer t Ll (Container)
Generated stress iner material
Temperature Filter strength o Filter material
Amount of hydrogen | Radiation dose | Temperature Filter strength Fuel debris Corrosive ion Fuel debris _ )
iation ti ; Filter thermal composition concentration S UV intensity
generated Iradiation ime | Filter strength expansion coefficient Fuelpdebris shape | Temperature composition Irradiation time
Moisture content Filter material Xp > - Moisture content . ]
Temperature Time Filter material (lump) Humidity Temperature F!Iter material
i Container thermal Container strength | Moisture content Humidity Time
expansion coefficient y Container material Time :

y A 4 vexp v VYTime v N Damaged
Amount ef g Clogged
hydrogend “ﬁ%?ggér?f 1 AFrequency and‘ C ive i “C Ve i * * ﬂ‘
generate : orrosive ion orrosive ion Temperature
Radiation dose [generated Temperature amplitude Inxtterrr:]allar:d L, concentration concentration HumFinity T .
Moisture content | Radiation dose | Container shape Acceleration | &Xt€rnal Pressurgro o, Joratire Temperature c i Temperature emperature
Filter pore Moisture content| Fuel debris shape Filter pore difference Humidity Humidity xternal win Moisture Humidity
diameter Filter pore Fuel debris position in |giameter Powder particle Moisture content | Moist tent speed ) content Moisture

- diameter i - 1d size ; : oISture content | Aerosol particle | i ntent
Filter strength . the canister Powder particl] ) Filter pore diameter| Filter pore ' Microorganisms| conte
Powder particle |Powder particle | powder particle size  |sjze Powder density | .. di F{ size ) Time
size size .| Powder density Powder densit “ lameter Agrasol density
Powder density |Powder density K\ [\ ny X

Sal;

Gas generation UL
g ' convection

9%,

TRID

Excluded because the event progresses slowly and does not lead to damage
or clogging while in the area

Excluded because there is no difference in pressure between the inside and
outside of the canister in the area

Excluded because the area is indoors

Oxide film
REQEIEN

Dust Pewder

dispeision

Aerosol \

accumulatior

‘v

generated
by vibration

nrecinitatior,

properties

m
—

_ - N\
dicr2Dicel

emorane
S

Excluded because the salt concentration is adequately low based on fuel debris

17 degradation events = 10 items excluded, so 7 items to be examined
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6. Implementation details

6.3 Performance assessment of canister filters¢

@ Implementation items and results

a. ldentification of environments and conditions (8/11)

(iv) Selection of degradation factors (3/6)

Hydrogen gas e
treatment system

- Receiving area

No0.54

for work

Ven llat
s em
monltonn@h'e'd”‘g
Canlster
Gate

Scaffoldin
¢ Transfer ca

=

&

Stored item
checking
equi

nt

—

A

A
/A Rediati Thermal Thermal ‘Thici'ness Elcctric
IR ] - '?thn alteration Ml deformation reducvon corrosion
ambrit'emer t degradation (Container) Y
Generated stress ;
Temperature Filter strength e Filter material
Amount of Radiation dose | Temperature | Filter strength Fuel debris ccgr:rc%ﬂ;/r(;tli%r; Fuel debris UV intensity
hydrogen Irradiation time | Filter strength | Filter thermal composition Temoerature composition Irradiation time
generated Filter material expansion coefficient | Fuel debris shape Huml?dit Moisture content F_|Iter material
Moisture content Time Filter material (lump) Moist y tent Temperature Time
Temperature Container thermal Container strength Ti?r:fe ure conten Humidity
Time i ici Container material i
- v v expansion coefficient w vTime v :
Amount of g Clogged
hydrogen 4 Amount of A Arrequency 4 4 A 4 ﬂi
generated hydrogen and amplitude Corrosive ion Corrosive ion Temperature
Radiation dose | generated Temperature Acceleration concentration concentration Humidity
Moisture content| Radiation dose | Container shape Filter pore Internal and Temperature Temperature External wind
Filter pore Moisture contentf Fuel debris shape | giameter external pressurg Humidity Humidity s;))(eeeda Wi Temperature | Temperature
diameter Filter pore Fuel debris positionin | powder difference Moisture content | Moisture content | aarosol particle | Vo'Sture Humidity
Filter strength | diameter | the canister iole Si Powder particle | Fj| di il . P content Moist
icle | Powd ticl o particle size | Filter pore diameter| Filter pore size ) _ oisture
Rowder particle | Powder particle | po\wder particle size Powder ize - diameter ) Microorganisms| content
size aze Powder density : Powder density “ : Asrasgl density [ jme
Powder density | Powder density densit ? \ [Time _ A

Gas generation

Thermal
convection

Dust

generated
by vibration

Powder

dispersion

Oxide film
REQEIEN

® Excluded because the event progresses slowly and does not lead to damage or clogging while in the area

® Excluded because the area is indoors

TRID

Sal;

nrecinitatior,

Aerosol
accumulatior

‘v

_ - N\
Micr20iel

memorane

17 degradation events = 9 items excluded, so 8 items to be examined
(I S ! Excluded because the salt concentration is adequately low based on fuel debris properties

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation details
6.3 Performance assessment of canister filters

- Drying treatment No.55

Vacuum exhaust
; (inner pressure)
‘Radiation © T

. . GG [.—.! é
@ Implementation items and results % =
a. ldentification of environments and conditions (9/11 (| gy

Hydrogen gas
treatment system

(Heating
temperature)

Hot air (

(iv) Selection of degradation factors (4/6) oo 2R F
temgeraturé > \ <

Chamber or canister

(capacity)
Figure Basic concept of the drying apparatus

/\ - diati Thermal Thermal IRGESS Eicctric NV
Hy-rogen dsgrale*lg(t)ign alteration deformation reducion corro:ic& deo-adation
ambritilemer t - (Container) Y ‘
Generated stress Container material
Temperature Filter strength o Filter material
ﬁ”(‘joum of Radiation dose Temperature E:::g{ tsk::aerrrfgr Fuel del:_)tr_ls (C::(?r:gﬂ;/ritli%rr]] Fuel debris UV intensity
ydrogen Irradiation time | Filter strength \ . composition composition Irradiation time

generated Filter material expansion coefficient | Fuel debris shape Temperature Moisture content | Filter material

Moisture content | Time Filter material (lump) Humidity Temperature Time

Temperature Container thermal Container strength | Moisture content Humidity

v Time expansion coefficient wContainer material ¢ Time ¥ Time v _
s N Damaged
Amount of >
g)é?w:ac;%fgd Famount of 1 AF (;‘ ACorrosive ion ﬂ‘ * ﬂ‘ g
- e hydrogen requency an . (
Radiation dose g)énergted Temperature amplitude Internal and gg&%ﬂ;’&;gﬂ concentration Lempéa{ature
E’!I‘z'smre content| Radiation dose | Container shape Acceleration | external Temperature Temperature Eutml '?’ ind
Filter pore Moisture content| Fuel debris shape Filter pore pressure HumFi)dit Humidity X erga win Temperature | Temperature
Filter strength | er pore Fuel debris position in |diameter difference Moisturg content | Moisture content ipee Iparticle | Moisture Humidity
Powder particle | oot . | the canister Powder Powder particle | ier pore diameter] gincs for® e L0C | content Moisture
size Powder particle | powder particle size  |particle size  |Size . P diameter ize | densit Microorganismg content
Powder density | oec Powder density Powder densityj Powder density Time AR Time
Sal;

Dust

Oxide film
generotion

Powder
dispersion

Aerasol
accumuatiori

_ - N\
Micr20iel

Powder densit
Gas generation Ul
g convection

® Excluded because the event progresses slowly and does not lead to damage or clogging while in the area

generated
by vibration

nreciitatior.

memorane

® Excluded because the area is indoors . . . .
17 degradation events = 9 items excluded, so 8 items to be examined
Excluded because the salt concentration is adequately low based on fuel debris properties

TRID
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—6. Implementat|0n deta”S - Storage area |
6.3 Performance assessment of canister filters
@ Implementation items and results
a. Identification of environments and conditions (10/11)
(iv) Selection of degradation factors (5/6)

No0.56

=

Area monitor

Gas treatment
system

Surface
temperature
Imeasuring
lequipment

Powder

-
;3. -4
[ = ]
Radiati Thermal Thermal Thickness Electric Y,
Hydrogen Rl alteration deformation reduction corrosion degrad'ation
embrittlement degradation (Container)
Generated stress Container mateNe
Temperature Filter strength o Filter material

Amount of Radiation dose | Temperature | Filter strength Fuel debris Corrosive jon Fuel debris UV intensity

hydrogen Irradiation time | Filter strength | Filter thermal composition concentration composition Irradiation time

generated Eilter material expansion coefficient | Fuel debris shape Temperature Moisture content | Filter material

Moisture content Time Filter material (lump) Humidity Temperature Time

Temperature Container thermal Container strength ¥!0|5ture content Humidity

i expansion coefficient i i ime .

- v Time s v expansi icient wContainer material ¥ Time v :
Amount.of 3 Clogoed
hydrogen 4rmount of 4 AFrequency and 4 A o 4 A ﬂ‘
generated hydrogen amplitude o Corrosive ion Temperature
Radiation dose |generated Temperature Acceleration | Internal and Corrosive ion concentration Humidity
Moisture content|Radiation dose | Container shape Filter pore external concentration Temperature .

Filter pore Moisture content| Fuel debris shape diameﬁer pressure Temperature Humidity Extergal wind I/leorir;;tjfrréature Lim;i);{;\ture
diameter Filter pore Fuel debris positionin | Powder difference Humidity Moisture content | SP€€ . tent Moist
Filter strength  |diameter ; . . . Moist tent il Aerosol particle  [conten _ oisture

. . the canister particle size | Powder particle | Moisture conten Filter pore : M tent
Powder particle |Powder particle : ; . i i ; size licroorganismsj conten
size size Powder particle size Powder size Filter pore diameter| diameter Acrosol density | Time
Powder density |Powder densit Powder density densit Powder density | Time X

: Thermal Dust lalt
Gas generation SEEE T

Oxide film
generation

Aernsol Vicrchial

generated
by vibration

orecipnatior

N\

dispersion accumuiation

Water film

m.embrane
N

® Excluded because the area is indoors

Excluded because the salt concentration is adequately low based on fuel debris properties ) .
17 degradation events = 4 items excluded, so 13 items to be examined
E—
TRID
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6. Implementation details NG 57
6.3 Performance assessment of canister filters

@ Implementation items and results

a. ldentification of environments and conditions (11/11)

(iv) Selection of degradation factors (6/6)

Process Sealing cell [Drying treatment| Preparation cell | Receiving area | Storage area

Hydrogen generation

Hydrogen X X X x
embrittlement

Radiation X X X X
degradation

Thermal alteration

Thermal deformation
(container)

Thermal convection

Impact

Dust generated by

vibration

Thickness reduction X X X X

Oxide film generation X X X X

Salt precipitation x X X X X

Electric corrosion X X X X

Microbial membrane X X X X X

\Water film

Aerosol deposition X X X X X X : ltems determined to

not require examination
_ = ” v = v based on the input
UV degradation environmental conditions

Since salt precipitation, microbial membrane, aerosol deposition, and UV degradation

are excluded from all processes, they are excluded from examinations after 6.3 3 b.
l R' D . Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation details

6.3 Performance assessment of canister filters

® Implementation items and results

b. Study of filter life evaluation methods (1/27)

(i) Organization of filter categories

Intended use

Primary manufacturer

Manufacturing
method and filter
media

Particle capture function

No0.58

Hydrogen permeation
performance

Atomic filters
USA WIPP

France La Hague

Japan 1F HIC

Metal gas filters

Ceramic gas filters

Glass or resin gas

filters

Nuclear Filter Technology, Inc.
(NFT)

Ultra Tech, Inc.

Poral etc.

Fuji Filter Manufacturing Co., Ltd.

Nippon Seisen Co., Ltd. etc.

NGK Insulators, Ltd.
Ibiden Co., Ltd. etc.

Japan Air Filter Co., Ltd.
Cambridge Filter Japan Ltd. etc.

Sintered metal
Carbon composite

Powdered sintered
body

Long-fiber sintered
body

Short-fiber sintered
body

Multilayered metal
sintered body

Aluminum oxide
Zeolite
Cordierite

Glass fiber
Polypropylene
Olefin

PTFE

> 99.97% for 0.3 to 0.5 ym particles
(example from WIPP)

0.1 to 1000 pm
Controllable depending on filter type
No specification for accuracy

Lower capture efficiency for 0.1 to
0.3 ym particles

It is estimated that HEPA-equivalent
performance can be achieved by
controlling pores

HEPA: 99.97% or better for 0.3 ym
particles

ULPA: 99.9995% or better for 0.15
um particles

The biggest difference in filter specifications is the quality of the filter media.
The required particle capture performance determines the manufacturing method and configuration of the filter media.
Filter life depends largely on the quality of the filter media.

TRID

1.85-92.5x 106
(m/s/mf) @NFT
3.66 x 106
(m2/s) @Poral

Based on the filter specifications
(pressure loss), the hydrogen
permeation performance is
assumed to be about the same
as that of atomic filters

Based on the filter specifications
(pressure loss), the hydrogen
permeation performance is
assumed to be about the same
as that of atomic filters

Based on the filter specifications
(pressure loss), the hydrogen
permeation performance is
assumed to be about the same
as that of atomic filters

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation details
6.3 Performance assessment of canister filters
@ Implementation items and results
b. Study of filter life evaluation methods (2/27)
(ii) Selection of degradation events based on canister environment (1/26)

Scenarios that would lead to degradation for each degradation process are organized.
A broad range of degradation scenario conditions were examined by considering two stages of conditions (moderate and severe).

No0.59

1RID

Olnternationa

Degradation Scenarios leading to degradation Degradation Scenarios leading to degradation
process Scenario 1 (moderate conditions) Scenario 2 (severe conditions) process Scenario 1 (moderate conditions) Scenario 2 (severe conditions)
. ] . . N . . IThe container overturns during
Hydrogen is generated via radiolysis of : . . . . Vibrations during transportation or an ; .
’ residual moisture within waste after Collecting undried or insufficiently dried waste Dust earthquake cause waste particles to rise, transportation or an earthquake, causing
ydrogen drvi : : . generates more hydrogen than when dried, : . h Wwaste particles to press against the filter
: rying and fuel debris particles rise, h : : : h generated byjcovering and/or blocking the filter surface : ; )
generation cloaging the filter and causing it to lose C2USINg fuel debris particles to rise, clogging Vibration land causing the filter to lose its surface, covering and/or blocking the filter
cogging the ¢ the filter and causing it to lose its functionality. -ausing surface and causing the filter to lose its
its functionality. functionality. functionality
'The generated hydrogen is absorbed  [The generated hydrogen is absorbed and ) . ) ) ICondensation. etc. brings moisture into the
Hydrogen land reaches a concentration that moisture is generated, reaching a concentration Condensation, etc. brings moisture into filter, causing a phenomgenon like a large
lembrittlement (causes embrittlement within the storage [that causes embrittlement within the storage Thickness [N filter and a phenomenon like chloride |, " = o powder from the waste adhering
period, destroying the filter. period, destroying the filter. reduction 'O.E.S adhering to ttrr:etfllter 0c<t:urs, causing ., e filter, which causes crevice corrosion
i i iati pitling corrosion that generates corrosion . enerétes corrosion products that clo
Radiation ggtciezj?g?geé':i art;sd%r(t:)ifl éiﬂ':g?gﬁgg% Filter material absorbs radiation energy and products that clog the filter. the fi?ter. P ’
degradation the material. degrades, damaging the filter material. [The temperature of fuel debris rises due [The temperature of fuel debris rises due to
The temperature of fuel debris rises due [The temperature of fuel debris rises due to Oxide film  [© decay hee})t(.:When the temperature decgg heat. When the temperature reaches
Thermal to decay heat. When the temperature  |decay heat. When the temperature reaches generation  |caches 200 C (the temperature during 300 C (the temperature specification of the
altoration reaches 200°C (the temperature during [300°C (the temperature specification of the drying), an oxide film forms and clogs the canister), an oxide film forms and clogs the
drying), the filter deforms and loses its  [canister), the filter deforms and loses its filter. filter. i i i i
functionality. functionality. _ ) ‘ _ Condensation, etc. brings moisture into the
The temperature of fuel debris rises due [The temperature of fuel debris rises due to Electric Condensation, etc. brings moisture into  filter, causing a phenomenon like chloride
hermal to decay heat. The temperature reaches(decay heat. The temperature reaches 300°C, | |orrosion  (he filter, causing a phenomenon like jions adhering to the filter and corroding a
eformation P00°C, the temperature during drying.  {the temperature specification of the canister. chloride ions adhering to the filter. portion of the filter, leading to a difference in
(Container) The container is thermally deformed and[The container is thermally deformed and the electrical potential in the area.
the affixed filter becomes stressed, laffixed filter becomes stressed, resulting in . )
resulting in damage. damage. ) Condensation creates a water film that ICondensation creates a water film that
Thermal d Taises the temperatur Water film  |locks part of the filter, reducing flow blocks the entire filter
ermal decay raises the lemperawre  ryomal decay raises the temperature of the path surface area. '
of the fuel debris to 200°C and heat fuel debris to 300°C and heat convection occurs|
Thermal convection occurs inside the container, |-~ ) ; 3 Differential pressure caused by Ventilation in the canister storage building
: . : : o inside the container, leading to fuel debris o h - )
convection  [leading to fuel debris particles rising and - e B N - ventilation in the canister storage buildingland the exhaust operations of the transfer
: . : - [particles rising and clogging the filter, which Powder P o
clogglng the flltgr, w_hlch causes the fllterCauses the filter to lose its functionality disnersion generates a flow inside the storage cask generate a flow inside the storage
to lose its functionality. ) P container, which causes fuel debris container, which causes fuel debris particles
The container and/or filter become [The container and/or filter become deformed or particles to rise and clog the filter. to rise and clog the filter.
deformed or damaged from a mild damaged from a collision or from being
Impact collision or impact during tr_ansportati_on dropped frc_)m a height of several meters c_iuring The necessity for selection as a degradation event was examined for
or an earthquake and the filter loses its [ftransportation or an earthquake and the filter hd dati
functionality. loses its functionality. each degradation process.

| Research Institute for Nuclear Decommissioning



6. Implementation details Caniser No 60
6.3 Performance assessment of canister filters

® Implementation items and results Hydrogen| |Height
. stream 400 mm
b. Study of filter life evaluation methods (3/27) Fuel depris | £ 4 £
(ii) Selection of degradation events based on canister environment (2/26) i |
—>
Event: Hydrogen generation Degradation mode: Clogged & Damaged Inner diameter: 210 mm
Figure 1 Unit can schematic diagram
B Evaluation of filter clogging caused by powdery fuel B Rising velocity of powder

debris increasing due to hydrogen generation. The settling velocity of the particles is calculated by using the

= The hydrogen generation rate and particle settling Stokes’ law.
velocity are calculated and evaluated. @ 1.E+00
£
B Flow rate from hydrogen generation 3 1.E-02
. .-, . . q"
From input conditions, the flow rate from hydrogen generation ® 1.E-04
was calculated to be 9.03 x 105 [L/h] S —
(Calculation formula) § Settllng'velomty > Hyc_jrogen
Hydrogen generation rate [L/h/Bq] X total inventory [Bg/ton] X fuel debris © 1.E-08 generation flow velocity
density [ton/m3] x fuel debris volume [m3]) 8
- = 1.E-10
(Input conditions) =
- Hydrogen generation rate: 2.3 x 107'8[L/h/Bq] (moisture content after 0.1 1 ) ) 10 100
drying is 0.1 Wt%) Particle size (um)
- Total inventory: 2.18 x 1015 [Bg/ton], Figure 2 Results of calculating the settling velocity
- Fuel debris density: 4.0 [g/cm?] (MCCI average density) (Calculation formula) Stokes’ law v¢ = Dp? (pp - pf) 9/18n
- Fuel debris volume: 0.0045 [m?3] (30% of unit can volume) (Input conditions)
Hydrogen rises 0.038 [m?] in a cross section of a canister with an inner - Terminal velocity vs [m/s]
diameter of 210 mm - powder diameter Dy [m]: 0.1 to 100 [um]
o Upper limit: 0.1 mm or less according to the definition of particles
The hydrogen flow velocity is calculated at 6.6 x 10-1° [m/s]. Lower limit: Set with regard to filter performance regulations (HEPA 0.3 pm,
L . ULPA 0.15 pm)
The hydrogen flow velocity is sufficiently smaller than - Particle density pp [kg/m?]: Fuel debris density 4.0 [g/cm?]
the particle settling velocity, so filter degradation from - Fluid density p; [kg/m?]: 1.205 (20°C atmosphere)

- Fluid viscosity n [Pa-s]: 1.82 x 105 (20°C atmosphere)

hydrogen generation can be ignored. - Gravitational acceleration g[m/s?]: 9.8

| :
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6. Implementation details
6.3 Performance assessment of canister filters
@ Implementation items and results
b. Study of filter life evaluation methods (4/27)
(ii) Selection of degradation events based on canister environment (3/26)

Event: Hydrogen embrittlement Degradation mode: Damaged

Evaluation of hydrogen partial pressure in a container
To examine hydrogen solubility in various materials, the hydrogen partial pressure inside a storage container
for each hour was obtained from the hydrogen generation rate and the proportion of hydrogen in the
atmosphere.
Hydrogen pressure in the storage container = hydrogen in the atmosphere + hydrogen generated in the
storage container, so (the ratio hydrogen pressure outside the container) : (the ratio of hydrogen in the
atmosphere) equals 0.00005%, meaning that hydrogen pressure is 0.05 Pa.
Hydrogen pressure in the container: PV = nRT (calculated using P: pressure, V: volume, n: mol, R: gas
constant, T: temperature.
Assuming that the temperature is 300°C, hydrogen partial pressure in the storage container is 1.4 Pa using
the hydrogen generation rate.

120

considered to have the same solubility.

- Hydrogen embrittlement does not occur with SUS316L, even if it absorbs several hundred ppm at room
temperature, and several tens of ppm at 85°C Note 2,

- The solubility of Ni-based alloys varies depending on the composition, but the amount of Ni at a
temperature of 400°C is approximately 85%, which is about five times that of Fe. Since it has been
reported that the solubility of hydrogen in Fe does not differ much from that of SUS Note 3| jt is estimated
that the hydrogen solubility of 85% Ni at a temperature of 300°C is 30 ppm or less.

The same can be assumed for SUS316.
At these concentrations, hydrogen embrittlement is unlikely to occur.

1RID

o
3
Tperefore, hydrogen pressure inside the container at a temperature of 300°C. is 1.45 Pa (1.4 x 1075 %1"0 " S8R during cathodic &
= o F— | in ——
atm). S 20 ‘#\tmsoglgl_}_eric =
. . < o b
« For stainless steels and Ni-based alloys 5 5 |l
- As Figure 1 shows, considering the hydrogen pressure inside the container, the hydrogen solubility of % 0 i
SUS304L is lower than 5 ppm even at a temperature of 300°C N 1, Since the hydrogen solubility of sE0 T
austenitic stainless steel shows virtually no difference between steel type, SUS316 and SUS316L canbe % o0 L A O
5
O

o

Hydrogen solubility (ppm)

hydrogen gas
Ly~

4 8 12 16 20 2 2
Hydrogen pressure (/2 (/aim))

Figure 1 Relationship between hydrogen solubility and

hydrogen pressure for 304 L Note 1

SSRT in room

temperature ™ Hydrogen

absorption —

- Atmospheric SSRT

PR PRSPPI

10 100 1000
Surface hydrogen concentration (ppm)

10000

Figure 2 Effect of surface hydrogen
concentration on hydrogen embrittlement
characteristics Note 2

Note 1: Nomura et al., Journal of the Japan Institute of Metals and Materials, Vol. 15, No. 9, p.563-570 (1976)
Note 2: Ohmura, Nakamura, Materials and Environments, 60, 241-247 (2011)
Note 3: Yoshida et al., Journal of the Japan Institute of Metals and Materials, Vol. 11, No. 7, p.533-548 (1972)
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6. Implementation details No.62
6.3 Performance assessment of canister filters
@ Implementation items and results 600

b. Study of filter life evaluation methods (5/27) !
(ii) Selection of degradation events based on canister environment (4/26)

Event: Hydrogen embrittlement Degradation mode: Damaged

Temperature/°C
e

- For Ti P : |

From Figure 1, the hydrogen solubility of Ti is approximately 10 ppm CTE 3 3 & & # ¢ & & 1
at room temperature and 100 mass ppm for industrial Ti (containing Fe: e at% H
0.3%). Considering that the concentration at which hydrogen Figure 1 Hydrogen content and phase composition of
embrittlement occurs is 100 to 300 ppm, hydrogen embrittlement may commercially pure titanium ASTM Gr.3 containing 0.3%

occur at room temperature depending on type Note 1, Fe

Since the hydrogen solubility exceeds 1000 ppm at the high-temperature of 300°C, embrittlement may occur
if used for a long periods of time in an environment where hydrogen is generated constantly. In addition,
hydrides are formed when the temperature falls below 300°C, which may cause embrittlement Note 1,

Table 1 Reported examples of films

that function as hydrogen barriers
Hydrogen permeation

e For ceramics

Table 1 shows reported examples of films that function as hydrogen Type of film reduction rate
barriers Nt¢ 2, Alumina, a ceramic, has the property of reducing the AL,O, 10 to 10000
hydrogen permeation levels, and its application as a film for suppressing — 1010 10000
hydrogen embrittlement for metals, etc. is being examined. It has also ! °
been reported that embrittlement of crystalline alumina does not occur in TiN 10 to 10000
a hydrogen environment N°t 3, No reports on hydrogen embrittlement of cr.0 10

. . . 23
cordierite and zeolite were found. N 00

Note 1: Fujii et al., Materials and Environments, 60, 248-253 (2011)

Note 2: NEDO “Fundamental Research Project on Advanced Hydrogen Science Interim Evaluation Report (2008)”

Note 3: JST/ Funds for Promoting Science and Technology, “Research on Function of Hydrogen in Environmental Embrittiement of
Structural Materials” 2001-2002: 2nd term)

|
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6. Implementation details No.63

6.3 Performance assessment of canister filters
® Implementation items and results

b. Study of filter life evaluation methods (6/27)

(if) Selection of degradation events based on canister environment (5/26) Liquid Jsoss"‘ges'
Event: Hydrogen embrittlement Degradation mode: Damaged Dichy prinae
_ Dt prs
- Glass fibers Cicoheanone

Dimethylaniline

No reports on the degradation behavior of hydrogen with glass fibers |omehieiaze

Potassium dichromate

were found. There are reports that crystalline silica glass fibers do not  [oaica

Bromine water

embrittle in a hydrogen environment™. 1000 N aci

70% Nitric acid

However, since the heat resistance of glass fibers varies depending [emcsme

Potassium nitrate

on the product, the maximum temperature of 300°C within the storage [

DIOIQXXX.DDQ\ [ <> |o|e|e]! |e|>|o|®

D.I.....D.....DDX..\ | |ojeo|o|>|o|@®

\.I..DD.D..D..DDXD.\ [ |lo|o|o|>|®|®

>-o|ooxxoo>oxx\xxxx\\\0\0x\\ 2

A F R Rl TR Tl

container must be considered when selecting materials. T
Zinc acetate
Zinc chloride
- Macromolecules s
There are no reports on polypropylene and its behavior is e —
unknown Sieam =

The ngh Pressure GaS Safety |nStItUte Of Japan haS reported that ® :Good A: Can be used for limited periods of time x : Not recommended — : No test data

polyethylene can be used for hydrogen gas piping and that it does
not embrittle Note 2, Figure Usability of PTFE in each environment Note 3

PTFEE is generally approved for use in a hydrogen gas

enVironment an d d oes not em b I | ttl e Note 3_ Note 1: Funds for Promoting Science and Technology, “Research on Function of Hydrogen in Environmental Embrittiement
of Structural Materials” 2001-2002: 2nd term)

Note 2: Tabata, Hydrogen Energy Systems, Vol.35, No.4 (2010)
Note 3: From the Chunichi Giken Products website

— Test methods and conditions are studied as degradation events that should be considered.
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6. Implementation details No. 64
6.3 Performance assessment of canister filters
@ Implementation items and results

b. Study of filter life evaluation methods (7/27) . /’

§
S
(i1) Selection of degradation events based on canister environment (6/26) < . F S
Event: Radiation degradation Degradation Mode: Damaged g 1 oy =
. e . 01 .7 = = Alpha rays
Study of the possibility that irradiation from radiation generated by / Beta rays
the fuel debris changes the mechanical characteristics of the filter 001 ) .
material after fuel debris is collected in a canister. | ‘ Radiation enelrgy (Mev)
Radiation generated by fuel debris Figure Range of alpha and beta rays in air

« Alpha rays, beta rays, and gamma rays derived from actinides, fission products, and activation materials are
discharged from fuel debris.

« The range of alpha rays from actinide (approximately 5 to 7 MeV) is several centimeters in air and several micrometers
in solids and water. They are discharged only from the surface of fuel debris. They do not impact anything other than
fuel debris near the filter, and even if they adhere to the filter, they will not affect anything other than the surface of the
material.

+ Beta rays and gamma rays have a longer range than alpha rays, and since gamma rays have particularly high
permeability, they are also irradiated from fuel debris far away from the filter.
Tasks that may cause radiation degradation

Constantly irradiated after fuel debris is collected in a canister.

The effects of radiation on filters
The mechanical characteristics of materials can change when exposed to irradiation from radiation.

If an impact is applied to a filter whose mechanical characteristics have been changed by irradiation
from radiation, the filter may be damaged and lose its functionality.

— Test methods and conditions are studied as degradation events that should be considered.

|
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6. Implementation details No.65
6.3 Performance assessment of canister filters

@ Im p lementation items and results Study ofd the possibility of the temperature of fuel debris
. . . rising due to decay heat and heat conduction causing the
b. Study of filter life evaluation methods (8/27) temperature of the filter to rise, resulting in thermal

alteration and filter damage.

(ii) Selection of degradation events based on canister environment (7/26) Evaluation was performed by comparing the maximum
temperature with the melting point and softening point of

Event: Thermal alteration (maximum temperature 200°C) Degradation  the filter media. If available, information on the heat
resistance temperature, etc., was also taken into

mode: Clogged & Damaged consideration.
MeltlF%]pomt igttnetr}l’rcl:g]; Other [°C] Evaluation
Metal SUS304 1398 to 1453 Note 1 — — Melting point is sufficiently high for 200°C and thermal alteration does
SUS316 1370 10 1397 Noe 1 not occur. Filter damage is unlikely.
to ote —_— J—
©)
Alloy600 1371 to 1427 Note 1 — —
Ti 1668 Note 2 — —
Ceramics sic . . Heat resistance temperature Melting point, heat resistance temperature, and fire resistance are
1600 Note 4 sufficiently high for 200°C, and thermal alteration does not occur. Filter
o T o) damage is unlikely.
2~3 - -
Cordierite — — Fire resistance 1400 Note 3
Glass E-glass _ 840 Note 5 Maximum operating temperature Softening point and maximum operating temperature are sufficiently
9 280 Note 6 high for 200°C, and thermal alteration does not occur. Filter damage is
unlikely.
C-glass — 749 Note 5 — (O) | Attention must be paid to the maximum operating temperature of each
S-glass 970 Note 5 individual product.
D-glass — 771 Note 5 —
Macromolec Note 7 . Normal heat resistance Melting point is less than 200°C and normal heat resistance
ules el ETG SITCY RS temperature 70 to 110 Note 8 temperature is less than 200°C, so they cannot withstand use at
200°C.
: Normal heat resistance
Note 7 —
Sl S temperature 70 to 140 Note 8
; Melting point and normal heat resistance temperature are high for
PTFE (Teflon) 327 Note 7 = ’\tlgrrnn;)aelrgﬁitergggt,\ilcf @) 200°C, and thermal alteration does not occur. Filter damage is unlikely

O: No need to consider the test method because there is no possibility of occurrence % : Need to consider the test method

Note 1: Handbook of Stainless Steel Note 4: Ceramic New Materials of SiC System, Japan Society for the Promotion of Science Note 7: New Edition Points for Selecting Plastic Materials, Japanese Standards Association
Note 2: Daido Steel: https://www.daido.co.jp/products/titanium/properties/index.html Note 5: Central Glass Fiber Co., Ltd.: http://www.centralfiberglass.com/jp/glass_fiber/outline/index.html Note 8: The Japan Plastics Industry Federation: http:/Aww.jpif.gr.jp/2hello/conts/youto. pdf
Note 3: Inorganic Chemistry Handbook, Gihodo Shuppan Co., Ltd. Note 6: For filter bags - Nitto Boseki (nittobo.co.jp): https://www.nittobo.co.jp/business/glassfiber/industrial/heatresistant/filter.ntml

— Test methods and conditions are studied as degradation events that should be considered,

|
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6.3 Performance assessment of canister filters

@ Im plem entation items an d resu ItS Study ofd the possibility of the temperature of fuel debris
. . . rising due to decay heat and heat conduction causing the
b. StUdy of filter life evaluation methods (9/27) temperature of the filter to rise, resulting in thermal

alteration and filter damage.

(ii) Selection of degradation events based on canister environment (8/26) Evaluation was performed by comparing the maximum
temperature with the melting point and softening point of

Event: Thermal alteration (maximum temperature 300°C) the filter media. If available, information on the heat

; . resistance temperature, etc., was also taken into
Degradation mode: Clogged & Damaged consideration.

Melting point | - Softening Other [C] Evaluation
Metal SUS304 1398 to 1453 Note 1 — — Melting point is sufficiently high for 300°C, and thermal alteration does
SUS316 1370 to 1397 Noe 1 not occur. Filter damage is unlikely.
to ote I J—
O
Alloy600 1371 to 1427 Note 1 — —
Ti 1668 Note 2 — —
Ceramics sic . - Heat resistance temperature 1600 Melting point, heat resistance temperature, and fire resistance are
LR sufficiently high for 300°C, and thermal alteration does not occur. Filter
N0 T 0 damage is unlikely.
2>3 - -
Cordierite — — Fire resistance 1400 Note 3
Glass E-glass . 840 Note 5 Maximum operating temperature Softening point is sufficiently high for 300°C, and thermal alteration of
280 Note 6 filter media does not occur.
Some materials have a maximum operating temperature of less than
C-glass — 749 Note 5 — 300°C, so attention must be paid to the maximum operating
S-glass 970 Note 5 temperature of each individual product.
D-glass — 771 Note 5 —
Macromolec Note 7 } Normal heat resistance Melting point is less than 300°C (type 2) and normal heat resistance
ules PRI ENE Sl temperature 70 to 110 Note 8 temperature is less than 300°C, so they cannot withstand use at
300°C.
. Normal heat resistance
Note 7 s
Clefin o Iy e e temperature 70 to 140 Note 8
Normal heat resistance
Note 7 s
PTFE (Teflon) 327 Note temperature 260 Note &

O: No need to consider the test method because there is no possibility of occurrence % : Need to consider the test method

Note 1: Handbook of Stainless Steel Note 4: Ceramic New Materials of SiC System, Japan Society for the Promotion of Science Note 7: New Edition Points for Selecting Plastic Materials, Japanese Standards Association
Note 2: Daido Steel: https://www.daido.co.jp/products/titanium/properties/index.html Note 5: Central Glass Fiber Co., Ltd.: http://www.centralfiberglass.com/jp/glass_fiber/outline/index.html Note 8: The Japan Plastics Industry Federation: http:/www.jpif.gr.jp/2hello/conts/youto.pdf
Note 3: Inorganic Chemistry Handbook, Gihodo Shuppan Co., Ltd. Note 6: For filter bags - Nitto Boseki (nittobo.co.jp): https://www.nittobo.co.jp/business/glassfiber/industrial/heatresistant/filter.html

— Test methods and conditions are studied as degradation events that should be considered.
l R' D Olnternational Research Institute for Nuclear Decommissioning
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6.3 Performance assessment of canister filters

@ Implementation items and results

b. Study of filter life evaluation methods (10/27)

(ii) Selection of degradation events based on canister environment (9/26)

_ . . : ) A
Event: Thermal deformation (container) Degradation mode: Clogged & Damaged & ’o\c’ s
\o X
Study of the possibility of the temperature of fuel debris rising due to decay e
heat and heat conduction causing the temperature of the container to rise, vent
exerting stress on and damaging the affixed filter and causing it to lose / me:ha"'sm
functionality. 1 2
Canister and filter media: Assuming the following conditions
. o ‘.zBody
- The canister is made of SUS316L (linear thermal expansion coefficient,
16.2 x 106 [/°C] Note 1) and has a cylindrical shape
- The same material is used for canister and the outer frame of the filter
- The filter is fixed rigidly to the canister e |
- Outer diameter of filter media is 200 mm and the outer diameter of stfuftrure;i Ehx
canister (and filter frame) is 300 mm s
- The filter media is dense Inner diameter: 220 mm

Figure Canister (assumed) Note 2

The thermal stress on the filter media at maximum operating temperature for each
scenario was evaluated based on the above assumptions.

Note 1: Japan Stainless Steel Association: http://www.jssa.gr.jp/contents/faqg-article/q6/
Note 2: Taken from the Subsidy Project of “Decommissioning and Contaminated Water Management (Development of Technologies for Containing, Transfer and Storage of Fuel Debris)” in the
FY2018 Supplementary Budgets, Final Report, June 2021

|
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6. Implementation details
6.3 Performance assessment of canister filters
@ Implementation items and results

b. Study of filter life evaluation methods (11/27)
(ii) Selection of degradation events based on canister environment (10/26)'

<Model>
- Impacts from thickness are not taken into consideration (filter thickness = canister thickness)
- The filter media and filter frame as well as the filter outer frame and the inner diameter of the canister are rigidly

1
1
! |
| conn_ected o :
E t: Thermal deformation (container) (maximum temperature | e ot ame o1 e fher and e Eanister are made o the same maeial '
Ve n " I ( I ) ( XI u p u : - The outside diameter of the filter media is 200 mm, and the outside diameter of the canister (and filter frame) is :
. 300 .
20000) Deg rad atl o n m od e : C | og g ed & Dam ag ed i - E\éagq%ﬁé?ﬁrﬁ?:;égﬁ Er:)ermal stress) required to extend the radius of the filter media (ry,) after free expansion to i
____________________________________________________ ]
Linear thermal Young’s
expansion modulus of | Stress on filter | Tensile strength of
coefficient of filter | filter media media filter media Note 14 Impact assessment Note 15
mediaNote 14, g [10-6 RSt o, [MPa] o [MPa]
/ E, [GPa]
Metal SUS316 16.2 Note1 193 Note1 0 470 Note 4 If the canister is not made of SUS316L (thermal expansion is not the same), thermal stress will occur and
’ — there is a possibility of damage.
SUS304 17.8 Note1 193 Notel -36 47(Q Note 4 If the canister is made of SUS316L, the thermal expansion of the filter media and the canister are the
same, stress applied to the filter media is low, and the tensile strength of the filter media is low, so the
Alloy600 13,3 Note2 157 Note2 56 600 to 1200 Note 2 impact is considered to be small. However, stress will increase if the volume ratio of the filter media

decreases and there will be a possibility of damage.

The thermal expansion of the filter media is smaller than that of the canister, so thermal stress (tensile) is
Ti 8.4 Note3 106 Note 3 112 24( Note 5 generated. Although the thermal stress is low compared to the material strength, stress will increase if the
volume ratio of the filter media decreases and there will be a possibility of damage.

Ceramics SiC 3.7 Note 6 447 Note8 447 39(Q Note 10 The thermal expansion of the filter media is smaller than that of the canister, so thermal stress (tensile) is
ALO, 7 7 Note6 370 Note 9 577 120 Note 11 ggrrfargt:d. The thermal stress is high compared to the material strength, and there is a possibility of
Cordierite 1.1 Note? 88 Note 7 188 25 to 4Q Note 7
Glass E-glass 5.5 Note 12 72.5 Note12 113 343Q Note12 The thermal expansion of the filter media is smaller than that of the canister, so thermal stress (tensile) is
generated. Although the thermal stress is low compared to the material strength, stress will increase if the
C-glass Z.3Noe 68.6MNoe 12 90 2r44noez volume ratio of the filter media decreases and there will be a possibility of damage .
S-glass 2.9 Note 12 84.3 Note 12 159 4655 Note 12
D-glass 3.1 Note 12 51 .9 Note 12 104 2450 Note 12
Macromolec | Polyethylene — — — — Thermal stress (compression) occurs in PTFE because the thermal expansion of the filter media is greater
ules Olefi than that of the canister. Compressive stress will rise if the volume ratio of the filter media decreases
Sl — — — — and there will be a possibility of damage.
PTFE & Note 13 0_4 Note 13 -6 M Note 13

O: No need to consider the test method because there is no possibility of occurrence x: Need to consider the test method

Note 1: Japan Stainless Steel Association: http://www.jssa.gr.jp/contents/fag-article/q6/ Note 8: Ferrotec Material Technologies Corporation: Note 12: Nanjo, Journal of the Japan Society for Composite Materials, Vol.33, No.4 (2007) p.141 - 149

Note 2: Takayama Co., Ltd.: http://www.takayama-industry.com/inconel/ https://mww.google.com/url?sa=t&rct=j&g=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwioqeK3xcTzAh Note 13: Kayo Corporation:

Note 3: Daido Steel: https://www.daido.co.jp/products/titanium/properties/index.html WdwosBHZa-CKkQFnoECAQQAQ&url=https%3A%2F% 2Fft- https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiLi4DdttizAhw
Note 4: Handbook of Stainless Steel mt.co.jp%2Fassets%2Fpdf%2Fjp%2Fcvd_sic%2Fcvd_sic_performance.pdf&usg=AOvVaw0eZ TiISAELcG7hFkHOTSK]jO SHXAKHStNCScQFnoECAY QAQ&url=https%3A%2F%2Fkayo-corp.

Note 5: Kobe Steel: https://www.kobelco.co.jp/products/titan/files/details. pdf Note 9: Japan Fine Ceramics Co., Ltd.: https://www.japan-fc.co.jp/products/cate01/cate0101/al203-995-al203-999.html co.jp%2Fcommon%2Fpdf%2Fpla_propertylist01.pdf&usg=AOvVaw2Vxk2pSVEW3Vcqf-4040NL

Note 6: Kyocera: https://www.kyocera.co.jp/prdct/fc/list/tokusei/bouchou/ Note 10: Fujisawa, Matsusue, Takahara: Tensile Strength of Engineering Ceramics Vol.35, No.397 (1986) p. 1112 Note 14: Underlined figures may be data for temperatures other than 200°C

Note 7: Inorganic Chemistry Handbook, Gihodo Shuppan Co., Ltd. (as cordierite porcelain, ~ Note 11: Sakaguchi E.H VOC Corp.: https://sakaguchi- Note 15: Differs depending on design conditions

linear thermal expansion is the value between 20 to 100°C) dennetsu.co.jf files/PDF/lineup/ott ikabutsu_sankou.pdf

— Test methods and conditions are studied as degradation events that should be considered.
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6. Implementation details

6.3 Performance assessment of canister filters

® Implementation items and results
b. Study of filter life evaluation methods (12/27)

(ii) Selection of degradation events based on canister environment (11/26)

Filter medj

%

Canister (and filter frame)
Room temperature

300°C

<Model>
- Impacts from thickness are not taken into consideration (filter thickness = canister thickness)
- The filter media and filter frame as well as the filter outer frame and the inner diameter of the canister are rigidly

1
|
1
. . . . o " connected i
Eve nt. Th erm al d eform atl 0 n (Contalner) (maXImum temperatu re 300 C) : ;r:efllitael.rmatenal is dense (no gaps). The outer frame of the filter and the canister are made of the same
. — 7 | -Theoutside diameter of the filter media is 200 mm, and the outside diameter of the canister (and filter frame) is
Degradation mode: Clogged & Damaged | Boalome the sess (s thermalsrese) required o etend th radius o th ier et ) e e expansionto
:_ the equilibrium position (r)
Linear thermal Young’s
expansion modulus of | Stress on filter | Tensile strength of
coefficient of filter | filter media media filter media Note 14 Impact assessment Note 15
mediaNote 14 g [10-6 itz o, [MPa] o [MPa]
[°C] E; [GPa]
Metal SUS316 16.2 Note'1 193 Note1 0 470 Note 4 If the canister is not made of SUS316L (thermal expansion is not the same), thermal stress will occur and
’ = there is a possibility of damage.
SUS304 17.8 Notel 193 Notel -56 465 Note 4 If the canister is made of SUS316L, the thermal expansion of the filter media and the canister are the
same, stress applied to the filter media is low, and the tensile strength of the filter media is low, so the
Alloy600 13.3 Note2 157 Note2 88 600 to 1200 Note 2 impact is considered to be small. However, stress will increase if the volume ratio of the filter media
decreases and there will be a possibility of damage.
The thermal expansion of the filter media is smaller than that of the canister, so thermal stress (tensile) is
Ti 8.4 Note3 106 Note 3 177 170 Note 5 generated. The thermal stress is high compared to the material strength, and there is a possibility of
damage.
Ceramics SiC 3.7 Note 6 447 Note8 705 385 Note 10 The thermal expansion of the filter media is smaller than that of the canister, so thermal stress (tensile) is
ALO, 7 7 Note6 37000 237 120 Now il ggrrfargt:d. The thermal stress is high compared to the material strength, and there is a possibility of
Cordierite 1.1 Note? 88 Note? 296 25 to 4QNote 7
Glass E-glass 5.5 Note 12 72.5 Note 12 178 3430 Note12 The thermal expansion of the filter media is smaller than that of the canister, so thermal stress (tensile) is
generated. Although the thermal stress is low compared to the material strength, stress will increase if the
C-glass L3N 88.6Mre 12 141 2744 Mo volume ratio of the filter media decreases and there will be a possibility of damage.
S-glass 2.9 Note 12 84.3 Note 12 251 4655 Note 12
D-glass 3.1 Note 12 51.9 Note 12 163 2450 Note 12
Macromolec | Polyethylene — — — — Thermal stress (compression) occurs in PTFE because the thermal expansion of the filter media is greater
ules Olefi than that of the canister. Compressive stress will rise if the volume ratio of the filter media decreases
Sl — — _ — and there will be a possibility of damage.
PTFE m Note 13 0_4 Note 13 -9 M Note 13

O: No need to consider the test method because there is no possibility of occurrence X : Need to consider the test method

Note 1: Japan Stainless Steel Association: http://www.jssa.gr.jp/contents/fag-article/q6/

Note 2: Takayama Co., Ltd.: http://www.takayama-industry.com/inconel/

Note 3: Daido Steel: https://www.daido.co.jp/products/titanium/properties/index.html

Note 4: Handbook of Stainless Steel
Note 5: Kobe Steel: https://www.kobelco.co.jp/products/titan/files/details. pdf
Note 6: Kyocera: https://www.kyocera.co.jp/prdct/fc/list/tokusei/bouchou/

Note 7: Inorganic Chemistry Handbook, Gihodo Publishing Co., Ltd. (as cordierite porcelain.

Note 8: Ferrotec Material Technologies Corporation:
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwioqeK3xcTzAhwd

wosBHZa-CKkQFnoECAQQAQ&url=https%3A%2F% 2Fft-

mt.co.jp%2Fassets%2Fpdf%2Fjp%2Fcvd_sic%2Fcvd_sic_performance.pdf&usg=AOvVaw0eZ Ti5AELcG7ThFkHOTsK|jO
Note 9: Japan Fine Ceramics Co., Ltd.: https://www.japan-fc.co.jp/products/cate01/cate0101/al203-995-al203-999.html
Note 10: Fujisawa, Matsusue, Takahara: Tensile Strength of Engineering Ceramics Vol.35, No.397 (1986) p. 1112

Note 11: Sakaguchi E.H VOC Corp.: https://sakaguchi-dennetsu.co.jp/assets/files/PDF/lineup/other/taikabutsu_sankou.pdf

Linear thermal expansion is the value of 20-100°C)

Note 12: Nanjo, Journal of the Japan Society for Composite Materials, Vol.33, No.4 (2007) p.141 - 149

Note 13: Kayo Corporation:
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiLi4DdttizAhw
SHXAKHStNCScQFnNoECAY QAQ&url=https%3A%2F%2Fkayo-corp.
c0.jp%2Fcommon%2Fpdf%2Fpla_propertylistO1.pdf&usg=AOvVaw2Vxk2pSVEW3Vcqf-4040NL

Note 14: Underlined figures may be data for temperatures other than 300°C

Note 15: Differs depending on design conditions

— Test methods and conditions are studied as degradation events that should be considered.

1RID
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6. Implementation details » N0.70

6.3 Performance assessment of canister filters y | Fuel debris - 280 mm from

®| | tati it q It the top part of the unit can
mpiementation 1iems ana results Fuel debris | Thermoph (=280 x (1-0.3)

oresis

b. Study of filter life evaluation methods (13/27) Al T W WA B

(ii) Selection of degradation events based on canister environment (12/26) % f ;3 , Height: 400 mm
< L

Event: Thermal Convection Degradation Mode: Clogged & Damaged Inner diameter: 210 mm
Figure 1 Dust generation by thermophoresis

« When the maximum temperature of fuel debris is assumed to be 300°C and the upper part of the unit can is room
temperature, creating a temperature gradient in the gas phase section of the unit can where a force toward the low
temperature side (thermophoresis) is exerted on the particles contained in the fuel debris, evaluate whether an event that
degrades the filter occurs by comparing it against the settling velocity of particles.

» The rising velocity of the particles and the thermophoretic velocity in the unit can environment caused by thermophoresis
were evaluated, which were compared with the settling velocity based on Stokes’ law.

Thermophoretic Ve|ocity *About the thermophoretic coefficient K, _ _
. - It depends on the degree of coarseness when the particles are agglomerated. Coarseness is
The Waldmann equation Note 1 expressed by the degree of dimensionless, which is the ratio of bulk density to true density. The
U-=K.,eve VT/T smaller the degree of dimensionless (the coarser the aggregation of the particles), the more likely it
T~ ™NMh \ is that particles will be affected by thermophoresis, and thermophoretic coefficient Ky, will be larger.

- Since the degree of dimensionless for fuel debris particles inside the canister is unknown, K, = 1 is
. ; ; conservatively set here in order to increase thermophoretic velocity.
Ur: Thermophoretl'c veloc!ty [mis] - This should be re-evaluated as soon as details on fuel debris information become available.
Ki,: Thermophoretic coefficient ,

v: Kinematic viscosity coefficient of gasses [m?/s] o N o
= Viscosity coefficient of fluids [Pa-s] / Density of fluids [kg/m3!
= 20°C, use the value for air
VT: Temperature gradient [K/m]
= Fuel debris surface at 300°C, upper part of unit can at 25°C (room
temperature)
Use the value 982 K/m divided by 280 mm, the distance between
the fuel debris and the top of the unit can
T: Absolute temperature [K] e e e el

Note 1: Suzuki, Dobashi, et al., Estimation Method of Thermophoretic Behavior of Soot, Journal of the Combustion ) Uimertionioes dehalty .““" derwity/True denaty) £-]
Society of Japan, Vol.52, No.59 (2010) p. 68 - 75 _ Figure 2 Correlation between the degree of .

voefficient, A,

Thermophoretio

ote 1

|
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6. Implementation details No.71
6.3 Performance assessment of canister filters

@ Implementation items and results

b. Study of filter life evaluation methods (14/27)

(ii) Selection of degradation events based on canister environment (13/26)

Event: Thermal Convection Degradation Mode: Clogged & Damaged

« The thermophoretic velocity is 5 x 10-°> m/s, which exceeds the particle rising velocity for particles of 1 um or less (particles
are dispersed by thermophoresis).

« The travel distance of particles dispersed by thermophoresis is 1 X 1078 mm, which is a very small distance and less than
the distance to the filter.

= The distance particles rise due to thermal convection is sufficiently small, so filter degradation from thermal

convection can be ignored.
1.E-06
The reach of particles dispersed by thermophoresis is

-
@ 1.£+00 Settling speed/./ very small and is less than the distance to the filter.
£ Particle size range = =
T 1.E-02 in wh_lch particles " £ 1.E-07 . ®
o are dispersed - - °
» Cmmm——) Thermophoretic = @
S 1.E-04 i velocity <
7] - %
ﬂfg = ” 5 e E-08
& 1.E-06 ¥ 2 ®
< 3
= C
= 9
—_ " )
1.E-08 A 1609
0.1 1 10 100 0.1 1
Particle size (um) Particle size [mm]
Figure 1 Comparison of thermophoretic velocity and settling velocity Figure 2 Result of evaluation on distance reached by particles
—

LSS
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6. Implementation details
6.3 Performance assessment of canister filters
@ Implementation items and results

b. Study of filter life evaluation methods (15/27)
(ii) Selection of degradation events based on canister environment (14/26)

No0.72

Event: Impact Degradation Mode: Clogged & Damaged

The above specifications were used to calculate the weight of the unit can
and the canister containing the fuel debris.

The canister weight is assumed to be approximately 300 kg.

1RID

structure

Vent
Study of the possibility of loss of filter functionality and o JrOCTETST 53 iy
deformation or damage to containers and filters from impacts g | W] ¢L'd e’ -
. . . . . = e ' I 75
such as collisions and being dropped during transportation P ﬂ"_!- : d
and earthquakes. | EF
Canister weight
. - . - 2= jeBody
- The following specifications were assumed for the metal part. [ i Bod
840
. Interference . | it 4 8
Lid Body structure Unit can 33 1 N
Material ~ [SUS316L SUS316L SUS316L SUS316L Unit can
(Density: (Density: (Density: (Density: 400
8.0 g/cm3) 8.0 g/cm?) 8.0 g/cm?) 8.0 g/cm3) Buft | .
Outer | ®300 mm ©240 mm ©240 mm ®210mm . . ="
dimensions | x 114 mm x 840 mm x 840 mm x 400 mm e‘l wws T ey o Fuel debris
Thickness [ 50 mm 10 mm 2.8 mm 6 mm ' S l
Euel debris i d h filli f 50% d Inner diameter: 220 mm : e %
- UQ ebris IS assumed to have a Tilling rate o oand a Figure 1 Canister structure 1 o263
denSIty of 11 glcm3. example Note 1 Interference 5290 1

Figure 2 Assumed canister

structure

Note 1: Taken from the Subsidy Project of “Decommissioning and Contaminated Water Management (Development of
Technologies for Containing, Transfer and Storage of Fuel Debris)” in the FY2018 Supplementary Budgets, Final Report, June 2021
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Implementatlon details
6.3 Performance assessment of canister filters
@ Implementation items and results
b. Study of filter life evaluation methods (16/27)
(ii) Selection of degradation events based on canister environment (15/26)
Event: Impact Degradation Mode: Clogged & Damaged

Tasks that may cause an impact
- Falls after lifting a canister (including earthquakes)

- Collision to the side of the canister caused by shaking when
transferring a canister or shaking due to an earthquake

The effects of impacts on filters

No.73
Lifting machine
N
NG
) e [ o) i = =
Primary lid

fastening
machine/gas
injector/leak

|Debris treatment [Seallng cell
cell
L detector
Gas injection

= | § ",

B-2-g|[H- 8-

\
Weight measuring system Transfer \Trans ort cask
(Conduct a surface cask fp
contamination.inspection) transfer equipment

Figure Example task durlng the canister
handling flow (assumed) Note 1

- When a canister (approximately 300 kg) is dropped from a height of several meters, the impact and
deformation of the canister could deform or damage the filter and cause it to lose functionality. The
state of deformation and/or damage depends on the height of the fall, movement speed, point of impact
(dropped from the bottom of the canister, overturning, etc.), and how the filter is affixed.

- The filter may become deformed and/or damaged and lose its functionality during an impact. In
addition, the state of deformation and/or damage depends on the movement speed at the time of impact,

the point of impact, how the filter is affixed, etc.

- Depending on the specifications of the unit can and the specifications of the filter mounting part (the shape
of the mounting part, any baffle plates and their specifications, etc.), deformation, damage, and/or
clogging of the filter due to unit cans or splashing of fuel debris must be considered.

— Test methods and conditions are studied as degradation events that should be considered.

Transfer and Storage of Fuel Debris)” in the FY2018 Supplementary Budgets
Extracted and edited from Final Report Material June 2021



6. Implementation details No.74
6.3 Performance assessment of canister filters e Sront Eact T

® Implementation items and results Earthquake = 29.33 m/s 2 Note?

b. Study of filter life evaluation methods (17/27)

(ii) Selection of degradation events based on canister environment (16/26) -

Event: Dust generated by vibration Degradation mode: Clogged

& Damaged e
- When the initial velocity (determined by earthquake motion and seismic cycle) acts o W—_—
perpendicularly to the particles, the dust generated by earthquake motion is considered to 5 i
have an effect when the height reached by the particles exceeds the distance between the
fuel debris and the filter. y
- Using the below formula, the initial velocity of the Great East Japan Earthquake was 4.4 m/s.

Initial velocity [m/s] = Maximum seismic acceleration of 29.33 [m/s?] S£ENiED
X (Seismic cycle 1/3.3 [s] X Time period of upward force 0.5 [-]) Figure 1 Strong vibrations from the Great East
Japan Earthquake Note 1

- The height to reach pores with an initial velocity of 4.4 m/s was evaluated by solving the
Highest point

equation of motion Nt 2 for the rising and settling of a particle Unit can
1 Fluid SN
. . . . . . 1
- Equaﬂorll of motion for a particle during rising Upward Distance between fuel  (asistance 4 \
v b - debris and the top part {4
- = - - initial velocit , force R J/Buoyancy
pPVP dt pPV;?g + Fb Rf(1) krom 1 of the unit can f {1 force F,
_ _ ) ) Fuel debris |ibration 280 mm (= 400 x (1-
pp,Vp, v are particle density, volume, and velocity, respectively (Filling rate: |4 i A2 3)) Initial velocity/\ | ~Gravity
tistime, g is grawt.atlon'al acc?eleratlon, 30%) i : v, from Fine
Fy, is buoyancy, Ry is fluid resistance : ibration
i 5 v Height owder
(Positive indicates upward movement) > 200 mm Fuel debris surface
Inner diameter: 210 mm
Note 1: Kunugi et al., Strong Motion Characteristics of the 2011 Tohoku-Oki Earthquake, National Research . . .
Institute for Earth Science and Disaster Resilience Major Disaster Investigation No. 48 (2012) Schematic of Unit can Physical model
Note 2: Kohei Ogawa, _Se_ries <New Chemical Engineering> 1, “Fluid Transport Analysis” First Edition, Figure 2 Unit can schematic and physical model of dust
Asakura Publishing Co., Ltd., (2011) p. 58 generation from vibration

Olnternational Research Institute for Nuclear Decommissioning
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Implementatlon details NG.75
6.3 Performance assessment of canister filters
@ Implementation items and results

b. Study of filter life evaluation methods (18/27)
(ii) Selection of degradation events based on canister environment (17/26)
Event: Dust generated by vibration Degradation mode: Clogged & Damaged

* The distance reached by fuel debris’ upward motion is calculated when receiving an initial vertical velocity of 4.4
m/s from earthquake motion.

«  The reach for target particles of 100 um or less is generally small, approximately 320 mm for 100 pym particles.

« Because this result returns a similar distance, the influence of the earthquake motion cannot be ignored.

1000 Distance between fuel debris and the top part 312
—of-the-unit-can:-280-mm S
100

= 5.28
10

1
0.0537
0.1

0.01

0.001
¢ 5.37E-04

Distance to reach filter [mm]

0.0001
0.1 1 10 100

Particle size [mm]

Figure Result of calculations on the maximum height reached by particles from vibration

— Test methods and conditions are studied as degradation events that should be considered.

| =
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Implementation details N0.76
6.3 Performance assessment of canister filters
@ Implementation items and results

b. Study of filter life evaluation methods (19/27)

(ii) Selection of degradation events based on canister environment (18/26)
Event: Thickness reduction Degradation Mode: Damaged

Moisture evaporates at temperatures above 100°C, so the events here examined a scenario below 100°C.
- For metal filters

The pitting corrosion potential and pitting corrosion resistance index of various stainless steels shown in Figure 1 show that the
corrosion resistance is that of a 625 alloy, which is SUS304 < SUS316L < Ni-based alloy. Figure 2 shows that crevice corrosion does not
occur in SUS as long as the chloride ion concentration remains under 300 ppm. Figures 3 and 4 show that Ni-based alloys and Ti have a
higher resistance to crevice corrosion than SUS, so it is assumed that corrosion is less likely to occur.

However, condensation always generates moisture, and particles derived from chlorides and waste adhere locally, which will increase the
corrosion potential in that area only. Corrosion can occur if the pitting corrosion potential or crevice corrosion potential is exceeded.
The possibility exists with SUS, which has a relatively low corrosion resistance, and so test evaluations should be conducted.

There is almost no difference between SUS316 and SUS316L in terms of pitting corrosion resistance index and corrosion potential, so
evaluations on wastage are considered to be the same.

—

By "A'A' b g 3 08 SUSIIE ] 26Cr-1Mo steel | f
R s AN ¢ | g il x ISIeL (] = kT 316 stainless steel ' Corrosion® ° Note 3:
2 e c ‘ Rt SCS19A No crevice Usablefesistancer-13 Proceedings of
5 D”“”Sfe”;(‘)“g“a‘ B 03 * R L SUSJosL J «* corrosion « of | . the Japan
Sseawater 4 rr, " ¢
S 06l Potential foed rate N 2 Corrosion potential / - smmmm . o Concrete
; 20 mV/min g n ? | . Ttrigsci)ﬁi;e 2 | - - [" < ’e 825 Ultra Mo Institute, VO|30,
£ / S alb SU5403 G g S Coed HMu- 11 No.1 (2008)
g ! B4 g | - L ~ l - / g .
8 S = | ‘ ] TR I2ICr-2 UM K
§ ‘,'/ il gé 00 Sy P0Cr-24Ni- 6Mo S Corrosion . ® #9004 Ulira Mo
8 M /(.' ; g I N Corrosion potential in % steel & Crevwce ; occurs
8 '/‘/ 11 5 o0t open atmosphere \‘ 29Cr-2Ni-4Mo f.  corrosion OTRY
2 b - s o3 ®(SYS403) | stee occurs | .
] 8 ¢ S £ { aal I #5v1 i sasaul Ll ) ’
= ~ C=Ni'M Halin : - \ B BT ,J._:L,,ﬁ? b L ! L.
o8 10 10 10 10 10 - ‘ i !
Chloride ion concentration (ppm) Temperature (°C) ¢ . o
2 i Fi 2 Rel t.‘ hi b t . Figure 3 The maximum occurrence of Pitting corrosion resistance index PRE (Cr+3.3Mo)
Tosion'T Igure 2 Relationship between crevice crevice corrosion in Ti and Figure 4 Relative comparison of applicability of various
Pitting corrosion resistance index PRE corrosion potential and chloride ion | | d > S
(Cr+3Mo (+10 N)) concentrat?on — \a/asflac{ld?a?éecljlnsgcsjlsu?rgecehlsolrrl]ci e Ni alloys and stainless steels to stress
Figure 1 Pitting corrosion potential and pitting _ _ aqueous solution environment corrosion cracking and crevice corrosion in
corrosion resistance index of various Note 1:Central Research Institute of Electric -~ cooling zone lines Note 3
EEstainless steels — | Power Industry Report Q12001 April Note 2: Hiroshi Sato et al., The Piping

h h e |
l R' D 2013 Engineering, 24, 66 (1982) nternational Research Institute for Nuclear Decommissioning



6. Implementation details NG .77
6.3 Performance assessment of canister filters
@ Implementation items and results

MgO, ThO, weakly basic

b. Study of filter life evaluation methods (20/27) BeO amphoteric, more basic than Al,0;
.. . . . . MgAl,O, more basic than Al,O03
(ii) Selection of degradation events based on canister environment (19/26) , o 0. 70, amphoteric

Acid resistance
— Large
Large < Base
resistance

Event: Thickness reduction Degradation Mode: Damaged 210211110, 51680 SlEN, weaklacidic

Figure 1 Corrosion resistance of ceramics against
acids and bases Note 1

- For Ceramics

Aluminum oxide (Al,Oy ‘0_4"3%' ) =
Good corrosion resistance in acid solutions, but poor corrosion s
resistance in alkaline solutions.
The higher the purity, the better the corrosion resistance (reported in
high-temperature water).

Cordierite (2MgO « 2Al,0 * 5Si0,)
Reports state that it has less corrosion resistance than aluminum
oxide and is strong against alkalis.

o
@

o
o
N
>
'o\

o
=~

Weight reduction, AW (mg-cm?)

o
»"
-T

Zeolites (based on SiO, and AlO, tetrahedral structures)
There are no reports on its corrosion resistance, and its behavior I e e |
IS unknOWn Reaction time (days)

Figure 2 Relationship between weight change and

reaction time due to corrosion of alumina ceramics
- For GIaSS |n 30000 Water Note 1

E, C, S, and D types of glass fiber filters exist, but only C-type is
manufactured with corrosion resistance in mind. There are no reports
on its corrosion resistance, and its behavior is unknown.

Note 1: Yoshio et al., Materials and Environments, 44, 405 - 415
(1995)

|
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6. Implementation details
6.3 Performance assessment of canister filters

@ Implementation items and results

b. Study of filter life evaluation methods (21/27)
(ii) Selection of degradation events based on canister environment (20/26)

Event: Thickness reduction Degradation Mode: Damaged
- For Macromolecule filters

Polyethylene, polypropylene and PTFE show good corrosion resistance to salt water as shown in the table.

Therefore, they can be used so long as attention is paid to the operating temperature (polyethylene: max. 130°C,
polypropylene: max. 160°C, PTFE: max. 260°C).

Table 1 Corrosion resistance of polyethylene, polypropylene, and PTFE Note 1

Thermal grease

— Test methods and conditions are studied as degradation events tha

1RID

No0.78

© represents that corrosion
resistance is particularly good for
polyethylene, polypropylene, and
PTFE (O: good; A: not good; x:
bad)

Note 1: Excerpt from Kayo

Corporation
http://www.kayo-corp.co.jp/

[}
Type of plastic material . 2 _ = lo3s 5 @ _
Gie | 2| B B . e | gl 8| 2228 28| ¢
o | 2 3 5 g 2l & € 282 = | 5| &
] < 3 S | a0 > 2 5 s 888 o 8 £
s | 2| 2| 8| 2| % el 8| & |EEg = g e
B S = =S < [} S 3 £ = £ 2 > o £
2| 3] 2 8 3 | 5| 5 888 ¢ -
s8¢ g &g 2lesy 5 2|2
Soft | Hard > a a g €8¢ g [
a
Qil/Solvent/Chemicals (arranged phoneticall
Temperature/Weight % & Temperature °C PVC PVC | PvdC | PVA | PVAC PS ABS PE PVC PIB PA POM |PMMA| PC PIFE
Potassium chloride (@] © © © © © © © © © © © © © ©
Calcium chloride © © [©) © © [©) © [©) [©] © © [©) [©) [©] [©)
Mercuric chloride (@] © [©) © © [©) © [©) [©] [©) © [©) [©) [©] [©)
Stannic chloride (6] © [©) © o [©) [©) X o @) @) (@) ©
Ferric chloride © © © © © © © © © © © © © © ©
Copper chloride (@) © ] © © ] © © © ] © © © © ©
Thionyl chloride X X X X X X X [©]
Nickel chloride © © © © © © © © © © © © © © ©
Barium chloride (] © © © © © © © © © © © © © ©
Benzyl chloride X A X X X [©)
Magnesium chloride © © © © © © © © © © © © © © ©
Methyl chloride X X X X X X X X A X X X X X ©
Hydrochloric acid [10-RT] O © ] © © [©)] [©)] ] @) (@) [©)] ]
Hydrochloric acid [20.RT] O © [©] © o [©)] [©)] © A (@] (@] ]
Hydrochloric acid [20-80 X A A A X A A o A X X A A ©
] l id [38RT1l A (©] (@] ©] A (@] © (@] X (@) A (@]
Salt water (©) ©) (©) © © (©) © (€] © ©) © (©) [©) (€] ()
Chlorine gas (dry) A o o © X A A X X X (¢} X (¢}
Chlorine gas (wet) A o o X A A X X X A X [e)
Chlorinated solvents X X X X X X X X X X X X X X Q0
t should be considered.
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6. Implementation details N0.79
6.3 Performance assessment of canister filters
@ Implementation items and results

b. Study of filter life evaluation methods (22/27)

(ii) Selection of degradation events based on canister environment (21/26)
Event: Oxide film generation Degradation mode: Clogged

Macromolecule materials cannot be used because they Tible 1 Sextace. onglecs s thickoess of sce e
exceed the heat resistance temperature. ~ OSSN U SO T T S e
. . . £ Onadanion Surface Msckuess of
Evaluate metal filters, ceramics, and glass fibers. 3 Temperwe | Roughuew | Sarface Onide Laye
— Nom 1.7 nm S nm
= Metal filters § 200% 1.6 na 6 um
. . . .. . £ 100 ¢ {1 mm 12 nm
High-temperature oxidation of alloys containing Cr increases = ..l.m.
slightly up to 700°C. = _
Itis several nanometers for Ti, even after one hour gf oxidation B on somoies (0 chl%J(rneeiss;rf;cr?arcoeuogxr;ggTasyir;ocl) f
treatment. However, ke,epm_g the filter at 200 to 300 C_fOI’ 50 Figure 1 Oxidation behavior of titanium samples with various
years may cause an oxide film to grow and clog the filter. various stainless steels in the oxidation conditions Note 2
- Ceramics atmosphere Note 1
Ceramics have excellent heat resistance, so they almost never Table Characteristics of glass fibers Mot ®
form an oxide film in an environment of 200°C or 300°C. Guassype [ Eqtass [ Cglass | Sqiass £ Dglase
- Glass fibers  ELmim -
The table shows the characteristics of various glass fibers. They g S N N S =
have a high softening point, but general heat resistance T
temperature is between 250 and 350°C and so the possibility ot oo | v | o0 | o
of use in this temperature range is low. I e
Note 1: Ryohei Tanaka, Ed.: Data Sheet for High-Temperature Characteristics of Heat-Resistant Steel, %ZMCHZ, ' ' ' '
Japan Stainless Steel Association (1978) modus | 726 | ess | esz | se0
Note 2: Shimada et al., Yamaguchi University Joint Research, H23-012 LS i - =
Note 3: Fiber Overview [General Characteristics of Long Glass Fibers] | Central Glass Fiber Co., Ltd. FepEiEs gL'l e | dielectric

Long fiber site (centralfiberglass.com)

|
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6. Implementation details | No.80
6.3 Performance assessment of canister filters
@ Implementation items and results

b. Study of filter life evaluation methods (23/27)
(ii) Selection of degradation events based on canister environment (22/26)

Event: Electric corrosion Degradation mode: Damaged

Electric corrosion occurs only in metal filters and not in
iInsulators such as ceramics, glass fibers, and
macromolecules. Therefore, only metal filters are examined.

Figure 1 shows an example of filter structure. Electric
corrosion does not occur when the filter housing is made of Cilter housin Container exterior
an SUS or Ni-based alloy. Ti has electropositive potential, so J
Ti housing sides will corrode.

This can be explained by the potential difference of various
metals in seawater.

Corrosion

| Negative—
0.2 g potential - g6 -0.3 -0 () -2
C———1 Platinum |

<— Noble (+)
+0.2

L ] Titanium___|
) SUS 316
C——] SUS 304
[=——=aT
T Silver solder
1 JLead i i i
= Filter lid Filter
e _Bronzk
E:] /\l\usm‘lggm brass Conta|ner InterIOI’

( copper

el
castiron

Alumingm, Al alloys
| [—Q:Zmr

Figure 2 Potential difference of metals in seawater

(temperature 25°C) Note 1
Note 1: Urban Steel Study Group, “Guide to Iron and Steel Landscape
~ Materials” 1997.7

|
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Figure 1 Example of the filter structure



6. Implementation details No.81
6.3 Performance assessment of canister filters
@ Implementation items and results

b. Study of filter life evaluation methods (24/27)
(ii) Selection of degradation events based on canister environment (23/26)
Event: Water film Degradation mode: Clogged

When humidity around the filter is high and there is a large temperature difference caused by an
abnormality in the air conditioning system, moisture in the air will condense and form a water film
on the surface of the filter, which will in turn block the filter.

Condensation conditions

« The presence of condensation and the volume of water generated by condensation depend
on humidity and temperature.

« Condensation occurs when the temperature drops below the dew point temperature (the
saturation temperature of vapor in the air).

« M, (g/m,) is the amount of vapor in the air at temperature T, (°C) and M, (g/m,) is the amount
of saturated vapor at temperature T, (°C) (T, < T,). If M, < M, then (M; — M,) amount of
condensation occurs.

« Condensation does not occur if M, > M;, even with large changes in temperature.

« The presence of condensation depends on environments, therefore, it is different from time-
related degradation events.

|
l Rl D Olnternational Research Institute for Nuclear Decommissioning



6. Implementation details NG .82
6.3 Performance assessment of canister filters
@ Implementation items and results

b. Study of filter life evaluation methods (25/27)
(ii) Selection of degradation events based on canister environment (24/26)

Event: Water film Degradation mode: Clogged

Operations that may generate water films

Operation when fuel debris is stored in the canisters. When an abnormality occurs in the air
conditioning system in the winter and the temperature around the canister changes.

The effects of water film on filters

When condensation creates a water film that covers the filter surface, flow path area is
reduced and that could reduce hydrogen discharge performance. The degree of
performance degradation depends on the area covered.

— Test methods and conditions shall be studied as degradation events that should be considered.

EEESS
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6. Implementation details No 83
6.3 Performance assessment of canister filters
@ Implementation items and results

Area monitor E
b. Study of filter life evaluation methods (26/27)
(ii) Selection of degradation events based on canister environment (25/26) e
Event: Particle dispersion Degradation mode: Clogged & Damaged Vent gige temperatr

« Occurrence of particle dispersion caused by the air supply is evaluated.

* When storing canisters, configurations that allow for the venting and supply
of hydrogen is being considered, and two types of canister configurations are
anticipated, one with an air supply mechanism and one without (the figure on
the right is a type with an air supply mechanism). Flow of gas

4 ke ‘iLid

o (Bolt structure)

Figure 1 Canister and air supply
system Schematic diagram

* When the hydrogen inside the canister is supplied to the gas treatment
system via a gas flow, gas flows from the bottom to the top of the canister,

which could cause particles to rise, depending on the flow velocity. Canister

(Body)

« With particles 100 um or less (powdery fuel debris), the ease with which Air supply _
particles will float increases with particle size. As a result, the air supply mechanism Unit can
velocity for 100 um particles to reach the distance between the fuel debris i

and the filter was evaluated at 5 m/s.

» Therefore, air flow velocity of 5 m/s or higher presents a possibility of filter
degradation from the dispersion of particles.
Figure 2 Schematic diagram :Canister
with air supply mechanism

— Test methods and conditions shall be studied as degradation events that should be considered.

[
l R' D Olnternational Research Institute for Nuclear Decommissioning



6. Implementation details No.84
6.3 Performance assessment of canister filters
@ Implementation items and results

b. Study of filter life evaluation methods (27/27)
(ii) Selection of degradation events based on canister environment (26/26)

Summary

Degradation Metal Ceramics Glass Macromolecules

factors Stainless Nickel-based Titanium |Aluminum
steel alloy alloy oxide

Cordierite Zeolite E-glass C-glass S-glass D-glass | Polyethylene | Polypropylene PTFE

Hydrogen
generation
Hydrogen o)
embrittlement
Radiation
degradation
Thermal
alteration
Thermal
deformation © © © © © © © © © © ©
(container)
Thermal
convection

— © © © © © © —

— — — | = — — — — — — ©

©| 06 |0o
©

©
©

Impact

Dust generated
by vibration
Thickness
reduction

Oxide film
generation

Electric
corrosion

Water film O O (@) (@) @) O @) O @) @) @) O O

Powder
dispersion @) O (@) O O O @) O O @) O O (@)

©: Study of test methods is required for both Scenarios 1 and 2 StUdy of test methods based on the combination of degradation
O: Study of test methods is required for Scenario 2 only factors and materials to be considered.

--: Study of test methods is not required because there is no possibility that either Scenario 1 or 2 will occur

|
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0.3 Performance assessment of canister filters
@ Implementation items and results

c. Study of test methods and conditions (1/13)
(i) Study of filter degradation simulation methods (1/10)
Event: Hydrogen embrittlement

Test overview (draft)

- Hydrogen is charged under 2 to 3 conditions based on the amount of hydrogen generated in
each material during using the filter and then materials are placed on the filter performance
assessment equipment and tested. The appropriate method is used for each material
though there are a variety of charging methods, including an electrolytic method, a high Thermocouple
pressure method, and other such methods. (Figure 1)

- Performance assessment and the amount of charged hydrogen are verified. Thermal H |
desorption analysis is used as the method. (Figure 2) anpeotple

Potential and current control equipment

Quadrupole mass
spectrometer

Quartz transparent dish

—Quartz sample stage
Thermocouple
\ /  (for the stage
i i ST ; . temperature)
[ ' ¥~ Quartz column for
Antgpolel’ Reference e i_ntroducing infrared
= electrode light
Infrared
Figure 1 Example of hydrogen charge Figure 2 Example of thermal desorption
‘examgle of electrolxtic hxdrogen chargingz analxsis sxstem
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No0.86

0.3 Performance assessment of canister filters

@ Implementation items and results
c. Study of test methods and conditions (2/13)

(i) Study of filter degradation simulation methods (2/10)

Event: Radiation degradation

Irradiation is simulated assuming that fuel debris is
collected in the canister and changes in mechanical
characteristics are verified.

Test overview (draft)

* The target material is irradiated with the assumed
radiation dose and the mechanical characteristics
before and after irradiation are investigated.

* The assumed stress when using a filter is investigated
to satisfy the above mechanical characteristics.

 JIS stipulates tension tests for organic substances
(plastics) and materials are evaluated in accordance
with the stipulated method.

(JISK7161:2014 Plastics - Determination of tensile
characteristics)

1RID

The specimen
Tensile becomes extremely thin

after passing the yield
T point. (necking)

Destruction

Initial Elongation increases ,
but stress does not !
increase. Point of

Stres' )
destruction

s Auxiliary line for tensile elasticity
e Upper yield point (JIS

standard: yield point)
Lower yield point

/
{
/
/
f

/ Proportional limit

Strain

Figure 1 Example of a stress-strain diagram from a tensile test

Figure Example of a stress-strain chart from a
tension test Note 1

Note 1: DJK Corporation website
https://www.djklab.com/service/koubunshibussei/323
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0.3 Performance assessment of canister filters
@ Implementation items and results

c. Study of test methods and conditions (3/13)
(i) Study of filter degradation simulation methods (3/10)

Event: Thermal deformation (container), Thermal alteration

It is assumed that the filter is exposed during a work flow of the canister
handling.
The integrity of the filter is verified in the temperature environment.

Test overview (draft)

 Afilter is fixed to the structure that simulates the canister (hereinafter referred to as a
simulated canister).

» Heating mechanism is installed with the simulated canister or the simulated canister
Is installed in heating equipment.

Simulated
« The simulated canister is heated up to the predetermined temperature. canister
« The integrity of the filter is verified after heating. (appearance, filter performance  Figure Overview of heating tests

tests, etc.)

An analysis using FEM (finite element method) to gauge the influence of thermal deformation (container)
can be carried out before conducting the test.

The test results may differ depending on a method for fixing the canister lid, the shape and dimensions of
the storage container, the method for fixing the canister lid, the shape of the inner container, etc. and so
tests should be conducted after the detailed specifications have been determined.

|
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0.3 Performance assessment of canister filters

@ Implementation items and results
c. Study of test methods and conditions (4/13)

(i) Study of filter degradation simulation methods (4/10)

Event: Impact

The filter is subjected to an impact assumed possible
to occur during a work flow of canister handling. The
integrity of the filter is verified after impact.

Test overview (draft)

 Afilter is fixed to the structure that simulates the
canister (hereinafter referred to as a simulated
canister).

 Alifting tool raises the simulated canister to a
predetermined height.

» The simulated canister is separated from the hanger
and allowed a free fall.

» The integrity of the filter is verified after the fall.
(appearance, filter performance tests, etc.)

No.88
Release Release
Crane quipment Crane quipment
Full-scale canister Full-scale

canister sample
Measuring cable

Measuring

quipmen equipment
(a) Dropping the canister (b) Dropping the canister from an
from a vertical position inclined position
Guide Release equipment

Full-scale canister sample

(basket dimensions) upper surface)

Crane

Full-scale canister
sample (bottom
surface)

(c) Dropping a canister onto the top of the another
canister from a vertical position
Figure Examples of falling orientation for a simulated
canister object in an impact test
(Test system diagram for structural verification tests of
full-scale canister samples®)

The test results may differ depending on a method for fixing the canister lid, the shape and dimensions of the
storage container, the method for fixing the canister lid, the shape of the inner container, etc. and so tests should

be conducted after the detailed specifications have been determined.

l Rl D Note 1: Subsidy Project of “Decommissioning and Contaminate ater Management (Development of Technologies for Containing,

Transfer and Storage of Fuel Debris)” in the FY2018 Supplementary Budgets
Extracted from the Final Report Materials June 2021
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0.3 Performance assessment of canister filters
@ Implementation items and results

c. Study of test methods and conditions (5/13)
(i) Study of filter degradation simulation methods (5/10)

Event: Dust generation from vibration (dust generation from earthquake motion)

An unit can containing fuel debris (simulated) that includes powdery fuel debris in a canister with a filter is placed. Then a
vibration test simulating earthquake motion is conducted to simulate filter degradation caused by dust generated by earthquake
motion.

Test overview (draft)
- Fuel debris (simulated) that includes powdery fuel debris is filled in the unit can.
(The fuel debris density, particle size, and filling volume are simulated.) Canister
- The unit can is placed in a canister and then the canister lid is closed
after installing a filter.

- The canister is attached on a vibration table that can simulate earthquake motion. Fllter\\_ i Powdery_

- The canister is fixed on the vibration table with a fixing jig to prevent the Unit can fuel debris
container from overturning. S TS g

- A vibration test that simulates earthquake motion is conducted. Fixing Jig . %

(The input ground motion should be implemented based on the storage area Vibration
and equipment environment, for example, input ground motion should be a table
wave equivalent to the design basis earthquake motion.)

- After the vibration test, the canister lid is opened to remove the filter. The deposition ~ Figure Overview of filter degradation simulation
amount can be evaluated by the weight of the filter. test Causzirt:muuigﬁqnoeﬂrggon due to
- A performance assessment is conducted to evaluate the performance accordingly.

The test results may differ depending on a method for fixing the canister lid, the shape and dimensions of the storage
container, the method for fixing the canister lid, the shape of the inner container, etc. and so tests should be conducted after the
detailed specifications have been determined.

|
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0.3 Performance assessment of canister filters
@ Implementation items and results

c. Study of test methods and conditions (6/13)

(i) Study of filter degradation simulation methods (6/10)

Event: Thickness reduction
Test overview (draft)
The following two types of thickness reduction evaluation can be considered.

- The filter is immersed in the assumed environment, and the corrosion rate is calculated from the amount of change in
weight over time to predict the state of thickness reduction

- Assuming that corrosive ions will adhere as the wet/dry environment cycle repeats, a combined cycle test (JIS K
5600_7 9) is used to repeat a salt spray, drying, and humidification as one cycle

In the combined cycle test, a filter is installed in the equipment shown in the Figure below and then corroded.

However, as a foundation for the performance assessment, filters with different corrosion progressions rates must be
manufactured and tested to evaluate whether filter performance can be maintained.

Examining corrosion rates and results of combined cycle tests together with the above performance assessment results
make it possible to determine whether a filter can be used as a filter in a canister storage container.

Test piece
A filter is installed in the
equipment shown in the left
: = side of the Figure.The filter is
e St st corroded through a combined
Figure Example of combined cycle test equipment cycle.

3
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0.3 Performance assessment of canister filters
@ Implementation items and results

c. Study of test methods and conditions (7/13)
(i) Study of filter degradation simulation methods (7/10)

Event: Oxide film generation
Thermocouple

Test overview (draft)
Oxide film measurement test
The oxide film growth rate on the applicable filter material is
measured at a temperature of 300°C in normal atmospheric

conditions. _

The materials to be measured are placed in the heat treatment I I Testplece
furnace. The oxide film growth rate is measured from the _
increase in weight before and after heat treatment, setting three = I;;tep'ece
or more conditions for the heat treatment period.

The oxide film thickness 50 years later is calculated based on "N\ Electric
those values. Then, a performance assessment on the filter is furnace
conducted under accelerated conditions (excessively high Figure Example of a heat

oxygen conditions) where calculated values of the oxide film treatment furnace

thickness is added.

Olnternational Research Institute for Nuclear Decommissioning
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6.3 Performance assessment of canister filters
Implementation items and results

c. Study of test methods and conditions (8/13)
(i) Study of filter degradation simulation methods (8/10)

Event; Water film

Air permeability is verified under conditions that simulate the

formation of a water film due to condensation on the filter.
qupp
Test overview (draft) S,:?eport k= Q_‘A ~ Sample
* The pressure to emit gases inside the container is P ]

investigated when a water film is formed on the filter. ﬂ T‘ J
U

» The filter can be evaluated by applying a method for fiber

waterproof test. (See the Figure on the right) Water
« The fixed filter is pressurized with water, then the pressure pressure
at the time of emitting air is measured. Figure: lllustration of an air permeability

test for a clogged filter Note 1

Note 1: W. L. Gore & Associates. materials (https://www.gore.co.jp/sites/g/files/ypyipel16/files/2016-04/PTV-Techinfo-WEP-Testing-US.pdf)

|
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0.3 Performance assessment of canister filters
@ Implementation items and results

c. Study of test methods and conditions (9/13)

(i) Study of filter degradation simulation methods (9/10)

Event: Powder dispersion (dust generation due to ventilation)

The canister with filters is contained with fuel debris (simulated) that includes powdery fuel debris and filled with
upward air flow simulating supplying air in the canister. Then filter degradation can be simulated by air supply from
upstream caused from dust generation during ventilation.

Test overview (draft)

- Preparation of a vertical reaction tube with a powder support plate, filter, and
particle concentration counter as shown in the right Figure on the right.

- Reaction tube filling with powdery fuel debris (simulated) and installation of a
filter.

N0.93

Particle

- Air supply at a flow rate equivalent to ventilation (use the air supply gas). Filter \ ' concentration
- Verification of the particle dispersion by counting particles during gas flow Tt v measuring

using the particle concentration measuring instrument placed in front of the Powdery fuel . ' instrument

filter based on the number of particles before testing. debris (simulate \ . .

_ _ _ ( d’\ iz Particle collection

- When particles disperse, filter performance could be affected. In such cases, N tube

the lid of the canister is opened to remove the filter after ventilation and Powder support e

particle adhesion can be evaluated from measurement of the filter weight. late PP
- The filter performance is evaluated by evaluation tests accordingly. P

Air supply gas
Figure Overview of a test system for
simulating dust generation from vibration
Test results may differ depending on the ventilation flow rate, the location where air supply mechanisms are
installed, the configuration of the container such as its shape and dimensions, the fuel debris filling method, etc. and
so the test should be conducted after the detailed specifications have been determined.

| T e e e e ]
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0.3 Performance assessment of canister filters
@ Implementation items and results

c. Study of test methods and conditions (10/13)
(i) Study of filter degradation simulation methods (10/10)
Summary

- A test method to simulate filter degradation for each degradation process
was organized because it is difficult to evaluate the degree of degradation in
the 10 identified degradation processes from theoretical formulas.

- It is difficult to simulate filter degradation without inputs (environmental
conditions, fuel debris properties, etc.), treatment process, detailed
specifications, required performance, and filter type. Once these information
are consolidated, it is necessary to re-evaluate the possibility of degradation
occurrence at each process and conduct degradation simulation tests for
evaluation of degradation rate, and evaluate the life of various filters in order
to select a filter.

- s
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6.3 Performance assessment of canister filters
@ Implementation items and results

c. Study of test methods and conditions (11/13)

(i1) Study of filter performance assessment methods (1/3)
Particle capture performance assessment method

- Particle capture performance assessment method is stipulated for general filter performance assessment methods,
and JIS includes the following:

JIS B 9908-2: 2019 Test method of air filter units for ventilation and electric air cleaners for ventilation - Part 2: Measurement of
fractional efficiency and air flow resistance

- Based on this method, as shown in the Figure on the right, the particle capture performance of a filter can be

evaluated by running an airflow that contains particles through the filter and measuring the particle concentration
before and after.

(Test method) Particle generator Manometer for static

.y . . for testing Filter differential pressure
- Temperature and humidity maintains constant, and a blower pushes %measuremems
a dry current through the filter at a constant flow rate.

N0.95

- Particles adjusted to a certain particle size are used as test particles Ftr)‘l”:,‘vter;“‘—b % TlL'E m=) Exhaust
in the air flow. i
- The particle number concentration before and after filtering is Rectifier Particle collection tube

Particle concentration
counter for testing

L Figure Filter performance assessment test Overview
(Assessment criteria)

measured to evaluate the capture efficiency rate of the filter.

- Assessment criteria is determined by satisfying the specified performance of the particle capture efficiency.

- References of a performance guideline results equivalent to a JIS HEPA filter (capture performance 99.97% @
0.3 um) or a HIC vent filter (NucFil® 019-HCR, particle capture performance > 99.97% @ 0.3 to 0.5 um DOP,
specified flow rate: 210 ml/min @ 330 Pa).

| EEEEES
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0.3 Performance assessment of canister filters
@ Implementation items and results

c. Study of test methods and conditions (12/13)
(i1) Study of filter performance assessment methods (2/3)

N0.96

Hydrogen permeation performance assessment method (general industry)

1) General filter performance evaluation method

- JIS stipulates the following for general filter performance assessment test methods:
JIS 9908:2011 Test method of air filter units for ventilation and electric air cleaners for ventilation

This standard is a performance assessment method for air filters that remove dust floating in air and does
not describe the assessment of hydrogen permeation performance.

- The following regulation pertains to filters for nuclear facilities:
JISZ 4812-1995 HEPA Filters for radioactive aerosols
This standard is used for the purpose of removing radioactive aerosols in the exhaust systems, ventilation
air conditioning systems, etc. of nuclear facilities.

It stipulates that high-performance air filters (hereafter referred to as high-performance air filters) must be

flame-retardant to protect against fire. Assessment of hydrogen permeation performance was not
described in the standard.

In this investigation, any JIS standard regarding the assessment method for hydrogen permeability was not
found.

1RID
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0.3 Performance assessment of canister filters
@ Implementation items and results

c. Study of test methods and conditions (13/13)
(i1) Study of filter performance assessment methods (3/3)

Hydrogen permeation performance assessment method (nuclear)
2) Method for assessing hydrogen permeation performance of filters
In the United States, test methods have been established for hydrogen discharge filters used in radioactive waste and

TRU waste containers N 1. A container with filter is filled with hydrogen at a specified concentration (4%), and the
hydrogen concentration in the static container is measured 7 times every 5 minutes.

A permeability performance assessment is made based ~— Nitrogen gas
on hydrogen diffusivity (D) obtained from the following / e Hydrogen 4% +
formula ‘ e TALTIC /" nitrogen 96%
. / D[_ M | f
PV [Lny (o — AR A
= 27 \ D . '-— Fllter .~ Argon gas
t Ht ] i |23 4 1mve AL
. . . . evf‘ :: —Contalner
D: hydrogen diffusion coefficient (mol/sec/mol fraction) ¥y S B ‘
P: pressure (atm), V: container volume (L), t: time (seconds), = ; ===t
R: gas constant of an ideal gas (0.082 Latm/molK), 1mL s \5) \ L Pulrge L_
T: temperature (K), H,: initial hydrogen concentration, Sample loop ~ / valve
H¢: Hydrogen concentration at time t Gas
chromatograph

In the United States, the WIPP (Waste Isolation Pilot Plant)
stipulates the performance of filters used in waste containers

Figure Schematic diagram of hydrogen diffusivity test equipment
Note 1: Terry Wickland and John Schierloh Hydrogen Diffusivity through Drum and Liner Venting Filters WM98
(http://archive.wmsym.org/1998/html/sess27/27-37/27-37.htm)

Olnternational Research Institute for Nuclear Decommissioning
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0.3 Performance assessment of canister filters

@ Contribution of outcomes to relevant study areas
This data is useful when selecting filters in the design phase.

® Analysis with respect to the on-site applicability

In terms of on-site applicability, the effects of degradation are evaluated based on test results
from the filter degradation simulation methods and filter performance assessment methods that
are the outcomes of this project, and those evaluation results are used to select filters that
satisfy performance requirements even after degradation.

® Goal achievement level
It can be concluded that TRL Level 1 was achieved as planned because the following
indicator to judge goal achievement was met:
 The environments and conditions that affect canister filter life must be understood and
organized. Also, the test methods and conditions for any item that must be tested to

evaluate filter life must be examined and any relevant existing knowledge must be
organized.

@ Issues to be addressed
Once information such as inputs (environmental conditions, fuel debris properties, etc.),
treatment processes, required filter performance, etc. is aggregated, it is necessary to
reevaluate of the possibility of each degradation process occurring, evaluate the effect of
superimposed processes, conduct degradation simulation tests to evaluate the rate of
degradation, etc., before evaluating the life of each filter and finally selecting a filter.

- s
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6.3 Performance assessment of canister filters
‘Summary

The functions for confining fuel debris particles and functions for releasing hydrogen
generated by the radiolysis of water were identified as filter requirements.

The filter degradation factors were figured out and 17 degradation processes were
identified. Using existing knowledge as input conditions, the four processes of salt
precipitation, microbial membrane, aerosol deposition, and UV degradation were excluded
from the target processes based on fuel debris properties, container specifications, and
environmental conditions inside and outside the canister. Scenarios were defined in which
the selected 13 processes lead to degradation based on the canister environment.
Among the degradation processes, the three events of hydrogen generation, thermal
convection, and electric corrosion were evaluated as not occurring, and the evaluations of
filter degradation using theoretical formulas were attempted for the other 10 events, but
since no method for estimating degradation events has been established, testing methods
for simulating degradation were examined and filter degradation simulation methods for
each degradation process were presented.

As methods for determining degrees of degradation, particle capture performance and
hydrogen permeation performance, both of which are required as filter performance, were
examined and developed as general assessment method proposals.

Once information such as inputs (environmental conditions, fuel debris properties, etc.),
treatment processes, required filter performance, etc. is aggregated, it is necessary to
reevaluate of the possibility of each degradation process occurring, evaluate the effect of
superimposed processes, conduct degradation simulation tests to evaluate the rate of
degradation, etc., before evaluating the life of each filter and finally selecting a filter.

L
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* The experience, knowledge, and information on the handling and storing of
radioactive materials, etc. in powder, slurry, or sludge form at TMI-2 and the
Hanford Site in the US, Sellafield in the UK, and other sites, which are
considered to be useful for identifying issues related to the storage of
powdery, slurry or sludge fuel debris, were collected and analyzed.

* Issues and countermeasures in each process up to storage when
conducting dry storage with canisters similar to those for fuel debris in
particle or lump form were examined. The technological issues related to
the storage of fuel debris in powder, slurry, or sludge form as well as their
solution phases and solution periods were also clarified.

 Potential degradation processes were identified from the environment and
conditions in which the canister filters are placed. A simulated degradation
method was provided for each degradation process and performance
assessment test method plan were proposed.
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