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1. Background and Purpose No.2

1. 1 Reasons why this research is necessary

Various fuel debris machining methods corresponding to the characteristics of fuel
debris have been studied and developed for machining fuel debris such as cutting, etc.
On the other hand, radioactive materials from which dust migrates to the gas phase due
to machining were evaluated conservatively without considering prevention of dust
dispersion. (*1)

In future, the actual value of dust that migrates to the gas phase as a result of
machining fuel debris needs to be verified, while designing a reasonable environmental
control system and developing a maintenatnd operation plan.

In this research, a dust collection system for collecting the dust generated while
machining fuel debris will be developed and data on dust dispersion while machining fuel
debris (*2) (dust migration rate in gas-liquid phases, dust collection efficiency) will be
acquired.

*1. Refer to the Central Research Institute of Electrical Power Industry Hand-book on Environmental Impact
Assessment for Decommissioning Work (Third edition)
*2: In this research, Uranium oxide (UO,), ceria and fuel claddings simulating actual 1F fuel are used.
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1. Background and Purpose No.3

1. 2 Reflection of results and contribution thereof

Dust collection and dispersion-prevention system for the dust generated while machining fuel debris are
developed to contribute to the acquisition of data on dust dispersion during fuel debris machining.

Research results Secondary boundary

€ The following information obtained from the vicinity of the part being
processed

* Loss of volume of the test piece

- Particle size distribution of the dust dispersed into the air

- Total amount of dust that does not get dispersed but falls or migrates

Primary boundary

into water PCV* exhaust gas
o HEPA** Exhaust port
Filter
Exposure assessment during machining and environmental control Dust dispersed from the
system impact assessment (Gas phase, liquid phase) Part of the'fuel debris vicinity of the part being
. rocessed
being processed 2
@ Exposure assessment
+  Site exposure assessment associated with dust dispersion 77777777777
) . o Dust that has fallen /
€ Environmental control system impact assessment (Gas phase, liquid phase) migrated

*  Monitoring in the event of an abnormality and optimization of the ventilation
system
*  Evaluation of dust concentration in the liquid phase inside the PCV*
(Assessment of impact on the water treatment system)

to water from the vicinity
of the part being

Fuel debris processed

lllustration of dust that has dispersed, fallen / migrated to water
from the vicinity of the part being processed

— * PCV: Primary Containment Vessel ——
l R' D ** HEPA: High Efficiency Particulate Air Filter ~ ning




2. Implementation items and goals of the project No.4

2. 1 Implementation items and goals of the project

(1) Development of dust collection and dispersion-prevention system
In order to prevent dispersion of dust, etc. while machining fuel debris, the field applicability of the dispersion-prevention
structure in the vicinity of the machining point, efficient collection technology and dispersion-prevention technology will be
evaluated based on existing technology.
(Goal) @ To conceptually design the dust collection and dispersion-prevention system and the machining head and evaluate
the applicability to the actual equipment
@ To define the basic specifications of the dust collection and dispersion-prevention system and the machining head,
and design the system

(2) Development of remote maintenance technology for dust collection and dispersion-prevention system
As the fuel debris retrieval equipment and devices (fuel debris cutting and dust collection system, container or work table,
monitoring device or robot arm for handling it, etc.) are installed in areas with high radiation, as a general rule, maintenance
needs to be carried out remotely. Hence equipment and device maintenance method that takes handling of fuel debris into
consideration, will be studied.

(Goal) @ Remote maintenance method and conceptual design of the required equipment

(3) Evaluation test of dust collection and dispersion prevention
A representative machining method will be selected from the machining methods selected as part of “Development of
technology for retrieval of fuel debris and reactor internal structures”, and test guidelines, test matrix and testing system
concerning that selected machining method will be studied. Moreover, a test will be conducted wherein dust evaluation and
testing apparatus will be designed and test manufactured, a test piece simulating fuel debris will be tested for dust dispersion
with said testing apparatus, and the in-air migration rate and underwater migration rate of dust into the space around the
machining head will be evaluated.

(Goal) @ Development of dust collection and dispersion-prevention evaluation guidelines

@ Evaluation test of dust collection and dispersion prevention
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2. Implementation items and goals of the project No.5

2. 2 Project issues

The effectiveness of dust dispersion prevention by using the dust collection and dispersion-prevention system (mist,
water ejector) was evaluated under the Subsidy Project of Decommissioning and Contaminated Water Management in
the FY2016 Supplementary Budget “Upgrading of fundamental technology for retrieval of fuel debris and internal
structures” (Implemented in FY2017-18). The issues encountered in this project using these results are listed below.

(Project issues)

- A conceptual study of dust collection and dispersion-prevention system in the vicinity of the fuel debris machining
point in air and underwater, that takes into consideration the field applicability of remote maintenance, etc.

=The issue will be addressed through the following implementation items
(1) Development of dust collection and dispersion-prevention system
(2) Development of remote maintenance technology for dust collection and dispersion-prevention system

- Evaluation of the dust migration rate in gas-liquid phases during machining of each part inside the PCV, and the dust
collection efficiency

=The issue will be addressed through the following implementation items
(3) Evaluation test of dust collection and dispersion prevention

3
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2. Implementation items and goals of the project

2. 3 Correlation between implementation items

No0.6

*==Implemented in the

previous year (FY2019)

Conceptual study of dust collection and dispersion-

prevention system

Evaluation of the applicability of the fuel debris cutting and dust collection system (narrowing down and
application conditions) to actual equipment

A 4

Basic design of the dust collection and dispersion-prevention system and the machining head

¥ [

(1) Development of dust
collection and dispersion-
prevention system
(TRL3)

(Correlation D)

Designing and test manufacturing the machining
head for the dust collection and
dispersion-prevention evaluation test

1

1 - .

1 Designing and test manufacturing the

: machining head for the dust collection and
1

1

]

dispersion-prevention evaluation test

Development of dust collection and dispersion
prevention evaluation test guidelines and
implementation of preliminary test

(Correlation 2)

Studying the method of remotely replacing

the process head using the external shape of the
machining head as input

¥

Studying the test matrix and the test system,
and manufacturing the test equipment

4

L]
1
. i 1
Reflection into . tCOHCEptuatlhd%S;gn OLI'QTORIEI . i
step diagram maintenance method for a dust collection I
and dispersion-prevention system 1
J

(2) Development of remote
maintenance technology for
dust collection and
dispersion-prevention system
(TRL3)

Implementation of evaluation test of dust collection
and dispersion prevention

Data on amount of dispersion corresponding to the {___
dust collection and dispersion-prevention system

(3) Evaluation test of dust
collection and dispersion
prevention
(TRL4)




3. Collaboration with other research No.7

Project issues in the fuel debris retrieval study

@ In order to avoid exceeding the radioactivity concentration control value from the perspective of ensuring safety in the space
where workers enter, the generation and dispersion of dust in the vicinity of the part being processed needs to be prevented as
much as possible, depending on the machining method.

@ The throughput needs to be evaluated based on the constraints imposed by the control value of the above-mentioned
environmental control system while taking the fuel debris machining method (type and machining pattern) into consideration.

@ The filter replacement and waste transfer frequency need to be assessed based on the decontamination factor (DF) of the
environmental control system.

Input information for this PJ

1) Machining method expected to be applied (1)

2) Analysis of airflow inside PCV (D)

3) Environmental control system and radioactivity concentration
control target value (@)

4) Conversion factor for calculating the radioactivity concentration of
the item being processed based on the amount of dust ()

@ Development of technology for further 1

increasing the scale of retrieval of fuel

debris and reactor internal structures
- Study of fuel debris retrieval method
- Analysis of airflow inside PCV

@ Development of analysis and
estimation technology for

characterization of fuel debris = Goals and results of this PJ

|
- Study of the behavior of radioactive I 1) Conceptual design of the machining head that is expected to be extensively
airborne particles associated with fuel I used and evaluation of the dust removing performance of the machining
|
|

debris machining head that generates a large amount of dust

Main IRID projects progressing in cooperation 2) Applicability (additional equipment, handling method, etc.) of actual dust

collection and dispersion-prevention system to actual equipment giving due
consideration to maintenance performance
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4. Project organization

No.8

At the International Research Institute for Nuclear Decommissioning (IRID), technology development has been
carried out in cooperation with Toshiba Energy Systems & Solutions Corporation for developing technology for
retrieval of fuel debris and reactor internal structures (technological development of fuel debris dust collection

system). IRID is conducting overall management of the project.

Tokyo Electric Power Company Holdings, Inc.

International Research Institute for Nuclear Decommissioning
(IRID)

O Various coordination for site application
( - Coordination to reflect the status of permission
and authorization
- Coordination to reflect the status of the
decommissioning site Etc.)

O Coordination of overall planning and technology management
O Coordination of technology administration including technology
development progress management

Project teams to cooperate for technological
development

3

1D

Development of technology for further increasing the
scale of retrieval of fuel debris and reactor internal
structures

Toshiba Energy Systems & Solutions Corporation

Development of analysis and estimation technology for
characterization of fuel debris

[Elemental test, technical development]

1) Development of dust collection and dispersion-prevention system

2) Development of remote maintenance technology for dust collection
and dispersion-prevention system

3) Evaluation test of dust collection and dispersion prevention

Development of technology for collection, transfer and
storage of fuel debris

Development of criticality control technology for fuel
debris

Research and development for treatment and disposal
of solid waste

Olnternational Research Institute for Nuclear Decommissioning




4. Project organization No.9

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

O Various coordination for site application

O Coordination of overall planning and technology management i i
(- Coordination to reflect the status of permission and P 9 ol 9 Project teams to cooperate for technological

O Coordination of technology administration including technology development

authorization o progress management development
+ Coordination to reflect the status of the decommissioning
site  Etc.) Development of technology for further increasing the scale of

retrieval of fuel debris and reactor internal structures

. . . Development of analysis and estimation technology for
Toshiba Energy Systems & Solutions Corporation characterization of fuel debris

Toshiba Development & Engineering Corporation

- Development of dust collection and dispersion-prevention Tanabe Corporation Development of technology for collection, transfer and storage

system - Evaluation test of dust collection and dispersion prevention of fuel debris
(Creation of retrieval work step diagram based on the conceptual (Manufacturing of simulated fuel debris melt)
— design)

-Development of remote maintenance technology for dust
collection and dispersion-prevention system

(Creation of work step diagram assuming the use of remote
maintenance technology)

Kojundo Chemical Laboratory Co., Ltd. Development of criticality control technology for fuel debris

- Evaluation test of dust collection and dispersion prevention
(Material 1 for simulated melt - oxide material -)

Actovide Ltd.
- Development of dust collection and dispersion-prevention
system
(Machining device preparation and operation services)
~Evaluation test of dust collection and dispersion prevention
(evaluation test apparatus design)

Research and development for treatment and disposal of solid
waste

Nihon Denkei Co., Ltd. (Sanyo Special Steel Co., Ltd.)
+ Evaluation test of dust collection and dispersion prevention

|
1
|
1
|
1
|
1
|
T (Material 2 for simulated melt - metal material -)
|
1
1]
1
|
1
HH
1

Watari Co., Ltd. (Tokyo Dylec Corp.)
- Development of dust collection and dispersion-prevention
system
(Dust patrticle size distribution measurement services)

Niitaka Rika Industry Co., Ltd.
+Evaluation test of dust collection and dispersion prevention
(Material 3 for simulated melt - cement material -)

Shin Nippon Air Technologies Co., Ltd.
- Development of dust collection and dispersion-prevention
system
(Dust evaluation test visual measurement services)

Daiichi Cutter Kogyo K.K.
+Evaluation test of dust collection and dispersion prevention
(Simulated fuel debris melt test piece machining) I\

Nihon System Co., Ltd.

Manufacturing of simulated MCCI (Molten Core
- Development of dust collection and dispersion-prevention

| Concrete Interaction )(hereinafter, simulated MCCI)
system e e e e e e e e e e e = e e = = ,
(Machining device model construction and CFD implementation) i test piece
-Evaluation test of dust collection and dispersion prevention Nippon Nuclear Fuel Development Co., Ltd. )
(Dust collection and dispersion-prevention system analysis model | -Evaluation test of dust collection and dispersion prevention
construction and CFD implementation) (Study of test guidelines for evaluating dust at the time of cutting,

using a simulated test piece such as stubby fuel, etc.)

|
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5. Implementation schedule

No0.10

Large Small FY2019 FY2020 Remarks
classification classification Apr | May | Jun | Jul |Aug | sep |'Oct]|'Nov]|'Decl| Jan | Feb | Mar | Apr | May {Jun] | Jull |Aug | Sep | Oct]|Novi DeciJan |Feb | Mar (status)
* Manufacturing of
) Conceptual study of the dust collection and dispersion-prevention system the dust
a. Conceptual study of the dust collection and ‘and evaluation of its applicability to actual equipment (Legend) collection and
dispersion-prevention system and evaluation of machining head
its applicability to actual equipment . Planned schedule for the d gt
1) Development of Development of basic specifications of the machining head, its O.r € N us
dust collection and | |, Development of basic specifications of the system design and evaluation . Schedule that was dispersion
dispersion- " machining head, its system design and moved up evaluation IteStd
H evaluation . Actual using simulate
prevention system E— implementation fuel has been
L . Basic designing of the machining head completed.
c. Designing of the machining head ) ! g ! ! P
l
Conducted by Designing of the machining head
Toshiba ESS . L
iManufacturing the machining head
i Summary,
d. Summary ]
» Reflection of the
2) Development of o Consolidation of the approach towards the maintenance method Step diagram for
remote a. Consolidation of the approach towards the i L i ! 1 ! ! maintenance
maintenance maintenance method 1 work during an
technology for Reflection of the step diagram in the machining head emergency
dust collection and . 4 : ) designed during 1) Development of dust collection (failure) has
dispersion- b. Study of maintenance method, creation of the Study of maintenance method, creation of the step diagram | ____ff‘ig'?pe-r sion-prevention systems - been completed.
prevention system step diagram
c. Summary ¥ Summary)
Conducted by |
Toshiba ESS
» Dust dispersion
evaluation test
a Development of the dust collection and Development of the dust collection and dispersion prevention evaluation using simulated
3) Evaluation test " dispersion prevention evaluation guidelines uidelines — fuel has been
of dust collection Preliminary tests ) completed.
and dispersion— E— Study of test matrix, test system and
X test equipment
prevention R
Manufacturing the test apparatus
b. Evaluation test of dust collection and dispersion v _and test piece
Conducted by prevention
Toshiba ESS Evaluation test of dust collection and dispersion prevention
c. Summary y  Summary
A A A A A | IDR
Major milestones Decision on subsidy Interim report Annual report IDR* Interim report A
, Final report

1R

1D

*IDR: IRID Design Review Meeting
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6. Implementation Items No.11

Overall Plan (Study Process) «+Implemented in the
previous year (FY2019)

System diagram based on the safety functions requirements Development of Fuel debris machining

method
’ (Core drill, chisel, laser gouging, etc.) o
— e e G 9 = X Results of past subsidized
evelopment of fuel debris cutting and dust collection system ' projects
l“““"““““”‘““““"“““'ﬂ Improvement* of the method for
Conceptual study of a dust collection and : accessing fuel debris and the Implementation Plan for
i ion- i I machining method
dispersion-prevention system l g FY2019 onwards

""""""+""""""I *. Development of technology for further
increasing the scale of retrieval of fuel
debris and reactor internal structures

A 4

Evaluation of the applicability of the actual fuel debris cutting and dust collection system (narrowing down and
application conditions) to actual equipment

A 4

Basic design of the dust collection and dispersion-prevention system and the machining head

| ’ .

(1) Development of dust
collection and dispersion-
prevention system
(TRL3)

1

Designing and test manufacturing the machining head
for the dust collection and dispersion-prevention
evaluation test

________________‘_______l (2) Development of remote

Iy
Development of dust collection and dispersion : 1
prevention evaluation test guidelines and 1 :

I
i

I

implementation of preliminary test

]

1

1

1

1

1

I -

1 1 — Conceptual design of remote I fo_r dUSt_ collection ?-nd
: Studying the test matrix and the test system, : R;Secé:gnr:rf Waiptenang%metho_d for a dus:_ : d Ispersion-prevention
1 | and manufacturing the test equipment Iy :p 9 ' coliection an S;Z?:r;snon-preven el : system

: 1 L (TRL3)

I == .

: ; 1 (3) Evaluation test of dust
1 | Implementation of evaluation test of dust collection Data on amount of dispersion depending on the :_ COHGCUQn and dispersion
: and dispersion prevention dust collection and dispersion-prevention system : E)Trlg\ll_ir)mon

1

e e | e e e e e e e e e )

------------------------------------------------------------------------------- = *Will be studied as part of another PJ using

| Exposure assessment during machining and environmental control system impact assessment (Gas phase, liquid phase) ! the results of the evaluation test of dust
o 4 collection and dispersion prevention as input.



6. Implementation Items
6. 1 Development of dust collection and dispersion-prevention system

Implementation details and level of achievement
(Black font: Details of FY2019 implementations, Blue font: Details of FY2020 implementations)

No0.12

(1) Development of dust collection and dispersion-prevention system (*1)

Implementation details / Level of achievement

@ Conceptual
designing of the
dust collection
and dispersion-
prevention
system and the
machining head
and evaluation
of its

Upon investigating the past dust collection
technology, the advantages and
disadvantages in case of using the dust
collection technology for the machining
method selected in “Development of

technology for retrieval of fuel debris and

Evaluation of the advantages and
disadvantages in case of using the
dust collection technology for the
machining method selected in
“Development of technology for

retrieval of fuel debris and reactor

The advantages and disadvantages in case the dust collection technology is
used was evaluated with respect to 3 points, namely, filter, water ejector, and
mist, and it was confirmed that water ejector and mist were superior from the
perspective of applicability to actual equipment and maintenance performance.
(Completed in FY2019)

applicability to
the actual reactor internal structures” was to be internal structures”
equipment evaluated. The results of evaluating the Evaluation of the applicability to EWZS %onfirme_d th?t the e>;ternal dimensl,ioni _(lamd weri]gh_t of thedmr?chir_}i_ng
applicability to actual equipment for the side _ _ ead, the reaction force and power supply while machining, and the utility are
actual equipment in case of the suitable from the perspective of applicability to actual equipment. (Completed
access method and top access method of the . in FY2019)
side access method and top
dust collection technology was to be access method of the dust
presented. collection technology
(Target TRL at completion: Level 3)
@ Defining of A chart listing the basic specifications of the Chart listing the basic A chart listing the basic specifications of the machining head, including the
the basic dust collection and dispersion-prevention specifications of the dust collection external dimensions and weight, the reaction force and power supply while
specifications of | system and the machining head for the and dispersion-prevention system machining, and the utility, was created.
the dust machining method selected in “Development and the machining head (Completed in FY2019)
collection and of technology for retrieval of fuel debris and - i - - .
dispersion- reactor internal structures”, the system System design, conceptual design - System design and conceptual design of the machining head was created.
prevention diagram and the conceptual design diagram (Completed in FY2019)

system and the
machining head,
and designing
the system

were to be presented.
(Target TRL at completion: Level 3)

-Designing and manufacturing of the machining head for the (3) Evaluation
test of dust collection and dispersion prevention was completed in the first half
of FY2020, based on the basic design of the machining head with the dust
collection and dispersion-prevention function studied in the previous year
(FY2019).

(Completed in FY2020)

*T: From 8. Speciic goals for achieving the purpose of the project

Olnternational Research Institute for Nuclear Decommissioning

1RID



6. Implementation Items No.13
6. 1 Development of dust collection and dispersion-prevention system

[Evaluation of advantages and disadvantages for the dust collection technology from the perspective of
applicability to actual equipment and maintenance performance]

O Configuration images of the dust collection and dispersion-prevention system

(Filtering method) | (Water ejector method)
Combination of A) Collection (suction collection) I Combination of B) Water ejector suction and water
method with the help of exhaust Brower + filter and C) I migration methods and C) Mist coagulation and water
Mist coagulation and water migration method I migration method
”———---~~~~ ”_——---~~~
Containment vessel ,” s N I Containment vessel - ~\\
,/ Dispersion- ¥4 / Dispers_ion—\\
Feed water system Il | revention hoo’d\ I Feed water system Il Rrevention \\
\ \
[
Filter ‘| I — ] Flow of “
I 1 | sg@inage
Exhaust \ D 1 1 !
] \ ]
Brower / , | . \ ,,
Gas flow , Mist spray \\ Gas flow ,l
’ Watgr ejecte O Scattered de%ris ~ P
~ -7 I / o PR
SsQ - Sso -
o - I R ‘ o -
Gas flayw
o O
Stagnant waterO I Stagnant waterO -

S
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6. Implementation ltems
6. 1 Development of dust collection and dispersion-prevention system

No.14

[Evaluation of advantages and disadvantages for the dust collection technology from the perspective of applicability to
actual equipment and maintenance performance]

Dust collection
effectiveness *1

Installation
scale *2

Advance
installation work
of the
equipment
outside the PCV

Advance
installation work
of the
equipment
inside the PCV

- Applicability to actual equipment

A: Filter

Low

(As suction strength
is likely to reduce if
the filters becomes

wet)

Small to medium
(Included in fuel debris
retrieval device
preparation)

Not required

(As a small collection
device is mounted on
the machining device)

No advance installation
work
(Connection/disconnec
tion of the machining
head and collection
device)

B: Water migration
(Water ejector)

Yes

Small to medium
(Included in fuel
debris retrieval
device preparation)

Not required

(As a small
collection device is
mounted on the
machining device.
Some of the
machining water is
used)

No advance
installation work
(Connection/discon
nection of the
machining head)

C: Mist

Yes

Small to medium
(Included in fuel debris
retrieval device
preparation)

Not required

(As a small collection
device is mounted on
the machining device.
Some of the machining
water is used)

No advance installation
work

(Mounting on to the
machining device,
connection/disconnectio
n of the machining
head)

-Maintenance performance of actual equipment

Items

Filter replacement

Collection water
treatment *3

Amount of waste

Anticipated
maintenance work
other than the
above-mentioned
work

A: Filter

Required
(Transferred as
waste. Frequency
uncertain)

Not required
(Drains inside the
PCV in the case of
backwashing filter)

Large

1) Machining head
replacement (If it is
mounted on the
machining device and
a tool changer is
used)

B: Water migration
(Water ejector)

Not required

Not required
(As water drains
inside PCV)

Small

1) Machining head
replacement (If it is
mounted on the
machining device

and a tool changer is

used)

C: Mist

Not required

Not required
(As water is sprayed
inside the PCV)

Small

1) Machining head
replacement (If it is
mounted on the
machining device and a
tool changer is used)

*1: Dust collection effectiveness for the particle size distribution in the atmosphere inside PCV,

which has a major impact on exposure assessment

*2: If the installation work load is high, the retrieval work throughput and the maintenance work load

increases.

*3: Indicates the necessity to treat the machining water collected while machining, other than the
contaminated water treatment of water that normally accumulates inside the PCV.

The water ejector and mist are superior from the perspective of applicability to actual equipment and maintenance performance,
therefore the system focusing on water ejector and mist was developed in this PJ.

TRID

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Items

6. 1 Development of dust collection and dispersion-prevention system

No.15

[Machining method selected in “Development of technology for retrieval of fuel debris and reactor internal structures”]

1) Mechanical cutting

*Disc cutter

*Chisel

*Core boring

*AWJ (abrasive water jet)
2) Thermal cutting

*Laser gouging

Laser

*Plasma

(Supplementary information)

Various fuel debris retrieval methods / routes have been studied. Each of
the studies is named differently.

An overview of each plan/route is given below.

-Side retrieval PLAN-A: Method in which an opening is made on the side
of the PCV and multiple cells are installed.

-Side retrieval PLAN-B: Method using an access tunnel regardless of the
unit

-Side retrieval PLAN-C: Method using X-6 penetration

-Top retrieval Route A: Route wherein the cell used for fuel debris
retrieval from the refueling floor is shielded and the fuel debris is
transported

-Top retrieval Route B: Route wherein shielding is carried out by retaining
the shield plug of the refueling floor and the fuel debris is transported

TRID

Sltructure Clas«lication Side retrevs Top retrieval
PLAN-A PLAN-E PLAN-C Routa & | Route B
Solid radioactive Wirs saw lwmﬁlﬂ
Salid racioactive e |Wlnuw
Salid radioactive waste Losor / Plasma AW
RPV Insulation Material / Piping Salid radioactive waste Lasel [/ Plasma AW
RPV head Salid radicactive waste Logar [ Plasma AW)
Steam dryse Salid radioactive waste Band saw AW
Shecud hegd | including steam separator) Salid radioactive waste Qise cuttae Dise cutter
Uppar grid plate Fuel detris Laser AW
Skacud Fugl debris AW
jet pumg Fusl debris iAW)
Care fual debris Fuel gabriz Laser pougng AW
Core Support Plate Fuel debes Lasar AW
Fusd debwis at RPY bottom Fusl debris Laser gougng Lasar
RFV battom Fuel gebrs il AW
Lasar
Fuef dabris achoring to RPY lower part / CRD 3 AW
) 3 Fuel debris Dise cutter Disc cutter Disc culter J AW
WUSIng Lasef
- : AW
Podustal internals Fuel debrs Ding cutter Dist cuthor Disc cuttor Disc saw
Lasar
. ; AWJ
CRD ehanger Fusl debris Dise cutter Dise cutter Dise cutter Dise saw
Lazar
Cumps  |Cote boong Chisel
Pebbles. |Collection tool  |Gomebiosing
Fued debris in pedestal Fuel debres " Disc cutter [Chisal Laset
U Suction and
Granubar Laser gouging
collection devica
Cumps  |Ciies bonng Chisel
Penbles [Collection tool  |CotSboeing (Legend) .
Pkt e g e e isc Blue: Cutting by means of
el delwls outside pedestal uel debris Sctio did cutter metals such as blades, etc.
Granuiar P Luosar googing Orange: Cutting by means of
sollection device

laser

Source: *1) Subsidy Project of Decommissioning and Contaminated Water Management in the FY2016 Supplementary Budget “Upgrading of
fundamental technology for retrieval of fuel debris and internal structures” (FY2018)

Application of the above-mentioned cutting and machining method has been assumed in the past
subsidized projects by the government.

or Nuclear Decommissioning
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6. Implementation ltems No.16

6. 1 Development of dust collection and dispersion-prevention system
[Conceptual study of a dust dispersion-prevention machining head]

O Machining head for mechanical cutting

200 Tool changer
replacement Mounting Changer
Case for motor part
case plate ®280 case P Chisel motor
Motor part

Dust proof hood

(grindstone cultter) Hydraulic

(oil) cutter
Blade edge replacement |
mechanism

Water ejector

Blade edge @200 case

Wheel + hood "/ Ejector

Internal mist
nozzle

. Cutter blade
External mist

nozzle

Disc cutter Hydraulic (oil) cutter Chisel

| =
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6. Implementation Items No.17
6. 1 Development of dust collection and dispersion-prevention system

[Conceptual study of a dust dispersion-prevention machining head (continued)]
O Machining head for thermal cutting

General purpose dust collection
and dispersion-prevention head
(90° )

Laser cutting (90° ) Laser gouging (60° )

Since the water ejector and mist are small and light weight, it was confirmed
that these are applicable for the machining head that can be used for fuel debris retrieval.

E— e EESS
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6. Implementation Items No.18
6. 1 Development of dust collection and dispersion-prevention system '

[Evaluation of applicability of the machining head to actual equipment ]

Basic design results Evaluation of | Criteria
applicability
to actual
equipment
Shape and dimension None in particular @) 1) It can be used for accessible surfaces
constraints of the object to be 2) There shall be no limiting conditions such as
processed requirement to access the opposite surface of

the surface to be processed, applicable
dimensions, etc.

Machining tool external Length approx. 270 x O The dimensions shall be such that it can be
dimensions [mm] width approx. 200 x height carried in/out to connect/disconnect inside the
approx. 530 PCV.

Reference guideline: <[J11m (provisional)

Machining tool weight Approx. 500N or less @) The resultant force shall be less than the
operating force of the manipulator.
Counterforce during Approx. 1000N or less @) (Reference guideline: Lower than the 2000N
machining (Preliminary test results) payload of general power manipulators)
Power supply specifications Three phase AC 200V, @) The power supply shall be applicable to the 1F
10A site. (100V, 200V, etc.)
Volume of water used Approx. 1.2m3/h @) Average volume of water used 2.2m3h! or less

< Source: [1] Subsidy Project of Decommissioning and Contaminated Water Management in the FY2014 Supplementary Budget
“Development of fundamental technology for retrieval of fuel debris and internal structures Research Report (Final Report) March 2017

It was confirmed that the external dimensions and weight of the machining head, the reaction force and power
supply while machining, and the utility are suitable from the perspective of applicability to actual equipment.

[ EEEEEES
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6. Implementation Items No.19
6. 1 Development of dust collection and dispersion-prevention system

[Basic design of a disc saw with dust collection and dispersion-prevention function]
60

The basic design of a machining head with dust collection

and dispersion-prevention function is as follows: A hood is 50
installed around the disc saw, the air inside the hood is -
sucked with an air ejector, dust is moved to the drainage, 40 A

7.3018¢+0[pm]

and the dust that is released in the surroundings is
collected by mist spray.

The machining head with dust collection and dispersion-
prevention function was subjected to airflow analysis.

30

Adsorption rate %]

- Analysis findings ,

» It was confirmed that by installing the dust collection iz ,
hood the ejector suction velocity increased. 0.0 50 100 150 200 250 300

» It was confirmed that the physical barrier (shavings
guard, external cylindrical structure) restricts airflow
and is thus effective in dust dispersion prevention.

Time [s]

Ejector suction rate (*1)

(Note)
*1: Percentage of dust that gets sucked by
the ejector

Results of airflow analysis and particle behavior analysis Basic design results
|  —————

e e
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6. Implementation Iltems No.20
6. 1 Development of dust collection and dispersion-prevention system

[Designing the machining head for the (3) Evaluation test of dust collection and dispersion-prevention]
* The machining head for the (3) Evaluation test of dust collection and dispersion-prevention will be designed based on the
aforementioned basic design of the machining head with the dust collection and dispersion-prevention function.

L
A @\ Flow of water ejector
/ {?},\‘ : driving water
/ &/

Water ejector

* K \> Flow of dust suction
' ‘_\"‘“ \ by means of the water ejector

Mist nozzle

=~ Hood J =
. : : .
Mist nozzle -+ i '\ |
: - \ |
. . A | ——
: - | /..I I||'\~. =1 [ |
. . ——H \ et
[ ] "/ | B h |
: o p \ | S 0 |
: = Disc saw // A | |
: - Ky > \ | ‘ |
.-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII: ]’//j ‘\ J—J‘ L—l
.. . . Mist ‘
Machining head studied in FY2019 _ it T A
(Supplementary information 1) Dust suction by means of water ejector and dust collection by means Machining head for the (3) Evaluation test of dust
of mist collection and dispersion-prevention

Negative pressure is created inside the ejector due to the water ejector driving water and the dust dispersed
inside the hood is sucked in.
The dust that is sucked in gets mixed with the ejector driving water and falls down in liquid state.

Also, the dust that is dispersed outside the hood is collected by means of the mist sprayed through the mist : ’ S—
nozzle and falls down in quuid state. Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Items
6. 2 Development of remote maintenance technology for dust collection and
dispersion-prevention system

Implementation details and level of achievement
(Black font: Details of FY2019 implementations, Blue font: Details of FY2020 implementations)

No.21

(2) Development of remote maintenance technology for dust collection and
dispersion-prevention system (*1)

Implementation details / Level of achievement

@ Remote
maintenance
method and
conceptual
design of the
required
equipment

The method and concept of the dust collection and
dispersion-prevention system and machining head
including the line of flow of devices for remote
maintenance during normal times and in the event
of failures, replacement parts, waste, etc., their
schematic placement, volume of waste, need for
and method of decontamination, etc. was to be
presented in a step diagram. (Target TRL at
completion: Level 3)

= Extraction of

waste

= Creation of

replacement
step diagram

* A step diagram was created for extracting replacement parts or
waste, and for remotely replacing the machining head assuming
remote maintenance during normal times and in the event of
failures. (Completed in FY2019)

- The replacement process and step diagram that was studied in
the previous year (FY2019) was reflected in the first half of
FY2020 in the step diagram for the machining head that was
designed during the (1) Development of dust collection and
dispersion-prevention system.

(Completed in FY2020)

3

*1: Refer to title No.8 “Specific goals for achieving the purpose of the project”

1D
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6. Implementation Items

No0.22

6.2 Development of remote maintenance technology for dust collection and

dispersion-prevention system

[Extraction of replacement parts or waste assuming remote maintenance during normal times and in the event of failures (emergencies)]

Chisel *Blade edge blunt, defective, damaged
* Clogging of mist nozzle
Degradation of the ejector hose and mist hose due to
radiation
*Blade edge blunt, defective, damaged
*Clogging of mist nozzle
*Degradation of the ejector hose and mist hose due to

radiation

Core boring

Disc saw *Blade edge blunt, defective, damaged
* Clogging of mist nozzle
Degradation of the ejector hose and mist hose due to

radiation

Hydraulic (oil) cutter *Blade edge blunt, defective, damaged
* Clogging of mist nozzle
Degradation of the ejector hose and mist hose due to

radiation

Bumino [ealueyosy

* Clogging of mist nozzle
*Degradation of the ejector hose and mist hose due to
radiation

*Clogging of mist nozzle

*Degradation of the ejector hose and mist hose due to
radiation

*Lens fogging

*Optical fiber depletion

* Clogging of mist nozzle

Degradation of the ejector hose and mist hose due to
radiation

Degradation of electrode or nozzle

* Clogging of mist nozzle

Degradation of the ejector hose and mist hose due to
radiation

Laser gouging

Laser cutting

*Plasma jet

Bunmino rewusyL

*Bending of rotating axis
*Motor shutdown
*Coming off of tool changer

*Bending of rotating axis
*Motor shutdown
*Coming off of tool changer

*Bending of rotating axis
*Motor shutdown
*Coming off of tool changer

*Blade not returning to original
position

*Motor shutdown

*Hydraulic (oil) pump pressure drop
*Coming off of tool changer
*Pressure drop in hydraulic (water)
pump for WJ

*Laser output reduction

*Pressure drop in hydraulic (water)
pump for laser

*Laser output reduction

*Plasma gas pressure drop

*Mist nozzle
*Ejector hose
*Mist hose

*Core boring blade
*Mist nozzle
*Ejector hose
*Mist hose

*Disc blade
*Mist nozzle
*Ejector hose
*Mist hose

* Cutter blade
*Mist nozzle
*Ejector hose
*Mist hose

*Mist nozzle
*Ejector hose
*Mist hose

*Mist nozzle
*Ejector hose
*Mist hose
‘Lens *Laser tool
*Optical fiber cable
*Mist nozzle
*Ejector hose

*Mist hose
*Electrode

*Nozzle

*Mist nozzle
*Ejector, water hose
*Mist hose

- Mechinlgoieniey At normal times In the event of failures At normal times (expendables) fault

In the event of failures
goods

*Ejector / Chisel blade edge
*Motor case

*Chisel blade

*Core boring tool

*Disc saw tool
(In future, replacing only the
disc will be considered)

*Hydraulic (oil) cutter tool

*AWJ tool

*Laser gouging tool

*Plasma jet tool

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Items No.23
6. 2 Development of remote maintenance technology for dust collection and
dispersion-prevention system

[Study of machining tool replacement methods]
The process for replacing the machining tool using the opening through which the unit can moves up and
down while using the top retrieval method, and the step diagram were studied.

(A-3)
The tool hanger (used
tool) is lifted up

(A-2)

The used tool is mounted on
the empty tool hanger and
the tool changer is detached

(A-1)
The empty tool
hanger comes down

__Tool changer

i
~

R

Used tool

(A-6)
' The empty tool hanger
is lifted up

(A-5)
The new tool is attached
to the tool changer and
the tool is detached from
the hanger

(A-4)
'The tool hanger (new
'tool) comes down

—— ‘New tool

| =
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6. Implementation Items No.24
6. 2 Development of remote maintenance technology for dust collection and
dispersion-prevention system

Study of machining tool replacement methods
The replacement process and step diagram that was studied (in FY2019) as mentioned on the previous slide will be
reflected in the step diagram for the machining head that was designed during the (1) Development of dust collection
and dispersion-prevention systems. Further, this step diagram includes handling of the machining head during
emergencies (damage) / failures.

Tool changer

Water ejector

__— Mist nozzle

Hood

Mist nozzle

Hood

Di w ,
scsa Water ejector Disc saw

Machining head studied in FY2019 Machining head studied in this year

(Supplementary information) Differences in the machining head studied this year as compared to the one studied in FY2019
*The size of the machining head was designed to fit into the unit can. (No changes in disc saw, mist nozzle and water ejector)

TRID



. Implementation ltems No.25
6. 2 Development of remote maintenance technology for dust collection and
dispersion-prevention system

Step diagram of machining head replacement (@ State of machining head while

starting replacement

Robot arm

Machining head

E— e
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. Implementation ltems No.26
6. 2 Development of remote maintenance technology for dust collection and
dispersion-prevention system

Step diagram of machining head replacement

@ Lowering the unit can (hereinafter, UC)

E— e
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6. Implementation ltems No.27
6. 2 Development of remote maintenance technology for dust collection and
dispersion-prevention system

Step diagram of machining head replacement

® Retreating of the UC hoisting accessory

&Y
NI

UC hoisting accessory i" ’

ucC

E— e EES e
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. Implementation ltems No.28
6. 2 Development of remote maintenance technology for dust collection and
dispersion-prevention system

Step diagram of machining head replacement

@ Moving the machining head above the UC

HE]
)F L]

“ N
1| I B
,i_-‘-’mm | !

Machining head

ucC

E— e
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. Implementation ltems No.29
6. 2 Development of remote maintenance technology for dust collection and
dispersion-prevention system

Step diagram of machining head replacement

® Placing the machining head into the UC

UC / Machining head

E— e
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. Implementation ltems No.30
6. 2 Development of remote maintenance technology for dust collection and
dispersion-prevention system

Step diagram of machining head replacement

® Installing the UC hoisting
accessory on to the UC

J
1

‘II Ersrey
it :— “,”
! A}". .

‘\Q\f’

UC hoisting accessory

E— e
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. Implementation ltems No.31
6. 2 Development of remote maintenance technology for dust collection and
dispersion-prevention system

Step diagram of machining head replacement

@ Lifting up the UC hoisting accessory / UC

|
MITRTEEE
I Bl S
=1
A = A |
S
0

UC hoisting accessory

E— e
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6. Implementation ltems No.32
6. 2 Development of remote maintenance technology for dust collection and
dispersion-prevention system

Step diagram of machining head replacement

Completion of retrieving malfunctioning machining head

*The same steps in the reverse order shall be followed for mounting
s the new machining head on the robot arm.

E— e EESS
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6. Implementation Items
6. 3 Evaluation test of dust collection and dispersion prevention

Implementation details and level of achievement
(Black font: Details of FY2019 implementations, Blue font: Details of FY2020 implementations)

No0.33

(3) Evaluation test of dust collection and dispersion prevention (*1)

Implementation details / Level of achievement

@ Development of dust
collection and
dispersion-prevention
evaluation procedures

The tests conducted within Japan and overseas for
evaluating dust generated during machining, were
to be investigated, and evaluation test procedures
suitable for evaluating the machining method to be
applied to actual equipment were to be established.
(Target TRL at completion: Level 4)

Investigation of tests conducted within
Japan and overseas for evaluating dust
generated during machining

Tests conducted within Japan and overseas for evaluating dust
generated during machining were investigated. (Completed in
FY2019)

Establishment of dust evaluation test
guidelines

Dust evaluation test guidelines such as test procedures and
configuration were established. Moreover, preliminary tests were
conducted in accordance with the same test guidelines and it was
confirmed that the dust evaluation test guidelines and configuration of
test apparatus are valid.

(Completed in FY2019)

The test matrix and test system were studied.

(Completed in FY2020)

@ Evaluation test of
dust collection and
dispersion prevention

A representative method was to be selected from
the machining methods selected as part of
“Development of technology for the retrieval of fuel
debris and reactor internal structures; machining
test and evaluation of test samples simulating fuel
debris and contaminated structures, etc. were to be
conducted using the designed and manufactured
elemental test equipment presuming a machining
head that can be used in the actual equipment;
data such as migration rate into air and into water
depending on the machining speed was to be
acquired; and the amount of waste generated as a
result of the operation of dust collection and
dispersion-prevention system was to be measured.
Moreover, the chart mentioned in 1) @ Basic
Specifications was to be revised as required.
(Target TRL at completion: Level 4)

Selection of a representative method from
the machining methods

A disc saw that can be used in the controlled areas was selected as
the representative method for conducting a dust dispersion evaluation
test for the dust near the actual fuel debris in 1F. (Completed in
FY2019)

*Measurement of the dust dispersion rate
into the gas and liquid phases.
-Measurement of the amount of waste
(Dust dispersion rate into gaseous phase /
liquid) generated due to the operation of
the dust collection and dispersion-
prevention system

The rate of dust migration into the gas and liquid phases and the rate
of dust dispersion into the gaseous phase / liquid resulting from the
operation of the dust collection and dispersion-prevention system,
were measured. (Completed in FY2020)

3

1D

*1: Refer to title 8 “Specific goals for achieving the purpose of the project”
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6. Implementation Items

6. 3 Evaluation test of dust collection and dispersion prevention

No.34

[Investigation of tests conducted in Japan and overseas for evaluating dust generated during machining]

Tests conducted within Japan and overseas for evaluating dust generated during machining were investigated for formulating
the evaluation test guidelines.

Items

Scale
Machining method

Airborne dust collection
environment

Measurement of dust
concentration

Measurement of particle size
distribution

Measurement of the generated
amount of airborne fine particles

Study of airborne gas components

Measurement of precipitate
particles

Investigation of underwater
floating matter

Analysis of underwater ions

Source:

Laser gouging test equipment

(1)

Small scale
Laser gouging

Inside acrylic case under aerial
environment

Particle size segregation and
collection

Target components: H,, O,, N,,
Co, CO,

Sorting by sieve, and weight
measurement

Weight measurement,
investigation of metallic
components

Investigation of the metallic
components of the material that
has passed through 0.2um filter

Underwater parameter test
equipment (*2)

Medium scale

Underwater plasma arc cutting

Cleaning with clean air inside
clean house

ELPI (Electrical Low Pressure
Impactor) measurement

Particle size segregation and
collection

Separation, conversion and
measurement using particulate
matter sampler

Geometry dependence

verification test equipment (*2)

Medium scale
Plasma arc cutting in air

Cleaning with clean air inside
clean house

ELPI (Electrical Low Pressure
Impactor) measurement

Particle size segregation and
collection

Separation, conversion and
measurement using particulate
matter sampler

Saclay Research Institute laser
cutting equipment (*3)

Large scale
Underwater laser cutting

Cleaning by infusing pure nitrogen

ELPI (Electrical Low Pressure
Impactor) measurement

Measurement of the particulate
matter collected from the filter at
the last stage

Results of the investigation confirmed that particle size classification collection (Cascade
impactor/ELPI) is applied for evaluation of dispersed dust and, filtration separation and weight
measurement for fallen dust are used.

*1) Subsidy Project of Decommissioning and Contaminated Water Management in the FY2014 Supplementary Budget “Development of fundamental technology for retrieval of fuel debris and internal structure FY2016 Final Report March 2017
“FY2006 Investigation of the technology for evaluating the environmental impacts of decommissioning the commercial power reactor facility (Investigative research on environmental impact assessment parameters)” (FY2006 METI Commissioned

*2)
_Research) March 2007

l *3) “Subsidy Project of Decommissioning and Contaminated Water Management (Development of technology for fuel debris characterization and analysis)” in the FY2016 Supplementary Budget Research Report (Final Report) March FY2019
I"‘ nnrs

missioning



6. Implementation Items No.35
6. 3 Evaluation test of dust collection and dispersion prevention
[Establishment of test guidelines for the dust evaluation test]

Dust evaluation test guidelines such as test configuration, procedures, etc. were established based on the
result of investigating the dust evaluation tests.

(Test configuration) — —

Dust collection
Clean house Particle size segregation
and
collection Particle Exhaust
(Cascade impactor / sampler system
ELPI .
) (Inclusive
ULPA Test piece Machining device _ _ of HEPA
Filter Drain port for overflow during underwater .
| operations fl|tel’)
I|!Drain port for overflow during operations in air
Hose
U prain
Temporary
storage tank

(Test procedures)
@ Infuse water into the dust collection clean house (Water level shall be set according to test conditions).

(2 Start the operation of particle sampler.
® Process the test piece using machining device (Amount of machining and machining duration shall be set according to test conditions).

@ Collect the specimen from the particle sampler.
® Clean the inside of the dust collection clean house (Drain the residual water, clean the inner surface of the house and cleaninside the pipe).

Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation ltems No.36

6. 3 Evaluation test of dust collection and dispersion prevention

[Preliminary test for disc saw tool]

Preliminary test was performed in accordance with the
aforementioned test guidelines.

[Test details]

Grindstone |
The SUS plate was processed with a 180 mm grindstone cutter to cutter

measure the level of dust dispersion.
Fine particles visualization test (using laser light source)

1) Picture images were captured with an ultra-sensitive camera
2) Picture images was captured with a high-speed camera and iHe
speed vector was obtained.

*Dust measurement

1) Measurement of particle-size distribution using ELPVand Welas.

2) Collection/observation of dust sample
8 L

FEAD
- '-' -

Duct

Exhaust
system



6. Implementation ltems No.37
6. 3 Evaluation test of dust collection and dispersion prevention

[Preliminary test for disc saw tool (continued)]

When evaluation test was performed in a clean DISE)G!‘SIOFI EUGUEE
room, it was found that there was little impact 3.6%inthe caseof
with 0.002 to 0.029% particle adhesion on the mechanical cutting in air
hood, duct and sampling part

Exhaust system
(Inclusive of HEPA filter)

Sampling part

There was little impact
on the ceiling and walls
with 0.01 to 0.1%
particle adhesion

ELPI

‘ Welas

Dispersion rate during the preliminary test of cutting the SUS plate in air with a disc saw: 3.6%

0 ;
gcit/f"?; iglllpjolfvfrt] after -Equivalent to 2.5% when cutting is performed in air with a grindstone cutter, as per the
Reference Document [1].

— |t was confirmed that the evaluation of dust dispersion rate with this test method is valid.

Source: [1] Central Research Institute of Electric Power Industry (CRIEPI), FY2000 Research on technology for assessing the environmental impact of
decommissioning commercial power generating nuclear facilities (Investigation on environmental impact assessment parameters), 2001.

_— RSSO s
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6. Implementation Items No.38

6. 3 Evaluation test of dust collection and dispersion prevention

Study of the test plan for the evaluation test of dust collection and dispersion-prevention
[Background of this project so far and implementation details in the current fiscal year (FY2020)]

(FY2019)
* Investigation of tests conducted within Japan and overseas for evaluating dust generated during machining
- Development of dust collection and dispersion-prevention evaluation test guidelines and implementation of
preliminary test.
(Test on cutting with SUS plate and dust dispersion during the process)

= It was confirmed that the machining head, dust evaluation test guidelines and test apparatus configuration are valid.

(Change of plan in FY2019)
- The following tests were added in order to obtain additional data that can contribute towards dust control
measures when machining fuel debris etc.
@ Test for evaluating generation of dust during UO, fuel pelletizing process
(@ Test for evaluating generation of dust during zircaloy machining

* In collaboration with Project of Development of Fuel Debris Retrieval Method, a rotary cutter that has dust
collection and dispersion-prevention function are provided is selected as dust evaluation test.

(Reasons for selection in this test)
Since data is not available for the test conducted to evaluate the dust generated during the UO, fuel pelletizing process, a rotary
cutter that can be used in the controlled area (*) within the facility for evaluation test of dust collection and dispersion-prevention,
was selected so as to prioritize the said fuel pellet test.

(FY2020)
- Dust evaluation test was conducted using UO, pellets and zircaloy as test pieces.

EEEES
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6. Implementatio

n ltems

No0.39

6. 3 Evaluation test of dust collection and dispersion prevention

[Test overview]

Measurement of dust particle size distribution using a disc saw

@ Investigation of dust
adhesion on wall
surface and duct

@ Gas phase investigation

e |

DK Exhaust system
| (Inclusive of HEPA filter)

House

/

ISC-SaW.

15> OCVY

est piec

Camera

IR

Dust
easuring equipment

3 Investigation of dust (sediments)

1
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6. Implementation Items No.40
6. 3 Evaluation test of dust collection and dispersion prevention

[Test pieces]

Fuel debris  Simulated UO, pellets Refer to (i) on the next
inside PCV (D Unirradiated BWR fuel pellets*1 slide
and RPV 2 Ceria pellets*1
Simulated stump-shaped fuel Refer to (ii) on the next
® Fuel cladding + ceria pellets slide
2 Structuresto  Test piece solidified with melting and Refer to (iii) on the next
which fuel solidifying ceria pellets and stainless steel slide. *2
debris has
adhered
3 Simulated Simulated MCCI - Completed production of
MCCI 1 unit based on FY2018
(Molten results conducted by
Core IRID/Hitachi GE.
Concrete
Interaction)

(Note) *1: Dust evaluation test was performed by the cutting method using a rotary machine in RI controlled area.
= *2: The structures were not simulated assuming that adhesion to the clad and oxide film on the surface of the structures before the I
adhesion of molten materials constitutes a fractional percentage of loss occurred during cutting and the impact on dust test is minimal.



6. Implementation Items No.41

6. 3 Evaluation test of dust collection and dispersion prevention

[Study of simulant material]

(i) Simulant material for comparison with UO, pellets
» UO, is calcined into pellets as unirradiated BWR fuel to be used in the evaluation test.
(Reason for selection) Since chemical formula, specific gravity and manufacturing method are the same as the actual fuel (However, natural uranium is
used)
»  Due to work restrictions in the RI controlled area, ceria is calcined into pellets as UO, simulant material to be used in the evaluation test.
(Reason for selection) Since specific gravity of ceria is high (7.3g/cm?3) and hardness is almost same as UO, it can be calcined just like UO,.
Further, it has been used in other projects as a simulant material for UO,.

(i) Simulated stump-shaped fuel
» Simulated fuel rods consisting of ceria pellets loaded in zircaloy cladding are used for the evaluation test.
(Reason for selection) The same zircaloy used for actual fuel was selected for the cladding. The above-mentioned ceria pellets were used as residual fuel
inside the cladding.

(iif) Simulated structures to which fuel debris has adhered
» Test piece to be used in the evaluation test is manufactured by melting and solidifying metal and ceramics.
(Reason for selection) Simulant material consisting of molten and solidified metal and ceramics is used in this case since it is assumed that the structures
melted due to the adhesion of fuel debris and got solidified along with fuel debris. It was decided to manufacture the test piece for the machining that was
studied during the Fuel Debris Characterization Project and hence ceria was selected for the ceramics portion and stainless steel (SUS304) was selected for
the metal portion.

Heated to
1500 °C to
melt the

(1) Before heating (2) After heating
(material is loaded in a crucible) (after removing from the crucible)

) ; o — S lllustration of external appearance of the manufactured test piece consisting
Method for manufacturing the test piece consisting of molten and solidified metal and ceramics of molten and solidified metal and ceramics!?!

[1] “Fuel Debris Characterization” FY2014 Interim Report [2] “Development of technology for fuel debris retrieval” FY2015 Annual Report



6. Implementation Items of This Project No0.42

6. 3 Evaluation test of dust collection and dispersion-prevention (coating agent for dispersion-prevention)

»Fuel debris simulant material (one type) coated with coating agent is used in the evaluation test.

>Liquid glass type neutron absorption material” which was developed in the Criticality Control PJ is used as the coating agent.

(Reason for selection) Since it is expected to be effective in preventing dust dispersion and also in preventing criticality.
Further, apart from fundamental characteristics, it is confirmed that there are no major issues in terms of transportability,
workability, secondary effects, etc.

*) Neutron absorption material Gd,O, is mixed with liquid glass. It is in liquid state, and gets solidified over time. It can be applied to uneven surfaces, slanting
surfaces, etc. in addition to flat surfaces. It is applied on the surface before removing fuel debris in order to prevent criticality. It is made available for the test
since it forms a coated layer on the surface of fuel debris and in this way, it is expected to be effective in preventing criticality and also in preventing dispersion of
the powder formed during fuel debris machining.

Super heavy mud water (Waseda
University/Chiba Institute of
Technology/Japanese Geotechnical
Society)

Liquid glass type neutron absorption material Filler material (Osaka University/JAEA) Coating material (Tokyo University/JAEA)

(Geopolymer)*?

(TX-10) (Sumecton ST + Polymer gel)

Representative components

Metakaolin 2.13Si0,+1Al,04 Sodium bentonite

Sodium silicate (No. 1) (Na,*nSiO,*xH,0), cement

Synthetic magnesium silicate Nag, 33Si,Mg, 6;0,5(0OH),

Sodium hydroxide NaOH

(Si0,, Ca0, Al,O5, Fe,0;, CaSO,), primary sodium " Aod N Baryte
2 .y Sodium polyacrylate (C;H;NaO,), Liquid glass 2.18Si0,+1Na,0+8.96H,0 S
phosphate (NaH,PO,*2H,0), ion-exchange water Distilled water H,0 Ultra-pure water H,0 Disodium phosphate
(H,0), gadolinium oxide (Gd,05) (*5, 6) Tap water
* ) *
D) (3.8Si0,:1A1,0,:1Na,0:13H,0 at the time of viscosity measurement) )

Curability Viscosity increases approximately in 90 minutes* Remains in gel condition Viscosity increases gradually in atmosphere —

Viscosity [mPa-s] Approx. 1,000 "3 Approx. 60 to Approx. 7,000 2,000 to 5,000 Approx. 30 to 10,000,000

Thermal stability

Stable up to 400° C*3 Stable up to approx. 523° C™® — —

Irradiation In-air . A 3 5 .
characteristics e No cracks and no discoloration at 36MGy’ Bubbles are produced at 3MGy’ Hydrogen, oxygen and nitrogen are produced at 1.15 and 0.35 MGy —
(v rays)
Underwater Apparent value G of hydrogen formation is less than
S " " — _ _
irradiation the designed value G *3 (Concern about hydrogen formation) *5

Transportability Transportable to 50m or above by means of pipes "2 — — —

Workability Gap penetration, inclined surface cladding and _ _ _
cladding thickness are relatively good "2 3
Second Rust-preventive P B "
ary Rl o Water quality needs to be adjusted = = —
effects
Subsequent The storage canister environment is according to the
process — — -

design and waste has been evaluated B4

1 Subsidy Project of Decommissioning and Contaminated Water Management in the FY2018 Supplementary Budget “Development of technology for retrieval of fuel debris and reactor internal 75 JAEA-REVIEW-2010-020
structures” FY2019 Interim Report 6 SDS
*2 "Subsidy Project of Decommissioning and Contaminated Water Management in the FY2014 Supplementary Budget »
“Development of Criticality Control Technology for Fuel Debris)” FY2016 Report 7 JAEA-Review-2019-037
*3 Subsidy Project of Decommissioning and Contaminated Water Managementin the FY2015 Supplementary Budget *8 52" Annual Meeting of the Japan National Conference on Geotechnical Engineering -July 2017 D-03 (Calculated from the relation between
“Development of Criticality Control Technology for Fuel Debris)” FY2017 Report shear rate and shear stress)
*4 Subsidy Project of Decommissioning and Contaminated Water Management in the FY2017 Supplementary Budget “Upgrading of Approach and Systems for Retrieval of Fuel Debris and Internal
Structures (Development of Technologies for the Establishment of Criticality Control Methods)” FY2018 Report

TRID
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6. Implementation Items No.43
6. 3 Evaluation test of dust collection and dispersion prevention

[Concepts of setting up the test matrix]

» As the evaluation test of dust collection and dispersion prevention, a dust dispersion test was conducted for the mist
and water ejector individually and in combination using ceria pellets that are simulant material for UO,, in order to
confirm the basic dust dispersion prevention effects of the dispersion prevention system (mist and water ejector).

» Dust dispersion test was performed with/without the operation of dispersion prevention system (mist and water
ejector) in order to verify the effects of dust dispersion prevention using other test pieces (simulated stump-shaped
fuel, structures to which fuel debris is adhered, simulated MCCI (Molten Core Concrete Interaction).

» Since MCCI might be submerged at the reactor bottom of the primary containment vessel (PCV), dust dispersion
test was performed by using simulated MCCI in conditions both in submerged state and in air.

» Dust dispel

* rsion test was performed by changing the upward flow in order to verify the impact of upward flow on dust
dispersion. Cutting test was carried out for ceria pellets which were sprayed with dispersion preventing material to
confirm the impact of dispersion preventing material. Additionally, another cutting test in case of changing the
rotational speed was performed in order to confirm the impact of cutter rotational speed.

(Supplementary information)

- Diamond cutter was used in this test. Since diamond cutter is weak against heat, water was applied while cutting as a machining
aid whenever necessary.

-From the safety aspect in the controlled area (from the perspective of fire prevention), water was used during cutting as a
machining aid in the UO, pellets test.

|
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6. Implementation Iltems No.44
6. 3 Evaluation test of dust collection and dispersion prevention

[Test matrix]

Dust dispersion prevention using water
Objects to |Cutting N _ Machining aid (Water)
be cut inair | Mist Ejector Machining Mist +
alone alone aid (Water) | ejector . , Mist +
— — — O — — — —
*1
O O O O :g O O O -
Fuel
cladding + O - - - - - - O
ceria
Structures to
which debris | - - - O - - -
is adhered
Simulated 4.
weer | O | - - - O - - -
*1 Upward flow 0.03 m/s, 0.10 m/s *2 With/without anti-scattering agent _) : Implemented
*3 Rotational speed 500 rpm, 1000 rpm *4 In-air and underwater test - : Not implemented

*MCCI: Molten Core Concrete Interaction

[ EEEEEES
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6. Implementation Items No.45
6. 3 Evaluation test of dust collection and dispersion prevention

[Test configuration]

Detailed structure of cutting part is illustrated below.
Water ejector and mist nozzle were mounted around the diamond cutter as a means for dust collection and
dispersion-prevention. Further, part of the tests was conducted while sprinkling a small amount of water on the

cutting part in order to protect the cutter.

Water ejector Ball valve x 4

|

i

—
—
=

. Motor
Mist nozzle f
|
y
&
o
m I
l— —
Cutter ® 200 Rotational direction
| :
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6. Implementation Iltems No.46
6. 3 Evaluation test of dust collection and dispersion prevention

[Test configuration (external view)]

Water ejector

Machining aid (water) nozzle suction port

Mist nozzle

Test piece

ELPI Cascade  Dust Sampler
impactor

| =
l RI D Olnternational Research Institute for Nuclear Decommissioning




6. Implementation Items
6. 3 Evaluation test of dust collection and dispersion prevention

[Test piece] UO, pellet Ceria pellet

1 piece of UO, / ceria pellet;
1 piece of either UO, pellet or ceria pellet was
loaded.
Anti-scattering agent (neutron absorber) was
applied.
Cutter’s cutting direction
o _.;_F;f%L Cutting
-1-9-‘5-‘-\ Counterbore

direction

No.47

l 7@ Clamp direction Ceri et
eria pelle
[sle == <:( |
<17 (Neutron absorber was applied.)
4 m <<-.>\ cﬁ
3 Cutting position (Cutter position)
3 3|
I L] l' |
of ° Ll il |
& . ;*_
30 S

Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Iltems No.48
6. 3 Evaluation test of dust collection and dispersion prevention

[Test piece]
10 pieces of ceria pellets;

10 ceria pellets were loaded in 5 rows and 2 tiers to increase the amount of dust dispersion.

Cutter’s cutting direction Ceria pellets 5 rows X 2 tiers
8 1111,
- 54 4-M4 terbore
_:L| -@ Clamp direction
0 —}
o~ AN % AN % _ﬁj/
I::: A - 2
v Cutting position
(Cutter position
S 50

AL RS

s

] Cutting
& ”I L |l|..|1| 1 direction

lﬁavr.&;l &2

E—— S
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6. Implementation Items

No0.49

6. 3 Evaluation test of dust collection and dispersion prevention

[Test piece]

Fuel cladding + ceria pellets;

11 ceria pellets inserted into zircaloy fuel claddings were

loaded.

(The gap between fuel cladding and ceria pellet was

approximately 0.1mm)

Cutter’s cutting direction

20
10

% // _

25 1, 215 42 205,
4- 0 25

—
g

i)% \lri\lr @
¥ e . “
9 ) oo | | N

Fuel cladding + Ceria pellet (11
pieces)

Cutting position _'-_ﬁ',\' .
(Cutter position)

1

Clamp direction

30

Cutting
direction

Olnternational Research Institute for Nuclear Decommissioning



. Implementation Items No0.50

6. 3 Evaluation test of dust collection and dispersion prevention
[Test piece]
Structures to which fuel debris has adhered,;
Ceria pellets were solidified together with molten SUS304, and cut into 6 test pieces (3 rows X 2

tiers) and loaded.
Cutter’s cutting directi i
utter’s cutting direction Ceria pellet
20 20 ZZO

| & @@/ ®

e ——rg

@ @ Cutting position
@ Clamp direction  (Cutter position)

- 10|_20 20 225 5‘{_ 22.5 Cutting
= direction
(T il
i

E— e
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6. Implementation Items No.51
6. 3 Evaluation test of dust collection and dispersion prevention

[Test piece]
Test piece was cut out from simulated MCCI
(Molten Core Concrete Interaction) that consists
of materials such as Ceria powder, ZrO2 powder,

SUS (steel use stainless) powder, cement, etc.

Cutting position Simulated MCCI
Cutting direction of cutter ~ (Cutter posmon)
| \ 3
3 Cutting
direction
{
Clamp direction
50

| =
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~ 6.1 mplementatlon ltems

6. 3 Evaluation test of dust collection and dispersion prevention

[Machining Conditions and Test Conditions]

< Machining Conditions>*

Rotary cutter (Cutter with metal alloy)
Rotational speed: 1000rpm
Machining speed: 10mm/min

*Based on the selection in the Fuel Debris Retrieval PJ

<Test Conditions>

Machining speed
<10mm/min

-)

Machining
water)
zzle

er

Demineralized

otational Water

speed

Sample

1000rpm

Cutter with metal base

Demirjeralized
vater

No0.52

&

A Iy

i A emingrali a
e hter is(

lize

Hood

Pump— 7

ater eject

Air suctioh

0.05

Mist particle size 20um
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6. Implementation ltems No0.53

6. 3 Evaluation test of dust collection and @-® Cascade impactor dust
P

dispersion prevention
[Evaluation Method] E}o.os
to 8.8um

LT

!
—
1

. . . . . Particle size distribution: Difference in the weight of dust collecting plate
Cutting weight: Difference in the weight of  before

the test piece and cutter before and I?t';]d after Lht? tﬁst istﬁa'cltlr']atzd-t don limit. it is calculated based on th

. e weight is less than the detection limit, it is calculated based on the
after the test is calculated. assessment of number of particles by means of observation with the help
of a SEM*.

5 @ Dust sampler dust collection ® Verification of adhesion impact

C
—
>
* #
X . Illustration after dust collection ion i
| I Illustration after dust collection SEM observation image

Piece of filter paper or carbon tape is fitted on the walls.
Amount of dust adhered is calculated based on the number of adhered
particles (SEM**) and composition (XRF***) after the test.

Object t¢
be cut

Collection weight: Difference in weight
of the filter paper before and after the
test is calculated.

® Amount of solid content in the cutting @ Visibility check
drainage water and particle size distribution

Cutter

<Evaluation>
-Dust collection & dispersion rate((D+@),

@ if @ is detection limit
- Particle size distribution of dispersed particles (-
N
- Adhesion of particles on walls and ceiling (&)
- Analysis of cutting drainage water(®)
-Visibility check(®)

Marking

Cutting
~_drainage

N

Mass distribution % |

0.01 00 Test piece

Particle sizhe' [pm 1

lllustration after solid-liquid
separation

*SEM: Scanning Electron Microscope *»**XRF: X-ray fluorescence spectrometer

|
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~ 6. Implementation ltems No.54

6. 3 Evaluation test of dust collection and dispersion prevention

[Test results] » Effects of preventing c!ust dispgrsion ysing water were ver.ified. . . . 3
* Impact on dust collection and dispersion rate, and dispersion prevention by using test piece were verified.

10

g Ceria

—
=

Dispersed particles Fuel cladding + ceria

6
\\
\x 104
0 -

In-air cutting Water spray*
* Mist + ejector * Machining aid (water) + mist + ejector

6
6
4
2
7x107

In-air cutting Water spray*

(S ]

Dust Sampler ot m

’ \zxm-ﬁ

In-air cutting Water spray*

o. 0.
/
o
Dispersed dust collection rate (%)
=,
'
Dispersed dust collection rate (%)
=

Structures to which debris is
adhered

-
6
4
2
2x10*

In-air cutting Water spray*

Cutting weight: Difference in the weight of the test piece before and after the test + cutter damage weight * Mist + ejector * Mist + eJeCtor
Dispersion weight: Difference in dust sampler collection weight before and after the test

Dust collection and Dispersion weight

dispersion rate [%] = — X 100
Cutting weight

o

Dispersed dust collection rate (%)
Dispersed dust collection rate (%)

» Dispersed dust collection rate was 4 - 7% during cutting in air
+ Verification of dust dispersion prevention effect with water spray (mist, machining aid (water), ejector) (Dispersion prevention rate 86 - 99%)
- No major differences were noticed in the impact of the test piece on the dispersed dust collection rate and dispersion prevention effect.

_— S T e e ]
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6. Implementation Items
: : . : : No.55
6. 3 Evaluation test of dust collection and dispersion prevention

[Test results] Dispersion_ AB[mg]
- Effect of dust dispersion prevention using water was compared. prz‘e’e[[,‘/f)']on - A[mg]
’ ImpaCt on ,dUSt dlsper3|on pr_e_ventlon effect by the dust dlsper5|on preventlon A: Dispersion weight in the case of cutting in air, B: Dispersion weight after
method using water was verified. dust dispersion prevention* using water
i : Di i ion*: Mist, ejector, ing of
Dispersed dust collection rate Dispersion prevention rate [t E
<«—— Dust dispersion prevention using water ——*> <“— Dust dispersion prevention using water — >
s 10 99 99 99 99 99
S < 100 T—
g 1| o5 Ceria = .
© - o Ceria
S S
B 0.1 5
2 g 90
9 , Q 86
et 0.01 510 [e}
E 2% 103 2X10% 2X107 2x10%| 2 I
=)
g 0.001 I I S g0
—_ ()] — — —
[} 0 Q g S o o S k%) S 8
% 0.0001 2 s = 55 3 52 58
) = = 71 © © c @ L, c + c i
o) ) T O 5 S ® S5 n - .y £ = i £ T =]
c c 'S S 8 = T 3 &) K2 S S0 + £ = £ 5
o i) i) Q o o 0 s 3] < = £ 2 <
© © 22 QO c + < @ o8 B R S =
k% S % + £% =+ =< = == =G
= 8] < T - o © o =
2 & = @ T 3 S g =
L =2 = == =
S
Individual Combination Individual Combination
*Comparison of the dispersed dust collection rate by water spray method -Comparison of the dispersion prevention rate by water spray method
* Approx. 1/10 of cutting in air (4%) using mist alone - Dispersion prevention rate is 86% using mist alone
Approx. 1/1000 of cutting in air (4%) using other means 99% and more using other means
_—_— e
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6. Implementation Items

6. 3 Evaluation test of dust collection and dispersion prevention
The water prevention method impacted on the distribution of

[Test results]

dispersed dust particle sizes.

Dispersed particles

20

—
N

p—
(=]

Mass concentration [mg/m’]
T

Dust dispersion prevention using water:
Mist + ejector

(5]
o

et
N

Mass concentration [mg/m?|
N

N
n

Mass concentration [mg/m?*]
<

No0.56

= CULttING in air

Dust dispersion prevention using water

Fuel cladding + ceria

Dust dispersion prevention using water:
machining aid (water) + mist + ejector

0.1 1 10

Particle size [pxn]

o e

Dust dispersion prevention using water:
Mist + ejector

0.1 1 10

Particle size [Jm |

0 &—o—e < @
0.1 ] 10
Particle size [pm |
é Structures to which debris is
l=ll} 0.03 - adhered
to 8.
=/ o 8:8um Dust dispersion prevention using water:
i o Mist + ejector
1 215
’O_!J
10
0.1-0.3um =
Range between which HEPA 5 s
dust collection is difficult 5
0.3-3um §
HEPA dust collection target o
range A
©
= Particle size [ptm |
* In case of cutting in air, the peak for particle size distribution is 2 - 3 ym in any case.
—

*The evaluation test confirmed that that dust dispersion can be effectively prevented by means of the
dust dispersion prevention system.



6. Implementation Items

No0.57
6. 3 Evaluation test of dust collection and dispersion prevention Cutting in air
The water prevention method impacted on the distribution of dispersed . .
[TeSt results] dust i Ip . P P Dust dispersion
ust particle sizes. prevention using water
Dispersed particles - Fuel cladding + ceria
'n/. . . 35000 400000 = : -
" . - A Dust dispersion prevention using © Dust dispersion prevention
° - " § 30000 L water: Mist + ejector £ 350000 using water: Machining aid
| " E 25000 E 300000 (water) + mist + ejector
\ £ 20000 & 230000
°o® c e N
e 8 15000 g 200000
- . g 10000 5 150000
. . o <ot S 100000
% I 2 0 2 0 *—e -
0.1 1 10 10
5 Particle size [ |11 Particle size [11m1]
=/ 003 Structures to which debris is
d 8.8 adhered
e to 8. um - HO(]OO o 200000
? < Dust dispersion prevention € Dust dispersion prevention using
] 9O 60000 { using water: Mist + ejector L water: Mist + ejector
S ennna S 150000
= 50000 =
o _ g
0.1-0.3um £ 40000 £ 100000
Range between which HEPA 8 30000 g
dust collection is difficult s S}
© 20000 S 50000
0.3 - 3um o 2
HEPA dust collection target range -g 10000 g
2 0 e ] g 0 1 #\-r—«-s.ei-o

0.1 1 10

Particle size |11 ]
Particle size :[j1m |

*Molten Core Concrete Interaction: MCCI
Effect of preventing the dispersion dust with particle size of 0.1 - 0.3 ym which is difficult to collect by HEPA filter was verified.

I e e L B
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6. Implementation ltems

No0.58
6. 3 Evaluation test of dust collection and dispersion prevention

[Test results] The impact on the dispersion prevention effected by using anti-scattering agent and underwater
cutting was verified. _ _ _ _
O Impact on dispersion prevention effect by using anti-scattering O Impact on dispersion prevention effect by underwater cutting
agent

Ceria pellet Ceria pellet

(Coating anti-

scattering on
agent)
Demineralize
Test piece jig Water
. . . : PUM Test pie
Ceria (Without anti- Ceria (With anti-
scattering agent*) scattering agent*)

. | Dispersion prevention rate”
% Dispersed dust collection rate .§. Dispersed dust collection rate sersmnpreveon t' .
E * Comparison with cutting in air % omparison with cutting in-aur
S S 99 99 . < 99 99
: I : smuatedmeer | 5"
= . < . 5 e
8 Ceria = Ceria s T
3 o S) c
é 0.1 = % 0.1 S
S 2x10+% % o0 3 13 102 § 00
3 .
S 00l 7X 107 s b 7% 1073 9
2 S % 0.01 c
0 ‘B L R
ool T 80 — . | @ o

Without anti- With anti- & ~ Without anti- Withanti- (@] g

‘scattering agent scattering agent | § - scattering agent  scattering agent 0.001 o 80 N
. - . : (m)
With machining aid (Water) With machining aid (Water) * Water spray ~ Underwater

Water spray Underwater cutting

. ) cutting
* Mist + ejector

*There was no impact on the dispersion prevention effect in the

test using water + There was no difference in the dispersion prevention effect of underwater
cutting and water spray.

* It was confirmed that the dispersion prevention effect was >99% in the case of

It is assumed that this is because water has a major dust removal effect. underwater cutting.

e NEESS
L . . Olnternational Research Institute for Nuclear Decommissioning
l Rl D * Liquid glass type neutron absorption material (TX -10) *Molten Core Concrete Interaction: MCCI



6. Implementation Items

6. 3 Evaluation test of dust collection and dispersion prevention
[Test results] The impact on the dispersion prevention effected by wind speed and cutter rotational number was

verified.

O Impact on dispersion prevention effected by wind speed

Dispersed dust collection rate [%)]

T 0.001

Ceria
0.1
7x 1073
0.03m's 0.10m/'s
With machining aid (Water)

ﬂf Wind speed

Dispersed dust collection rate

2

Dispersion prevention rate [%0]
=] o
= =

0.

03, 0.10m/s

Dispersion prevention rate*

No0.59

O Impact on dispersion prevention effected by cutter rotational speed

Demineralized wate

* Comparison with cutting in air

99 99

Ceria

0.03m/'s 0.10m's

With machining aid (Water)

=
—

=
=
b}

0,001

Dispersed dust collection rate [%]

- Results of the test confirmed wind speed dependency; if wind speed s high,
dispersed dust collection rate tends to increase

- There was no impact on the dispersion prevention effect
in the test using water

TRID

Mach
Nozzle
Pump

Dispersed dust collection rate

Ceria

6 > 103

2107
||

300 1000

With machining aid (Water)

Dispersion prevention rate [%0]

100

90

80

ater)

Rotational speed
500rpm, 1000rpm

Dispersion prevention rate*

* Comparison with cutting in air

99

Ceria

500rpm 1 000rpm

With machining aid (Water)

*There was no impact on the dispersion prevention effect

in the test using water
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6. Implementation Items | No0.60
6. 3 Evaluation test of dust collection and dispersion prevention
[Test results]

Dispersion prevention by using water impacted on the dust in the drainage. o et

Dust dispersion prevention

10 - 10 — using water
i Fuel cladding + ceria

— 8 Ce”a { Cutting in| Water — 8

Ei air spray* =

s 6 Average =6

o . -

= % particle size 8 1 -2 C“‘g:‘rg in ;’V‘:‘;;i

2 4 - [pm] 24 P

k%) i * Water spray: Mist + ejector | ﬁ Average particle 2 05

S 2 P 15 A size [um] '

n oy 0~

g 0 Mist | Ejector | Machining o * Water spray: Machining aid

= - aid (water) < (water) + mist + ejector

verage
001 0.1 l 10 100 1000 particle size| 1 0.4 0.7 | 0.0 100 1000
. . m
Particle size [pum | [um] barticle size [pm]
10 : 10
~ Structures to which -
— 8 ] debris is adhered Cutting in |~ Water — 8 Cutting in | Water
O TINm 1 i Bitil R ar Spray* ‘C\c air spray*
> Average particle = .
S 6 size [um] 42 16 < 6 A"eg"zie[ﬁ;r]“c'e 8 7
5 =
Q . . >
% 4 * Water spray: Mist + ejector 2 4 * Water spray: Mist + ejector
2 D
@ 2 S 2
0 = 0
0.01 0.1 1 10 100 1000 0.01 0.1 10 100 1000
Particle size | um ] Particle size: [ nm ]

Particle size distribution of the dust in drainage water when using the dispersion prevention system tends to be lower that when
cutting is done in air.

[
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6. Implementation Items No.61
6. 3 Evaluation test of dust collection and dispersion prevention
[Test results] Visibility confirmation test

[Ideal Situation]
Visibility confirmation method when machining fuel debris

(Visibility confirmation method in the planar direction)

The target rod is installed in parallel with the cutter and is cut while
making sure that the target rod is outside the already existing cut
marks formed by the cutting with the cutter.

*If the target rod is outside the cut marks, it means that the fuel debris
can be cut at max. 16cm.

(Visibility confirmation method in the depth direction) Cutter
A concentric circle is marked on the cutter
and by visually checking the marking, it is
confirmed that the rod is cut only till the

Cutter

specified depth.
Fuel depris A Target rod
Cutter cut mark
VISIbI|Ity confirmation method in the test is * : Distance between the cutter and target rod
described on the next page. Cutter marking Target rod installation

(Image diagram) (Image diagram)

| ]
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. Implementation Items N0.62

6. 3 Evaluation test of dust collection and dispersion prevention

[Test results] Visibility confirmation test

Visibility test for the 3 points specified below is conducted in parallel to the process of cutting the
test piece.
@ Visibility of cutting width of cutter
It is confirmed that the black line simulating the cut mark formed as a result of cutting with the
cutter is visible.
@ Visibility of the tip of the target rod
It is confirmed that the target rod is visible.
® Visibility of the concentric circle marked for checking the cut-out depth
A concentric circle is marked on the cutter and by visually checking the marking, it is confirmed
that the rod is cut only till the specified depth.

Marking

Cutter
@ Black line simulating the cut mark (Groove)

(Width: Approx. 1mm)

Test piece
10cm or less (*1) \

/ *1 : The purpose of this test is to confirm the
visibility of the cut mark and target rod, and hence the rod

is set at a distance of 10cm or less so as to simplify the test.

@ Target rod
(Width: Approx. 1cm

@ Visibility of the cutting width of cutter, @ Confirmation of cut-out depth
@ Visibility test of the tip of the target rod Visibility test of the concentric circle mark (illustration)
(illustration) * This diagram shows the view of the cutter and the test

piece, from the position immediately lateral to the cutting direction.

[
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6. Implementation Items N0.63
6. 3 Evaluation test of dust collection and dispersion prevention
[Test results] Visibility confirmation test

The camera footage of the visibility confirmation test is shown below. The black
line for the purpose of checking the cutter’s cutting width, a concentric circle for
checking the cut-out depth and tip of the target rod were verified.

4. 9.1 Verification of cutter’s cutting width (Black line, target rod)

Black line [

-

-

Distance between black

line and target rod

Before cutting During cutting

| =
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6. Implementation Items No.64
6. 3 Evaluation test of dust collection and dispersion prevention
[Test results] Visibility confirmation test

4.9. 2 Verification of cut-out depth (Concentric circle)

Before cutting During cutting

I e e ]
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3

. Implementation Items No.65

6. 3 Evaluation test of dust collection and dispersion prevention

[Summary of test results]

The dispersed dust collection rate for all the test pieces was in the range of 4 to 7% when dust dispersion
was not prevented.

Particle size distribution of dispersed particles peaked at 2 to 3um with respect to mass concentration
and was mostly 0.3um or less with respect to number concentration; and every test piece showed the
same tendency.

When mist spray was applied, the dispersed dust collection rate reduced up to approximately 1/10.
When water ejector or machining aid (water) was used, the dispersed dust collection rate reduced up to
approximately 1/1000.

In the 3 cases, namely when only water ejector was used, only machining aid (water) was used and
when the combination of water ejector + machining aid (water) + mist were used, no major difference
was noticed in reduction effect on the dispersed dust collection rate.

When dust dispersion was prevented, there was noticeable effect of dispersion prevention of dust with a
particle size of 0.1 to 0.3 um, which is considered difficult to be collected by HEPA filter.

There was no impact on dispersion prevention in the test in which neutron absorber was used.

l D Olnternational Research Institute for Nuclear Decommissioning



7. Summary No.66

The objective of this project was accomplished when the project team completed assessment of applicability of the dust
collection and dispersion-prevention system to actual equipment, the basic design, conceptual design for remote
maintenance, designing and manufacturing of dust evaluation test apparatus and verification of the performance of the dust
collection system through the dust evaluation test.

1) Development of the dust collection and dispersion-prevention system

A conceptual study on dust collection and dispersion- prevention system to reduce dust in the air in the vicinity of the
machining point was conducted ; the applicability of said system and machining head to actual equipment was assessed
and basic designing was carried out; a machining head with mist or water ejector was designed and manufactured.

2) Development of remote maintenance technology for the dust collection and dispersion-prevention system

As a conceptual design of the remote maintenance method for the dust collection and dispersion-prevention system, a
method was explored wherein consumables such as machining tools etc. in PCV or within the primary boundary cell are

replaced by remote operation, the machining tool replacement process was clearly specified and a step diagram was
created.

3) Evaluation test of the dust collection and dispersion prevention

The dust evaluation test guidelines, test matrix and testing system for the selected machining method (disc saw) were
studied and a dust dispersion test was conducted.

It is expected that the data obtained in this project will be effectively used in future in the development of technologies as
specified below.

* Machining tool design in the field of fuel debris retrieval technology
« Equipment design and operation/maintenance plans in the field of environmental control

« Equipment design and operation/maintenance plans in the field of water treatment technology

| EEEES
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8. Specific goals for achieving the purpose of the project

Clarification of test conditions or development specifications
Before starting elemental tests and equipment design, the level of technology required for decommissioning work
shall have been thoroughly studied in advance and the compatibility level of existing technologies in this connection

shall have been gquantitatively assessed (Presentation of Current Technology Readiness Level (TRL)). The test
conditions and design specifications shall be formulated after sharing in advance with the parties concerned,
information regarding the extent of precision in ensuring the required level of technology through the aforementioned
tests and the development of equipment.

3

No0.67

Level

Definitions corresponding to this project

Field

7

Stage at which implementation is complete.

For practical use

6

Stage at which field verification is conducted.

Field demonstration

Stage at which a prototype is manufactured based on the
actual equipment and verified in a simulated environment at
the plant, etc.

Simulated
demonstration

Stage at which functional tests are implemented at the test
manufacturing level as a development and engineering
process.

Research for
practical use

Stage at which development and engineering are being
carried out by applying or combining past experiences. Or,
stage at which development and engineering are being
carried out based on fundamental data in domains in which
there is no prior experience

Applied research

Stage at which development and engineering are being
carried out in domains in which there is almost no applicable
prior experience, and the required specifications are being
defined.

Applied research

Stage at which specific details pertaining to the development
and engineering targets are clarified.

Basic research

1D
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8. Specific goals for achieving the purpose of the project No.68

1) Development of the dust collection and dispersion-prevention system

@ Conceptual designing of the dust collection
and dispersion-prevention system and the
machining head and evaluation of the
applicability to the actual equipment

Upon investigating the past dust collection technology, the advantages and
disadvantages in case of using the dust collection technology for the machining
method selected in “Development of technology for retrieval of fuel debris and
reactor internal structures” will have been evaluated. The results of evaluating
the applicability to actual equipment for the side access method and top access
method of the dust collection technology will have been presented.

(Target TRL at completion: Level 3)

@ Defining of the basic specifications of the
dust collection and dispersion-prevention
system and the machining head, and
designing the system

A chart listing the basic specifications of the dust collection and dispersion-
prevention system and the machining head for the machining method selected
in “Development of technology for retrieval of fuel debris and reactor internal

structures”, the system diagram and the conceptual design diagram will have
been presented.

(Target TRL at completion: Level 3)

3
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8. Specific goals for achieving the purpose of the project No.69

2) Development of remote maintenance technology for the dust collection and dispersion-prevention system

(D Remote maintenance method and | The method and concept of the dust collection and dispersion-prevention system
conceptual design of the required equipment | @1d machining head including the line of flow of devices for remote maintenance

during normal times and in the event of failures, replacement parts, waste, etc.,

their schematic placement, volume of waste, need for and method of

decontamination, etc. will have been presented in a step diagram.

(Target TRL at completion: Level 3)

3) Evaluation test of dust collection and dispersion prevention

(O Development of dust collection and | The tests conducted within Japan and overseas for evaluating dust generated
dispersion-prevention evaluation guidelines | during machining, will have been investigated, and evaluation test guidelines

suitable for evaluating the machining method to be applied to actual equipment will

have been established.

(Target TRL at completion: Level 4)

@ Evaluation test of dust collection and | A representative method will have been selected from the machining methods
dispersion prevention selected as part of “Development of technology for the retrieval of fuel debris and
reactor internal structures; machining test and evaluation of test samples
simulating fuel debris and contaminated structures, etc. will have been conducted
using the designed and manufactured elemental test equipment presuming a
machining head that can be used in the actual equipment; data such as migration
rate into air and into water depending on the machining speed will have been
acquired; and the amount of waste generated as a result of the operation of dust
collection and dispersion-prevention system will have been measured. Moreover,
the chart mentioned in 1) @ Basic Specifications will have been revised as
required.
(Target TRL at completion: Level 4)

3
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Attachments
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Overall configuration of the dust collection and dispersion-prevention system No.71

(mist and water ejector)

Machining head

Water ejector

flow of driving water

Flow of dust suction
by means of the
water ejector

Hose

Flow/pressure

regulating valve
(For water ejector)

Pump
(For water ejector)

Mist nozzle

N
----

=
|

= ;E”‘j_

Flow/pressure

regulating valve
(For mist)

Pump
(For mist)

O Overall configuration of the dust collection and

dispersion-prevention system

- Water ejector: 1 unit
= Mist nozzles: 4 units

- Pump (For water ejector): 1 unit

* Pump (For mist): 1 unit

* Flow regulating valve: 1 set
* Pressure regulating valve: 1 set

- Hose (For water ejector and mist): 1 set
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No.72
(Reference) Tool changer

An overview of the tool changer is provided below; It has been mentioned as
the mechanism for connecting the robot arm and machining head in the
Development of remote maintenance technology for dust collection and
dispersion-prevention system.

Tool changer @
(Robot arm side)

(Note) These details provide general information about tool changer but do not indicate the
usage during the actual fuel debris retrieval.

(Structure)
Fixation Method: Ball Locking Method Ball

(The ball inside the tool changer Q) operates by air pressure and gets anchored
to the tool changer®@)

(Characteristics)
- Tool can be attached/detached by remote operation.
- Utility connection (liquid, air, cable run) is allowed.
- It is commonly used technology and is highly reliable.

Tool changer @
(Main uses) (Machining head side)

- Machining operation and assembly operation using robot arm

(Source) Catalog of BL Autotec, Ltd. (Trade Name: Quick Change)

- cinernationa. PhOtograph of the exterior
Clnternationa
TRID of the tool changer




No0.73

Selection of UO, simulant material (Comparison of materials)

Materials Specific gravity Melting point Vickers Thermal Previous usage experience in other
(g/cm?3) ) hardness conductivity projects
(GPa) (W/m-=K)

uo, 10.96 [ 2878 6 2 10 @ Used in the Fuel Debris
Characterization Project as the raw
material for the large simulated debris
test performed overseas and small
simulated debris test performed in
Japan.

Ceria 7.22 10 2600 M 4-50] 17 1 Used in the Fuel Debris Retrieval

(Ce0Oy,) Project as UO, simulant material for
manufacturing large MCCI test pieces.

AlL,Oq4 3.6-3.98 2050 1 12 -1781 12 - 32 B Used in Fuel Debris Retrieval PJ as fuel

(Alumina) debris simulant material for the
machining experiment.

Zro, 3.6-3.98 2720 11 -136] 3B Used in Fuel Debris Retrieval PJ as fuel

(Zirconia) debris simulant material for the
machining experiment.

(U,Zr0o, 6-111@ 2500 6-14 01 1-1014 Physical properties of the fuel debris

Fuel debris - 2700 @ collected from TMI-2 during the Fuel
Debris Characterization PJ were
assessed.

<Sources>

[1] lwanami's Dictionary of Physics and Chemistry 4th edition - lwanami Shoten Publication 1987

Special notes

In this project, calcined UO, was
used as fallen fuel UO, pellets and
fuel debris.

Ceria with a relatively higher
specific gravity and with hardness
almost the same as UO, was used
in this project as UO, simulant
material.

Since specific gravity is low, it is
not used in the evaluation test of
dust collection and dispersion
prevention.

Since specific gravity is low, it is
not used in the evaluation test of
dust collection and dispersion
prevention.

Physical property values were
referred from the Fuel Debris
Characteristics List 2

[2] IRID - Subsidy Project of Decommissioning and Contaminated Water Management in the FY2014 Supplementary budget “Development of technology for fuel debris

characterization”- Research Report (Interim Report) - March 2016
[3] CHARACTERISTICS OF KYOCERA FINE CERAMICS April 2020

(https://www.kyocera.co.jp/prdct/fc/index.html)
[4] 2018 Fall Meeting of the Atomic Energy Society of Japan, lwasa et.al., IDO5

[5] Data furnished by IRID union members
[6] S. J. Duclos, et.al.,Phys. Rev. B 38, 7755 (1988).

IRID 73

e——t S
©lnternational Research Institute for Nuclear Decommissioning



No.74
Mass balance evaluation (1/2)

I BN R

/ [ |
In air "
Cutting in air: 4 - 7% - i ° .
RIS SRR S B ] g Surrounding part
104-107%
DT Demineralized In water
40 - 50%

Pump
M In air M underwater .aSruergoundlng = Unknown

Ceria

Fuel cladding +:
Ceria

Structures to which
debris has adhered

The figure indicates that there are many unknown dust (dust that cannot

be collected) regarding the fallen dust and dust in drainage water, and
the dust collection rate is low.

Simulated MCCI

Iif

=This may be because of the dust remained at the bottom of the test
20 40 60 80 100 equipment (Refer to next slide).
Percentage [ %]

=



Mass balance evaluation (2/2)

-_— . -

=

(Picture of the bottom of the house taken after disassembling the test apparatus)

Motor is installed in the part within the red frame where is not normally accessible, and dust had
adhered to that area.

Further, some dust had also accumulated in between the lattice and floor surface, which cannot
be removed.




