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~ 1. Research background and objectives No.2

Top access investigation method

[Purpose of investigating inside the reactor pressure
vessel (RPV)]

Acquisition of basic information about the RPV interior (distribution of
fuel debris, radiation dose, structure condition, etc.) in order to retrieve
fuel debris.

[Implementation details up to FY2021]

By FY2019, the applicability of top and side access investigation i
methods had been studied with actual equipment. Side access

Since FY2020, to address the remaining issues in the top-access Investigation
investigation method, alternative methods for opening reactor internals method
to establish an access route to the shroud have been developed as
processing technologies that would generate less secondary waste
inside the RPV than the conventional abrasive water jet (AWJ) method.

It is also important to continue developing methods that enable
investigation inside the RPV at earlier stages, since it is assumed that
the top and side access investigation methods will require some time
before they can be applied on site. Therefore, starting in FY2020,
investigation plans for the bottom access investigation method have
been formulated, and conceptual studies of bottom access and
investigation equipment have been conducted. In this method,
investigation equipment is introduced into the primary containment
vessel (PCV) using the access route already constructed for
investigation inside the PCV, and the equipment is introduced into the Bottom
RPV through an opening that is assumed to exist at the bottom of the

RPV. invzcs:f[:igzzon
[Future applications of this project] method
Development of Investigation Actual Study of fuel debris retrieval
Technology for inside the 9 equipment method / equipment design
RPV investigation Information on the RPV interior

(visual information, dose rate, etc.)

_— s
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1. Research background and objectives No.3

[Implementation details of this project]

Testing will be used to verify the functionality required of processing technologies developed as of FY2021 for on-site
use as a processing technology for the top access investigation method.

In addition, a prototype of bottom access and investigation equipment to investigate the RPV interior will be
manufactured based on the results of conceptual studies obtained by FY2021, and tests will confirm the functions
necessary for on-site application.

Specifically, the following items will be studied and undergo technical development.

(1) Upgrading of processing technology for the top-access investigation method
(D Study of the functions necessary for the on-site application of processing technologies
@ Verification of the performance of the functions of element prototypes

(2) Development of the bottom access investigation method

@ Formulation of a bottom access investigation plan and development plan for investigation equipment
@ Test manufacturing of bottom access and investigation equipment, functional verification testing

' D ©International Research Institute for Nuclear Decommissioning
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2. Goals No.4

(1) Upgrading of processing technology for the
top access investigation method
= For top access investigations, the AWJ and laser
TRLA cutting technologies selected as of FY2021 as

2 L processing methods for constructing access routes
; ; Requirements for
into the shroud have reached the stage of conducting handling at the 7
prototype-level performance tests site _
Site conditions pg’r’npi'é’s”i‘c?nfg;d

(2) Development of the bottom access authorization inv‘gg@‘;‘;on
6 investigation method 6

= As part of the development and engineering Training and

process, the bottom access investigation method has ___reheasal
e | reached the stage of conducting prototype-level AT for

performance tests for drones and telescopic access 5 i;(;'ti;tligegﬂ?;mvgm

equipment used to access the RPV interior

| Partial mockup testing
|
4 Partial mockup test
equipment
\ manufacturing
Detailed equipment
3+ design ba§(-;d on site
Basic design conditions
= . Study of equipment
2 | Conceptual design specifications
.
Applicability
study

>

E_—
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3. Action items, their inter-relation and relation to other studies No.5

( N\
Development of Technology r \
for Detailed Investigation Study of fuel debris retrieval
L inside PCV ) method and equipment
(" Development of Technology ) > <
for Gradually Increasing the -
Scale of Fuel Debris Study of criticality control
\ Retrieval y \ y
[input]
- Access equipment specifications [output]
- Various constraints - Information on RPV interior and
access routes
(visual information, dose rate, etc.)
Detailed design,
equipment manufacturing,
D,eve!OPment of mockup, etc. Actual
Investigation Technology é equipment
This project - Top access investigation
- Bottom access investigation
[input]

- Results of the investigation of the upper part of the pedestal (lower part of the RPV)
(opening locations, structural conditions, etc.)

Development of
Technology for Detailed
Investigation inside PCV

©International Research Institute for Nuclear Decommissioning



4. Implementation schedule

Action items

(1) Upgrading of processing technology
for the top access investigation
method
@ Study of the functions necessary for

the on-site application of processing
technologies

@ Verification of the performance of the
functions of element prototypes

(2) Development of the bottom access
investigation method
<Development of drone for Unit 1>
@ Formulation of bottom
access/investigation plan and
development plan for
access/investigation equipment

@ Test manufacturing of bottom
access/investigation equipment and
functional verification testing

<Development of telescopic access
equipment for Units 2 and 3>
@ Formulation of bottom
access/investigation plan and
development plan for
access/investigation equipment

@ Test manufacturing of bottom access
and investigation equipment,
functional verification testing

Study of issues and countermeasure
for processing technologies S?

No.6

1Q 2Q 30 4Q

Development planning

The production period was
extended beyond the
original plan due to delayed
delivery times of parts(*).

Verification and

Study of prototype specifications evaluationlof functions

Prototype design

performance of the v

functions testing

Prototype manufacturing

Investigation and

development planning Update of investigation and

development plan

\%

Study of investigation and development plan
i

The production period was
extended beyond the
original plan due to delayed
delivery times of parts(*).

\%

Study of investigation plan

Verification and
evaluation of functions

\4

Functionality verification testing
I |

Study of prototype specifications

s
Prototype design

Prototype manufacturing

Study of investigation and development plan

Study of investigation plan

Investigation and
v development planning

Study of investigation and development plan

Update of investigation and
development plan v

Study of investigation plan and manufacturing

Functionality verification testing

E———
‘ Rl D (*) Some countries producing materials and parts underwent lockdown due to COVID-19, resulting in

©Internf1tional Rgs?,arch Institute for Nuclear Decommissioning
onger delivery times for parts.



5. Project organization chart No.7

This project aims to develop technology for investigation inside the RPV. The interface with each development project team
is of the utmost importance. Therefore, IRID Head Office, Toshiba ESS, and Hitachi GE will work together to develop a safe,
reliable, logical, rapid, and site-oriented fuel debris retrieval technology for 1F, through mutual technological cooperation among
IRID Japanese plant component manufacturers, in order to analyze the on-site situation and to develop a series of measures
that are consistent with the fuel debris retrieval plan, etc.

International Research Institute for Nuclear
Decommissioning (Head Office)

O Formulation of overall plan and technological supervision
O Technological management of technology development progress, etc.

Tokyo Electric Power Company Holdings, Inc.

O Adjustments for on-site applicability

Toshiba Energy Systems & Solutions Corporation Hitachi-GE Nuclear Energy, Ltd. _
Partner development project teams
(2) Development of the bottom access (1) Upgrading of processing technology for the top-
investigation method access investigation method
 Formulation of bottom access/investigation (2) Development of the bottom access investigation Development of Technology for Gradually
plan and development plan for method Increasing the Scale of Fuel Debris Retrieval
access/investigation equipment @ Formulation of bottom access/investigation
@ Conceptual study of bottom access and plan and development plan for
investigation equipment access/investigation equipment
@ Test manufacturing of bottom access and Development of Technology for Detailed
investigation equipment, functional Investigation inside PCV
verification testing

Sugino Machine Ltd.

- (1) Structural design for upgrading the processing technology for the top-access
investigation method

- (2) Structural design for the development of the bottom access investigation method

Hitachi Plant Construction, Ltd.

- (1) Technological study for upgrading the processing technology for the top-access
investigation method

- (2) Technological study for the development of the bottom access investigation method

Toko Corporation / Chugai Technos Corporation
- (2) Structural design for the development of the bottom access investigation method

l D ©International Research Institute for Nuclear Decommissioning
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Implementation detalls No.8
(1) Upgrading of processing technology for the top-access investigation method

<Implementation details up to FY2021>
The focus was narrowed down to improved abrasive waterjet (AWJ) cutting and laser cutting, as both methods produce less secondary
waste than conventional AWJ cutting, and efforts were made to further refine the selected methods.

<Summary of implementation in FY2022>

@ Study of the functions necessary for the on-site application of processing technologies
The application of AWJ cutting and laser cutting on actual equipment was studied, issues regarding remote processing and the
functions required for the equipment were reviewed, and the details of element prototyping were examined to verify these issues.
@ Verification of the performance of the functions of element prototypes
A prototype was designed and manufactured, and its performance of the functions was confirmed to be satisfactory.

<Implementation details for FY2022>

Processing Implementation details Processing Implementation details
technology technology

Laser Study of issues and countermeasures for Study of issues and countermeasures for
processing technologies processing technologies
@ Study of development plan @ Study of development plan
® Specification study, design, and test ©) Specification study, design, and partial element
manufacturing of remote equipment considering prototyping of abrasive feed rate stabilization
actual equipment mechanism
@ Functional verification testing and combined @ Study, design, and partial element prototyping
operations verification testing for the laser cutting of nozzle maintenance method
device (prototype . e .
(P ype) ® Functional verification testing of each element
prototype
Common @ Study of patterns of uncollectible connecting
guide pipes

e
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6. Implementation details

No.9

(1) Upgrading of processing technology for the top-access investigation method
Major results as of FY2021 and implementation details for FY2022

1) Results as of FY2021 (Overall summary)

With investigation of the RPV interior via the top access investigation
method, processing technology was developed to create a minimum
®140 mm opening in the reactor inner structure in order to establish
an access route.

As of
FY2019

- Verified that AWJ cutting can be used to cut reactor internals

- Verified via prototype that operation can be conducted with remote
equipment

- An issue of approximately 8.8 tons of secondary waste (abrasive use)

Boundary function |
= maintaining equipment

irlock ce

Toolbox

Toolbox side gate
valve

Work cell

Toolbox transport
carrier

Well cover Boundary guide
pipe side gate

valve

PCV head

Boundary guide

RPV thermal insulation

RPV head

Steam dryer

Steam separator

Reactor internals that are
part-ofthis project

Shroud head

Treatment target

=
anmanfnn wne

Cutting head

FY2021

- Studied improvements to AWJ cutting and the applicability of other
processing technologies to reduce secondary waste (Target: Less than
500 kg of secondary waste)

- The cutting capacity of AWJ cutting has improved by implementing smaller
nozzles that enable insertion into narrow areas and placement closer to
the workpiece (secondary waste volume reduced to approximately 1.3
tons)

- Testing verified laser cutting as another processing technology for vertical
cutting (WJ, hole saws, and disc saws are not applicable)

Laser cutting is not applicable for horizontal cutting due to difficulties with
inserting the nozzle into narrow areas

- AWJ cutting was studied to reduce secondary waste, and laser cutting
was studied to be applied to all cutting points of the in-core structure

- AWJ cutting was tested under low abrasive feed conditions, and
secondary waste was reduced to approximately 0.3 tons (target of 500 kg
was achieved)

- Laser cutting is expected to be applicable to all parts within the core
structure due to the reduced nozzle size

- The low abrasive feed in AWJ cutting caused a feed instability event

- The feasibility of remote equipment with laser cutting requires verification

Drawing of steam separator opening
|

Outline of in-core structure openin

TRID

FY2022

- AWJ cutting: Abrasive feed stabilization study and element testing
Nozzle and camera remote replacement method study

- Laser cutting: Remote equipment study, prototype production, and
Functional verification testing

©International Research Institute for Nuclear Decommissioning




6. Implementation details No.10

(1) Upgrading of processing technology for the top-access investigation method
1) Results through FY2021 (Summary of FY2020 and FY2021 results)

-
Results of studies through FY2019 confirmed that AWJ cutting is capable of cutting reactor internals, but the large amount of secondary waste was an issue.
L Therefore, in FY2020 and FY2021, studies focused on processing technologies with low volumes of secondary waste. (Target: Less than 500 kg of secondary waste)

FY2020

1) The following five methods were selected based on a desk study to narrow down the applicable processing technologies. )
@ AWJ cutting (small nozzle) @ Water jet cutting S Laser cutting @ Hole saw © Disk saw

2) Tests were conducted to evaluate the applicability of the five selected methods, and 1) AWJ cutting and (3 laser cutting were evaluated as applicable methods.
(@ AWJ cutting is designed to use a small nozzle surrounded by three steam separator cylinders, enabling improved operational conditions and reducing the
amount of secondary waste.

<Operational conditions until 2019>

Conventional nozzle Estimated
) secondary waste

8,810 kg

<Operational conditions with a small nozzle>

Estimated
secondary waste

Conventional nozzle

Small nozzle

Standoff: 78
to 108 mm

Standoff: 1 to
56 mm

Drawing of steam separator cutting Drawing of steam separator cutting I

@ Laser cutting was confirmed to be applicable for vertical cutting. Design and manufacturing of a nozzle capable of horizontal cutting is required for FY2:021.

.

FY2021

1) Further reductions of secondary waste in AWJ cutting and the application of laser cutting to all cutting lines of ;
the in-core structure were studied and confirmed through testing. I

@ Verified an abrasive feed rate with good cutting efficiency and confirmed that AWJ cutting was possible I
under those operational conditions, providing the prospect of achieving a secondary waste volume target I

of 500 kg.

Improved abrasive feed rate v
Conventional abrasive feed conditions > Conventional abrasive feed conditions Estimated secondary
500 g/min 100 g/min waste
328 kg

@ A nozzle to make horizontal laser cutting possible was designed and fabricated, providing the
prospect of cutting all in-core structure cutting lines. (The image on the left shows a horizontal cut.)

Laser cutting Image of cutting the steam separatorJ

©International Research Institute for Nuclear Decommissioning



6. Implementation details

(1) Upgrading of processing technology for the top-access investigation method
2) Review of issues and development plans for upgrading processing technologies (1/3)

No.11

Intermediate

ENS

Development issues

Action policy (plan)

Conducted

or notin
FY2022

FY2022 test/action items

1 ) Processing
g equipment
o
o
1)
©
—
2
Processing
3 technology
Environment
4 simulation
5 Verification of

the impact on
other systems

I ad | D4

Feasibility of the remote equipment considering

actual equipment

- Remote insertion of a cutting nozzle into narrow
spaces

- Verification method for the status of the treatment
target before and after cutting
(Concerns about camera visibility and lens damage)

- Fiber transmission lines for actual equipment length
(Concerns about attenuation of laser output)

- Incorporation into the fiber drum
(Concerns about bending resistance of fiber)

- Application of slip rings to high power lasers (8 kW)

Nozzle maintenance

(Nozzle durability was verified without issue in
FY2021, but this is a countermeasure against
nozzle failure)

Effect of dross on cutting
(Seek cutting parameters that facilitate dross
dispersion and reduce the risk of re-welding)

Influence of the actual operating environment
(Temperature, humidity, and atmospheric
conditions)

Assist gas restrictions
(Type, flow rate)

Design and manufacture a prototype
of remote equipment that
incorporates countermeasures to the
issues listed on the left, and confirm
the feasibility of remote equipment
by simulating the assumed height of
the actual equipment (max. 18 m).

Study nozzle maintenance methods.

Optimize parameters such as assist
gas flow rate and direction, laser
power and nozzle speed, and verify
conditions that facilitate dross
dispersal.

Examine the impact of the actual
operating environment and, if
necessary, verify its impact through
testing.

Verify the limitations of the actual
equipment and test as necessary.

Conducted

(None)

(None)

(None)

Conducted

- Design and prototyping of remote
equipment considering actual equipment

- Functional verification testing and
combined testing of remote equipment
(Verification of remote insertability, camera
view range, laser power, etc.)

= See slides No.16 to 27

(Nozzle maintenance methods for AWJ cutting
will be studied, and laser cutting will use those
results. Expected to be implemented in FY2024
or later.)

(Conditions that permit operation without re-
welding were confirmed in FY2021 testing.
After confirming the feasibility of the remote
equipment, further risk reduction and the
necessity of such is expected to be considered
in FY2024 or later.)

(Will be evaluated after verifying the feasibility
of the remote equipment and is expected to be
conducted in FY2024 or later.)

- Verification of limitations of actual
equipment (desk study)

= See slide No.17




6. Implementation details

(1) Upgrading of processing technology for the top-access investigation method
2) Review of issues and development plans for upgrading processing technologies (2/3)

No.12

Intermediate

ENS

Development issues

Action policy (plan)

Conducted

or notin
FY2022

FY2022 test/action items

6 g
g
o
°
=
<
7
8
9
—

Processing
equipment

Abrasive
reduction

Feasibility of the remote equipment considering

actual equipment

Abrasive feed rate stabilization
(The abrasive feed rate was set at 100 g/min in

FY2021, but verification is required as to whether a

stable supply is attainable with remote equipment
considering actual equipment.)

Nozzle maintenance

(FY2021 test results set nozzle life at approximately 8
hours, while the expected operation time on actual

equipment is approximately 42 hours
(for angled nozzles), so maintenance is required.)

Further reduction in the amount of abrasive
used
- Further exploration into the appropriate
abrasive feed rate value
- Selection of optimum nozzle shape

- Reduction in the number of cuts for locations

that require numerous cuts

The feasibility of the remote
equipment considering actual
equipment was confirmed through
FY2019, so the impact of changes
since FY2019 will be verified.

Confirm whether a stable supply of
abrasive is possible with remote
equipment considering actual
equipment. Variable abrasive feed
rates will also be studied.

Study nozzle maintenance methods.
(A change to the material of the severely
damaged mixer part (SUS630 —
Carbide) could be considered, but it is
not assumed to be able to last for the
actual operation time)

Because the target abrasive amount
of 500 kg or less has been achieved,
the response has been set to HOLD
and the need for a response will be
reconfirmed based on the results of
responses to other issues.

(None)

Conducted

Conducted

(None)

(The main change from FY2019 is nozzle
shape and the impact of which is assumed to
be minor. The results of the No.1 laser cutting
prototype will be deployed to AWJ cutting in
FY2024 and beyond, if necessary.)

- Study of abrasive feed rate stabilization

- Design and manufacture of partial
element prototypes

- Functional verification testing of partial
element prototypes

= See slides No.28 to 32

- Study of nozzle maintenance method

- Design and prototyping of partial element
prototypes

- Functional verification testing of partial
element prototypes

= See slides No.33 to 36

(HOLD)

©International Research Institute for Nuclear Decommissioning



6. Implementation details

(1) Upgrading of processing technology for the top-access investigation method
2) Review of issues and development plans for upgrading processing technologies (3/3)

No.13

Intermedia
te items

Development issues

Action policy (plan)

Conducted

or not in
FY2022

FY2022 test/action items

10

Common

11

12

13

14

Processing Treatment of cut pieces (transfer)
equipment  (In FY2021 tests, cut pieces interfered with cutting at
other locations)
Radiation resistance of components
Durability of components
Risk Installation method in case of damaged and
response  deformed reactor internals

Responses to uncollectible connecting guide

pipes

Study the cut piece transfer method.

Conduct irradiation tests on
components at risk of damage, and
select appropriate components.

Identify hoses and other
components at risk of deterioration
and verify their durability.

(The durability of each nozzle was
confirmed in FY2021)

Since the process of inserting the
nozzle between the three steam
separator cylinders is considered to
pose a high risk of failed installation
due to deformation, methods for
expanding the space between the
three cylinders will be examined.

Examine patterns where collection
was not possible and consider
countermeasures as necessary.

(None)

(None)

(None)

Conducted

(Development issues for the equipment body
will be prioritized and measures for ancillary
equipment will be implemented; expected to be
conducted in FY2024 or later)

(It was deemed reasonable to verify such after
determining the configuration of equipment for
remote equipment; expected to be conducted
in FY2024 or later)

(Since nozzles with a high risk of deterioration
were confirmed in FY2021, it was determined
reasonable to verify other components using
products equivalent to actual equipment;
expected to be conducted in FY2024 or later.)

(The next phase includes a detailed design of
equipment reflecting site conditions; expected
to be implemented in FY2024 or later.)

- Examination of uncollectable patterns
(Desk study)

= See slide No.37

©International Research Institute for Nuclear Decommissioning



No.14

6. Implementation details

(1) Upgrading of processing technology for the top-access investigation method
3) Upgrading of processing technology Development flow (draft)

S [ i
IRID (*) Plans for FY2023 and beyond are proposals from the project implementer and have not been dat

Category  As of FY2021 FY2022 FY2023 () FY2024 and later (*)
Using a
[ TRL:3t04 ||| TRL: 4 || TrRus | TRLe f[TRL7 |
e
TRL - Lasers achieved TRL 3 ! Laser and AWJ will be |
attainm in FY20_20_ _and FY2021. The objective is to reach a stage where prototype- e i tested on prototypes to I
- The feasibility of AWJ level performance tests can be conducted. I Confmithelfeasibilit !
ent level i I astofity . . .
rem_ote equipment i of remote equipment. i Manufacturing and design of actual equipment / mockup
achieved TRL 4 by L i testing / training phase
FY2019.
. Functional Design and man_ufacturing
- Major achievements: Desk study Design/ verification Element | o -iuation of actual equipment
Prototyping testing testing
i
T - - H )
P Prototype production and functional verification testing of »! Simulation of actual i Mockup testing
Verification of . L . equipment via a prototype
. remote equipment considering actual equipment quip P yp 1
processing technology |l - "\o 1 Cutting test (Issue No.1) _ ¥l | aser nozzle e —
- - - = - I maintenance I Training
- Prospect that everything Examine the function Reflect the Cor! Juct unctlo_nal Con_duct Use test ! (Issue No.2) I
to be processed can be and contents of content of verification testing cutting tests results to i :
= e element prototypes. examinations in | of the prototype. using a mock- | evaluate = Influence of the
% ’ the design and up of the applicability i actual 093’?'"9
) environmen
— Assist gas create a actqal o aptual | Reduction of the influence of dross
restrictions protovpe_ | ____________ equipment to | equipment. i _(Issue No.4) during cutting
(Issue No.5) [ If required, testin FY2024 or later T e B L | (Issue No.3) (Laser only)
- Verify limitations with | [ ____________
actual equipment.
Verify feasibility of Proto'gype and functlon_a_l vgrlflcatlon vgrlflcatlon of N Cutting test using
! abrasive feed rate stabilization mechanism », prototype
remote equipment (Issue No.7) (Issue No.7)
- - Design, manufacturing, and
- Feasibility of remote Element prototyping and maintainability verification of N _____ »! mockup testing of remote
equipment was nozzle maintenance mechanism (Issue No.8) maintenance equipment (Issue
confirmed with a No.8
) prototype as of FY2019. |- Examine methods of | - Reflect the - Conduct functiona )
; stabilizing and content of verification testing fl - Element - Use test ) )
< - adjusting the examinations in | of element testing will be results to Design, manufacturing, and
Abrasive use reduced ; mockup testing of cutting piece
e abrasive feed rate. the element prototypes. conducted as evaluate p 9 gp
9 prototype needed based | applicability treatment tools (Issue No.10)
- Prospect of achieving - Exam:ne nozzle desi?n and on Fl\t(2022 to a_ctual '
: maintenance create results. equipment.
the target of using less methods STEES quip Examination of installation method
than 500 kg of abrasive. : ’ in case of deformed reactor
internals (Issue No.13)
- Study of patterns T T e e 1
o of uncollectible — - If necessary, measures will be considered and reflected in the design in FY2024 or later - — 3
= : : e T Ty d-——o===--g----------- E Equipment durability
— connecting guide = "
= pipes Radiation resistance of (Issue No.12)
o components (Issue
O (Issue No.14) N
0.11)

nal .I(?jesgarch Institute for Nucleaf Decommis&ioning
1aed.




6. Implementation details
(1) Upgrading of processing technology for the top-access investigation method

4) Upgrading of processing technology Implementation details

—— .

No.15

Laser cutting

[Implementation details in FY2022]

- Examination of prototype specifications

- Design and prototyping of remote
equipment considering actual equipment

- Functional verification testing and
combined operations testing of remote
equipment

Laser
nozzle

Toolhead

Connecting guide
pipe

Hoisting
equipment

Tool transfer
mechanism

S

AWJ cutting

[Implementation details in FY2022]

- Study of abrasive feed rate stabilization

- Study of nozzle maintenance method

- Specification study of each element
prototype

- Design and manufacture of element
prototypes

- Functional verification testing of element

prototypes

Toolhead ™

Well cover

PCV head

RPV thermal
insulation

RPV head
Steam dryer
Steam separator

Shroud head

— Connecting
guide pipe

— Toolhead

Boundary function
maintaining
equipment

Toolbox

Toolbox side gate
valve

Toolbox transport
carrier

Boundary guide
pipe side gate
valve

Boundary guide
pipe

"= Examination system

Conceptual drawing of the top access investigation method

Common

[Implementation details in FY2022]

- Study of patterns of uncollectible connecting guide pipe

©International Research Institute for Nuclear Decommissioning




6. Implementation details No.16

(12 Upgrading of processing technology for the top-access investigation method
5) Results of laser cutting technology
@ Specification study and design of laser cutting device (prototype) <Specification study and design of prototypes>

<Equipment overview> @ Specifications
Equipment to open the steam dryer, steam separator, and shroud head at the planned
opening position in the work cell (directly above the RPV reserve nozzle)

[Composition]
- The laser cutting device consists of a toolhead with laser nozzle, connecting guide
pipes, hoisting equipment, a drum, and a tool transfer mechanism.

Hoisting

il /| Prum equipment /! CO””EC?”S guide - A laser oscillator is installed separately.
Connecting guide | r'4 Toggie unlock [Toolhead] _

£ . [ ipe Toggle unlock mechanism | - The toolhead (for angle nozzles) consists of a laser nozzle, a forward/backward

Sl 1. i detection tion f i d a 6-axi hat swivels the toolhead

3 Hoist mechanism reaction force receiver, and a 8-axis motor that swivels the toolhead.

‘: 4 mechanism - - The toolhead (for straight nozzles) consists of a laser nozzle, a-axis and R-axis

g RS > i Elevation detection motors that adjust the position and angle of the laser nozzle, and a 8-axis motor that
= 7 , roller swivels the toolhead.

4, % ‘0*55 : : [Connecting guide pipe]

“er » peS - The guide pipe consists of a series of 700 mm long pipes with the toolhead

i Tool transfer Toggle lock connected at the end.
0;,,7 . detection Toolhead .
I mechanism mechanism The other end is attached to the drum.
Fixing ii B - The drum rotates to feed or wind the connecting guide pipe with attached toolhead.
Xing 1'9 \ Toolhead - Each joint locks together so that the axes of the upper and lower pipes are aligned
E r-—- when passing through the hoisting mechanism, and the toolhead is supported.
Pmc:gjfjggmﬁ"i"“ § [Hoisting equipment]
mechanism S - This component consists of a hoisting roller and a toggle lock mechanism to assist in
S the lifting and lowering of the connecting guide pipe.
Connecting guide & [Drum] . . i X . .

pipe clamping {1 | N - Its function is to feed and wind the connecting guide pipe.

mechanism 1 Backward

- The horizontal position of the drum can be adjusted (drum horizontal axis and drum
forward-backward axis).

“) [Tool transfer mechanism]
- Its function is to adjust the horizontal position of the in-core structure processing
equipment (X and Y tool travel axes).

reaction force
receiver

App'ox. 620 mm
- I
Connecting | / ; l{
guide pipe I f Ll ’
B B

When toggle is When togale

Toggle @ Main design points for laser cutting

unlocked locked [Hoisting apparatus (drum + hoisting equipment)]
@ Fiber integrated into equipment
@ Design with high-power laser transmission = See slide No.18
700 mm 138.5 mm Forward (slip ring and rotary coupler inclusion study, etc.)
> ‘i_% reaction force @ Design featuring cooling water and various gas systems for the laser nozzle
| recelver
1 [Toolhead] -
g . Laser nozzle Laser nozzle - Newly designed for lasers. = SERSEE MO
e —_ . — . —. J (straight nozzle) (angle nozzle)

| =S
l R' D ©International Research Institute for Nuclear Decommissioning




6. Implementation details

No.17

(1) Upgrading of processing technology for the top-access investigation method

5) Results of laser cutting technology
® Toolhead design

[Main design details]

- Design for each drive axis (movement range/speed)
: Drive shaft designed for operations under the operational conditions
established from the results of FY2021 tests.

- Reaction force receiver design
: Designed with a mechanism to reduce toolhead vibration (for angle nozzles)
from the reaction force of assist gas injection.
Reaction force vibration is small with the straight nozzle toolhead, so it was
determined that a reaction force receiver was unnecessary for straight
nozzles.

- Laser transmission system design
: Designed to connect the fiber cable within the toolhead to the laser nozzle at
the tip of the toolhead.

- Equipped with a camera
: A camera is installed to check toolhead position for easier access and to
check the treatment target.

- Assist gas restrictions

: Nitrogen, which is currently sealed in the RPV, will be used as the assist gas
and the design allows for connection of a nitrogen cylinder.
The assist gas flow rate is expected to be higher than the current flow rate of
the nitrogen inside the RPV, but possible operational countermeasures such
as intermittent disconnection are being considered, and it has been
determined that such countermeasures do not need to be reflected in the
equipment design.

Operational countermeasures are expected to be thoroughly considered in the

TRL 5 phase, when the actual equipment information is input.

1RID

Toolhead
(straight nozzle)

Tilt axis (a-axis)

Laser nozzle /

(straight nozzle)

Toolhead (laser cutting)

Camera \‘5

Tilt axis (R-axis)

Swivel axis
(6-axis)

Toolhead
(angle nozzle)

Camera

Backward
reaction force
receiver

Laser nozzle
(angle nozzle)

reaction force
receiver
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6. Implementation details
(1) Upgrading of processing technology for the top-access investigation method

5) Results of laser cutting technoloqy

® High-power laser transmission design

Optical fiber

- Core diameter:
®300 pm >

- Length: 50 m

Laser

oscillator

FY2021 laser
head prototype

Configuration at the time of FY2021

element testing

verified its potential for application.

Drum
(Rotates when the
connecting guide pipe is

/
Connecting guide pipe—

Laser head

lifted or lowered (red arrow)

Rotary coupler

(Required for connection
from laser oscillator to
drum (rotating body))

=8

Optical fiber

- Core diameter:
®400 ym

- Length: 30 m

Confiquration of laser cutting device for

actual equipment

*  Consider the following when designing for actual equipment:
@ For the optical fiber connecting the oscillator to the drum, select fiber with a core diameter of ®200 ym and assume a transmission distance

of approximately 50 m.

@ Use a rotating coupler to connect the optical fiber from the laser oscillator to the drum, as the drum is a rotating body.
The core diameter on the drum side must be 200 um larger than that on the oscillator side to allow for fiber misalignment in the rotating

coupler section.

No.18

Optical fiber

- Core diameter:
®200 pm

- Length: 60 m

&

Laser

oscillator

The FY2021 laser head prototype uses optical fiber (core diameter: 300 um, length: 50 m) attached to the laser oscillator, and cutting tests

+  Compared to the FY2021 prototype, the diameter of the optical fiber core connected to the laser head has increased (laser beam diameter
has increased and power density has decreased), and there is concern that cutting performance will decrease.

»  Operational countermeasures to the reduction in power density can be considered, such as lowering the nozzle speed (cutting speed) during
operation, and cutting performance tests must be conducted to verify whether cutting is possible and the conditions under which cutting is

possible.

TRID
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6. Implementation details

(1) Upgrading of processing technology for the top-access.investigation o

5) Results of laser cutting technology

@ Functional verification testing plan for the laser cutting device (1/2)

Test items are extracted for each target area, focusing on parameters that affect
cutting performance.

Target area

Related
elements

Test item

REMETS

Drum, - Drum rotation | Checking the accuracy of A parameter that affects nozzle speed during steam
hoisting axis the speed of lifting and separator cutting (vertical cutting) and is related to
equipment |- Drum lowering the connecting cutting performance.
(*1) horizontal guide pipe
- I—?(;(;:tin Checking the lifting and The connecting guide pipe must be able to be lifted
equi n%ent lowering range of the and lowered to the cutting position for processing.
quip connecting guide pipe
Checking the accuracy of A parameter related to cutting performance, as it
the lifting and lowering affects standoff.
position of the connecting
guide pipe
Checking the distance of A parameter that affects the accuracy of
one inching operation adjustments to vertical positioning and is related to
standoff setting and other cutting performance
factors. Actual performance is measured. (No
criteria)
Connecting |- Toggle Checking the amount of This item does not affect cutting performance, but it
guide pipe connecting guide pipe sway |is related to opening passability and actual
at no reaction force performance is measured for reference.
[Reference measurement]
Checking the amount of A parameter related to cutting performance, as
connecting guide pipe deflection in a toolhead without a reaction force
deflection to reaction forces | receiver (straight nozzle) may affect standoff, etc.
from the assist gas However, this can be compensated for by using the
9 o/R-axis of the toolhead, so the actual value shall be
measured in this functional test.
Tool transfer |- Tool travel Operating range/accuracy | No changes have been made from the FY2019
mechanism axis X [Reference measurement] | design that was verified as feasible, and so
- Tool travel verification is deemed unnecessary.
axis Y Only the operating range of tool travel axis Y is

measured for reference because the axis is
operated manually and a simplified model is used.
Tool travel axis X is operated digitally for workability
considerations and the operating range and
accuracy are measured as a reference.

1RID

(*1) When lowering the connecting guide pipe, the drum and hoisting mechanism shall be interlocked and checked at that time.

| Drum rotation axis

| Drum horizontal axis

Drum forward-
backward axis

Tool travel axis Y

(*2)

Fixing jig
(*3)

Toolhead

a-axis

N

Cutting nozzle

N

R-axis

No0.19

Equipment in the table
on the left

Hoisting
equipment

Tool transfer
mechanism

B-axis

(*2):

Remote digital operation is
required for the actual
equipment, but axes will
be manually operated
during these tests.

(*3):

Remote digital operation is
required for the actual
equipment, but these tests
will use a simplified jig
shape and the axes will be
operated manually.

Reactor internals processing equipment

©International Research Institute for Nuclear Decommissioning



6. Implementation details

(1) Upgrading of processing technology for the top-access mvestlgatlon method

5) Results of laser cutting technology

@ Functional verification testing plan for the laser cutting device (2/2)

Test items are extracted for each target area, focusing on parameters that affect
cutting performance.

No. Target area Related elements Test item Remarks
4 Fixing jig - Positioning axis X, | Measurement operating | No changes have been made from the
Y range FY2019 design that was verified as feasible,
- Clamping axis [Reference and so verification is deemed unnecessary.
measurement] Only the operating range is measured for
reference because each axis is operated
manually and a simplified model is used.
5 Toolhead - Laser irradiation Measuring laser output | A parameter related to cutting performance,
section and actual performance is measured. (No
criteria)
(Common *1) |- Assist gas injection [Measuring assistgas |A parameter related to cutting performance,
section pressure / flow rate and actual performance is measured. (No
criteria)
- Camera Checking camera No direct impact on cutting performance, but
image verify that there are no issues with the image.
- B-axis Drive speed accuracy |A parameter that affects nozzle speed in all
cutting except steam separator cutting (vertical
cutting) and is related to cutting performance.
Measuring position A parameter related to cutting performance
setting accuracy factors, such as standoff and laser incidence
angle during steam separator cutting (vertical
cutting).
6 Toolhead - o/R axes Measuring position The positioning accuracy for a given nozzle
) setting accuracy posture (angle and position) considered for
(Straight nozzle each cutting target is a parameter that affects
only) cutting performance, such as standoff and
laser incidence angle.
7 Toolhead - Backward reaction |Measurement operating | A parameter related to cutting performance
force receiver range because if the operating range is less than the
(Angle nozzle only) design value, it will not remain near the
surrounding structure and deflection will
increase.

(*1) Testing items that require verification for both straight and angled nozzle toolheads.

1RID

No.20

equipment, but these tests
will use a simplified jig
shape and the axes will be
operated manually.

r Equipmentin the table |mm e = = - - - - ———— —
I on the left 1
L *2): |

= (

I *lxmg - Remote digital operation is]
(*2) ;

| required for the actual

|

|

Backward
reaction force
receiver

Cutting nozzle i

:
[rae

Laser irradiation section
/ assist gas injection
section

Laser irradiation section
/ assist gas injection
section

Toolhead

(straight nozzle)

Reactor internals processing equipment

Toolhead

(angle nozzle)

©International Research Institute for Nuclear Decommissioning



6. Implementation details No.21
(1) Upgrading of processing technology for the top-access investigation method

5) Results of laser cutting technology _
®) Results of functional verification tests of the laser cuttin Connecting |

device (1/4) guide pipe & d Al Al = » —
[Drums and hoisting equipment] - ! T y
. . . |  equipment
<Test outline> o 4 % - uis Ji b

The following items were checked by using the drum and
hoisting equipment to lift and lower the connecting guide pipe.
@ The accuracy of the speed of lifting and lowering the
connecting guide pipe
@ The connecting guide pipe hoisting range
@ The accuracy of the lifting and lowering position of
connecting guide pipe
@ The distance of one inching operating
<Test results>

Drum and hoisting equipment Hoisting equipment

. . Results
Test item Assessment criteria Test method . o o
QO: satisfies the assessment criteria
(D The accuracy of the speec_J of Ilft_lng The_measured value must be O_perate the device for a prt_adeter_mlned - Accuracy of hoisting speed: -1.7% to +2.3%
and lowering the connecting guide within ==10% of the set value (60, distance and measure the time with a . .
. . - Accuracy of lowering speed: +2.0% to +4.8%
pipe 120, 300 mm/min). stopwatch.
(2 The connecting guide pipe hoisting 16192 mm or greater U_se a tape measure to measure operating Measured stroke: 16570 mm
range distance at full stroke.
Difference between measured and target values
(@ The accuracy of the lifting and The measured value must be e pos!t!on ks I (helght Bif ST STERE 2.2 mn.1
- " . L Use a tape measure to measure the Target position 15001 mm (height of top of steam separator): -
lowering position of the connecting within =5 mm of the target L -
uide pipe position deviation from the target position. 2.5 mm y _
9 ’ Target position 16618 mm (height of bottom of steam
separator): -3.0 mm
@ The distance of one inching No assessment criteria as this is a Use a tape measure or metal ruler to . . o
: : - Operating distance of one inching: 0.2 mm
operating reference measurement. measure the operating distance.

<Conclusion>

= The drum and hoisting equipment are determined to satisfy the prescribed functions.

‘ Rl D ©International Research Institute for Nuclear Decommissioning



6. Implementation details No.22
(1) Upgrading of processing technology for the top-access investigation method
5) Results of laser cutting technology - K

®) Results of functional verification tests of the laser cutting &
deV|ce.§2/4) . . Connecting Connecting
[Connecting guide pipe] guide pipe guide pipe

<Test outline>

Lower the connecting guide pipe to the specified height and
check the following items:
(D Checking the amount of connecting guide pipe sway at
no reaction force
@ Check the amount of deflection in the connecting guide
pipe from assist gas reaction force

I

;

oolhead

(*): The amount of deflection indicates the amount of movement of the
<Test results> connecting guide pipe when subjected to the assist gas reaction force, based on

the position of the connecting guide pipe when not subject to assist gas reaction Connectinq quide pipe Connectinq quide pipe and toolhead

force.
. . Results
Test item Assessment criteria Test method . . o
(o: satisfies the assessment criteria)
(@ Checking the amount of o .. Use a laser level and metal ruler to @ (Steam dryer bottom plate) p‘.)‘?"t"?n: L0
- . - No assessment criteria as this is . . @ (Top of steam separator) position: 27.3 mm
connecting guide pipe sway at no measure the amount of sway in the guide L
. a reference measurement. . @ (Bottom of steam separator) position: 36.5 mm
reaction force pipe. Lo
@ Lower edge position: 40.5 mm
(2 Amount of deflection of the @ (Steam dryer bottom plate) position: 1.0 mm
connecting guide pipe due to No assessment criteria as this is Use a laser level and metal ruler to @ (Top of steam separator) position: 2.1 to 4.0 mm
assist gas reaction force a reference measurement. measure the deflection of the guide pipe. @ (Bottom of steam separator) position: 3.0 to 4.5 mm
*) @ Lower edge position: 3.5 to 4.5 mm

<Conclusion>

= Verified the actual values of runout and deflection of the connecting guide pipe.
These values must be reflected in future designs and operation of the actual equipment.

I
‘ Rl D ©International Research Institute for Nuclear Decommissioning



6. Implementation details

5) Results of laser cutting technology

® Results of functional verification tests of the laser

cutting device (3/4)
[Straight nozzle toolhead]

<Test outline>

Operate the toolhead (straight) and check the following items:
@ Accuracy of 8-axis rotation speed, 2 Accuracy of a/R-axis position setting
@ Accuracy of 8-axis position setting, @ a/R-axis travel range
® 6-axis travel range, ® Assist gas pressure and flow rate measurement

@ Laser output measurement

<Test results> (*): B-axis rotation speed setting values: 20, 40, 90, 110, 190, 280, 350, 510 (° /min)

Test item Assessment criteria

(D Accuracy of 8-axis rotation The measured value must be within
speed +10% of the set value (¥).

The measured value must be within the
(2) Accuracy of a/R-axis position following values to the target position.
setting Nozzle tip position within £1 mm
Nozzle tip angle within +1°

The measured value must be within £1°
of the target position.

The stroke must be within the following
values:

- g-axis: -6 mm to +13 mm

- R-axis: -17 mm to +16 mm

(® Positioning accuracy of 6-axis

(@ a/R-axis travel range

(5 6-axis travel range Must operate at 370° or more.

(® Assist gas pressure & flow  No assessment criteria as this is a
rate measurement reference measurement.

No assessment criteria as this is a
reference measurement.

(FY2021 cutting tests were conducted
with an output of 7.2 kW)

(@ Laser output measurement

Straight
nozzle

No.23

L g

Straight
nozzle

Test method

Operate the device for a predetermined distance and
measure the time with a stopwatch.

Use a caliper and angle gauge to measure position during
operation.

Use a tape measure to measure the deviation from the
target position.

Check that equipment operates up to the soft limit set for
the stroke.

Use a tape measure to measure operating distance.

Use the pressure indicator and flow meter installed on the
system to measure.

Use a power meter to measure output. (Thermal
measurement method)

Results
(o: satisfies the assessment criteria)

Measured value relative to setting value: -1.1% to 1.5%

- Misalignment: £0.0 mm
- Angular misalignment: -0.6° to +0.6°

Amount of deviation from the target position:
+180° position: £0°, -180° position: £0°

Verified that equipment operates up to the soft limit set for the
design stroke.

Actual measured value: 376.37°

- Pressure: 0.63 MPa
- Flow rate: 810 L/min

Actual measured value: 7.75 kW

<Conclusion>

= The toolhead for straight nozzles is deemed to satisfy the prescribed functions.

ser output loss is compar

1RID

©International Research Institute for Nuclear Decommissioning



6. Implementation details - No.24
(1) Upgrading of processing technology for the to investigation method

5) Results of laser cutting technoloqgy
® Results of functional verification tests of the laser
cuttinq device (4/4) Backward

[Angle nozzle toolhead] reaction force
receiver

<Test outline>

Operate the toolhead (angle) and check the following items:
(D Accuracy of 8-axis rotation speed
@ Accuracy of 8-axis position setting
 Backward reaction force receiver travel range
@ Assist gas pressure and flow rate measurement
® Laser output measurement

Angle
nozzle

Laser output measurement setup

<Test results>

Angle nozzle toolhead

Results
(o: satisfies the assessment criteria)

Test item Assessment criteria Test method

The measured value must be
within =210% of the set value
(190° /min).

The measured value must be
within £1° of the target

(D Accuracy of 8-axis rotation

Operate the device for a predetermined distance and Accuracy of measured value relative to set value: -0.1%
speed

measure the time with a stopwatch. to -0.2%

(@ Accuracy of B-axis position Use a tape measure to measure the deviation from  Amount of deviation from the target position:

setting position the target position. +180° position: +0.43°, -180° position: +0.02°
© Back\_/vard D O SUE MEESIEmEEEe! 12 Use calipers to measure operating distance. Actual measurement: 12.61 to 12.63 mm
receiver travel range 13=%+0.4 mm.

(@ Assist gas pressure & flow rate No assessment criteria as this is Use the pressure indicator and flow meter installed - Pressure: 0.68 MPa
measurement a reference measurement. on the system to measure. - Flow rate: 890 L/min

No assessment criteria as this is
a reference measurement.

(® Laser output measurement (FY2021 cutting tests were
conducted with an output of 7.2
kW)

Use a power meter to measure output. (Thermal

Actual measured value: 7.24 kW
measurement method)

<Conclusion>

= The toolhead for angle nozzles is deemed to satisfy the prescribed functions.
(Laser output loss is comparable to FY2021 estimated levels, so no issue exists. )

| e
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6. Implementation details No.25

(1) Upgrading of processing technology for the top-access investigation method

5) Results of laser cutting technology
® Laser cutting device combined operations testing results (1/3)
= Tests are conducted in combination with each equipment to verify a series of operations with the assumed actual operating equipment.
Actual workflow o Test results
Operations image (o: satisfies the prescribed

(Test content) MRS
- The position of the drum and hoisting

No. Details

i Processing
1.1 Adjust drum e B equipment align with the drum
- Drum horizontal quip \
and hoisting axis ; forward-backward axis and the drum
equipment c " - horizontal axis.
L onnecting guide
pOSltlon pipe | . -
i - Verified that X and Y positions of the

/

Drum forward-
backward axis

processing equipment can be set.

A 4

1 1.2 Set the X and o
Y position of
processing Tool travel axis Y
@ Processing

ewment

equipment (in
the toolbox) . Y
*1) (*1, *2) Manual axes for testing |TOO| transfer mechanism |

- Verified that the toolhead can be
Drum lowered to the fixing jig by

Drum horizontal

axis -, Connecting guide p,pe| synchronizing it with the drum
v horizontal axis.
Hoisting equipment
2. Lower the - Verified that lifting and lowering with
toolhead to the hoisting equipment is possible
T while the toggle lock is engaged. =
fixing jig | Locked Setting the X and Y
o s position of processing
L Fa'. o{ equipment
2 - o ey
-
il

Togagle mechanism for the
connecting guide pipe

Lowering the toolhead to fixing jig

' Rl D (*1): The toolbox was not used in the test. ©International Research Institute for Nuclear Decommissioning
(The basic design of the toolbox has been completed as of FY2019 and is not subject to development in the FY2022 subsidy project)



6. Implementation details No.26
(1) Upgrading of processing technology for the top-access investigation method
5) Results of laser cutting technology

® Laser cutting device combined operations testing results (2/3)
Actual workflow Test results

No. Operations image (o: satisfies the prescribed Details
(Test content) functions)

: - (_:amera images can be used_ tp ) Toolhead Forward
3.1 Adjust the insert the toolhead into the fixing jig. reaction force
position of the 3 \ ' receiver
fixing jig and - Vgrlfled that the connecting guide Forward
toolhead pipe can be lowered close to reaction force
operation height and secured in receiver
* ool Tavel axs v place with the clamping mechanism
ool travel axis on the fixing jig. ;
3.2 Insert the_ ( I J Gap between the
toolhead into Tool transfer three steam \
s M K _ . separator cylinders
the fixing jig mechanism (Insertion opening)
* Connecting guide
3 pipe Steam separator
3.3 Lower (Partial mockup) ,
toolhead near _ ~ Forward
operation - Manufactured-in [ g ' reaction
. clamping mechanism Fixing jig (*3) ), force
height - The fixing jig contains receiver
a position adjustment o
mechanism ! (*3) S|mpI|f|_ed shape A | .
fmogaii:ns%;‘frt]d (@ Toolhead reaches near @ Toolhead X and Y position
‘ operations operation height adjustment
Toolhead [Position adjustment method]
- While rotating the toolhead,
measure the distance from the
forward reaction force receiver
- - to the insertion opening at three
v - Confirmed that camera images can locations and at a pitch of 120°
_ be us_ed to adjust position relative to (measured using camera
4.1 Adjust the X/Y - Toolhead a partial mockup of the steam images).
position of the separator. -
toolhead = ; - The f|xmg jig anld tool transfer
?Q:g? coavor - Verified that the toolhead can be mechanism adjust the X/Y to d
4 l lowered to operation height minimize the difference in P
' distance measured (i.e., to refi‘r:ggn
Steam separator minimize any misalignment -
4.2 Lower'to (Partial mockup) between the insertion opening o
operation and toolhead).
height _ ] ] @ Insertion of the toolhead forward
Insertion of forward reaction force receiver reaction force receiver

e
' Rl D ©International Research Institute for Nuclear Decommissioning



6. Implementation details
(1) Upgrading of processing technology for the top-access investigation method
5) Results of laser cutting technology

® Laser cutting device combined operations testing results (3/3)

Actual workflow

NO. (Test content)

Target of cutting
treatment

Operation details

Test results
(o: satisfies the prescribed
functions)

Not applicable to this study

No.27

Details

v

5.2 Release from
fixing jig

}

5.3 Raise
toolhead
(recovery)

Hoisting
equipment

Locked

gy
1

T Unlocked

Connecting guide pipe

Toggle mechanism for
the connecting guide pipe

Fixing jig

Toolhead

v - Verified that camera images can be
) Drum used to return the toolhead to the
5.1 Raise specified height.
toolhead Connecting guide pipe
- Verified that the hoisting equipment

can lift the toolhead while the toggle
is unlocked.

A

! Toolhead
.l

(@ Toolhead reaches the
vicinity of the fixing jig

@ Released from fixing jig
(Toolhead rises)

Bottom of Toolhead

hoisting
equipment

@ Toolhead reaches the end of drum winding

<Conclusion>

= Confirmed the feasibility of operations in combination with each equipment.

TRID
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6. Implementation details No.28
(1) Upgrading of processing technology for the top-access investigation method

6) AWJ cutting technoloqgy results
(1D-1 Abrasive feed rate stabilization study (structure review study)

1 Conventional abrasive I Issues from FY2021 testing Implementation details in FY2022 |
adjustment mechanism

Small gaps caused Orifice Pulley Abrasive
Abrasive Needle valve unstable feed rate /
° o %° ' 90,0000
o © : :o :°=°o ,::
8: ° go ge o 0%
° o 0,.000,0
ol | 22 3  SERRETS
ol Y % o 3% PN S
° ° 0o, 0po0
ool —1%¢ oo 2058 [0od®
:‘ o0 :C » Y ) °’ ’°°°
° 0 o0 ° %o o
° [ ° 0 9004
o © °= : :o ® QO: :

o
o O
Unstable feed - Stable feed rate
rate occurred - Feed rate is not
adjustable
Abrasive feed rate: 500 g/min Abrasive feed rate: 100 a/min Abrasive feed rate: 100 g/min or more
- Needle valve opening adjusts - Feed rate was unstable in low abrasive feed - Adopts a method of transporting
abrasive feed rate (free fall from - The opening of the needle valve was small and it is believed abrasives via the rotation of a pulley
gap) that the small gap destabilized passage of the abrasive - Feed rate can be adjusted by
- The design changed to an orifice and the feed rate stabilized changing rotation speed
= Feed rate is determined by the hole diameter, so the
feed rate cannot be adjusted.

©International Research Institute for Nuclear Decommissioning
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6. Implementation details

No.29

(1) Upgrading of processing technology for the top-access investigation method
6) AWJ cutting technology results

(D-2 Abrasive feed rate stabilization study (feed mechanism design)

1R

From abrasive tank

Abrasive
feed line

Abrasive
feed line

Abrasive feed
mechanism

[Main design details]
Design of the abrasive feed mechanism

Buffer tank

Abrasive
feed line

Abrasive feed mechanism external view

- Adopts a pulley type feed mechanism

- Structure designed in response to low abrasive feed
rate

- Size and layout designed to allow the feed mechanism
and buffer tank to fit inside the connecting guide pipe

Pulley Abrasive

Revolution

\ 4

To nozzle

1D

[llustration of pulley type feed mechanism

©International Research Institute for Nuclear Decommissioning



6. Implementation details

(1) Upgrading of processing technology for the top-access investigation method
6) AWJ cutting technology results

(1)-3 Abrasive feed rate stabilization study (Element prototype testing plan)

Test item

Details and conditions to confirm

No.30

Measurement and

confirmation items

1. Abrasive feed
mechanism
performance
verification

1.1 Feed mechanism functional verification
- Confirm that the abrasive feed rate can be adjusted by adjusting pulley
rotation speed and that a stable feed rate can be achieved with only the
feed mechanism (without water jet injection).
[Test conditions]
Set feed rate: 100 g/min
110 g/min
120 g/min
200 g/min, 500 g/min (reference)

(@ Check the pulley rotation
speed for the set feed rate.

@ Verify that a stable feed is
possible.

1.2 Performance check during water jetting
- Based on the test results of 1.1 above, conduct a feed rate verification
test with a water jet to confirm that the set feed rate can be adjusted and
that a stable feed rate is possible.
[Test conditions]
Set feed rate: 100 g/min
110 g/min
120 g/min
200 g/min, 500 g/min (reference)

(@ Check the pulley rotation
speed for the set feed rate.

@ Verify that a stable feed is
possible.

@) The difference with and
without water jet

2. Simple evaluation
of cutting
performance

2.1 Flat plate cutting test
- Make cuts down the thick edge of a metal plate and evaluate
performance by comparing whether cut depth is equivalent to FY2021
cutting performance.
[Test conditions]
- Flow rate: approx. 3 L/min
- Pressure: 343 MPa
- Cutting speed: 60 mm/min
- Feed rate: 100 g/min
- Standoff: 20/50 mm

(@ The performance should be
equivalent to the FY2021 flat
cutting performance.

©International Research Institute for Nuclear Decommissioning



6. Implementation details

No.31

(1) Upgrading of processing technology for the top-access investigation method

6) AWJ cutting technology results

(D-4 Abrasive feed rate stabilization study (abrasive feed mechanism performance testing)

Abrasive tank

<Test results>

18 m
Simulated height of

actual equipment

Buffer tank

Abrasive feed
mechanism

Feed mechanism functional
verification testing measured
the amount of abrasive in this

Iini/
L2 ]

Spiral shape (assuming actual
equipment)

water supply line)

Nozzle

Abrasive feed mechanism functional
verification testing system

TRID

(Abrasive supply line, high-pressure

*1: Listed feed rate is the average of three tests.

( Feed mechanism functional verification test results (without water jet)

Set feed rate| Pulley rpm | Feed rate *1
No. . . . Remarks
(g/min) (min-1) (g/min)

1 100 16 98.0 Set value for actual equipment

2 110 18.6 110.5 Set value for actual equipment x 1.1
3 120 20.6 120.2 Set value for actual equipment x 1.2

<Reference> Set value for actual
4 200 36.4 203.2 equipment x 2
<Reference> Set value for
> 00 1155 494.0 conventional use

120 g/min by adjusting pulley rpm

= (D Verified that feed rate can be controlled at 10 g/min pitch between 100 and

\

\ J
(" Performance test results during water jet injection )
*
No. Set feeql rate Pullgy rom | Feed ra}te 1 Remarks
(g/min) (min-1) (g/min)
1 100 16.4 100.0 Set value for actual equipment
2 110 18.9 112.8 Set value for actual equipment X 1.1
3 120 20.7 122.6 Set value for actual equipment x 1.2
<Reference> Set value for actual
4 200 36.6 211.1 equipment x 2
<Reference> Set value for
> 500 115.5 499.4 conventional use
= (1) Verified that feed rate can be controlled at 10 g/min pitch between 100
and 120 g/min by adjusting pulley rpm, even with water jet injection
\_ J
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6. Implementation details No.32

(1) Upgrading of processing technology for the top-access investigation method

6) AWJ cutting technology results
(D-5 Abrasive feed rate stabilization study (simple evaluation of cutting performance)

<Test conditions> <Test results>

Cutting depth (mm)
[ St(er‘::];’ﬁ
Thickness of /‘ 20/50 mm  AWJ nozzle FY2022 Results | FY2021 Results
flat plate test N 1 20 6
piece: 10 mm S
- F Feed direction 2 20 6 7
Cutting marks =] ><,X stroke: 15 mm - 5 5
) isai - 90° 4 50 4
Cutting depth mission angle: 90
evaluation 5 50 4 4
Abrasive feed rate: 100 g/min 6 50 5

\—1—, '
Standoff: 50 mm ‘“\—xk%——J
Standoff: 20 mm

Flat-plate Sty ! R : .
piece Cutting plate after cutting test Cutting plate after cutting test
(Standoff: 20, 50 mm) (front view) (Standoff: 20, 50 mm) (top view)

= (1 A simple evaluation test after a change to the abrasive feed mechanism
confirmed that cutting performance was equivalent to conventional
performance (FY2021 test results).

j l @ This simple evaluation test contained only a few test parameters, so future
: : _ : tests must be conducted on flat plates and structure mockups to verify that
Setup for simple evaluation test of cutting performance performance is equivalent to that of the conventional feed mechanism.

_—
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6. Implementation details No.33
(1) Upgrading of processing technology for the top-access investigation method

6) AWJ cutting technoloqgy results
1 AWJ nozzle maintenance (organization of preconditions

FY2019 FY2022

@)

1 Maintenance area  Area below the airlock cell (see Examination of areas provisionally assumed in FY2019, including

figure below) changes.
2 Replacement Unexamined Examine either remote replacement or manned replacement with
method exposure and contamination countermeasures.
3 Exchange target - Camera - Camera
- Nozzle

(FY2021 test results set nozzle life at about 8 hours. Operation time is
about 42 hours, however, so replacement is required.)

Work cell
A

Camera

[

Airlock cell side equipment Work cell sid . . Airlock cell side equipment|
carry-in entrgnce ork cell side equipment carry-in entrance carry-in entrance

F

Airlock cell Work cell Airlock cell

Toolbox

Toolhead

L Transport carrier—_

Airtight
shutter

Airtight
Move from work cell to airlock shutter

Maintenance areas : .
cell during maintenance

considered in FY2019

(provisional) . . ) . .
Simplified diagram of work cell interior Exchange target

S
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6. Im

plementation details
(1) Upgrading of processing technology for the top-access investigation method

6) AWJ cutting technology results

@-2 AWJ nozzle maintenance (toolhead tip structure review)

Drum

No.34

A flange part was added to allow for detachment and replacement of the nozzle part, which wears out due to AWJ injection, and the

structure affixes to the toolhead with bolts.
(See the figure below)

A connector and flange that can be remotely attached/detached were added to the base of the overhead/side-view camera, and the

structure affixes to the toolhead with bolts.

Bird’s eye
camera fixing
flange
(Contains remote =
connector) 9

- ;

A, Bird’s
eye
camera

Nozzle

Connecting
guide pipe

I T

fixing
flange

& ©)
@

)

High-pressure

water supply
line

Toolhead

g e
7 - Angle / 1

nozzle

Full equipment vie

Side camera

fixing flange
(Contains remote
connector)

Side
camera

Toolhead tip (angle nozzle example)

Abrasive
feed line

AT~

<

A

4(, ) ©) \

£ |flange

Nozzle fixing

Flange
fixing pin

Nozzle fixing

£ bolt x 2

4} Arrow A

Diagram of view
from arrow A

Separated state (angle nozzle example)
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6. Implementation details No.35

(1) Upgrading of processing technology for the top-access investigation method

6) AWJ cutting technology results
@-3 AWJ nozzle maintenance (functional verification testing plan for partial element prototypes)

Positioning
pin

Use a prototype of a partial element at the toolhead tip that can simulate the nozzle and
bird’s eye camera flange structure and a prototype of a partial replacement jig to
confirm the feasibility of the replacement operation and to check the integrity of each

part before and after replacement.
Nozzle

Iltems to be checked in the test are as follows.

Items and conditions to confirm

Verify replacement operation

Assessment criteria

The nozzle and camera
must be able to attach and
detach.

Bird's eye
camera fixing
flange

Verify nozzle and camera integrity
before and after replacement

(D Check high-pressure water jet
- Check the pressure of high-

pressure water (pump pressure) —
Set pressure: 343 MPa 2 Capable of feeding within Nozzle fixing
+10% of set feed rate. flange
(@ Check abrasive injection
- Check abrasive feed rate
Set feed rate: 100 g/min @ No issues with images. Angle nozzle Position and

@ Check camera image

(D Reaches set pressure.

Bird’s eye
camera mockup
section

mockup section

Flange structure is
identical to that of the
bird’s eye camera, so
a mockup of a side
view camera is not
used.

(Partial element prototype)

-

replacement jig

(Enlarged tip)

Toolhead ti

Positioning
guide (groove)

insert
replacement jig
from below

Fixing bolt operating axis

Nozzle replacement
jig part prototype
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6. Implementation details No.36

(1) Upgrading of processing technology for the top-access investigation method

6) AWJ cutting technology results
@-4 AWJ nozzle maintenance (results of functional verification tests of partial element prototypes)

Nozzle fixing

<Test results> flange

Nozzle fixing
flange

Angle
nozzle
mockup
§ section

Items and conditions to confirm Assessment Results

criteria

Verify replacement operation The nozzle and Satisfactory
camera must be able
to attach and detach.

Verify nozzle and camera integrity
before and after replacement

@ Reaches set Satisfactory
(D Check high-pressure water jet pressure.
- Check the pressure of high-
pressure water (pump pressure) | replacement
Set pressure: 343 MPa @ Capable of feeding | Satisfactory g —
within =10% of set (+1%) Nozzle Fixing bolt
2 Check abrasive injection feed rate. replacement operating
- Check abrasive feed rate jig axis
Set feed rate: 100 g/min @ No issues with Satisfactory
images.

) Check camera image

Turn the

= The feasibility of the nozzle and camera with the flange structure was operation

verified, and so they will be reflected in future designs of actual equipment. shaft to
Replacement jigs must be designed for remote operation. (When information Replacement procedure When the E'glhte” ‘1:1
on the actual equipment is input and maintenance area constraints are well- (Installation procedure: blue, replacement jig beoﬁase ©

understood, expected to be TRL 5 or later.) Removal procedure: red) is attached

|
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6. Implementation details

(1) Upgrading of processing technology for the top-access investigation method
7) Results of common issues for laser & AWJ cutting technologies

No.37

(D Study of patterns of uncollectible connecting quide pipes

Cause of event

Risk reduction measures

Response (including examination items)

(1) Interference
from an
obstacle

(Snagging)

@ Poor visibility or failure of
surveillance cameras and/or lights
due to vapor, etc.

- Consider installing surveillance cameras that can monitor the
area from the boundary guide pipe to the steam dryer in
addition to the cameras mounted on the toolhead.

- Use the installed surveillance cameras and lights to check
visibility conditions on the access route.

1) Attempt to remove the interference by moving the connecting guide pipe vertically.

2) If the issue remains unresolved, use an external crane to forcibly collect the connecting
guide pipe, drum, and other equipment. (When doing so, it is necessary to consider
covering the area with an elastic sheet to prevent contamination, high pressure water
decontamination, and other hazards.)

(2) Drum failure

@ Drive motor operation failure
(Drum rotation / forward-backward
[ horizontal axis)

- Verify operation prior to processing.

[If the drive motor is a heavy weight object]

1) Consider using two drive motors, so that the drum can operate even if one of the motors
fails.

2) If the issue remains unresolved, use an external crane to forcibly collect the connecting
guide pipe, drum, and other equipment. (When doing so, it is necessary to consider
covering the area with an elastic sheet to prevent contamination, high pressure water
decontamination, and other hazards.)

[If the drive motor is a light weight object (can be carried by hands)]
1) Manually replace with the spare drive motor and collect the connecting guide pipe using
regular operations.

@ Defective hoisting operation
(hoisting drive roller)

- Verify operation prior to processing.

1) Collect the connecting guide pipe by simply rotating the drum while monitoring the
winding condition.

1) Use surveillance cameras to confirm whether toggle unlocking is enabled or disabled

operation failure

(3) Hoisting and whether it is detectgd. o ] ) ) »
equipment @ Toggle unlock mechanism / ) ) 2) If the_ unlocklng mechanism is inoperative, restart the drive source to confirm that it is
failure detection mechanism operation - Use the surve!llanct_e camerato check the unlock operation and back in operation. ] S ) ) ) ) )

e unlock detection prior to processing. 3) If the unlock detection mechanism is inoperative, collect the connecting guide pipe while
using a surveillance camera to check whether unlocking is possible.
4) If the toggle unlock mechanism is inoperative, have someone enter the toolbox to collect
the connecting guide pipe while manually operating the toggle unlock.
1) Release the pressure on the guide pipe by releasing the water pressure in the clamp
@ Guide pipe clamp operation failure cylinder to free the cylinder, and collect the connecting guide pipe.
2) Collect the connecting guide pipe and then collect the fixing jig.
(4) Fixing jig Vi ; q .
il - Verify operation prior to processing.
@ An object catches on the fixing jig 1) Release the jig clamp and remove the connecting guide pipe. Leave the fixing jig as is.
(except for defective clamp
operation)
@ Malfunction at maximum operation | - Check shaft operation before collecting the connecting guide 1) It is necessary to consider an axis that allows joints to become free and collectible when
of a-axis or R-axis pipe. the a- and R-axes interfere with the fixing jig during connecting guide pipe collection.
() Toolhead - Taper the shape of the backward reaction force receiver.
?e{)iﬁ,rre:lon © Backward reaction force receiver Consider this design so that even if the reaction receiver push

operation fails, the guide pipe can be lifted and lowered to
allow the reaction receiver to slide and be collected without
snagging, even if it interferes with other equipment.

1RID

Note: The necessary spare parts for all matters should be prepared ahead of time.
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6. Implementation details No.38
(1) Upgrading of processing technology for the top-access investigation method
8) Summary

@ Results obtained in FY2022

[Common (Laser & AWJ cutting)]
- Issues and countermeasures for each processing technology were examined based on results obtained through
FY2021, and a development plan was formulated.

[Laser cutting]
- The specifications of the laser cutting device (prototype) were studied, and a prototype was designed and
manufactured.
- The functional verification of the laser cutting device (prototype) was tested, and its functional verification was
deemed to be satisfactory.

[AWJ cutting]
- The composition was reviewed to stabilize the abrasive feed rate and a prototype of this sub-element was
designed and manufactured.
- A partial element prototype of a toolhead tip that allows for remote replacement of the nozzle and camera was
designed and manufactured.

- Functional verification tests were conducted for each component prototype and their functional verification was Laser cutting equipment
deemed to be satisfactory. (prototype)

®@ Issues to be addressed (FY2023 and beyond)

Processing | No.® Issues to be addressed Processing| No.® Issues to be addressed
technology technology

Laser Feasibility of the remote equipment Abrasive feed rate stabilization (partial element prototype cutting
considering actual equipment performance)
(PEELPS WIS G [P i) 8 Nozzle maintenance (design and manufacture of actual equipment, etc.)
2 Nozzle maintenance
3 Effect of dross on cutting Common 10 Treatment of cut pieces (transfer)
4 Influence of the actual operating 11 Radiation resistance of components
environment
(Temperature, humidity, and atmospheric 12 Durability of components
conditions)
5 Assist gas restrictions (type and flow rate) 13 Installation method in case of damaged and deformed reactor internals
14 Responses to uncollectible connecting guide pipes

(*): The Issue No. corresponds to the list of development issues on slides 11 to 13.
==
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6. Implementation details N0.39

(2) Development of the bottom access investigation method (drone)

<Implementation details up to FY2021>
For investigations into the reactor pressure vessel (RPV) interior, the necessity of investigation via bottom access was verified, existing
technologies that have been developed or are currently in development in other subsidy projects were reviewed, and the applicability of
access technologies for each unit was evaluated. Investigations for Unit 1 were narrowed down to a use of a drone (wired/wireless).
Simplified testing and element testing were conducted to evaluate the feasibility of the selected technologies.

<Summary of implementation in FY2022>
@ Formulation of a bottom access investigation plan and development plan for investigation equipment
Develop an investigation plan that incorporates access equipment under development in other projects and formulate a development
plan for investigation equipment.
@ Test manufacturing of bottom access and investigation equipment, functional verification testing
Design and manufacture prototypes and confirm that unit functions are satisfactory.

<Implementation details for FY2022>
Implementation details

Study countermeasures to investigation issues

Examine and draft an investigation plan and development plan

Specification study/design and manufacturing of investigation equipment considering actual
equipment

® ® © ©

Confirmation of performance of the functions by functional verification tests

<Results>
- Based on results up to FY2021, issues were identified and countermeasures were examined.
- The investigation plan and development plan were reviewed with consideration to customizing access equipment under development in
other projects and incorporating them into plans.
- The specifications of each device were studied, and devices were designed and manufactured. Functional verification tests were also
conducted on these devices to evaluate their performance of the functions.

I
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6. Implementation details NO.40

(2) Development of the bottom access investigation method (drone)
1). Results as of FY2021 (1/2)

( For investigations into the reactor pressure vessel (RPV) interior, the necessity of investigation via bottom access was verified, existing\
technologies that have been developed or are currently in development in other subsidy projects were reviewed, and the applicability of
access technologies for each unit was evaluated. Investigations for Unit 1 were narrowed down to a use of a drone (wired/wireless).
\_Simplified testing and element testing were conducted to evaluate the feasibility of the selected technologies. )
N\

(ImDIementation details and results

1. Narrowing down access technologies based on investigation demands
» Access technology | The access technology for Unit 1 was narrowed down to the use of a drone (wired/wireless).

Investigation demands | Obtain image data and dose rate

- Drone (wired/wireless)
B CRD opening - Crawler type access
Assumed RPV opening = 2 equipment
(diameter: about 1 m) s e =

;"..' ] . ..:RPV m.;
! § B ‘
“- Pedestal
B S
Q
B o
Crawler <
type™ N\ g
access Opening “Yeiwsnil 2
equipment - *1: Assumed
'7"____.‘_-— . applications
L.ljl oo F— e - include cable feed
:iﬂ I  — . for wired drones
Cable drum |8l Telescopic rod a‘ggg ; and radio relay for
wireless drones.
Access route overview (X-2 Penetration (Pene) to CRD opening) Access route overview (CRD openinq to RPV interior bottom)

.
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6. Implementation details No.41

(2) Development of the bottom access investigation method (drone)

1). Results as of FY2021 (2/2)
For investigations into the reactor pressure vessel (RPV) interior, the necessity of investigation via bottom access was verified, existing\

technologies that have been developed or are currently in development in other subsidy projects were reviewed, and the applicability of
access technologies for each unit was evaluated. Investigations for Unit 1 were narrowed down to a use of a drone (wired/wireless).

\_Simplified testing and element testing were conducted to evaluate the feasibility of the selected technologies. )
quIementation details and results )
2. Conduct simplified tests and element tests Top of RPV : }ga‘erdmp
opening
Wired drone: (height: 7000 mm) 7 _—

- Improved flight performance
— Achieved target flight height of 7 m.
- Improved investigation performance
— Verified that investigation is possible in dark/rainy
environments by panning and tilting the camera.
Wireless drone:
- Improved flight performance
— Continuous flight time of about 6 minutes is
possible.
- Improved investigation performance
— Verified that investigation is possible in dark/rainy ;o cxup equipmen
environments by panning and tilting the camera.
- Communications check
— Based on tests and analyses, prospects of
communication with the actual equipment are
favorable. 5%
Ancillary system: | b
- Cable drum s P vy

R 3 : —
- - ' e L 8.1 :
— Verified electrified cable drum performance. In front of the CRD opening / m CRD opening / TIP
- Bird’s eye camera Simulated control room guide pipe mockup

— Bird’s eye camera monitored drones in flight to FY2021 test facility exterior view

improve maneuverability.
\. J

 ——— b
RPV interior (investigation Rainfall (drippin
area) simulation ater) simulation

Bottom of RPV
opening

TIP guide
pipe

Inlet of the

|
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6. Implementation details No.42

(2) Development of the bottom access investigation method (drone)
2). Development flow

Unit 1

FY2021 results (issues) FY2022 FY2023 (*) FY2024 and later (*)
Target Examination of
‘ q applicability to actual Preparation for application to
Example content/result Desk study / Prototype design and manufacturin Test q 3
P y yp 9 9 equment actual eqmpment
/ combined test
; | Review of investigation | 5 Formulation of proposed N i
Element testin Q plan development plan L ') Fglrgrwgﬁ'3&3&%&'3;8%3? Manufacturing
@ Identify advantages, 3 - - _equipment for
disadvantages, and issues for both | D Review investigation procedures | @ Establish evaluation items and = (D Review the development plan ;ré‘t’ﬁzlt'gaa'i"rr‘ﬁe?ft
Overall wired and wireless drones for wired and wireless drones target goals for the method (FY2022 is scheduled to as necessary, reflecting
method @ Case studies for the investigation | @ Examine the outline and test items focus on verifying equipment design and test results
plan of FY2022 functionality verification performance of the @ Examine risk response Work on Feedback
® Reconfirm issues tests functions) scenarios such as recovering from
@ Formulate a draft development a crash, the collection method if
plan for FY2022 and beyond an object becomes stuck, and
= — e — os) r T : measures to take in the event of
i ESEMEMIN OF GOy quipment design an Al : ontamination Mockup testin
l(DEI-Is;‘lgee:fertaiesdtlbr:/gint!rior pa;t > products and technologies ¢ prototyping $ verification testing E@ Formulate an investigation plan P g
. [wired] (@ Research electronic components | D Re-organize assumptions, design | @ Confirm the possibility of or actual equipment
ered and | @ Insufficient reserve flight time that generate little heat conditions, and required specifications | achieving required
wireless [wireless] (@ Reevaluate mounted cameras (@ Design equipment for actual specifications (projected)
drones / @ Cable drum feeding failure @ Examine the applicability of equipment (initial design) @ Identify points for Detailing of
access equipment developed in other PJ @ Research lightweight high-capacity | improvement for FY2023 T
equipment (access equipment and cable batteries and beyond procedures and
assistance devices) @ Evaluate and review improvements N
f equipment developed in other PJs 9
o process
TUady of eTectr QI ti ts &
i Re-examination of existin Study of efectronic Functionality E- quipment improvements Work
Element testin broducts and technologieg wl components | verification testing combined testing training
@ Insufficient radiation resistance : @ Newly design and prototype — @ Reflect the results of each Review
of some onboard electronic (D Research flight controllers electronic components when @ Conduct irradiation tests | functionality verification test in
components without products that cause commercial products do not exist to verify radiation resistarjce | designs of devices for the actual
radiation resistance degradation equipment
- : : i Using actual
p Review of operation and | Study of control methods | | Functionality @ Conduct combined tests 9
(@ Drones can pass through a control methods verification testing equipment
Individual opening of o800 while contacting @ Consider whether to implement the - ) . .
issues the frame [wired/wireless] @ Examine control methods that drone being developed @ Confirm the degree of | Preparation of mockups Evaluation of items assumed in actual
(Example) can improve in-flight stability @ Study improvements to increase improvement in in-flight — equipment and reflection in procedures
p @ Investigate the need to improve | operability stability @ Create a mockup verification - Route for investigation
operability plan - Investigation performance (camera visibility)
| N i @ Draft a basic design of mockup | - Flight time, flight performance (including
DllRe—examlnatlon of eX|st[ng| | Development of dosimeters | Functionality equipment operational performance)
@ Lack of extra payload makes It products and technologies verification testing - Prospect of obtaining information
difficult to use small dosimeters (@ Research lightweight dosimeters | D Newly design and manufacture - - Performance assessment of peripheral
developed in other PJs in wireless | that can be mounted on wireless dosimeters when commercial @ Check whether the sq“'pme”:)f“d‘ as telescopic rods, cable
drones [wireless] drones products do not exist required functions can be rums, cable supports, etc.
achieved

1RID

Plans for FY2023 and beyond are proposals from the project implementer and have not been decided.
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6. Implementation details

(2) Development of the bottom access investigation method (drone)
3). Development issues and action policies (1/3)

Unit 1

No0.43

q Conducted -
No. | Major items Inizinee it Development issues Action policy (plan) or not in FY2022 test/action items Carzzanniig
items FY2022 slide No.
Overall Feasibility of the investigation Based on FY2021 test results, the - Gather information from other projects
investigation method series (including access |investigation method series will be studied - Desk study
1 |method — from X-2 Pene to CRD opening) |when using wired/wireless drones and Conducted No0.46 to 48
ancillary equipment (including products
developed in other projects).
> Equipment for | Telescopic  (Cable pinching during rod Encase the cable inside the telescopic rod. Conducted Reflect in prototype design and conduct No.54
accessing the | rod retraction (Lateral development from other projects) functional verification tests ’
inside of the Radiation resistance of electronic |Order the applicable conditions (air dose rate —
pedestal components and investigation time) and conduct irradiation (To be conducted in FY2023 or later because it can
3 testing to confirm the radiation resistance of — refer to development results of surveys of pedestal _
electronic components. (None) interior and the payload constraints of the
equipment are small, so shielding measures, etc.
are easy to adopt)
Equipment durability Conduct continuous operation tests in an —
environment simulating actual operating _ (To be conducted in FY2023 or later, as it was
4 conditions to confirm durability. (None) deemed reasonable to check with equivalent =
equipment after the design of the actual equipment
is decided)
Cable drum |Improved cable feed - Review of cable drum structure and function Reflect in prototype design and conduct
(wired drone)| - Event of cable feeding to the |- Study of the feed rate verification method functional verification tests
5 back of the drum (additional cameras, etc.) Conducted No.55
- Cable feed roller idling
- Unable to verify feed rate
Treatment of cable drum drive Examine devices that can assist the driving - Desk study
cable cable. - Gather information from other projects
6 (Including consideration of the applicability of | Conducted |- Reflect findings in prototype design and No.56
the cable assistance device being developed conduct functional verification testing
in the investigation inside the pedestal)
Radiation resistance of electronic |Order the applicable conditions (air dose rate —
components and investigation time) and conduct irradiation (To be conducted in FY2023 or later because it will
7 testing to confirm the radiation resistance of — travel outside the pedestal, where the dose rate is _
electronic components. (None) relatively low (approximately 10 Sv/h), and the
payload constraints of the equipment are small, so
shielding measures, etc. are easy to adopt)
Equipment durability Conduct continuous operation tests in an —
environment simulating actual operating _ (To be conducted in FY2023 or later, as it was
8 conditions to confirm durability. (None) deemed reasonable to check with equivalent =
equipment after the design of the actual equipment
is decided)

3

1D
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6. Implementation details

(2) Development of the bottom access investigation method (drone)
3). Development issues and action policies (2/3)

No.44

q Conducted or :
No.| Major items Inte_rmedlate Development issues Action policy (plan) not in FY2022 test/action items Com_espondlng
items FY2022 slide No.
Access Common to Drone miniaturization |Conduct case studies on miniaturization. - Desk study
9 equipment wired/wireless (Also examine miniaturization by reducing the Conducted [ Reflect findings in prototype design and No.49
from inside the| drones number of on-board components) conduct functional verification testing :
pedestal to
inside the Flight control Review of control methods Desk study
10 |RPV Conducted No.70
Water droplets on Examine measures such as applying lens Reflect in prototype design and conduct
11 camera lens coatings. Conducted [functional verification tests No.50 and 52
Landing position Examine measures such as adding lighting to Reflect in prototype design and conduct
confirmation ancillary equipment. functional verification tests
(FY2021 once-through
12 [EEDIEEL Conducted No.54 and 55
experienced visibility
issues with landing
position)
Radiation resistance of |- Research new flight controllers (because - Review of flight controller
electronic components | FY2021 irradiation tests determined that the - Irradiation testing
compass sensor was unusable)
- Organize the applicable conditions (air dose rate No.51 and 53
13 and survey time) and conduct irradiation testing | Conducted No0.80 and 81
in an energized state to verify the radiation No0.86 to 88
resistance of electronic components and the
impact on operation. (including confirmation of
the impact on camera images)
Equipment durability ~ |Conduct continuous operation tests in an —
environment simulating actual operating _ (To be conducted in FY2023 or later, as it was
14 conditions to confirm durability. (None) deemed reasonable to check with equivalent —
equipment after the design of the actual
equipment is decided)
Increasing flight altitude [Testing will verify whether the drones can fly
limit above 11 m (core support plate height).
15 ]EIF\LZt(?]Zl tﬁtsts cqnfi(;nf]ed_ the f?as’i[pility of trt}e]: 7 m target _ _
i eight required for investigations, so the response =
isgset to aOLDc.I The need for a%esponse will be P (None) (HOLD)
reconfirmed based on the results of responses to other
projects and other issues)
_— ;
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6

. Implementation details
(2) Development of the bottom access investigation method (drone)

3). Development issues and action policies (3/3)

No.45

q Conducted or q
No.| Major items Inte_rmedlate Development issues Action policy (plan) not in FY2022 test/action items Corrt_espondlng
items FY2022 slide No.
Access Wired drone Heat generation of Examine measures such as reviewing the Reflect in prototype design and conduct
equipment electronic components |internal structure and adding heat sinks, air- functional verification tests
16 {from inside the cooling fans, or other components. Conducted No.50
pedestal to
inside the - - - — s -
RPV Inclysmn Qf the d_rone in [Consider reviewing the structure. Refle_ct in prototype design and conduct
the investigation images functional verification tests
17 Conducted No.50
Wireless drone  |Research or Consider small and lightweight radiation - Desk study
consideration of Sensors. - Prototyping of element technologies
18 lightweight radiation Conducted No.52
sensors that can be
mounted
Extending flight time - Consider reviewing the battery. - Desk study
- Study measures to reduce power consumption - Prototyping of element technologies
(Although FY2021 tests showed that the flight time
19 requ'lred fo_r the survey was achleva_lble_, stud_les will be Conducted No0.52
continued in consideration of combination with
ancillary equipment and providing reserve flight time.)
Others Installation Feasibility of X-2 Pene |Determine if installation equipment for - Desk study
equipment for the |passage via installation [investigations inside the pedestal can be - Prototyping of element technologies
20 PCV equipment used in other |diverted. If it cannot, organize changes to make.| Conducted No.57 to 60
projects
Risk response Drone crash impact Extract risks and study countermeasures, then Desk study
21 assessment reflect them in the design. Conducted No.69
Contamination of Extract risks and study countermeasures, then
components reflect them in the design. _
_ (To be conducted in FY2023 or later, as it was
22 (None) deemed reasonable to prioritize studies of =
equipment designs for which a survey can be
conducted)

3

1D
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6. Implementation details

Unit 1

(2) Development of the bottom access investigation method (drone)

4). FY2022 implementation details 1) Revision of investigation plan

No0.46

- From the results of the case studies below, the following operations were determined to be highly feasible for investigations using wired and
wireless drones.
1. A wired drone with ample flight time will verify damage and the flight path for the following wireless drone.
If possible, it will also investigate the bottom of the RPV interior (approximately 7 m above the platform inside the pedestal) and then return.

2. A wireless drone will investigate the area near the top of the core support plate (approximately 11 m above the platform inside the
pedestal), as wired drones cannot investigate this area.
- FY2022 prototypes will have on-board equipment and body configurations according to the respective roles of wired and wireless drones.

Ine\aisig%]aetlr?tn Drone-mounted . Feasibility for
No. Invesgg:tlon configuration Investigation procedure [7RSHEEHEN GELTE (1) Advantages Disadvantages Ii:rf\?essli)im;)tli;?lr mves(tll%agloen (*2)
Wired | Wireless Investigation | ~ 0o ie ’ ac uisitio% only)
drone drone equipment p q Y
Investigation of the bottom of the RPV |Wired drone - Steering/ - Long flight (investigation) times are |- Limited flight freedom/altitude
interior (altitude approx. 7 m) with a investigation possible (FY2021 test results: maximum
single wired drone camera - Stable communication flight height of 8 m).
Single wired - Dosimeter (steering/video) - If the bottom of the RPV interior
1 e 1 unit - cannot be _accesse_d vemc_ally, A (¢}
there is a risk that increasing the
tow cable length would prevent the
drone from reaching the
investigation location.
Investigation of the bottom of the RPV |Wireless drone |- Steering/ Ample flight freedom and altitude - Short flight duration (FY2021 test
Single wireless irjterior (altitude approx. 7 m) with a investigation r(_esults: approx. 6 minL_Jtes)
2 iy - 1 unit single wireless drone camera - Video noise (from multipath) X X
- Dosimeter - Risk of wireless communication
failure
1. The wireless drone A checks for Wireless drone |- Steering - Wireless drones A/B have the same |- Wireless drones A/B have the
damage, verifies the flight path for |A camera advantages listed in No.2 same disadvantages listed in No.2
the following drone B, and then (preliminary - Wireless drone A can have extended |- Short flight time may prevent
Multiple wireless e returns investigation) flight time (due to reduced aircraft adequate investigation
3 drones - 2.units (1) |2 wireless drone B investigates the  |Wireless drone |- Steering/ weight) A A
bottom of the RPV interior (altitude |B investigation |- Wireless drone A will check the flight
approx. 7 m) (investigation) camera route, so the flight time of wireless
- Dosimeter drone B can be shortened
1. The wired drone will check for Wired drone - Steering/ - The wired drone has the same The wired drone has the same |
damage and verify the flight path for |(preliminary investigation advantages listed in No.1 and the disadvantages listed in No.1 and the
the following wireless drone. If investigation) camera wireless drone has the same as wireless drone has the same as |
e igr possible, it will investigative the i - Dosimeter those listed in No.2 i those listed in No.2
e~ ) ) bottom of the RPV interior (height Wireless drone |- Steering/ - The wired drone can scout the ﬂlght |
4 T i 1 unit 1 unit (*1) approx. 7. m) and then return (investigation) investigation | route of the wireless drone, reducing o ©
e 2. The wireless drone will investigate camera flight time for the wireless drone I
from the bottom of the RPV interior - Dosimeter - There are prospects for obtaining
(altitude: approx. 7 m) to the top of additional information on the upper |
the interior (top of the core support section of the RPV interior
late) (height approx,_11 m) — I
(*1) The number of units, investigation procedures, and the configuration of drone-mounted investigation equipment will be reviewed as necessary depending on the Investigation feasibility legend:
progress of the study. ©: Highly feasible, may be able to obtain additional information
(*2) Feasibility of investigation when the drone is not equipped with a dosimeter and used solely to obtain images. A wired drone will not require a dosimeter cable, o: Highly feasible
reducing the weight of the composite cable and increasing flight altitude. The mass of the wireless drone can be reduced by the mass of the dosimeter, thereby A: Some parts may not be feasible
extending flight time. x: Low feasibility

1RID
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6. Implementation details No.47

(2) Development of the bottom access investigation method (drone)
4). FY2022 implementation details @ Overall investigation system configuration (1/2

Category Wired drone investigation system Wireless drone investigation system

Equipment Zig;?adgggzé\zséeffﬁsﬁgl;?g:]raenﬂerrr:::rr]i; g?ﬁé? ccji:/:get;a& ifseﬁ;r:“/:gable Wireless drone / Telescopic rod transfer cart / Cable assistance device /
quip Installation equipment / Other devices (surveillance cameras, etc.)

configuration
cameras, etc.)

Wireless drone

Wired drone Cable y A s dl
(investigation  Tglescopic rod assistance o (investigation
equipment transfer cart for device 4 equipment) Telescopic rod
. < wired drone N . transfer cart for —
Outline l .‘ . wireless drone &

(after a

g ; ~ Cable
installation) assistance

device

il Front view
entire de
- —

r

Telescopic rod transfer
W | cart "

5 e »* ‘ U
S|P A0
q o 4 : ' ; — 73
view , ‘ 11 SO "
(after < : ~ W SRISE,
1- ! Pl
: S 1 : device

installation)
Cable legend - ;
= : For wired drone g :
=== : For telescopic rod Cable le epd
=== : For cable drum — — Fortelescqplc rod )
= : For cable assistancedevice —_— . / === : Forcableassistancedevice
L
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6. Implementation details

Wired

Wireless

Common to wired & wireless

(2) Development of the bottom access investigation method (drone)

No0.48

4). FY2022 implementation details @ Overall investigation system configuration (2/2)

Category

Wired drone

Telescopic rod
transfer cart for
wired drone

Cable drum
transfer cart

Wireless drone

Telescopic rod
transfer cart for
wireless drone

Cable
assistance
device

Installation
equipment

Other auxiliary
machines

TRID

Equipment overview

Installs through the 350A opening of the X-2 Pene, flies over the platform outside the pedestal, enters the
pedestal through the CRD opening, and accesses the RPV interior through the anticipated opening at the
bottom of the RPV.

Investigates (obtains video and measures dose rate) the bottom of the RPV (about 7 m from the CRD
replacement platform) while towing the composite cable that is fed from the tip of the telescopic rod.

Once the wired drone is installed, installs in the PCV through the 350A opening of the X-2 Pene and
travels over the remaining B1 investigation equipment to the front of the CRD opening.

Extends the telescopic rod from the CRD opening to near the bottom of the anticipated opening on the
bottom of the RPV inside the pedestal.

The rod tip contains a mechanism that can feed and wind the composite cable from the wired drone.

After the telescopic rod transfer cart is installed, installs through the 350A opening of the X-2 Pene and
travels over the remaining B1 investigation equipment to the front of the telescopic rod transfer cart.

The cable drum winds the composite cable on the wired drone and contains a mechanism that can feed
and wind the cable. The composite cable on the wired drone runs along the telescopic rod on the
telescopic rod transfer cart and connects to the wired drone via the cable feed/wind mechanism at the tip
of the rod.

Installs through the 350A opening of the X-2 Pene, flies over the platform outside the pedestal, enters the
pedestal through the CRD opening, and accesses the RPV interior through the anticipated opening at the
bottom of the RPV.

+ Investigates (obtains video and measures dose rate) the upper surface of the core support plate (about 11

m from the CRD replacement platform) while communicating wirelessly with the wireless equipment at the
tip of the telescopic rod.

Once the wireless drone is installed, installs in the PCV through the 350A opening of the X-2 Pene and
travels over the remaining B1 investigation equipment to the front of the CRD opening.

Extends the telescopic rod from the CRD opening to near the bottom of the anticipated opening on the
bottom of the RPV inside the pedestal.

The rod tip contains a transceiver for wireless communication with the wireless drone.

Installs from the 250A opening of the X-2 Pene, and uses the cable assistance mechanism to assist and
move the composite cable from either the telescopic rod transfer cart or the cable drum transfer cart installed
on the platform outside the pedestal within the area up to the front of the remaining B1 investigation
equipment in order to prevent snagging and other issues.

This device installs equipment inside the PCV from existing X-2 Pene guide pipes.

Installs in the X-2 Pene opening to assist during installation and uninstallation. (Assumes surveillance
cameras for installation and uninstallation, equipment dose rate measurement and cleaning devices for
uninstallation, and equipment for cutting the composite cable in the event of an emergency (auxiliary
machines shall be reviewed accordingly based on the results of future studies)).

*Development of Technolo

Test-manufactured or not in FY2022

Manufactured

Manufactured

Manufactured

Manufactured

Manufactured

Manufactured

Manufactured
(Partial
prototype)

Slide No.
describing
prototype

Improvements from the FY2021

prototype
No.49 to 51
Partial improvements from other
project equipment*
No.54
* Improvements to the cable
drum from the FY2021
prototype
+ Partial improvements to the No.55
drive function from other project
equipment*
Improvements from the FY2021
prototype
No.40,
52 and 53
Partial improvements from other
project equipment*
No.54
Partial improvements from other
project equipment* No.56
Partial improvements from other
projects devices*, element No.57 to 60

prototype for 350A only
No FY2022 prototype

for Detailed Investigation inside PCV
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6. Implementation details No.49

(2) Development of the bottom access investigation method (drone)
4). FY2022 implementation details @) FY2022 prototypes (wired/wireless drone miniaturization)

Reduction in the size of both wired and wireless FY2021 prototype drones by reviewing parts and their configuration on the devices
The wireless drone was designed to investigate areas that the wired drone cannot reach (assumed to be the upper inside area of the RPV
and wall surfaces), so its size was reduced by eliminating the pan/tilt function of the camera on the bottom of the drone and placing the

battery and dosimeter in the vacant space.

Items improved from FY2021

Reviewed component layout and configuration,
miniaturized
*1 Corresponding to development issues No.43 to 45 and the action policy (plan) development issue No.

T
l //

<
Y

Development issues
No. *1 | extracted from FY2021 Details of FY2022 countermeasures
results
9

Drone miniaturization

-

a3l !:}

FY2021 wireless drone

(wired drone has the same shape)
Drone miniaturization (compared to FY2021 drone prototype

TRID

Appearance of the lower part of the FY2022 wireless drone

FY2022 wired drone FY2022 wireless drone
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6. Implementation details No.50

(2) Development of the bottom access investigation method (drone)
4) FY2022 ImD|ementatI0n detalls @ FY2022 prOtOtyDe (ered drone (1/2)) Installation equipment dimension constraint: ®290 mm

Iltems improved from FY2021 —
ﬁ 1 degree of freedom (front/back)

Connector  gimylated dosimeter
case mass set to 40 g

Development issues

extracted from FY2021 Details of FY2022 countermeasures
results

11 Water droplets on camera lens Hydrophilic coating on camera lens

Addition of LED lights to mark the landing position on the Power connector

12 Landing position confirmation  telescopic rod transfer cart and cable drum transfer cart (see —
_ ; Communication
No.54 and 55) ‘ A| Composite connector
« Installation of a flight controller that does not have a cable
13 Radiation resistance of compass sensor
electronic components « Cameras were selected and mounted based on irradiation
- ' — ' tests (see slides No.80 and 81) g Composite
16 eat generation of electronic Added air cooling fan IS clable retaining
components 9 clamp
17 !nclus!on .Of the G i e Reviewed the design of cable connections
investigation images o
. . . . . Power/communication
*1 Corresponding to development issues No.43 to 45 and the action policy (plan) development issue No. cables
\

“'EY2022 prototype drawing

v - v *2 Dosimeter optical fiber (0.04 g/m) is not installed.

. . . PEEK tube for protection is installed.
External view of FY2022 prototype During horizontal flight

_—
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6. Implementation details

(2) Development of the bottom access investigation method (drone)
4). FY2022 implementation details 3@ FY2022 prototype (wired drone (2/2))

Configuration of drone body interior

FY2022 wired drone

N = == = e e e e e e e e e e e e e e e e e e e e

Wi No.51

*==: Power flow
: Communication flow

DC-DC converter e — e ——— ———— ) SE—
{ [Propeller motor] Propeller motor] [Propeller motor]
| Prop 1 Propeller motor] ] [Steering motor (i)

iFlight XING-E 2208 2450KV/ iFlight XING-E 2208 2450KV iFlight XING-E 2208 2450KV

L L T
T T ——]

[Air intake cooling
fan]

Z3675HV mini servo

[Steering lighting]

J
L

[Regulator]

[Air intake cooling

!
|
!
|
I far]
|
!
|
!
|

I —~
POWER HUB 12V,5V

‘——4 [Distribution board &
g regulator]
[Power module]
o 1 y . Y Y R —
[Dedicated circuit board] | f[Dedicated circuit board] | [Dedicated circuit board]  [Dedicated circut board] [Dedicated circuit board]
1 f 1
| ||| [Variable resistor] | (Variable resistor]

MATEK MINI
HV PM (High voltage power module)
[Variable resistor] |

View of the added DC-DC converter

Insufficient power output prevented the
drone from flying at the target height (7 m)
during preliminary confirmation testing, so
one DC-DC converter was added to
increase output capacity from 1200 W to
1500 W as a countermeasure.

[Variable resistor] [Variable resistor]

| [DC-DC converter]

53 V specifications
53V 20V

[DC-DC converter]
53 V specifications
53V 20V

[DC-DC converter]
53 V specifications
53V —20V

[DC-DC converter]
53 V specifications
53V 20V

[DC-DC converter]
53 V specifications
53V 20V

capacitor]

capacitor] | J[ capacitor] I | [Electrolytic capacitor] | [Electrolytic capacitor]
> 4 A [N

i

[Fiight controller] 4 ! [SBUS-PWM]
Japan Aviation Electronics 1 SBUS-PWM converter
Industry, Ltd. -

[Manufactured-in

VKLSVAN LM2596

14

—

| [Gimbal controller]
STORM32

[Tilt motor for investigation]
T-MOTOR GB2208

[Pan motor for investigation]
T-MOTOR GB2208

.—/1’\——4 [Lighting for mves\lgal\cni
|

l

1

!

!

!

!

!

!

. !
—= !
!

!

!

!

!

!

!

!

!

sensors] - - [Steering camera] [Steering camera]
e Gyro sensor [RS485 converter] DATASYSTEM DATASYSTEM
i y [RS485 converter] For converting telemetry |
Compass sensor (ot Snals BIC263 BIC263
used) L -
I [Connector] [Connector]
[Safety switch] AMASS XT60 JST-SM 10PIN
/
y J |
— — — —
o o o o . . . o o . o o . S . o o . e S e o e e e =

[Cable drum]

[Power source] |
60V /30 A M [Connector]

Flight controller appearance

| [Drone operation system
controller]

[Camera swivel controller
for investigations]

FY2021 irradiation testing revealed that the
compass sensor in the flight controller was
defective, so a flight controller without
compass sensor was installed.

Overview of configuration of FY2022 wired drone prototype

TRID

1 - - s o= oo

I [Computer for telemetry
{ display]

[Composite cable: 15 m]

[Connector]

JST-SM 10PIN

[Camera monitor 1] [Camera monitor 2]
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6. Implementation details No.52

(2) Development of the bottom access investigation method (drone)
4). FY2022 implementation details @ FY2022 prototype (wireless drone (1/2)) mstatation equipment cimension

constraint: 290 mm

Items improved from FY2021

Development issues

. Battery case
extracted from FY2021 Details of FY2022 countermeasures

results

11 Water droplets on camera lens Hydrophilic coating on camera lens

Addition of LED lights to mark the landing position on the
12 Landing position confirmation  telescopic rod transfer cart and cable drum transfer cart (see
No.54 and 55)
» Installation of a flight controller that does not have a
Radiation resistance of compass sensor
electronic components » Cameras were selected and mounted based on irradiation
tests (see slides No.80 and 81)
Research or consideration of  Compact and lightweight radiation sensor in development
18 lightweight radiation sensors
that can be mounted

13

* Elemental prototyping of in-house batteries
19 Extending flight time « Equipped on wireless drones for energy efficient imaging
(revised from 1 W to 0.01 W)
*1 Corresponding to development issues No.43 to 45 and the action policy (plan) development issue No.

Mock dosimeter
(Case simulates the outside dimensions of a
compact dosimeter prototype currently in
development. Mass adjusted to 200 g

Appearance of compact dosimeter (pulse measurement 'tVDe) *2 FY/2022 prototype drawing
] ltems FY2022 prototype Appearance of in-house battery element prototype
In-house battery (in
Items development) Regular battery
Appearance
Size 165 x 80 x 35 mm (excluding
antenna) ,
o Weight |367 9 (body: 2809, *;a“e”es (4 pes.): Size 46 x 60 x 53 mm 44 x 135 x 30 mm
2Lt 3 g - -
) - *2 The feasibility of a COMS type dosimeter employing a different method is Capgcny 6000 mAh (deSIgn value) 4600 mAh
External view of FY2022 prototype  beingsued sonasce developmentof e puse messurement ype. The | Weeight | 298 g (measured value) 385

_—
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6. Implementation details TN No.53

(2) Development of the bottom access investigation method (drone)
4). FY2022 implementation details 3 FY2022 prototype (wireless drone (2/2))

Configuration of drone
body interior

e | I e B — N
(r—— pr—— )
{ { Propeller motor]
[Propeller motor] [Propeller motor] [Prop: I
iFlight XING-E 2208 2450KV ’ iFlight XING-E 2208 2450KV | [Propeller motor] iFlight XING-E 2208 2450KV ~
\ \ / [Camera swivel motor
I I 1_ I fr————————({ilt)] Z3675HV mini servo
texc) (s H sl ] fesct |
¥ t Y T g ¥ = ¥ ] 1 g | [Lighting] 1

i [Steering camera]
DATASYSTEM
BIC263

\ [Video transmitter] l

v

-

p — 3 —-— v [_— HN10T i
[Stoering systerm receiver] [Air intake cooling fan] }— [Distribution board & regulator], ] - OUtpUt Of the V_Ideo
FRSKY XM+(D16) —— rowenru ey | ™ ﬁ system transmitter was
. i e cooing fan] [\ ) e i - revised from 1 W
g | e o (installed in FY2021) to
e | o s ' ’ 0.01W.
Industry, Ltd . HV PM (High voltage power module) i VKLE\?E;"T&']ZS% fedicm  [Investigation camera] (TO reduce stan dby
4 " P \ | DATASYSTEM BIC263
| EEERY Py \ i l l 1 J
Flight controller appearance b " [T——— [ U re— power, size, and weight.)
] . ] Gyro sensor | Thus Radio 45V 30A Vishay 100V 100A -
FY2021 |rrad|at|0n test|ng Compass sensor (not \ % [—J—Ii HN10T /<
A used) /
revealed that the compass - — - ~
sensor in the flight controller was Ratedvotage 163V | Ratedvoage 145V
defective SO a ﬂlght controller ‘ [Telemetry [Safety switch] Current: 4600 mAh Current: 4600 mAh
1 transmitter] CUAV SAFETY C-rate: 35 C C-rate: 35 C
without compass sensor was eeE )|
inStaIIed. - . . . . . “‘— — ; - o o O O S B S S B e
Frequency Frequency Frequency U — - “ Frequency
band 2.4 GHz e banf 2.4 GH.z [E;I—emal R \ band 5.7 GHz [Video receiver] l [Video receiver] band 5.7 GHz
[Telemetry receiver] [5'32:2ﬁ|:§§em Rated voltage: 18 V ; . . . "
XBEE3 RADIO MASTER TX165 : o — pr—
~ . g [Camera monitor 2] I [Camera monitor 1]

Overview of FY2022 wireless drone prototype configuration

| e
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6. Implementation details No.54
(2) Development of the bottom access investigation method (drone)

4). FY2022 implementation details @ FY2022 prototype (Telescopic rod transfer cart for wired/wireless drone)

Items improved from FY2021 Main differences from equipment developed in other projects
Development issues Main differences from equipment developed in other

Category

extracted from FY2021 Details of FY2022 countermeasures projects
results Addition of a cable feed mechanism at the tip of the rod
Cable pinching during rod Encase the cable inside the telescopic rod. (Horizontal wired |° Addition of a cable guide ring
2 retraction development from other projects (Development of + Addition of LED lighting to mark drone landing location
Technology for Detailed Investigation inside PCV)) + Pan tilt range of the camera at the tip of the rod
*1 Corresponding to development issues No.43 to 45 and the action policy (plan) development issue No. Wireless |° Addition of a radio at the tip of the rod
Addition of LED lighting to mark drone landing location

Cable-feed=mechanism
- .

Simple.composite
<

' i\ \LEDJSS % Interior tubing for power and signal
kg) 1 \BackusglSWEl gyjde cables

*2 Alternative because long lead times for some products prevented cable unification‘ (both wired and wireless drones)

External view of FY2022 prototype

tip direction

(wired) el -,~
Wi - ) p‘g

AN
¥

composite g
Revision of the pan tilt range for the Appearance of the cable feed mechanism at Addition of guiding rings for pre-operation verification
cameraon the tip of the wired drone the tip of the rod on the wired drone
rod *3

*4 Cable guide rings and locations where the wired drone composite cable contacts the

ackwaig : 3 *3 To monitor the condition of the drone’s equipment were wrapped in PTFE tape to reduce chafing with the composite cable.
ra) l'l"fiﬂ‘ = v composite cable at the rear of the
e equipment. Overview of composite cable routing for wired drone
External view of FY2022 prototype
(wireless)
|
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6. Implementatic;n details

(2) Development of the bottom access investigation method (drone)

4). FY2022 implementation details @ FY2022 prototype (cable drum transfer cart for wired drone)

Items improved from FY2021

Development issues extracted .
*
from EY2021 results Details of FY2022 countermeasures

- Review of cable drum structure and function
- Review of the direction of the cable feed
- Improving roller clamping force

- Adding camera to verify feed rate

Improved cable feed
- Event of cable feeding to the
5 back of the drum
- Cable feed roller idling
- Unable to verify feed rate

Main differences from equipment developed in other projects *2

Main differences from equipment developed in other projects

Addition of a cable guide ring
» Revision of the forward travel guide structure
» Addition of LED lighting to mark drone landing location

inside PCV PJ.

*1 Corresponding to development issues No.43 to 45 and the action policy (plan) development issue No.

" cable guide ring

. 2 5 F
«k Borward tpavel
r N -
quide 7>

i\

,,_ﬁl. [/
-2 Y

External view of FY2022 prototype

*3 Preliminary confirmation testing confirmed insufficient output power in the wired
drone due to voltage drop. The power supply cable inside the composite cable
on the cable drum transfer cart was thin and caused a large voltage drop, so the
cable was revised from AWG14 to AWG6. The diameter of the composite cable
on the cable drum transfer cart is expected to be between ®30 mm to ®40 mm.

TRID

*2 Installed the crawler currently in-development from among the investigation
equipment used in the Development of Technology for Detailed Investigation

Event of cable feeding to the back of the
drum (FY2021)

Improved cable feed mechanism
(FY2022)

Revision of the forward travel
guide structure

Improved cable feed
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6. Implementation details No.56

(2) Development of the bottom access investigation method (drone)
4). FY2022 implementation details B) FY2022 prototype (cable assistance device)

Main differences from equipment developed in other projects

Items improved from FY2021

Main differences from equipment developed in other projects

Development issues

extracted from FY2021 Details of FY2022 countermeasures Added a horizontal sliding mechanism to the cable assistance mechanism
results (to address the need to assist two composite cables for investigations with
a wired drone)

Treatment of cable drum  Prototype cable assistance device Wired drone

drive cable (Horizontal development from other projects (investigation Telescopic rod ~ Cable assistance
(Development of Technology for Detailed Investigation equipment) ”?”Zfzf cart for  device d
inside PCV)) wired drone

*1 Corresponding to development issues No.43 to 45 and the action policy (plan) development issue No.

opi¢ rod
==ackup of transfer
cart composite s ——
cables

— . c

—\\n\‘w‘.

-
Horizontal slide
meehanism

Telescopic rod
Mockup of transfer cart
composite cables

Cable drum
Mockup of transfer cart
composite cables

Cable drum 3
Mockup of transfer cal
composite cables

External view of FY2022 prototype When assisting two composite cables

_—
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6. Implementation details No.57

(2) Development of the bottom access investigation method (drone)
4). FY2022 implementation details B) FY2022 prototype (installation equipment for 350A (1/4))

Items improved from FY2021 Main differences from equipment developed in other projects

Development issues Main differences from equipment developed in other projects

extracted from FY2021 Details of FY2022 countermeasures
results

Added cable extrusion rollers

(to address the need to handle two cables for investigations with a wired
Feasibility of X-2 Pene Prototype of installation equipment for 350A drone)

passage via installation (Horizontal development from other projects

equipment used in other  (Development of Technology for Detailed Investigation

projects inside PCV))

20

*1 Corresponding to development issues No0.43 to 45 and the action policy (plan) development issue No.

Telescopic rod
, Mockup of
transfer cart

Cable drum ‘
Mockup of

transfer cart
composite cables> /*

R Bucket

External view of FY2022 prototype

Handling of two composite cables

I -
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6. Implementation details No.58

(2) Development of the bottom access investigation method (drone)
4). FY2022 implementation details @) FY2022 prototype (installation equipment for 350A (2/4))

The image below shows installation of the equipment, using the 350 A Penetration during investigation with a wired drone.

Cable drum PCV

Cable drum Seal box exterior
transfer cart !
Wired drone

i

.
———
- - Felescopic rod
Installation equipment transfer cart

@ Initial condition

Installed within the PCV

@) Drone installation

. i
Inside :
AR
‘_"_:_. Pt T .
, ; o o
-~ - > =
” < :

-
. -
>
5
-
T S
.
N
...”'.\\_'

<A ) - 1 - ) L w
@ Arrival of drone in PCV ® Drone rising ® Drone landing on platform

E——— R I = _ _ _ —_—.
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6. Implementation details No.59

(2) Development of the bottom access investigation method (drone)
4). FY2022 implementation details @) FY2022 prototype (installation equipment for 350A (3/4))

The image below shows installation of the equipment, using the 350 A Penetration during investigation with a wired drone.

Installed within the PCV

® Installation of telescopic rod @ Installation of telescopic rod
transfer cart in the bucket transfer cart

ey
@0 Arrival of telescopic rod transfer @ Bending of the bucket and lowering of @ Touchdown of the telescopic rod
cartin the PCV the telescopic rod transfer cart transfer cart on the platform

E—— I E E E E RS
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6. Implementation details
(2) Development of the bottom access investigation method (drone)

4). FY2022 implementation details @ FY2022 prototype (installation equipment for 350A (4/4))

The image below shows installation of the equipment, using the 350 A Penetration during investigation with a wired drone.

@ Collection of installation equipment

@ Installation of the cable drum
transfer cart in the bucket

Installed within the PCV

@ Installation of the cable drum
transfer cart

@ Arrival of the cable drum transfer
cartin the PCV

]

|

@ Bending of the bucket and lowering of
the cable drum transfer cart

@® Touchdown of the cable drum transfer
cart on the platform

TRID
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6. Implementation details

(2) Development of the bottom access investigation method (drone)

4). FY2022 implementation details @ ltems for functional verification tests (1/3)

Categor . ... o Relevan
Target : d .y Functional verification tests Output/Assessment criteria sieva ¢
Wired Wireless section
(a) Drone
Flight Flight height verification test Ability to reach target height (wired: 7 m, wireless:
Conducted | Conducted g . ©) g g y g ght ( No.73
performance (lift) 11 m)
Conducted | Conducted ® Payload verification test Maximum payload No.74
Flight Verification test for passing through - Minimum passable space NoO.75
Conducted | Conducted | performance ©) performance in narrow part - Amount of sway during flight (vertical orientation) an d. 76
(sway)
Flight Flight time verification test Maximum flight time
— Conducted | performance @ No.77
(flight time)
Visibility/lighting ® Camera performance verification test [ Ability to see objects in dark and vaporous No.78
Conducted | Conducted | ¢ ~tions (Dark and vaporous environments) environments and 79
® Camera irradiation test - Changes in images over time No.80
Conducted | Conducted - Radiation resistance (target: 1000 Gy) and 81
Conducted | Conducted @ In-flight visibility verification test Image sway during flight No.82
Dose rate Dosimeter irradiation test Measurable range (FY2022 development target: O No0.83
o Conducted | -\ easurement to 100 Sv/h) and 84
pe'rformance Dosimeter noise influence verification | Effects of noise on dosimeter
— Conducted | (wireless only) ©) test No.85
Radiation Drone irradiation test Radiation resistance of drones (target: 1000 Gy) No0.86 to
Conducted | Conducted resistance 88
Electronic Temperature / current value verification | Change in temperature and current values of
Conducted | Conducted | component D) test electronic components (ESC) due to increases in No.89
performance output
Waterproof Waterproof performance verification Waterproof performance (reference measurement
Conducted | Conducted P @ P P P P ( ) No0.90
performance test
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6. Implementation details No.62

(2) Development of the bottom access investigation method (drone)
4). FY2022 implementation details @ ltems for functional verification tests (2/3)

Category Relevant

Target . . Functional verification tests Output/Assessment criteria :
Wired Wireless . section

(b) Telescopic rod transfer cart

Traction performance Tractive force verification test Actual performance of cable
Conducted | Conducted ) traction force No.91 and 92
(Dry or wet conditions)
Driving performance Driving performance verification test *Wired: Driving performance on grating
Conducted | Conducted @ [Tests (b)-@ and (c)-@ are conducted (Dry or wet conditions) No0.93
simultaneously
Verification test of travelling ability Ability to traverse remaining B1
Conducted | Conducted ©) investigation equipment No.94
(Dry or wet conditions)
Rod Rod extension/retraction test - Extension/retraction time
extension/retraction (Wired: Tests (b)-@, ®, ®, @ and (c)-@ are |- Amount of deflection
Conducted | Conducted @ . .
performance conducted simultaneously / Wireless: Tests

(b)-@ and b-® are conducted simultaneously)

Passage performance verification test Ability to pass structures in the
® (Wired: Tests (b)-@, ®, ®, @ and (c)-@ are |CRD opening

conducted simultaneously / Wireless: Tests
(b)-@ and b-® are conducted simultaneously)

Conducted | Conducted

. . . - . . . No.95 to 98
Composite cable Composite cable feeding/winding test (linkage [Connection with rod
Conducted . feed/wind performance ® with rod extension/retraction) extension/retraction during
onducte (Wired: Tests (b)-@, ®, ®, @, and (c)-@ are |composite cable feeding/winding
conducted simultaneously)
Composite cable feeding/winding test (linkage | Connection with cable drum during
with cable drum) composite cable feeding/winding
Conducted — @

(*Wired: Tests (b)-@, ®, ®, @, and (c)-@ are

conducted simultaneously)

_—
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6. Implementation details

(2) Development of the bottom access investigation method (drone)

4). FY2022 implementation details @ Items for functional verification tests (3/3)

Target

Category

Functional verification tests

Output/Assessment criteria

Relevant

Wired Wireless

(c) Cable drum transfer cart

section

Traction

Tractive force verification test

Actual performance of cable traction force

not

Conducted — performance ® (Dry or wet conditions) No0.99
Driving Driving performance verification test *Wired: | Driving performance on grating
Conducted — performance ® Tests (b)-@ and (c)-@ are conducted (Dry or wet conditions) No.100
simultaneously
Verification test of travelling ability Ability to traverse remaining B1
Conducted — ©) investigation equipment No.101
(Dry or wet conditions)
Composite cable Composite cable feeding/winding test Connection with cable drum during
. feed/wind @ (linkage with telescopic rod) *Wired: Tests composite cable feeding/winding No.95 to 98
Conducted performance (0)-@, ®, ®, @ and (c)-@ are conducted :
simultaneously
(d) Cable assistance device
Traction Tractive force verification test Actual performance of cable traction force
Conducted | Conducted | performance @ (Dry or wet conditions) No.102
Driving Driving performance verification test Driving performance on grating No.103 and
Conducted | Conducted | performance @ (Dry or wet conditions) ) 104
Conducted | Conducted g;?(l)er n%giigéance ©) Cable grabbing performance verification test |Cable grabbing performance No.105
Cable feed force verification test Cable feed force / speed / clamping force | No.106 and
Conducted | Conducted @ 107
Conducted | conducted ® Rollover verification test Egglselglllty of roling over when assisting No.108
(e) Installation equipment (for 350A)
Install/uninstall D Bending load verification test Bending performance under load at the No.109 and
Conducted | Conducted performance bucket 110
Cable feed force verification test Cable feed force/clamping force No.111 and
Conducted | Conducted @ 112
Conducted | conducted 3 Cable feeding operations verification test Two cables can be fed simultaneously or No.113
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6. Implementation details No.64
(2) Development of the bottom access investigation method (drone)

4). FY2022 implementation details & Equipment for functional verification tests (1/2)

The following shows an overview of the test equipment for wired and wireless drones, the telescopic rod
transfer cart, and the cable drum transfer cart.

Test frame

| Asumed RPV
opening position

Simulated CRD opening

PRS- ‘4

Mockup-of remaining B1 investigation equipment

Simulated control room

TRID

Appearance of FY2022 test equipment
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6. Implementation details No.65
(2) Development of the bottom access investigation method (drone)

4). FY2022 implementation details 6 Equipment for functional verification tests (2/2)

The following shows an overview of the test equipment for the cable assistance device and

350A installation equipment.
(R T

Simulated platform inside the PCV

Mockup of
remaining B1
investigation
equipment

Mockup of remaining B1
investigation equipment

Appearance of FY2022 test equipment
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6. Implementation details
(2 Development of the bottom access investigation method (drone)

. FY2022 implementation details ®

Unit 1

Summary of results of functional verification tests (1/3)

NO.66

Test results

Applicability to actual equipment

Targ & el -Il-\leOSt ver::f?cnactit:)onngsts OUtpméﬁfesr?zsment
: Wired specification Wireless specification Wired specification Wireless specification
(a) Drone
Flight Flight height verification | Ability to reach target height Can hover for 10 seconds at Can hover for 10 seconds at target | Prospect is to be able to reach the | Prospect is to be able to reach the top
performance ©) test (wired: 7 m, wireless: 11 m) target height (7 m) height (11 m) bottom of the RPV interior, which | of the core support plate.
(lift) is the survey location.
Payload verification Maximum payload 933 g 600 g No payload margin when flying at | Additional components can be
@) test target flight height. installed. However, the trade-off with
flight time must be considered.
Flight Verification test for @ Minimum passable space @: o700 mm / 0500 mm @: 0600 / 5500 Passable diameter for the Passable diameter for the assumed
performance ® passing through @ Amount of sway during (vertical/horizontal) ér? cal /hrc]qur'nonDtaI mm assumed opening projected to be | opening projected to be ®1 m
(sway) performance in narrow | flight (vertical orientation) @: 211 mm /275 mm (é 2'53 mm|7 258 an length/width ®1 m (however, dependent on (however, dependent on pilot skill)
part (length/width) : (leng ) | pilot skill)
Flight Flight time verification | Maximum flight time Without dosimeter: 10 min. 4 sec. Limiting additional equipment can
performance @ test o With dosimeter: 8 min. 40 sec. _ extend flight time.
(flight time) With dosimeter + weight (300 g): 6
min. 47 sec.
Visibility/lighting Camera performance Ability to see objects in dark Water vapor (none): 2.5 m Water vapor (none): 2.5 m visibility | Projected to be able to see RPV Projected to be able to see RPV
functions verification test (in dark | and vaporous environments visibility confirmed confirmed interior walls with low water vapor | interior walls with low water vapor
® and vaporous Water vapor (low): 2.5 m visibility | Water vapor (low): 2.5 m visibility levels. levels.
environments) confirmed confirmed
Water vapor (high): 2.5 m visibility | Water vapor (high): 2.5 m visibility
not confirmed not confirmed
Camera irradiation test |- Changes in images over time | Of cameras A through D, cameras B and C achieved the target Radiation resistance is expected to be applicable for use with actual
® - Radiation resistance (target: | cumulative dose (1000 Gy) equipment. However, radiation noise reduction methods for 1000 Gy/h
1000 Gy) Camera B weighs less and was selected as the camera for the drone environments must be considered.
@ In-flight visibility Image sway during flight Flight caused no noticeable Flight caused no noticeable Projected to be able to see the Projected to be able to see the survey
verification test deterioration in visibility deterioration in visibility survey target. target.
Dose rate Dosimeter irradiation Measurable range (FY2022 Pulse measurement type: 0.09 to Pulse measurement type achieved
measurement test development target: 0 to 100 — 1077 Sv/h — final target of 1000 Sh/h. Consider for
performance Sv/h) CMOS type: 0.08 to 90 Sv/h implementation in FY2023.
(wireless only) - - - - - - -
Dosimeter noise Effects of noise on dosimeter Pulse measurement type: Noise Reverify after manufacturing products
@ influence verification . level during drone operation was - for actual equipment.
test verified to have no effect on dose
rate measurement accuracy.
Radiation Drone irradiation test Radiation resistance of drones Operating methods and the !
resistance (target: 1000 Gy) Electronic components failed at a | Electronic components failed at a configuration of electronic Coomeﬁrgsggig:]egf‘ﬁzggiitgi omponents
cumulative dose of 122 Gy cumulative dose under 175 Gy components on the drone must be on the drone must be reviewed.
reviewed.
Electronic Temperature / current | Change in temperature and
component @ value verification test current values of electronic The addition of an air cooling fan | The addition of an air cooling fan The cooling function in the drone | The cooling function in the drone must
performance components (ESC) due to had no effect had no effect must be reviewed. be reviewed.
increases in output
Waterproof Waterproof Waterproof performance ! . ; :
performance @ performance (reference measurement) Operable after sprayed with water | Operable after sprayed with water g/lustt be_cto nsidered along with Mu_sttbe considered along with dust
verification test ust resistance resistance
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6. Implementation details
(2 Development of the bottom access investigation method (drone)

. FY2022 implementation details ®)

Unit 1

Summary of results of functional verification tests (2/3)

No.67

Test

Iltems No.

Target

(b) Telescopic rod transfer cart

Functional verification
tests

QOutput/Assessme
nt criteria

Test results

Wired specification

Wireless specification

Applicability to actual equipment

Wired specification

Wireless specification

Traction Tractive force verification test | Actual performance of | Dry: approx. 274 to 392 N Dry: approx. 245 to 343 N A certain amount of tractive force | A certain amount of tractive force is
performance D cable traction force Wet: approx. 98 to 196 N Wet: approx. 98 to 215 N is confirmed. Planning to verify confirmed. Planning to verify
(Dry or wet conditions) applicability in future combined applicability in future combined
tests. tests.
Driving Driving performance Driving performance . . A certain level of drivability was A certain level of drivability was
performance ® verification test on grating Cart'n_ drive [lj)ack andtforth d%\/er Car; drive (?ack andtforth dgyer confirmed. Planning to e\glua’[e confirmed. Planning to vet?lify
(Dry or wet conditions) %?hﬁ?t 'igsu%' or wet conditions %?hgﬁ 'i'; Surg or wet conditions cable handling, etc. in future applicability in future combined
combined tests. tests.
Verification test of travelling Ability to traverse Dry: Can travel forward and Dry: Can travel forward and Projected to be able to travel over | Projected to be able to travel over
ability remaining B1 backward backward the remaining B1 investigation the remaining B1 investigation
©) investigation Wet: Can travel forward and Wet: Can travel forward and equipment. Planning to verify equipment. Planning to verify
equipment backward backward applicability in future combined applicability in future combined
(Dry or wet conditions) tests. tests.
Rod Rod extension/retraction test | M Extension/retraction | Initial rod angle: 14.3° Initial rod angle: 12.1° Check rod passability and linkage | Rod passability was confirmed. The
extension/retr (Wired: Tests (b)-@, ®, ®, time ®: 5 min. 15 sec. / 7 min. 36 sec. | @: 6 min. 6 sec. / 7 min. 37 sec. between rod and cable drum. assumed procedure for actual
action @ and (c)-@ are conducted | @ Deflection (Extension/retraction) (Extension/retraction) However, the assumed procedure | equipment will be optimized in future
performance @ simultaneously / Wireless: (2: Approx. 150 mm (: Approx. 185 mm for actual equipment will be combined tests in order to evaluate
Tests (b)-@ and b-® are optimized in future combined tests | applicability.
conducted simultaneously) in order to evaluate applicability.
Passage performance Ability to pass Passable at initial rod angle (14.3°) | Passable at initial rod angle (12.1°)
verification test structures in the CRD
(Wired: Tests (b)-@, ®, ®, opening
® @ and (c)-@ are conducted
simultaneously / Wireless:
Tests (b)-@ and b-® are
conducted simultaneously)
Composite Composite cable Connection with rod Interlocking is projected to be
cable feeding/winding test (linkage | extension/retraction possible by using the cable ring
feed/wind with rod extension/retraction) | during composite guides to align the composite
performance ® (Wired: Tests (b)-@, ®, ®, cable feeding/winding | cable. However, there is room for - -
@, and (c)-@ are conducted optimization in the assumed
simultaneously) procedure for actual equipment.
Composite cable Connection with cable | Interlocking is projected to be
feeding/winding test (linkage | drum during composite | possible by using the cable ring
with cable drum) cable feeding/winding | guides to align the composite
@ (Wired: Tests (b)-@, ®, ®, cable. However, there is room for _ _
@, and (c)-@ are conducted optimization in the assumed
simultaneously) procedure for actual equipment.

T T e |
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6. Implementation details
(2 Development of the bottom access investigation method (drone)

Target

. FY2022 implementation details ®)

Unit 1

Summary of results of functional verification tests (3/3)

Items

Test
No.

(c) Cable drum transfer cart

Functional verification tests

Qutput/Assessment criteria

Test results

Wireless

Wired specification specification

No0.68

Applicability to actual equipment

Wired specification

WIGEESS
specification

Traction Tractive force verification test Actual performance of cable traction Dry: approx. 245 to 392 N A certain amount of tractive force is confirmed.
performance ©) force (dry or wet conditions) Wet: approx. 215 to 294 N — Planning to verify applicability in future combined —
tests.
Driving Driving performance verification test Driving performance on grating (dry or Can drive back and forth ting in d A certain level of drivability was confirmed.
performance ® wet conditions) ora\?vetrglc?ndﬁi%ngr:mitr?c:ut %vsiregra ing In dry — Planning to evaluate cable handling, etc. in —
future combined tests.
Verification test of travelling ability Ability to traverse remaining B1 Dry: Can travel forward and backward Projected to be able to travel over the remaining
©) investigation equipment (dry or wet Wet: Can travel forward and backward — B1 investigation equipment. Planning to verify _
conditions) applicability in future combined tests.
Composite Composite cable feeding/winding test | Connection with cable drum during Interlocking is projected to be possible by Verify the linkage between the rod and cable
cable (linkage with telescopic rod) *Wired: composite cable feeding/winding using the cable ring guides to align the drum. However, the assumed procedure for
feed/wind @ Tests (b)-@, ®, ®, @ and (c)-@ are composite cable. However, there is room — actual equipment will be optimized in future —
performance conducted simultaneously for optimization in the assumed procedure combined tests in order to evaluate applicability.
for actual equipment.
(d) Cable assistance device
Traction Tractive force verification test Actual performance of cable traction Target tractive force (100 N) achieved under all conditions. . . . ) . .
i T e N : A certain amount of tractive force is confirmed. Planning to verify
0,

performance ©) force (dry or wet conditions) Icr)?wfitilt(i)gnlsn wet conditions was about 10% less than in dry applicability in future combined tests.
Driving ® Driving performance verification test Driving performance on grating (dry or Can drive back and forth over grating in dry or wet conditions | A certain level of drivability was confirmed. Planning to verify
performance wet conditions) without issue applicability in future combined tests.
Cable Cable grabbing performance Cable grabbing performance Capable of grabbing composite cables on both sides of h
assistance ® verification test equipment Projected to be able to grab cables.
performance — - - -

@ Cable feed force verification test Cable feed force / speed / clamping Target feed force (100 N) achieved under all conditions. A certain amount of feed force was confirmed. Planning to verify

force applicability in future combined tests.
® Rollover verification test Possibility of roling over cables Each operation poses a low risk of roling over *Recovery is Projected low likelihood of roling over from each operation.

possible if the angle of fall is less than 90°.

(e) Installation equipment (for

350A)

Install/
uninstall
performance

Bending load verification test

Bending performance under load at the

Capable of conducting bending operations with 65 kg load

test

not

@ bucket

® Cable feed force verification test Cable feed force/clamping force Target feed force (100 N) achieved with both ®40 mm and
®10 mm cables

® Cable feeding operations verification | Two cables can be fed simultaneously or | Can feed two cables simultaneously without difficulty

A certain level of installation feasibility was confirmed. Planning

to verify applicability in future combined tests.

TRID
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6. Implementation details

(2) Development of the bottom access investigation method (drone)
4). FY2022 implementation details (7 Other items for consideration (impact of drone crashes)

Wit No.69

[Wireless]: Wireless drone
[Wired]: Wired drone

Cause of event

Countermeasures and responses

Risk reduction measures

Response during occurrence

Drone crash

Collision with an obstacle

Camera blind spots and poor
visibility

- Mount two cameras with a pan tilt mechanism or wide-angle lens.
- Consider the installation of sensors to detect obstacles.

Insufficient flight stability

- Improve flight stability by enhancing control performance.

Failure

Insufficient durability and
radiation resistance

- Conduct resistance tests on circuits and machinery.
- Only install components with sufficient radiation resistance.

Ingress of water and/or dust

Apply dustproof and waterproof measures and conduct testing to

verify.

[Wireless] Communication failure due to insufficient signal

strength

- Use the extension rod to place a radio transceiver inside the
pedestal.
- Conduct mockup testing to verify transmission stability.

[Wired / wireless]

- Reattempt the flight.

- In worst case scenarios,
leave the drone where it
is.

[Wired]

- If flight is not possible,
wind the cable to reel in
and collect the drone.

[Wireless] Dead battery

- Install a high-capacity battery.
- Check remaining battery power during flight.

- When the remaining battery charge approaches the
amount required for the return trip, suspend the
investigation and have the drone return.

- In worst case scenarios, leave the drone where it is.

Impact on plant during drone flight or crash

(Flight) Damage to X-
100B thermometer/water
level gauge

Drone crashes into the section
not protected by steel pipe

- Conduct the investigation using a route that is not extremely
close to the X-100B thermometer/water level gauge.

- Continue measuring data using the undamaged
portion of the X-100B thermometer/water level
gauge.

(Flight) Increased dust
levels in the PCV interior

Winding from drone flight
scatters dust

- If the effect of dust is a concern, consider countermeasures by
reviewing operations and components.

- If dust levels exceed permissible values, temporarily
land the drone and enter standby or retrieve the
drone.

(Flight) Fluctuation in
PCV thermometer
readings

Winding from drone flight
impacts the thermometer

- If there is concern about fluctuations in thermometer readings,
consider countermeasures by reviewing operations and
components.

- If measurements must be made using a thermometer
within the PCV interior, either land the drone or fly it
at a distance from the thermometer.

(Failure) Fire

[Wireless] Battery fire

- Properly protect the drone so that it is not damaged by external
forces.

- Select batteries with excellent durability and verify that they do
not catch fire even under severe conditions.

- Monitor the situation with other devices.

(Crash) Hydrogen
generation

[Wireless] Battery reacts with
accumulated water

- Apply waterproof treatments to prevent a reaction between water
and the cells inside the drone.
- Examine the amount of hydrogen generated from the battery.

- Monitor the hydrogen concentration value in the PCV
interior.
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6

. Implementation details
(2) Development of the bottom access investigation method (drone)

4). FY2022 implementation details (@ Other items for consideration (sensing technologies and flight control)

Risks associated with drone flight

Potential risk

Unstable drone attitude during flight

@ Collisions with obstacles and crashes
@ Inability to fly in narrow areas
® Blurry investigation images

Impact of risk

Obstacles may be difficult to verify with existing cameras

(@ Collisions with obstacles and crashes

Operator is constantly overburdened and cannot rest during flight

@ Possibility of operational errors occurring

Only highly skilled and experienced operators can pilot the drones

the site

® Difficulty in securing human resources during investigations at

Drones are unable to determine their position and attitude

® Unable to identify the location for investigation

Development items for risk elimination (proposal)

Development item

Development of drone

Target result

Estimation of position
and attitude

Method utilized (proposed)

- Input to flight control
- Identification of the target
investigation location (©®)

sensing technology

Assessing the state of
obstacles in the
surrounding area

- Collision and crash avoidance

(@)

IRID

Development of drone flight

control technologies flight

Improved stability during

- Collision and crash avoidance
@

- Investigation in narrow areas ()

- Reduction of blur in investigation
images (®)

- Reduction of burden on operator
(@) N

- Improved operability for non-
skilled workers (®)

8

Point cloud depth image

RGB image

(Reference) Image from a point cloud data sensor
mounted on investigation equipment in another
project (Detailed Investigation inside PCV)

(@ to ® correspond to the number in the risk table)
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6. Implementation details No.71

(2) Development of the bottom access investigation method (drone)
5). Summary

D FY2022 results

- Based on results up to FY2021, issues were identified and countermeasures were examined.

- Access equipment under development in other projects were customized and the investigation plan and development plan were studied in consideration of integrating
that equipment into the plans.

- The specifications of each device were studied, and devices were designed and manufactured. Functional verification tests were also conducted on these devices to
evaluate their performance of the functions.

@ Issues for FY2023 onward

- Review the development plan and reflect the results of functional verification tests. Also improve equipment.
- Use combined tests to confirm the feasibility of the investigation method and proceed with the development of equipment for actual equipment.
- Identify risks for actual equipment and incorporate them into the design as necessary. Complete operational scenarios.

Cable feed-mechanism

— = Roller

Eu’rward
traveLgmd

Installation equment for 350A

Horizontal slide
mechanism

ereless drone Telescopic rod transfer cart for wireless drone Cable aSS|stance deV|ce

External view of FY2022 prototype

_—
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No.72

Supplementary materials for results of
drone functional verification tests are
described in No.73 — 113.
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6. Implementation details
(2) Development of the bottom access investigation method (drone)

I -

(Supplementary material) Results of functional verification tests for FY2022 (drone)

Target

Test method

Output/
Assessment
criteria

Test results

Test (a)-: [Flight height verification test]

A3

Drone (wired / wireless)

@ Device placed at the position expected for the actual equipment.
@ Flew drone to the mark on the test frame (wired: 7 m, wireless: 11 m) and hovered it there for 10 seconds.

@ For wired only, measured maximum flight height. (Reference measurement)

Ability to hover for 10 seconds at target height (wired: 7 m, wireless: 11 m)

Flight height verification test

Capability [Reference
No Drone of reaching | Capability of hovering for 10 | measurement]
' target seconds at target height Maximum flight

height height
. 7m Able to hover for 10 8m
1 Wired reachable seconds reachable
. 11m Able to hover for 10
2 Wireless reachable seconds

® Both wired and wireless drones were capable of hovering for
10 seconds at the target height (wired: 7 m, wireless: 11 m).

Flight height test
performance (wireless)

Drone in flight (wired)

©International Research Institute for Nuclear Decommissioning




6. Implementation details
(2) Development of the bottom access investigation method (drone)

(Supplementary material) Results of functional verification tests for FY2022 (drone)

Target

Test method

Output/
Assessment
criteria

Test results

Test (a)-@: [Payload verification test]

Drone (wired / wireless)

@ Loaded weight, then hovered drone at a height of 1 m above the floor.

@ If able to hover for 10 seconds, added more weight and hovered drone
again at a height of 1 m above the floor.

@ Repeated @ until the drone could no longer hover for 10 seconds, and
verified maximum payload.

-

Drones lo

Maximum payload that can be hovered for 10 seconds at a flight height of
1m

€t
. Weight/s fS
- “— Vo

Y

aded with weights (left: wired, right: wireless)

Payload verification test results

No. Drone Maximum Remarks
payload [g]
. . Airframe mass: 1650 g
1 Wired 933 (*1) Cable mass: 133 g/m
. . Airframe mass: 1989 g
2 Wireless 600 (*2) Dosimeter: 200 g

(*1) Weight (800 g) + 1 m of cable (133 g)
(*2) Dosimeter (200 g) + 1 m of cable (133 g)

® The maximum payload that could be hovered for 10 seconds at a flight height of 1 m was 933 g for wired drones and 600 g
for wireless drones.
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6. Implementation details No.75
(2) Development of the bottom access investigation method (drone)

(Supplementary material). Results of functional verification tests for FY2022 (drone)
Test (a)-@: [Verification test for passing through performance in narrow part (1/2)]

Drone (wired / wireless)

@ Flew drone back and forth within a 011000 mm x 5000 mm rectangular prism flight path. Checked horizontal and vertical flight path patterns.
=S el @ If the drone passed, reduced the flight path dimensions and flew drone through again.
[Note] For the vertical orientation, motion capture was used to measure the amount of fluctuation during flight.

Output/

Assessment
criteria

- Dimensions of smallest possible flight path
- Amount of fluctuation during flight (vertical orientation)

Motion capture 2
camera .

Motion, =
capture

marker

4 T
Frame set-up during flight in
ertical orientation

Arrangement of motion capture cameras View of PC screen during motion capture

Overview of motion capture system

Frame set-up during flight in

horizontal orientation

©International Research Institute for Nuclear Decommissioning
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6. Implementation details N0.76
(2) Development of the bottom access investigation method (drone)
(Supplementary material). Results of functional verification tests for FY2022 (drone)

Test (a)-@: [Verification test for passing through performance in narrow part (2/2)]

Results of verification test for passing through performance in narrow part
(vertical orientation)

Amount of fluctuation during flight [mm]
Passage iracti iracti
Category dimensions Passage capability Izi?{é?ug::%;ﬁ: s(mhg;rr]zc:ﬁ; Remarks
[mm] dimensions of the | dimensions of the
drone) drone)
: Round trip passage Measurement error is +0.64
FY2022 wired drone o700 possible 211 (581) 275 (545) mm
LESIREEVIEN | Fv2022 wireless drone seoo | Roune b passeae 253 (573) 258 (528)  |Measurement eror 0.587
(Vertical , . : .
orientation) FY2021 wireless drone 0700 Round (t)rsll;iglaéssage 200 (650) 347 (617) maasuremem error is :0.64 | Wireless drone camera Wired drone camera
P footage (0700 mm footage (0600 mm
*1 During descent there were cases in which a camera noise caused the aircraft to lose its position for a moment and fly out of the frame. condition) condition)

® Based on measurements of fluctuation, FY2022 wired / wireless drones are expected to be able to pass through the 1600 mm frame.

® For the FY2021 wireless drone, 1800 mm was the smallest flyable passage in the FY2021 element test, but in FY2022 a 1700 mm passage was used for the first
time as a reference, and the drone was able to pass through. Based on the measurements of fluctuation, 1700 mm is considered the minimum passable
dimension.

® Results for FY2021 and FY2022 wireless drone prototypes were compared and no significant difference in the amount of fluctuation was observed.

part(horizontal orientation)
Category Passage dimensions [mm)] Passage capability
Round trip passage
0500 possible
FY2022 wired drone ——
Test results 5400 o e e "t
(H_OI’ItZOtI.’lta| 5500 Round trip passage
orientation ossible - 3
) FY2022 wireless drone p. Wired drone camera Wireless drone camera
0400 Round trg’ggﬁﬁzage not footage (0400 mm footage (0400 mm
P condition) condition)

® FY2022 wired / wireless drones were able to pass through the 1500 mm frame. (0600 mm was the smallest flyable passage for FY2021 element test results)

_—
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6. Implementation details N0.77
(2) Development of the bottom access investigation method (drone)

(Supplementary material). Results of functional verification tests for FY2022 (drone)
Test (a)-@: [Flight time verification test]

' Test results . . e
Drone (wireless) - Results of flight time verification test
@ Equipped drone with two commercial Combination of mock dosimeter | i oy Battery 1 charge [%] Battery 2 charge [%]
. No. d weight !
batteries (4600 mAh). ° (additional mass) time Before fight | [Afte fight] | Be(® | [atter fight
@ Flew drone until it became unable to fly, , , .
d measured the time until landin 1 Without mock dosimeter (200 g) 10 min. 4 sec. 100 0 100
an . 9- 2 With mock dosimeter (200 g) 8 min. 40 sec. 100 0 99
® The flight method was repeated ascent Mock dosimeter (200 g) + weight
and decent between 1 and 7 m. 3 (300 g) 6 min. 47 sec. 99 0 100 1
@ Kept flight speed low, avoided sudden (Reference) | MOCK dosime(tGe(; ézo)o g) + weight 2 min. 44 sec. 99 38 100 a1
rises and falls. g
® The mass of the drone had one of the 700
following three patterns. :"3\ 600 L
(1) Without mock dosimeter (200 g) 3 500 »
(2) With mock dosimeter (200 g) S 400 °
(3) Mock dosimeter (200 g) + weight (300 *g 300
9) 2
+= 200 Py
[Note] For reference, the test was also 2 100
conducted with a mock dosimeter (200 g) + - 0
the wireless drone’s maximum payload (600 400 200 O 200 400 600 800
). Adjustment of additional weight Additional mass (g)
(Mock dosimeter (200 g) + weight Additional mass - characteristics of
(600 ) flight time
® The flight time with the mock dosimeter (200 g) was
Amount of time drone can remain in flight ; ;
approximately 8 min. 40 sec.
ey [Note] In the FY2021 element test (two 3500 PP y i . . . ,
Assessment g batteries) the drone could remain in flight ® |t was also confirmed that flight time decreases in proportion to
SLSE (o1 about 6 minutes. . - the increase in additional mass.
Wireless drone in flight

_—
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6. Implementation details No.78
(2) Development of the bottom access investigation method (drone)
(Supplementary material). Results of functional verification tests for FY2022 (drone)

Test (a)-®: [Camera performance verification test (in dark and vaporous environments) (1/2)]

Drone (wired / wireless)

1. Darkness condition
(DHorizontally installed a 01000 mm x 7000 mm square pillar (aluminum frame).
Installed discernment sheets at a distance of 1 m, 2.5 m, and 5 m from the edge of the aluminum frame.
@ Covered the aluminum frame with a blackout curtain to create the dark condition, and placed drone at the edge of the aluminum frame.
@Turned on drone-mounted LED lights, took footage of the discernment sheets, and reviewed footage.
2. Darkness + water vapor condition
Test method (DChecked the footage from investigation inside the PCV, and filled the dark room with water vapor to approximate actual equipment
conditions. (*1)
@Turned on drone-mounted LED lights, took footage of the discernment sheets, and reviewed footage. (*2)
(*1) An illuminometer was set up at 5 m from the edge of the aluminum frame to measure illuminance when the LED lighting was turned on
without water vapor. The room was filled with water vapor until the illuminance was about 1/3 to 1/2 or 1/10 of said illuminance.
(*2) Recording was conducted without drone propeller rotation for the darkness condition, and with drone propeller rotation for the darkness
+ water vapor condition.

Output/Assessment

——— Ability to see objects 2.5 m away in a dark, water vapor-filled environment.

Discernment M7

Installation of blackout curtain Darkness + water vapor
dark condition
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6. Implementation details
(2) Development of the bottom access investigation method (drone)
(Supplementary material). Results of functional verification tests for FY2022 (drone)

Wit No.79

Test (a)-®: [Camera performance verification test (in dark and vaporous environments) (2/2)]

20 =l hisy| Camera performance verification test results
(in dark and vaporous environments)

Drone camera footage

. Distance isibili :
lluminance Visibility Environmental . :
o. ‘\’,‘:“]‘;' s petc’{f?cf‘;ion atsmaway [ oM diti Wired drone Wireless drone
[lux] [m] Assessment | Resolution Details conditions
1 Discernable 030 mm | Dots (030 mm) can be discerned.
Wired 3.7 25 Discernable 030 mm Dots (230 mm) can be discerned. Darkness
Partially 300 x The A3 sheet (300 x 420 mm) is discernable but .
5 discernable 420 mm the dots (030 mm) are not. (Water vapor.
No none)
1 Discernable 0030 mm | Dots (030 mm) can be discerned.
Wireless 18 25 Discernable 030 mm Dots (230 mm) can be discerned.
5 Partially 300 x The A3 sheet (300 x 420 mm) is discernable but
discernable 420 mm the dots (030 mm) are not.
1 Discernable | 30 mm | Dots (530 mm) can be discerned. Darkness +
water vapor
Wired 19 25 Discernable 030 mm Dots (030 mm) can be discerned. .
(Water vapor:
vos 5 discglrl:]table N/A The A3 sheet (300 x 420 mm) is not discernable. small amount)
(low) 1 Discernable 030 mm | Dots (z30 mm) can be discerned.
. Depending on how much water vapor is on the A3
Wireless 0.5 25 _Partlally ©30 mm or sheet, the dots (030 mm) may or may not be
discernable larger discernable
Not ) ) Darkness +
5 . N/A The A3 sheet (300 x 600 mm) is not discernable.
discernable water vapor
1 Discernable 030 mm | Dots (030 mm) can be discerned. (Water vapor:
Wired 0.2 25 disceNr%table N/A The A3 sheet (300 x 420 mm) is not discernable. Iarge amount)
Yes 5 discglr?]table N/A The A3 sheet (300 x 420 mm) is not discernable.
high
(high) 1 Discernable 030 mm | Dots (030 mm) can be discerned.
Wireless 0.1 25 disc’«;‘r%table N/A The A3 sheet (300 x 420 mm) is not discernable. o In darkness’ the camera COUId d|Scern an ObjeCt 25 m away'
5 | 4| WA |Theasshect(300 x 420 mm) s notdiscematie. | @ For the darkness + water vapor condition, discernment was possible
only up to 1 m away when water vapor was relatively high, but 2.5 m
away when water vapor was low.
|
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6. Implementation details Ui No.80
(2) Development of the bottom access investigation method (drone)
(Supplementary material). Results of functional verification tests for FY2022 (drone)

Test (a)-®: [Camera irradiation test (1/2)]

Drone (wired / wireless)

@ In order to determine camera installation position, measured and confirmed in
advance the location where radiation was 1000 Gy/h.
Test method @ Installed cameras A to D one by one from top to bottom at the location where
radiation was 1000 Gy/h. Also installed other equipment in designated locations.
@ Initiated irradiation. During irradiation, constantly filmed the discernment sheets
on camera, and stored the footage.

Source
Cobalt-60

Output/ - Changes in images over time
ARSI ERI] - Radiation resistance (target: 1000 Gy)
criteria

Four irradiated cameras*1
A B C D

Appearance

Camera placement*2
*2 Based on repeated pre-measurements, it was decided to conduct the
irradiation test by placing the camera at the point where radiation is 1009 Gy/h
Model no. RVC801 BIC263 CMOS-320 MS-183HTTR23 (because it is difficult to find the exact point where 1000 Gy/h is reached).

Camera sensors CMOS (1/4 inch) CMOS (1/4 inch) CMOS (1/3.6 inch) CMOS (1/3 inch)
Resolution Approx. 320000 pixels | Approx. 400000 pixels Approx. 330000 pixels Approx. 470000 pixels

. . Exposure: $28 x 12 mm
Dimensions 23 mmx 21 mm x 34 mm Embedding: ®23 x 15 mm 234mmx234mmx26.1mm | 26 mm x 23 mm x 25 mm

\ESS 25 g (camera body) 17 g (camera body) 23 g (camera body) 80 g (camera body)
Angle of view 140° hovr(igzr?ig;a;l /105° 180° horizontal 195° horizontal 110° horizontal
Operating o o o
temperature -20 to +65°C -20 to +65°C — -20 to +50°C
Dustproof /
waterproof P67 1P67 IP67 P67
Video
transmission NTSC NTSC NTSC NTSC View of the camera monitor *3

method
*1 Taking into consideration the required specifications, inventory, delivery dates, etc., from among 20 small cameras, 4 were selected.

*3 CAMERA 01/02/03/04 footage is from cameras A/B/C/D respectively.

_—
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6. Implementation details
(2) Development of the bottom access investigation method (drone)
(Supplementary material). Results of functional verification tests for FY2022 (drone)

Wit No.81

Test (a)-®: [Camera irradiation test (2/2)]

Test results

Camera irradiation test results

Category Radlatlon Video status
resistance
Radiation noise was observed from the
Camera A 420 Gy start of irradiation, and the video was

interrupted at 420 Gy.

Camera B | Over 1000 Gy

Radiation noise was observed from the
start of irradiation, but there was no
interruption to video recording during the
irradiation test.

Camera C | Over 1000 Gy

Radiation noise was observed from the
start of irradiation, but there was no
interruption to video recording during the
irradiation test.

Camera D 957 Gy

Radiation noise was observed from the
start of irradiation, and video recording
failed at 957 Gy.

eenera)
@ Before irradiation test (without
radiation source)

SEICNRERNAZ

CAMERNAT
CANFRABA

TN I CAHE RN T

@ After about 57 minutes of irradiation:
957 Gy accumulated dose

B s S

8.7
&

@ Radiation source installed
(Start of irradiation: 0 min.)

® After 60 minutes of irradiation:
1009 Gy accumulated dose

WRCAMERNN2

CANFRABA

® After about 25 minutes of
irradiation: 420 Gy accumulated dose

® After irradiation test (without
radiation source)

Changes in camera footage over time

® About 25 minutes after the start of irradiation, video recording from Camera D failed, (420 Gy accumulated dose), followed by recording from
Camera A about 57 minutes later (957 Gy accumulated dose).
® Video recording from both cameras B and C was uninterrupted, even when the accumulated radiation dose exceeded the 1000 Gy target value
for radiation resistance.
® Camera B is lighter than Camera C (Camera B: 17 g, Camera C: 23 g), so Camera B was chosen for the drone camera on account of
compatibility with drone mounting.

TRID
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6. Implementation details No.82
(2) Development of the bottom access investigation method (drone)

(Supplementary material). Results of functional verification tests for FY2022 (drone)
Test (a)-@: [In-flight visibility verification test]

Drone (wired / wireless) Test results

@ Placed a discernment sheet at a height of 7 m from the floor and
filmed it with the camera for 10 seconds.
@ Installed discernment sheets 1 m and 2.5 m from the center of
s mElied the aluminum frame. (See figure below.)
® Filmed the discernment sheets 1 m and 2.5 m away while
grounded, and compared to video recorded during flight.

Output/
ACEEERINENIY Severity of disturbance to camera footage during flight
criteria

Discernment
sheets (A, D)

Discernment

sheet (D)
i Wireless drone (left: in flight, right: grounded)
J—
Aluminum frame " ® For both wired and wireless systems there was no significant difference in

video footage (visibility) recorded during fight versus while grounded. (*)

Image of view in ([]) direction (*) The dot pattern of the discernment sheet was discernable in the footage
during flight.
Test frame ® Flight control technology, including quantitative evaluation of the amount of

fluctuation, is scheduled for study from FY2023 onward.

Test frame (ground plan)

I -
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6. Implementation details

(2) Development of the bottom access investigation method (drone)

(Supplementary material). Results of functional verification tests for FY2022 (drone)

Test (a)-®: [Dosimeter irradiation test (1/2)]

Target Compact dosimeter (pulse measurement type) (for wireless drones)

Test Irradiated the prototype with y-rays in the 69Co irradiation chamber
method and evaluated the dose rate linearity

Verification

criteria

items / Verification of measurable range of dose rate
cEREEEIEY (Target development value for FY2022 (1 to 100 Sv/h))

Test system

Test

results

Because wireless communication is not
possible between the inside and
outside of the irradiation chamber, a
compact dosimeter (inside the
irradiation chamber) and a
measurement PC (outside the
irradiation chamber) are connected by
LAN cable

Measured count rates at each dose
rate and assessed linearity

* Photodiodes (PD) and avalanche photodiodes (APD) were
confirmed to have dose rate linearity from 0.09 to 1077 Sv/h,
meeting the FY2022 development target value (1 to 100 Sv/h)

The actual value of radiation resistance is scheduled to be
evaluated from FY2023 onward

1.0E+6 ¢

i —— Sensor: PD
1.0E+5 || —#— Sensor: APD

1.0E+4 E

1.0E+3 E

Count rate [cps]

1.0E+2

_——pmm—m————————

1
FY2022 target rang

| &
<
1

1.0E+1 . 1 _
3 Linearity confirmed from 0.09 to 1077 Sv/

< 1

T.OE+0 it i
10E2 10E-1 10E+0 1.0E+l1 10E+2 1.0E+3

Dose rate [Sv/h]

Results of dose rate linearity assessment
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6. Implementation details No.84
(2) Development of the bottom access investigation method (drone)
(Supplementary material). Results of functional verification tests for FY2022 (drone)

Test (a)-®: [Dosimeter irradiation test (2/2)]

+ Count of number of luminous pixels in the image at each dose rate
=18 Compact dosimeter (CMOS type) (for wireless drone) P g -

Test Irradiated the prototype with y-rays in the °Co irradiation
ul=itglels B chamber, assessed dose rate linearity

9.6 Sv/h 42 Sv/h

Ver|f|cat|on Verification of measurable range of dose rate

(Target development value for FY2022 (1 to 100 Sv/h)) 1406
N )
S 1.E+05
@ )
I0-DATA Test .g
GV-USB2 g 1.E+04
results S
video capture =
o
- 1.E+03
.
CMO S
Z 1E+02
PC 0.01 0.1 1 10 100
Dose rate (Sv/h)
Results of dose rate linearity assessment
Confirmed that there is a correlation between the number of
Co-60 luminous pixels and the dose rate at 0.08 to 90 Sv/h, and it
was possible to measure the dose rate
The actual value of radiation resistance is scheduled to be
Test svstem evaluated from FY2023 onward
[
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6. Im

plementation details
(2) Development of the bottom access investigation method (drone)

(Supplementary material). Results of functional verification tests for FY2022 (drone)

Test (a)-@: [Dosimeter noise influence verification test]

Compact dosimeter (pulse measurement type) (for wireless)

Test method

Mounted a compact dosimeter on the drone, measured count rate from
the time the drone started until the time it stopped

Compared two methods of supplying power to dosimeters: dry cell
batteries / drone batteries

@ Dry cell  Electrical separation of drone and
battery  dosimeter

Supply of 6 V/2 A from drone battery (15
V) to dosimeter

® Drone

Verification g
items /

assessment H
criteria

Threshold set below the value at the time of dose rate measurement and
count rate of 0 cps

Threshold at the time of dose rate measurement: 100 channels (PD), 0.2
V (APD)

TRID

Test system

Test

results

Number of counts

In configurations D and @), the count rate of the photodiode
(PD) and avalanche photodiode (APD) was O cps.

Based on the peak value spectrum measurement results, it
was confirmed that the noise level during drone operation was
below the threshold at the time of dose rate measurement and
had no effect on the accuracy of dose rate measurement

Results of count rate measurement

Unit: cps

| Configuraton [ PpD | APD
) 0 0

(Dry cell battery)  (Threshold: 50 ch.)  (Threshold: 0.2 V)

®@ 0 0
(Drone battery) (Threshold: 50 ch.) (Threshold: 0.2 V)

Results of peak value spectrum
measurement (Configuration @), PD)

1.0E+6 Threshold at th
resnola a e —
L 124 Svih
1.0E+5 ! time of dose rate Drone noise
: measurement
1.0E+4 (100 channels)
1.0E+3 :
1
1.0E+2 :
1
1.0E+1 !
1
0 =Y J S A S S S
0 100 200 300 400 500 600
Channel
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6. Implementation details
(2) Development of the bottom access investigation method (drone)

(Supplementary material). Results of functional verification tests for FY2022 (drone)

Target

Test method

Output/Assessment
criteria

A digital voltmeter was
added so that voltage

values could be verified
via the camera footage.

Test (a)-@0: [Drone irradiation test (1/3)]

Drone (wired / wireless)

@ Used wired and wireless drones, excluding the airframe, for irradiation with 1000 Gy/h.

@ During irradiation, activated the drone, monitored camera footage and voltage values, and terminated irradiation if any
abnormalities were found in the camera footage or voltage values.

@ After irradiation, checked the operation of each on-board device to identify which on-board device malfunctioned.

[Note] A digital voltmeter was added so that voltage values could be verified via the camera footage.

Components resistant to radiation of 1000 Gy/h (target)

Digital voltmeter

Below is a water tank, and the y-ray
source is inside. The radiation
source rises through this slit and
reaches the set dose rate.

Dose rate is
measured at
the center of
the panel.

Dose rate measurement
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6. Implementation details No.87
(2) Development of the bottom access investigation method (drone)
(Supplementary material). Results of functional verification tests for FY2022 (drone)

Test (a)-@0: [Drone irradiation test (2/3)]

Test results (wired drone)
Before During increase ' A ; :
irradiation , 7 of radiation dose

=

Changes in drone over time Changes in camera footage over time
Time .
irradiated Cumulative dose Drone status
® The camera’s pan-tilt camera became uncontrollable at a cumulative dose of 122 Gy.
The camera footage became o ) ) -
noisy and only the digital ® No significant change was observed in the voltage values before and after irradiation.

0 to 6 min. 107 Gy ‘égi”;fg:g%sggz_mfﬁpammg ® After irradiation, since the propeller motor could not be operated by the controller, a PC was
and tilting) of the camera was connected to the flight controller to check operation. Since the response could be confirmed on
possible. the PC, it was concluded that the motor would not operate because the flight controller or

6 “;ienc- 53 122 Gy Pan-tilt became uncontrollable. electronic components (ESC) were not outputting a signal.

: - m | e ® The FY2021 irradiation test was conducted without a supply of electric current, so the FY2022
. e pan-tilt angle was pulle . .. . . . .
7 g’lelg 1 125 Gy dowrl?ward und%r the cfmera,s irradiation test was conducted with a supply of electric current, but as in FY2021, malfunctions
' own weight. were observed at a cumulative dose of about 100 Gy, so the procedures for drone operations
7 min. 31 and the configuration of electric parts in the airframe need to be reviewed.
sec. 134 Gy Test completed.
—

S
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6. Implementation details No.88
(2) Development of the bottom access investigation method (drone)
(Supplementary material). Results of functional verification tests for FY2022 (drone)

Test (a)-@0: [Drone irradiation test (3/3)]

Test results (wireless drone)

During increase [l
of radiation dose

2 B = ] . 5 ; The voltmeter
? ! ;  display can be
verified.

N

TS

Changes in camera footage over time

Changes in drone over time

® The noise in the camera footage made it impossible to check the operation of the motors and

Time Cumulati servo motors, and since it was impossible to verify abnormalities, the test was completed in 10
irradiated ve dose Drone status i i
minutes based on the wired drone results.
The camera footage became ® No significant change was observed in the voltage values before and after irradiation.
01010 175Gy | Noisy and only the digital ® After irradiation, the propeller motor could not be operated using the controller.
min. voltmeter display was i ) T
discernable. ® The LED display on the receiver antenna for the control system was off, indicating that the

receiver was damaged and inoperable. Additionally, since camera footage could be checked
even after irradiation, it was concluded that there was no abnormality in the video transmitter.

® The FY2021 irradiation test was conducted without a supply of electric current, so the FY2022
irradiation test was conducted with a supply of electric current, but malfunctions were observed
at less than the target 1000 Gy, so the procedures for drone operations and the configuration of
electric parts in the airframe need to be reviewed.

_—
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6. Implementation details

(2) Development of the bottom access investigation method (drone)
(Supplementary material). Results of functional verification tests for FY2022 (drone)

Test (a)-AD: [Temperature / current value verification test]

Drone (wired / wireless)

Target

@

lrestmethod maximum electric current value during flight.

@ Drone hovered at a height of 1 m above the floor for 1 or 2 minutes.
Measured the temperature of the center of the airframe and the electronic components (ESC) both before and after flight. Also measured the

[Note] For reference, temperatures were measured using a thermal camera.

Output/Assessment

Change in temperature / electric current value of electronic components as output rises

criteria
Test results
- [After two minutes of flight]

[Before flight]

TRID

The thermal camera measurements revealed that the components with the highest rate of temperature rise with increasing output were the motor and the

In FY2022, cooling fans were installed to make cooling of the airframe interior more efficient, but there is room to consider more efficient methods for cooling

Temperature / current value verification test (wired drone)
Temperature [°C] Center of
S Electronic Maximum (ggfrﬁmg)
No. | Flighttime |center of airframe|  components current
[min.] (ESC) value
Before | [After | Before | [After [A]
flight | flight] | flight | flight]
1 1 19.8 234 21.6 48.0 17
2 2 21.8 28.0 20.2 56.0 17
Temperature / current value verification test (wireless drone)
Temperature [°C]
— _ Electronic Maximutm
No.| Battery capacity I([:Jminl.ine Center of airframe con(wggrg;nts C\‘/J;[Sg
Before | [After | Before | [After (Al
flight | flight] | flight | flight]
1 Two 4600 mAh 1 206 | 320 | 200 | 400 65
2 batteries 2 21.0 | 360 | 200 | 46.0 70
°
electronic components (ESCs).
°
electronic components (ESCs), which have a high rate of temperature increase.

Infrared

Center of
airframe
(27.9° C)

. -

Electronic
components
(ESC)
(70.2° C)

Measurement by thermal camera* (wired drone)
[After two minutes of flight]

Electronic
components *Thermal camera
(ESC) measurements are

(71.1° C) for reference.

Measurement by thermal camera* (wireless drone)
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6. Implementation details N0.90

(2) Development of the bottom access investigation method (drone)
(Supplementary material). Results of functional verification tests for FY2022 (drone)

Test (a)-@: [Waterproof performance verification test]

Target Drone (wired / wireless)

@ Flew drone at a height of 1 meter.
@ Sprinkled water from above the drone for 5 minutes at a rate of approximately 5 L/min using a water sprinkler.

@ After sprinkling, checked drone for operational abnormalities.

Test method

Outputéﬁts:rei:;sment No abnormality in drone operation after sprinkling of water from above for 5 minutes [reference measurement]

Test results

Waterproof performance verification test
(wireless specification)

Waterproof performance verification

test (wired specification)

® No abnormalities in operation were observed after sprinkling of water.
® Water pressure and dust may also have an impact, so waterproofing and dustproofing measures must be considered in the future.

©International Research Institute for Nuclear Decommissioning
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6. Implementation details No.91

(2) Development of the bottom access investigation method (drone)
(Supplemental explanatory material) Results of functional verification tests for FY2022 (telescopic rod transfer cart)

Test (b)-: [Tractive force verification test (1/2)]

Target Telescopic rod transfer cart (wired specification / wireless specification)

@ Installed the equipment on the grating.

@ Operated the crawler forward and measured the tractive force using a spring scale fixed opposite to the direction of

Test method movement.

® The grating was dry or wet, and oriented in three patterns: vertical, diagonal, or horizontal (0°, 45°, or 90° to the direction
of movement).

Output/Assessment
criteria

Actual value of crawler cable tractive force in dry or wet conditions

Equipment i ) )

movement . . .
direction 90 45 0
Orientation of grating Crawler
|
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6. Implementation details N0.92
(2) Development of the bottom access investigation method (drone)

(Supplemental explanatory material) Results of functional verification tests for FY2022 (telescopic rod transfer cart)
Test (b)-®: [Tractive force verification test (2/2)]

Test results

Tractive force verification test

500 500
Grating N Tractive force [N]
Direction of
No. - - 450 450
- -1| movement Wired Wireless
Condition |Angle [] specification|specification 400 400
1 Forward 274 254 —
0 Z 350 £.350
2 Backward 323 254 © 300 h 8 300 A
(&) put
3 Forward 303 225 5 S S J5p ¢ : o Dry (forward)
Dry 45 = 250
4 Backward 274 196 o s s < 200 IS Dry (backward)
= 200 ©
5 Forward 303 343 ® 8 150 @ Wet (forward)
90 — [
6 Backward 392 294 = 150 100 Wet (backward)
7 Forward 107 147 100 50
0 50
8 Backward 107 147 0
9 Forward 176 196 0 0 10 20 30 40 50 60 70 80 90
Wet 45 0 10 20 30 40 50 60 70 80 90 ) .
10 Backward 147 98 Grating angle [] Grating angle [°]
11 Forward 176 215
90
12 Backward 196 441 . cg- . . . . . . g .
" Tractive force verification test (left: wired specification, right: wireless specification)

® The tractive force of the telescopic rod transfer cart was found to be greater in dry conditions than in wet conditions for both wired
and wireless specifications.
® The minimum tractive force in these measurements was about 98 N (conditions: wireless specification / wet / 45° / backward).

I
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6. Implementation details N0.93
(2) Development of the bottom access investigation method (drone)
(Supplemental explanatory material) Results of functional verification tests for FY2022 (telescopic rod transfer cart)

Test (b)-@: [Driving performance verification test]” g e tea e Lot O o o

Target Telescopic rod transfer cart (wired specification / wireless specification)

@ The equipment made round trips on top of the grating. (The outward journey is forward and the return journey is backward.)
@ When maneuvering, controlled the device by camera footage only.

® Checked maneuverability in dry and wet conditions.
[Note] Conducted as another project (mockup equipment for Detailed Investigation inside PCV)

Test method

Outputé,rbi\fesr(iezsment Ability to drive the telescopic rod transfer cart on grating in dry or wet conditions without problems

Test results

Driving performance verification test

Grating |Direction of Maneuverability

NO-I condition | movement | Wired | Wireless
specification [specification| :

1 Forward Pass Pass X \

Dry A =
2 Backward Pass Pass : — 1 W
3 Forward Pass Pass : 2 il

Wet : =
4 Backward Pass Pass *__—_:ﬁ

>
e T

Driving performance verification test
(wireless specification)

Driving performance verification
test (wired specification)

® Round trips were made without any problems.
® However, for the wired drones there were cases of cables getting caught, so the amount of cable feeding and rewinding for the

wired drones needs to be optimized.

©International Research Institute for Nuclear Decommissioning
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6. Implementation details No.94

(2) Development of the bottom access investigation method (drone)
(Supplemental explanatory material) Results of functional verification tests for FY2022 (telescopic rod transfer cart)

@) e : : F * *Wired specifications: Test (b)-@) and test
Test (b)-@: [Verification test of travelling ability] e eonderad S aaseously

Target Telescopic rod transfer cart (wired specification / wireless specification)

Placed the mock left-behind B1 investigation equipment on the grating and verified that it could be traversed both forward and

Test method backward.
[Note] Taking into account actual device considerations for the wired specification, the test was conducted with wired drone

cables set-up, and linked to a cable drum transfer cart.

Outpu'[éﬁfjreizzsment Ability of the telescopic rod transfer cart to traverse the mock left-behind B1 investigation equipment in dry or wet conditions

Test results

L
Verification test of travelling ability Mockup of remaining B1
- . - - W investigation equipment
. Direction Travelling ability .
Grating : :
No. condition of V\(I.red. ergles.s
movement| specification | specification
1 Forward Pass Pass : ;
Dry SRR Telescopic rod
2 Backward Pass Pass et 3 transfer cart
3 Forward Pass Pass
Wet Cable drum
4 Backward Pass Pass transfer cart

test (wired specification) equipment (wired specification)
® The telescopic rod transfer cart was able to traverse the mock left-behind B1 investigation equipment in both dry and wet conditions.
® To simplify the procedure assuming actual equipment, the mock left-behind B1 investigation equipment was traversed while the cable for the
wired drone was fed/wound only at the telescopic rod tip. (The cable at the rear of the equipment was assisted by hand, since it's expected
that there will be a cable assistance device.)

_—
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6.

(2) Development of the bottom access investigation method (drone)

Implementation details

(Supplemental explanatory material) Results of functional verification tests for FY2022 (telescopic rod transfer cart)

Test (b)-@: [Rod extension/retraction test] Combined

Test (b)-®: [Passage performance verification test]
Test (b)-®: [Composite cable feeding/winding test (linkage with rod extension/retraction »

Wired specification: Test (b)-@, ®, ®, @ and
Test (c)-@
Wireless specification: Test (b)-@ and &

operation)
Test (b)-@: [Composite cable feeding/winding test (linkage with cable drum)]

Test (c)-@: [Composite cable feeding/winding test (linkage with telescopic rod)]

® The above five tests were conducted for each of the above combinations of wired and wireless specifications

using the following provisional procedures for actual equipment, which were determined based on
preliminary verification tests.

Rod extension/retraction: Provisional procedures for actual equipment (wired specification)

No During extension During retraction
1 Extend rod by 1 m Retract rod by 1 m
2 Feed 1 m of cable from drum transfer cart Wind 1 m of cable with drum transfer cart
3 Extend rod by 1 m Retract rod by 1 m
4 Feed 1 m of cable from drum transfer cart Wind 1 m of cable with drum transfer cart
5 Extend rod by 1 m Retract rod by 1 m
6 Bring the cable back 0.5 m at the rod tip Wind 1 m of cable with drum transfer cart
7 Extend rod by 1 m Retractrod by 1 m
8 Bring the cable back 0.5 m at the rod tip Wind 1 m of cable with drum transfer cart
9 Extend rod by 1 m Retract rod by 1 m
10 Feed 3 m of cable at the tip Wind 1 m of cable with drum transfer cart

Expected arrangement of actual equipment

For the wireless system, there is no interaction with cables and only a simple extension/retraction operation,

so the procedures are not explicitly stated.

TRID
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6. Implementation details N0.96

(2) Development of the bottom access investigation method (drone)
(Supplemental explanatory material) Results of functional verification tests for FY2022 (telescopic rod transfer cart)

[ROd eXtenSIOI’l/I‘etI’aCtl on teSt (1/3)]* *Wired specification: Tests (b)-@, ®, ®, @, and (c)-@ were conducted

simultaneously.
Wireless specification: Tests (b)-@ and ® were conducted simultaneously.

Telescopic rod transfer cart (wired specification / wireless specification), cable drum transfer cart (wired specification)

@ Extended and retracted the telescopic rod according to the provisional procedures for actual equipment, and measured the amount of time
needed for extension and retraction operations.

@ During extension, measured the amount of bending of the telescopic rod (the distance from the floor to the center of the rod pipe) at every 1 m
from the rear end of the equipment to the tip.

[Note]

* In consideration of the actual equipment for the wired specification, the test was conducted with the cable for the wired drone connected to the rod

tip.
+ Theinitial feed rate was setat 5 m.

Test method

+ Time needed for extension and retraction operations

+ The amount of bending of the telescopic rod for every meter from the rear end of the equipment to the tip (the distance from the floor to the center
of the rod pipe)

« Ability to pass through the TIP guide pipe (mock-up), which is a structure inside the pedestal

« Optimal initial rod angle during rod extension (see figure below)

+ Telescopic rod extension/retraction and linkage with cable drum during composite cable feeding/winding

Output/
Assessment
criteria

-

; £ TP
Telescopic rod transfer cart guide
(wired specification) pipe
Inner 7 ’

- ide of
a: Initial rod angle Shorit

e - - - -

518
s v V /
— 1000,

Rod extension/retraction combined test (wired specification)

I
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6. Implementation details

(2) Development of the bottom access investigation method (drone)

(Supplemental explanatory material) Results of functional verification tests for FY2022 (telescopic rod transfer cart)

[Rod extension/retraction test (2/3)]*

Test results (wired specification)

Rod extension/retraction combined test (wired specification)

. . . Linkage
Passability Rod extension/retraction
Test (b)-® and @,
(Test (b)-®) (Test (b)-@) ( Tési %_@) @
Initial rod J Distance from floor to center of rod pipe [mm]
No.| angle Amount off Amount Linkage with
1] Passage t'":jed of t'(;nz 1 m from | 2 m from | 3 m from | 4 m from | 5 m from rod Linkage with
capability ne;a e ne;e €0 | therear | therear | therear | the rear | the rear |extensionfretr| cable drum
or Or  lend of the|end of the|end of the|end of the|end of the|  action
extension [retraction| o4 rod rod rod rod
1 11.2 Pass 4 rzler:: 26(7 rzler:: 53 730 723 667 558 430 No problems | No problems
2 15.3 Unsatisfactory 4 rzg:: 8217 rsnelz 2 803 873 890 855 790 No problems | No problems
3| 143 | satistactory* [° ";g‘c 1517 ";g‘c 36 788 832 827 770 682 | No problems| No problems

The optimal initial angle at which the rod can pass through the TIP guide tube (mock-up), which is a structure inside the pedestal, is considered to
be the angle at which the rod tip is highest after extension, making it easier to check conditions in the upper part of the pedestal, and this angle was

confirmed to be 14.3° .

In addition, the time needed for extension/retraction at said initial angle was; extension: 5 min. 15 sec. / retraction: 7 min. 36 sec.

The difference in the amount of bending between the highest and lowest points was approximately 150 mm.

There were no problems with rod extension/retraction and linkage with the cable drum during composite cable feeding/winding, and 7 m of cable
could be fed/rewound by feeding the cable at the rod tip. However, the wired drone composite cable that had become loose during rod extension

*Although passable, the cable of the pan-tilt camera at the end of the rod came in contact with the TIP guide tube.

got caught on the structure, so the provisional procedures for actual equipment need to be revised.

*Wired specification: Tests (b)-@, ®, ®, @, and (c)-@ were conducted
simultaneously.
Wireless specification: Tests (b)-@ and ® were conducted simultaneously.

—@— Initial angle: 11.2°  —|nitial angle: 15.3°
Initial angle: 14.3°

1200

1000

D
o
o

pipe [mm]
D
8

0 1 2 3 4 5 6
Distance from rear end of rod [m]

Distance from floor to center of rod

Bending during rod extension/retraction
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6. Implementation details N0.98

(2) Development of the bottom access investigation method (drone)
(Supplemental explanatory material) Results of functional verification tests for FY2022 (telescopic rod transfer cart)

[ROd eXtenSIO n/retl’aCtI on teSt (3/3)]* *Wired specification: Tests (b)-@, ®, ®, @, and (c)-@ were conducted

simultaneously.
Wireless specification: Tests (b)-@ and ® were conducted simultaneously.

Test results (wireless specifications)

Rod extension/retraction combined test (wireless specification) —@—Initial angle: 10.8° .@—Initial angle: 15.3°
Passing Rod extension/retraction Initial angle: 14.1° Initial angle: 12.1°
performance )
(Test (b)-B) (Test (b)-@) , 1200
- Q.
Initial rod Distance from floor to center of rod pipe [mm] ‘S 1000
No. [ angle Amount of | Amount of 3 /—‘\‘
[ Passage time time Imfrom | 2mfrom | 3mfrom | 4mfrom | 5m from % 300
capability needed for | needed for | the rear the rear the rear the rear the rear >
extension | retraction | €nd of the | end of the | end of the | end of the | end of the ‘GE) 600
rod rod rod rod rod @
- . 2 E 400
1| 108 Pass 3min. 58 | 6min.54 1 748 750 709 617 495 = E
sec. sec. 3 500
2 15.3 | Unsatisfactory |19 MIN-28 |11 min. 231 4,4 948 1005 1010 987 £
sec. sec. S 0
3 141 | unsatisfactory | ”;g‘c' 4 | 8 "S‘;“C; 211 gos 870 894 861 795 8 o 1 2 3 4 5 &
. . = )
; ; = Distance from rear end of rod [m
4 | 121 Pass 6min.6 | 7min. 371 275 805 782 710 620 2 _ , _ ml
Sec. Sec. Bending during rod extension/retraction

® The optimal initial angle at which the rod can pass through the TIP guide tube (mock-up), which is a structure inside the pedestal, is considered to
be the angle at which the rod tip is highest after extension, making it easier to check conditions in the upper part of the pedestal, and this angle was
confirmed to be 12.1° .

® The initial angle is smaller than for the wired specification because there are no cables.

® |n addition, the time needed for extension/retraction at said initial angle was; extension: 6 min. 6 sec. / retraction: 7 min. 37 sec.

® The difference in the amount of bending between the highest and lowest points was approximately 185 mm.

|
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6. Implementation details N0.99

(2) Development of the bottom access investigation method (drone)
(Supplementary material). Results of functional verification tests for FY2022 (cable drum transfer cart)

Test (c)-@: [Tractive force verification test]

Target Cable drum transfer cart (wired specification)
@ Installed the equipment on the grating.
@ Operated the crawler forward and measured the tractive force using a spring scale fixed EE H
Test method opposite to the direction of movement. Equipment
@ The grating was dry or wet, and oriented in three patterns: vertical, diagonal, or horizontal (0°,  movement direction +* L +
45°, or 90° to the direction of movement) (see figure on the right). 90° 45° 0°

Output/Assessment
criteria

Actual value of crawler cable tractive force in dry or wet conditions

Test results . e
Tractive force verification test

: o o . ) P—— 500
® For grating angles of 0° and 90" , the tractive N Grating DlreCftlon Tractive force 0
0. 0 45
force of the cable drum transfer cart was greater Conditon| Angle [’] |movement [N] 400
in the dry condition than in the wet condition, 1 Forward 303 = e 7
regardless of the direction of movement. 2 0 Backward 204 ° 200 b |
5 o g . E o
® There was no significant difference in tractive 3 Forward 254 S S50 It . @ Dry (forward)
force between wet and dry when the grating angle .| PY 4 Sackward 84 £ ° Dry (backward)
2 S
was 45" . 5 % Forward 392 S 150 @ wet (forward)
° . , . =
The minimum tractive force in these N 6 Backward 343 100 Wet (backward)
measurements was about 215 N (conditions: wet /
. 7 Forward 264 50
90° /forward). 0
8 Backward 245 0
9 Forward 245 0 10 20 30 40 50 60 70 80 90
o] Y *® leackward| 274 Grating angle [']
11 % Forward 215
12 Backward 294 Tractive force verification test

_—
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6. Implementation details No.100

(2) Development of the bottom access investigation method (drone)
(Supplementary material). Results of functional verification tests for FY2022 (cable drum transfer cart)

.. - . * *Wired ificati : Test (b)- d test (c)-
Test (c)-@: [Driving performance verification test] e SO e e ooz

Target Cable drum transfer cart (wired specification)

@ The equipment made round trips on top of the grating. (The outward journey is forward and the return journey is backward.)
@ When maneuvering, controlled the device by camera footage only.

@ Checked maneuverability in dry and wet conditions.

[Note] Conducted as another project (mockup equipment for Detailed Investigation inside PCV)

Test method

Output/Assessment
criteria

Ability of the cable drum transfer cart to move on top of grating in dry or wet conditions without any problems

Test results

Driving performance verification test

No. Grat.|r.1g Direction of Maneuverability
condition | movement

1 Forward Pass Pass
Dry

2 Backward | Pass Pass

3 Forward Pass Pass
Wet

4 Backward | Pass Pass

Driving performance verification test

® Round trips were made without any problems.

® However, there were cases of wired drone cables getting tread upon, so the amount of cable feeding and rewinding for the wired
drones needs to be optimized.

| e
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6. Implementation details Ui No.101
(2) Development of the bottom access investigation method (drone)
(Supplementary material). Results of functional verification tests for FY2022 (cable drum transfer cart)

Test (c)-@: [Verification test of travelling ability]” *Test (b)-® and Test (c)-® were conducted

simultaneously.

Target Cable drum transfer cart (wired specification)

Placed the mock left-behind B1 investigation equipment on the grating and verified that it could be traversed both forward and

Test method backward.

Output/Assessment
criteria

Ability of the telescopic rod transfer cart to traverse the mock left-behind B1 investigation equipment in dry or wet conditions

Verification test of travelling

Test results

ability Mockup of remaining B1
investigation equipment

. S Travellin ili
No Grating | Direction of - aveting ab. vy
"| condition | movement Wired Wireless
specification| specification
1 Forward Pass Pass
Dry W LN Telescopic rod
2 Backward Pass Pass transfer cart
3 Forward Pass Pass
Wet Cable drum
Satisfactory N ) Vtran'sfer cart
4 Backward . Pass ; %
; SN
(*) When the cable drum transfer cart was moved backward to traverse X \ al
the B1 investigation equipment, the part that clamped the cable at the
rear of the equipment and protruded beyond the diagonal guide parts Verification test of travelling ability (wired specification)

sometimes interfered with the mock left-behind B1 investigation
equipment and prevented the cart from traversing the equipment.

® The cable drum transfer cart was able to traverse the mock left-behind B1 investigation equipment in both dry and wet conditions. However, the ease of traversing varied
depending on the condition of the cable and the condition of the mock left-behind B1 investigation equipment. This must be reviewed in more detail in future combined tests in
order to respond to various situations in application of actual equipment.

® All cameras mounted on the cable drum transfer cart were fixed cameras. Since it is difficult to check the cables during movement, a pan-tilt camera should be used in the actual
equipment, and the design should be improved to allow checking of cables.

® To simplify the procedure assuming actual equipment, the mock left-behind B1 investigation equipment was traversed while the cable for the wired drone was fed/wound only at
the telescopic rod tip.

(The cable at the rear of the equipment was assisted by hand, since it's expected that there will be a cable assistance device.)

— -
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6. Implementation details N0.102

(2) Development of the bottom access investigation method (drone)
(Supplementary material). Results of functional verification tests for FY2022 (cable assistance device)

Test (d)-@: [Tractive force verification test]

Cable assistance device (wired specification / wireless specification) Test results
Tractive force verification test
@ Installed the equipment on the grating. ,
@ Operated the crawler forward and measured the tractive force with NG Grating Tractive force
Test method a force gauge fixed opposite to the direction of movement. ' Grate Wetting [N]
@ Repeated the process with vertical, horizontal, or diagonal grating
orientations and under wet or not wet conditions. 1 Vertical 210
Output/ 2 Horizontal No 250
SEEEESENI Actual value of crawler cable tractive force (Target: 100 N) 3 Diagonal 190
criteria
4 Vertical 190
IGrating orientation: vertical I IGrating orientation: diagonal ] I Grating orientation: horizontal l S Horlzontal Yes 230
Direction of movement 6 Dlagonal 180
Direction of movement

® In all conditions, the target tractive force of 100 N
was exceeded.
- S - bbb 111 11l _ ® Tractive force was strongest when the grating
R4 e o 2 ‘ orientation was horizontal, and about 20 to 30%
! \ g 134 ) s . k
LN o - g] E weaker when vertical or diagonal.
R nyﬁ - ® Tractive force was about 10% weaker when the

13

s

“l
| U
1%
L
E oo

Conceptual drawing of the test

grating was wetted versus when not wetted.
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6. Implementation details No.103

(2) Development of the bottom access investigation method (drone)
(Supplementary material). Results of functional verification tests for FY2022 (cable assistance device)

Test (d)-®@: [Driving performance verification test (1/2)]

Target Cable assistance device (wired specification / wireless specification)

@ Performed crawler operations along the access route on the grating, made round trips on the access route.

WESE S @ The grating was either dry or wet. Guide pipe

Output/
Assessment
criteria

Ability to make round trips between the deployment point on the grating and the vicinity of the B1 investigation
equipment without problems in dry or wet conditions.

X-2 Pene

Access route

S

\ . Conceptual drawing of
access route

Conceptual drawing of the test

E_— S mwmwm————.,
l R‘I D ©International Research Institute for Nuclear Decommissioning




6. Implementation details No.104

(2) Development of the bottom access investigation method (drone)
(Supplementary material). Results of functional verification tests for FY2022 (cable assistance device)

Test (d)-®@): [Driving performance verification test (2/2)]

Test results ® Round trips were made without any problems.
® |t was confirmed that a 2-cable pushing maneuver is possible.
® \When two cables were vertically aligned on one side of the B1 investigation equipment, the device by itself

could not free the cables in a lateral direction.
® However, it may be possible to free cables if there is linkage to other equipment (drum transfer cart).

Maneuvering toward the B1 remnant

Freeing a cable overlap

Cable pushing maneuver

' D ©International Research Institute for Nuclear Decommissioning
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6. Implementation details No.105

(2) Development of the bottom access investigation method (drone)
(Supplementary material). Results of functional verification tests for FY2022 (cable assistance device)

Test (d)-®: [Cable grabbing performance verification test]

Cable assistance device (wired specification / wireless Cable grabbing performance verification test

specification) N Video
Cable placement Grab ability ifiabilit
@ Laid ®40 mm mock composite cables on both sides (left veriabiity
" and right) of the cable assistance device. Left side Pass Pass
Checked whether the feed rollers can grip the cables for ; ,
operations in each axis. Test Right side Pass Pass

@ Checked to see if the camera footage can be used to results

® The ability to grip the composite cables on the left
assess gripping of cables. t to grip b

and right sides of the equipment was confirmed.

® Although difficult, by raising and lowering the
camera, it was possible to assess gripping of cables
via camera footage.

(O]1116]0|7ARN Ability to grip the composite cables that are spread across
AN the grating on the left and right sides of the equipment, and
waE R ability to assess gripping of cables via camera footage

. 3 ®19 camera
- a/

Feed roller I

Mock composite
cables

onceptual drawing of gripping
of left side cable

Conceptual drawing of the test

Conceptual drawing of gripping of
right side cable

———
Conceptual drawing of cable
assistance device before operation

_—
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6. Implementation details No.106
(2) Development of the bottom access investigation method (drone)

(Supplementary material). Results of functional verification tests for FY2022 (cable assistance device)

Test (d)-@: [Cable feed force verification test (1/2)]

Cable assistance device (wired specification / wireless specification)

@ Laid ®40 mm mock composite cables on both sides (left and right) of the cable assistance device.

@ Gripped one of the cables with the feed roller.

=S nEhee 3 Fed cable and measured the feed force using a force gauge fixed in the direction opposite to cable feeding.
@ Repeated @ and @ under both wet and dry conditions for each cable gripping position.

(® Measured the cable clamping pressure and cable feed rate under each condition.

Output/ Cable feed performance (cable feed force*/ speed / clamping force)

*Target feed force: 100 N

Mock composite cables

Assessment
criteria

Conceptual drawing of gripping of =
Conceptual drawing of gripping right side cable
of left side cable

%
’eC,/.
7

_— T T e e
' Rl D ©International Research Institute for Nuclear Decommissioning



6. Implementation details
(2) Development of the bottom access investigation method (drone)

Cable feed force verification test

(Supplementary material). Results of functional verification tests for FY2022 (cable assistance device)

Test (d)-@: [Cable feed force verification test (2/2)]

Cable i
oo Feed force C;I;r;spL:rrwg Feed speed
ripping : N mm/s
bosition Wetting [N] [MPa] [ ]
Left side 112
No 0.4
Right side 118
Left side 123
0.4
Right side 114 125
Right side Yes 132 0.3
Right side 180 0.2
Right side 150 0.1

Cable feed force verification test (sand adhesion condition)

Table 1 shows that neither cable gripping position nor wetness had a significant effect on feed force. Furthermore, the clamping pressure with maximum

An additional feed test with sand(*) adhered to the cable was conducted and cable feeding was possible without any problems.

Cable i
— Feed force Clamping Feed speed
Gripping Sand [N] pressure [mm/s]
position adhesion [MPa]
Right side Yes 168 0.2 12.5
@ |In all conditions, the target feed force of 100 N was exceeded.
°
feed force was 0.2 MPa.
°
(*)Sand specifications: Powdered zeolite Z-13.
°

The equipment exhibited backward movement behavior during cable feeding, but it was possible to compensate by (on the spot gripping) maneuvering

the crawler.

Zeolite Z-13

Cable after
application of sand

TRID
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6. Implementation details No.108

(2) Development of the bottom access investigation method (drone)
(Supplementary material). Results of functional verification tests for FY2022 (cable assistance device)

Test (d)-®: [Rollover verification test]

Target Cable assistance device (wired specification / wireless specification) Test ® The device traversed the ®40 cable in a
results configuration prone to rolling (conceptual
@ Installed cable assistance device on the grating. drawing of test D), but did not tip over.
S R @ Perforrr_led opera_ltions in each axis and checked whether there ® Even if the device tipped over, if it tipped
was a risk of rolling over. over at 90° or less, it could recover using
@ Checked whether the device can recover after rolling over. the sliding mechanism.

Output/
Assessment
criteria

* No risk of cable assistance device rolling over in each operation
+ Ability to recover after rolling over

| Conceptual drawing of |

<O 3(\9\8 | rollover angle and recoverzl
aank |
v A 20 B .
\ X5
' 'é? 70O
Y & i Y i
-@'3 g 551 J S
At W ¥y
34 ,
‘ - . : _ Center of

| 1 m/ ey
oy )/

Activation of
slide mechanism

@

After recovery

Conceptual drawing of the test
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6. Implementation details No.109
(2) Development of the bottom access investigation method (drone)

(Supplementary material). Results of functional verification tests for FY2022 (350A installation
equipment)

Test (e)-®: [Bending load verification test (1/2)]
Installation equipment (wired specification / wireless specification)

@ Placed equipment (40 kg) on the scoop section.
IS T NEGRGN @  Turned the bending pole and verified that bending operations were possible.
® Measured the maximum load torque of the bending pole.

Output/
AsEERlEle Bending ability with the weight of the investigation equipment (45 kg) on the scoop section.
criteria

onceptual drawing of pivot pole load torque
measurement

-~

Force gauge 1~ > \

Pivot pole

Bending
operatiog

Conceptual drawing
of bending operation

Direction of action

90°
Conceptual drawing of the test

I
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6. Implementation details N0.110
(2) Development of the bottom access investigation method (drone)

(Supplementary material). Results of functional verification tests for FY2022 (350A installation
equipment)

Test (e)-D: [Bending load verification test (2/2)]

® Bending movement with a 45kg load was possible.
Test results ® An additional test with 65 kg was conducted and there were no problems with
bending operations.
® The force on the pole was greatest when the bending angle was 10° .
Bending load verification test
Weight/s Bending Maximum load
No. [kg] angle torque
’ ] [N-m]
1 0 5.4
2 10 6.6
3 20 5.8
4 30 5.0
5 40 4.6
45
6 50 4.2 Lead
7 60 3.6
8 70 2.6
9 80 2.4
10 90 1.4
11 0 7.4
12 65 10 8.4
13 20 6.8
With 45 kg load With 65 kg load

_— -
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6. Implementation details No.111
(2) Development of the bottom access investigation method (drone)

(Supplementary material). Results of functional verification tests for FY2022 (350A installation
equipment)

Test (e)-@: [Cable feed force verification test (1/2)]

Target Installation equipment (wired specification / wireless specification)

@ Clamped the mock composite cables with the extrusion rollers of the installation equipment.

@ Turned the extruder pole and measured the extrusion force using a force gauge fixed opposite to the direction of extrusion.
IS EGeeE @ Measured the maximum load torque of the extruder pole.

@ Measured cable clamping pressure.

® Repeated the process for the conditions of left vs. right extrusion roller, composite cable diameter, and wetness.

Output/
ACEEERERIS| Cable feed performance (cable feed force / speed / clamping force)

criteria

Force gauge Conceptual drawing of extruder pole load
torque measurement
RO h Ol Ll -
= - .-‘.7: Y EE A S =
SR i N e ! VL
¥
!

Extruder poles D

Force gauge

Conceptual drawing of

%
W, 575

Conceptual drawing /6f the test
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6. Implementation details No.112
(2) Development of the bottom access investigation method (drone)

(Supplementary material). Results of functional verification tests for FY2022 (350A installation
equipment)

Test (e)-@: [Cable feed force verification test (2/2)]

Test results ® The test results show that the optimum clamping pressure is 0.3 MPa.
® The target feed force of 100 N was exceeded for both @40 mm and ®10 mm cables.
® There was no difference in feed force between the left and right extrusion rollers, and
there were no changes caused by conditions of wetness.
® The extrusion rollers need to be modified in order to firmly clamp ®10 mm cables.
® Improvements are needed as the cables are not easy to install and remove.
Cable feed force verification test
Cable Feed | Clamping| Maximum
No Cable used Griopin . force pressure | load torque Remarks
postion | Weting | NI | “(MPa] | [Nm]
1 Right side 75 0.1
2 40 mm Right side No 73 0.2 70 Investigate optimal
3 nght side 84 0.3 ' Clamplng pressure
4 Right side 50 0.4
5 Left side 8 0.1 0.4 The cable was smaller
- in diameter than
6 9.5 mm Left side No 10 0.2 1.0 expected and could not
7 ' Left side 10 0.3 1.0  |be clamped firmly, so.
there was no change in
8 Left side 10 0.4 1.0 feeding force.
9 Left side No 87 7.0 _
10 Right side 80 7.0
11 D40 mm Left side v 89 7.0
- - es
12 Right side 100 9.0 l ®40 mm mock cable
13 Right side 170 0.3 14.0
14 Right side 10 0.6
9.5 mm - Yes
15 Left side 9 0.8
16 ©9.5 mm Left side 100 6.8 Conducted by clamping
(Wrapped with , No with tape wrapped Space is tight and cable
17 tire tape) Left side 168 8.8 around the rollers i%stallatio% is difficult.
Installing ®40 cable

| _
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6. Implementation details N0.113
(2) Development of the bottom access investigation method (drone)

(Supplementary material). Results of functional verification tests for FY2022 (350A installation
equipment)

Test (e)-®): [Cable feeding operations verification test]

Installation equipment (wired specification / wireless specification) Test results ® The ability to extrude two cables was confirmed.

® \When bending the scoop, there were incidents where
the cables got caught at the base of the scoop.

® The cable deviation prevention plate needs to be
modified to prevent the cables from getting caught.

@ Clamped the mock composite cables on the left and right sides of
the installation equipment with the extrusion rollers on the left and

Test method right sides, respectively.

@ Turned the extruder poles and checked the ease of feeding two
cables (®40 mm, ®10 mm).

Output/
ARl Ability to feed two cables at the same time without difficulty
criteria

Mock ®40 mm cable

Place where cables
got caught

Cable deviation
prevention plate

Mock ®40 mm composite
cable

Conceptual drawing of 2-cable
extrusion

Conceptual drawing of the test

_—
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6. Implementation details m

(2) Development of the bottom access investigation method (telescopic pipe)

<Implementation details up to FY2021>
Prototype telescopic access equipment with a total of 14 stages was manufactured as the bottom
access investigation method for Units 2 and 3, and elemental tests were conducted. The function of
telescopic access equipment was evaluated as feasible.

<Summary of implementation in FY2022>
Review the development plan based on the results of elemental tests conducted in FY2021, and
proceed with study of each of the issues identified.

<Implementation details for FY2022>
- Review the development plan and identify issues based on the results of elemental tests
conducted in FY2021
- Examination of proposed countermeasures to address issues
- Study of test plans to confirm proposed countermeasures and their effects
- Test to verify the effects of countermeasures

Note: Terms used in this document are defined as follows.
- Telescopic access equipment: A complete set of equipment consisting of telescopic pipes, winders,
investigation equipment, etc.
- Telescopic pipe: A telescopic pipe forming a component of the above equipment

I
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6 Implementatlon details m No.115

(2) Development of the bottom access investigation method (telescopic pipe)
1) Summary of FY2021 results (1/2)

- Conceptual design and elemental tests were conducted to address development issues, including
studies on interfacing with arm-type access equipment.

- A study was conducted on countermeasures to the issues of high leakage and sliding resistance at
the sealing section identified in a simplified test conducted in FY2020 using a 3-stage telescopic
pipe. Improvements to the roughness of the pipe’s inner surface were reflected in the device
specifications. A simplified test using a 3-stage telescopic pipe was conducted and verified the
effects of the proposed countermeasures.

Full retraction Full extension

Drawing of access using telescopic pipe Simplified test using a 3-stage telescopic pipe

I
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6. Implementation details Units 2and 3 NIRRT
(2) Development of the bottom access investigation method (telescopic pipe)

1) Summary of FY2021 results (2/2)

- Elemental tests were conducted to evaluate the feasibility of the full 14-stage access equipment.
The function of telescopic access equipment was evaluated as feasible.

Full extension

2nd stage extension
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6. Implementation details m

(2) Development of the bottom access investigation method (telescopic pipe)
2) Steps of “conceptual study of bottom access and investigation equipment”

FY2020 FY2021 FY2022

ormulation of bottom access/investigation onceptual study of bottom access onceptual study of bottom access
DF lat f bott / tigat @c tual study of bott ®C tual study of bott
plan and development plan for and investigation equipment and investigation equipment
access/investigation equipment <Conceptual design / Elemental testing>
Drafting of investigation plan ». (a) Factor analysis of issues Drafting of development plan
(Examination of applicable A A A AR A A AR AP A AR A AR v (Review of development
technologies) . * issues)
: (b) Examination of proposed :
v : . countermeasures :
) : Examination of proposed
Drafting of development plan : SRR /A . countermeasures to address
(Identification of i (c) Tests to verify the effects & development issues
development issues) : : of proposed countermeasures * +
v E :¢---za)-ciéhiééb-tu-all-éfa-dyiéﬁa----: E Tests to Ve“fy the effects of -
FFLILTY = simplified tests for i : proposed countermeasures
|mp|ementation of S|mp||f|ed EE anmnnan d- .e.\/.@l(.)ﬂm.e.rlt..'.s.s.lal.e.s. ------ o
tests T PP PPPP T PRPPIPE .
:: : (e) FeaSIbI|Ity testing usinga : ‘------------.---.-. ----------- manmannan » ‘-
. 3 14-stage telescopic pipe -4' : Fea5|b|l_|ty evaluation _
: ::  ANEEEEEEEEEEEEEEEEEFEEENEEEEEEEEEEEEEE * E (Thefunctlon Of telescoplc :
v access equipment) :
- .‘l lllllllllllll ) ll-'-' """""" ' """" 0‘ AN EE I NI NN NN NN NN NN A NN NN EEEEEEEEEEE .
L . : . (f) Feasibility evaluation :
Prappca@llty evalugtlon CRCLEERETES (The function of telescopic = l——
(Identification of new issues) : .
access equipment) :
\ 4
Investigation and : . . g
developmgent planning ltems covered in this document Determination of the method

S
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6. Implementation details
(2) Development of the bottom access investigation method (telescopic pipe)
3) Review of development plans (development issues and action policies)

No.118

Intermediate

No. | Major items items Minor items Development issues FY2022 action policy FY2022 test/action items
- Tip positioning accuracy
Verification of detailed - Arm deflection/oscillation “ .
Verification of|specifications of arm-type |- Range of motion in each axis plee s th? il (neteEsine i Sezls e . ) )
Equipment for |connection  |retrieval access - Transportable weight Retrieval” project for information conducive |Gather information from other projects
! accessing the |with the arm- |equipment - Arm external cable specifications i S i TN SREH TS
inside of the |type retrieval - Emergency action policy
pedestal access
equipment  |Verification of attachment |- Verification of feasibility of procedures/transport casks for |- Check the “Gradually Increasing the Scale of
and detachment method, | transfer in and out of the enclosure Retrieval” project for information conducive |Gather information from other projects
2 specifications - Methods of attachment and removal using Dexter to the study of equipment specifications
- Verification of bonding strength assuming a
3 Examination of basic - Structural feasibility under the dimensional constraints cylindrical pipe shape Bonded section strength verification test
structure imposed by use of arm-type retrieval access equipment - Verification of fabricability of aluminum pipes, |Partial fabrication of aluminum pipes
an alternative design for the telescopic pipe
- Joint connection accuracy (pipe tilt)
- Swaying during extension (investigation equipment section) |- Control of tilt behavior in the direction of the
anti-rotation rails during telescopic pipe
- Amount of tip deviation (looseness/deflection) during extension
. vertical extension - Control of looseness due to gaps between
Understanding - i f tili db Desk stud
4 extension/retraction - Verification of extension/retraction behavior when telescopic| P/P€S, prevention ortilting caused by gaps €sk study ) o
EEESS behavior pipe is tilted during emergency retraction (in 14-stage operation verification test
equipment  [Telescopic - Verification of extension/retraction motion when snagging | E€mergencies) o i
from inside thelaccess occurs (check extension possible when telescopic pipe - Evaluation of telescopic pipe behavior when
pedestal to  |equipment shagged and retraction possible when investigation the arm-type retrieval access equipment
inside the ~ |design equipment snagged) sways
RPV - Effects of adhered matter on extension/retraction behavior
- Required air pressure during extension
- Positioning control
Understanding unique - Sliding resistance between air gasket and telescopic pipe
5 characteristics of - Design study Desk study

extension/retraction
operations

- Sliding resistance of telescopic pipe rotation control guide

14-stage operation verification test

3

1D
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6. Implementation details
(2) Development of the bottom access investigation method (telescopic pipe)
3) Review of development plans (development issues and action policies)

No.119

Intermediate

No. | Major items items Minor items Development issues FY2022 action policy FY2022 test/action items
- Accuracy of wire tensile force measurement (whether slack
can be detected)
- Coordinated control of cable winding force and air pressure
during extension/retraction of telescopic pipe - Ensuring uniform drive torque for cable
6 Access Tel . Design of cable winding inding d ducti f cable tensil Desk stud
equipment elescopic | - hanism - Limit detection winding drums (reduction of cable tensile esk study
f inside the [2€C€sS - - force loss)
rom inside the | yuipment - Mechanical arrangement (X6 Penetration passage, arm
PeqSSttar: tORPV design interference)
inside the
- Pressure-resistant box design (approx. 0.1 MPa)
7 Design of posture - Mechanical arrangement (X6 Penetration passage, arm - Test manufacturing and evaluation of posture ngftﬁ;ziz?lnttégtl mechanism operation
adjustment mechanism interference) control mechanism Y P —— A
14-stage operation verification test
8 !Exterlqr d§5|gn O.f - X6 Pene, interference with reactor internals - Design study Desk study
investigation equipment
Cable design - Dlam_eter reduction (target: 6 or less) - Design study Desk study
9 - Tensile strength
s Sy Evaluation of noise caused by
Noise reduction method |- Noise during rotation when using slip rings (dosimeter) - Evaluation of noise caused by investigation T S E T e T
10 (\nvestioation Investigation equipment to dosimeter
> equipment  [Measures to prevent
equipment design : - Effects of water droplets and adhered matter, etc. on camera .
g matter adhering to . - Design study Desk study
; and lights
1 cameras and lights
- Verification of long-distance visibility when there is
Visibility machmery/_structures near _the camera (halgnon problem) - |n_1pact_ assessment of cumulative dqse ON | MOS camera irradiation test
12 - Understanding characteristics of vision quality loss due to video image due to CMOS camera irradiation
noise caused by radiation dose
- Evaluation of whether or not telescopic pipe
passage clearance and extension length can
be determined using the fixed-point camera
- Whether the camera on the investigation equipment and the | at the tip of the arm-type retrieval access
13 Operability  |Operability with camera camera on the wrist sectlon_can determine the operatl_onal equm_ent _ o _ Study of equm_ment_opera_tlon
situation, such as contact with a structure, and operation can|- Evaluation of investigation equipment procedures using simulations
be performed camera’s ability to determine whether an
Others opening can be passed through, and
whether it can determine the direction of
correction of telescopic pipe posture
—— . - Response to power cutoff (disconnection, etc.), control failure
Examination of items to ] . - :
Emergency » (software excursion), control line disconnection, etc. . . . . e
14 be expected in case of - oo L - Evaluation of behavior during earthquakes 14-stage operation verification test
response - What kind of events, such as seismic activities and

emergency

blackouts, should be expected?

1RID
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6. Implementation details m

(2) Development of the bottom access investigation method (telescopic pipe)
4) Details of implementation for FY2022 (1/3): ltems related to element verification

@ Verification of bonding strength assuming cylindrical pipe shape

- In FY2021, a bonding strength verification test was conducted on flat plates, and it was evaluated that there would be no shear failure
stress degradation in the bonded section within 72 hours under the expected environment.

- In FY2022, tests will be conducted to confirm adhesive strength in cylindrical shapes (test methods, etc., to be determined upon
consultation with partner manufacturers).

= Evaluated as having the necessary strength for equipment operation. (No.123 to 128)

@ Verification of fabricability of aluminum pipes, an alternative design for the telescopic pipe

- In FY2021, a test manufacturing and evaluation of the top three stages (stages 12 to 14) of aluminum pipe showed that the 13th stage
warped by about 0.3 mm and could not be retracted inside the 12th stage pipe, which presented a challenge in terms of fabricability.

- In FY2022, a further test manufacture of an aluminum pipe with 3 stages at the tip / 3 breaks at the base was conducted to address
the above issue, and the fabricability of the aluminum pipe will be re-evaluated. If there are prospects for fabricability, alternatives will
be reexamined.

= Determined that manufacture of aluminum pipes is possible (N0.129 to 132)

@ Evaluation of noise caused by investigation equipment to dosimeter
- In FY2021, as a noise evaluation of the slip rings, an evaluation of the noise caused to the dosimeter due to cable drum drive motor

operation was conducted, and found to be negligible.
- In FY2022, an evaluation of the noise caused to the dosimeter when combined with the investigation equipment will be conducted.
= Determined that noise is present but can be counteracted. (N0.133 and 134)

@ Impact assessment of cumulative dose on video image due to CMOS camera irradiation

- In FY2021, the vision quality of the CMOS camera was checked as part of the camera vision quality evaluation, and it was confirmed
that there was no difference in vision quality between the CMOS camera and the CCD camera.
However, it was confirmed that after irradiation, the video image was disturbed in low light intensity.

- In FY2022, another irradiation test of the CMOS camera will be conducted to confirm the accumulated dose at which the video image
disturbing event occurs.

= Confirmed that video image disturbance occurs at 1440 Gy and video stops at 1584 Gy to 2060 Gy. (No.135 to 139)

[ ST
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6. Implementation details m

(2) Development of the bottom access investigation method (telescopic pipe)
4) Details of implementation for FY2022 (2/3): ltems related to operations

(® Evaluation of whether or not telescopic pipe passage clearance and extension length can be determined using the fixed-point

camera at the tip of the arm-type retrieval access equipment

® Evaluation of investigation equipment camera’s ability to determine whether an opening can be passed through, and whether it can

determine the direction of correction of telescopic pipe posture
(No.140 to 149)

- In FY2021, a simulator was used to simultaneously acquire two simulated video images (object display and overhead view from a
fixed point) from a camera mounted on the arm-type access equipment for retrieval (fixed-point camera) and a camera mounted on the
investigation equipment (moving camera).

- In FY2022, a simulator will be used to check the field of view of the fixed-point camera and investigation equipment camera when the
telescopic pipe is retracted/extended and when it is tilted, and to study the operation method of the entire system.

T
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6. Implementation details W

(2) Development of the bottom access investigation method (telescopic pipe)
4) Details of implementation for FY2022 (3/3): ltems related to combined testing of the telescopic access equipment

@ Control of tilt behavior in the direction of the anti-rotation rails during telescopic pipe extension (No.150 to 156)
Control of looseness due to gaps between stage pipes, and prevention of tilting caused by gaps during emergency retraction (in emergencies)
(No.157 to 170)

- In FY2021, on the basis of elemental testing using a 14-stage telescopic pipe, the function of telescopic access equipment was evaluated as
feasible.
However, it was confirmed that the telescopic pipe tends to tilt in the direction of the anti-rotation rails located to the sides as it is extended, that if
looseness between the pipe sections is unbalanced in one direction, the tip deviation of the telescopic pipe is +144.7 to -218.3 mm (the direction
where the anti-rotation rail of the telescopic pipe is fixed is negative), and that during emergency retraction, when the pipe internal pressure is
reduced from the fully extended state, the telescopic pipe gradually tilts, and the 14th stage at the tip titles at least 5.5 degrees.

- In FY2022, after implementing countermeasures (e.g., changing the arrangement of the anti-rotation rails, reviewing components, etc.) to address
the above issues, elemental tests of the 14-stage telescopic pipe will be conducted again to evaluate the effectiveness of the countermeasures.

© Test manufacturing and evaluation of posture control mechanism (N0.171 to 173)

- In FY2021, an outline design of the posture control mechanism was conducted.

- In FY2022, a prototype posture control mechanism will be manufactured and elemental tests will be conducted in combination with the 14-stage
telescopic pipe to evaluate feasibility.

Ensuring uniform drive torque for cable winding drums (reduction of cable tensile force loss)

- In FY2021, in an elemental test of the 14-stage telescopic pipe, it was confirmed that the cable tensile force (motor drive torque) fluctuated
significantly in a short period of time and that the drive load may not be uniform due to imprecise assembly of the gears and drive shaft.

- In FY2022, after implementing measures to address the above issues, elemental tests of the 14-stage telescopic pipe will be conducted again to
evaluate the effectiveness of the countermeasures.

= Improvements were made and the countermeasures were evaluated as effective. (N0.174 and 175)

(D Evaluation of telescopic pipe behavior when the arm-type retrieval access equipment sways

- In FY2021, the rigidity of the telescopic pipe against horizontal loads was confirmed, but no evaluation of the telescopic pipe’s behavior when the
arm-type access equipment sways was conducted.

- In FY2022, the natural frequency of the 14-stage telescopic pipe will be measured to confirm that it does not resonate when combined with the
arm-type access equipment. In addition, the behavior of the 14-stage telescopic pipe when it sways will be confirmed by using the posture control
mechanism scheduled to undergo test manufacturing.

= Measure sway period. (N0.187 and 188)

_— -
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6. Implementation details m
(2) Development of the bottom access investigation method (telescopic pipe)

5) Investigation details @ Verification of adhesive strength assuming cylindrical pipe shape

O Background
- For the bonding strength evaluation in FY2021, a bonded section fracture test was conducted on flat plates with

reference to 1SO.
- However, the bonding of the telescopic sections is at the cylindrically-shaped part, so tests will be conducted to

check bonding strength on the cylindrical components.
3. Lower pipe/top ring The red line is the bonding point.

Topring Collar Piston Rail
l Lower pipe _ )
Upper pipe )| 4. Lower pipe/top ring

1. Upper pipe / piston

2. Upper pipe/ collar

Configuration Pushing jig Test method
(SKDII) ’
O Test system cere O Shear failure state Test piece
) e —— Aluminum
> Bonding . (A5056: P —

assumed top ring)

fractur \ }
surface R &/
-— CFRP pipe

[- Testing machine chuck

Bonding - Receiving jig
surface = \ (S500)
2mm Vs '
2mm

45mm : No7 No8 No9

Shear failure test results after 24 hours
Tension direction  of exposure at 7200 Gy of cumulative
irradiation, 50° C, and 95% humidity
Testing system for FY2021 Testing system for FY2022

_—
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6. Implementation details m

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details @ Verification of adhesive strength assuming cylindrical pipe shape

O Test plan study: Influence of pipe shape (diameter: bond width)

- For the 14-stage telescopic pipe, the bonding area differs for each stage where bonding is used, from a
maximum inner diameter of ®90 (2nd stage) to a minimum inner diameter of 30 (14th stage). Since the
bonding strength depends on the bonding area, the bond length (lap length) and the bond width (pipe diameter)
were examined.

- The results from the aluminum plate test piece confirmed that the bond strength depends on the bond length
(lap length) and is not affected by the bond width (pipe diameter) (based on reference data from a partner

company). '

Bonding strength evaluation is performed under two conditions: maximum inner diameter ®90 (2nd stage) and minimum inner
diameter ®30 (14th stage).

Lap length: 5 mm Lap length: 12.5 mm

Load (displacement)

50

W
o

‘W | Aluminum

I
<

=

[

Bond width: 18 mm

®

w
o
¥
e

gth (MP

Stress
observation
~  direction

- Bonding agent

N
(=
/
]
N
o
-
-]

Lap
length

strength (MPa)

stren
[

Converted adhesive
&
Converted adhesive
strength (MPa)

Converted adhesive

—
o

—
o
-
(<

T Aluminum

0 5 10 15 20 ) 0
Lap length (mm) 0 20 40 60 80 100 10 15 20 25 30
Test with constant bond width and varying lap length  Bond width (mm) Bond width (mm)

“Fixation

Test with constant lap length and varying bond width
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6. Implementation detalls m No.125

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details @ Verification of adhesive strength assuming cylindrical pipe shape
O Test plan study: Pipe shape bonding evaluation proposal

\

¢

/

\
diamel{er: 92
/!

. 4
ol
/ /
. /s

Aluminum part v

(assumed top ring)

Note: 1st stage is aluminum pipe with no bonded section
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6. Implementation details

N0.126

(2) Development of the bottom access investigation method (telescopic pipe)

5) Investigation details @ Verification of adhesive strength assuming cylindrical pipe shape

O Test plan study: Stress analysis of bonded parts

- Stress analysis was conducted of bonded parts in the 2nd and 14th stages.

- The strength of the CFRP pipe/aluminum parts is stronger than the maximum stress of the adhesive material of
30.2 MPa (result of previous fiscal years), so it was evaluated that the adhesive strength can be evaluated.

Pushing jig| Protrudin

Load 12.3 kN

Maximum
stress 30.0

' MPa

Bonding agent

L stress distributior \ .

Bon
layer

Aluminum stress distribution

Maximum stress
32.7 MPa

CFRP pipe stress distribution

Maximum

stress 109.8
MPa

The maximum stress generated is 32.7
MPa compared to the A5056 proof stress
of 150 MPa, so bonding strength can be
measured without any problem with this
test piece shape

The maximum stress generated is 109.8
MPa compared to the CFRP strength of
603 MPa, so bonding strength can be
measured without any problem with this
test piece shape

Pushing jig] Protruding | ©29.9 .
llllll Load 6.4 kN ‘ Bondlngl agent_ <
diameter 2 stress distributi
Outer ®31.4 .
diamet Maximum ]
stress 30.2
Pipe Inner 30 MPa '
diameter .
e | | Aluminum stress distribution CFRP pipe stress distribution
L
Wwall 1
thick
| L4
Bonding | Thickness | 0.15
layer I |
freceing | Hoe e | *° Maximum stress 33.7 MPa Maximum stress 96.4 MPa

The maximum stress generated is 33.7
MPa compared to the A5056 proof stress
of 150 MPa, so bonding strength can be
measured without any problem with this
test piece shape

The maximum stress generated is 96.4
MPa compared to the CFRP strength of
129 MPa, so bonding strength can be
measured without any problem with this
test piece shape

3

Stress analysis results for the 2nd stage

1D

Stress analysis results for the 14th stage
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6 Implementation detalils m No.127

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details @ Verification of adhesive strength assuming cylindrical pipe shape
O Required bonding strength of pipe

@ Top ring/pipe bonding section
Maximum pneumatic thrust: 636 N (0.1 MPa)
Bonding area: 4318 mm?
Required breaking strength: 2.4 MPa = (636 N/4318 mm2) X 18 (safety factor)

/ Top ring
Lower pipe

A_
=, 9

Piston

L¥

Upper pipe

Pipe thr.

@ Collar/pipe bonding section @ Piston/pipe bonding section
Bonding area is larger than top ring, so lower Not subjected to loads greater than the
load than @ sliding resistance

_—
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6. Implementation detalils | mNo.m

(2) Development of the bottom access investigation method (telescopic pipe)

5) Investigation details @ Verification of adhesive strength assuming cylindrical pipe shape
O Results of bonding strength confirmation test for pipe bonding sections
- Fracture strength was about 1/2 to 1/3 of that evaluated using flat plates.

- Although the ®90 piece showed a larger drop, the bonding strength was 5.9 MPa, which was confirmed to
exceed the required bonding strength of 2.4 MPa.

N

As such, it was determined that there was sufficient bonding strength required for equipment
operation, even when using a cylindrical shape.

d30 ®90
Plate Pipe Plate Pipe
Breaking stress
IMPal] 24.4 14.0 18.6 5.9
CFRP material CFRP material CFRP material CFRP material
Fracture mode
fracture fracture fracture fracture

Fracture
interface

A layer of
) " CFRP remgins
~onthe AL
surface

- CFRP remains

on the AL
surface

CFRP Type 1

s b - . -
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6. Implementation details
(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details 2 Verification of fabricability of aluminum pipes, an alternative design for the
telescopic pipe
Consideration of adopting aluminum as an alternative pipe material

No0.129

Report for FY2021

Main target specifications CFRP (inner and outer UD Aluminum (A7075) Remarks
surface)
Pipe outer diameter @100 (1st Stsatggze;o ®35 (14th Manufacturable Manufacturable
Since manufacturing issues were expected with the CFRP pipe, test
. 431.5 mm (1st stage) to 658.2 manufacturing using aluminum for the 3 stages at the tip was
Pipe length mm((l ath s?ag) e) Manufacturable Manufacturable conducted as an alternative
Number of pipe stages 14 Manufacturable Manufacturable Aluminum is difficult to manufacture with 1 mm wall thickness, and
. . Difficult to guarantee shape [only one company accepted the order under the target precision
Pipe wall thickness 1 mmorless Manufacturable tolerance conditions (test machining), so the evaluation was performed on a test
Outer diameter tolerance +0.2/0mm Manufacturable Manufacturable m:pntg%?gioo{oaqgg)p'pﬁ-éﬁm% }gtgf facn(:t%gtrr;;tkaegre'g;dmr;er:g CERP
. . | , Wil Wou ITTICU 1gIa usi .
Fabricability Difficult to guarantee precision This resulted in approx. 0.3 mm warping in the 13th stage, which
) H9 After manufacturing at +0.4/0 prevented full retraction into the 12th stage.
Inner diameter tolerance 1st stage: ®95 +0.087 to 0 | mm, match up the components Manufacturable
13th stage: ®35 +0.062 to 0 | that join together (pistons, etc.) The aluminum telescopic pipe (1F2_investigation inside the PCV (A2))
in order to adjust dimensions manufactured previously has a wall thickness of 2.5 mm. With this
Difficult to machine thickne_ss, if the maximum oute_r d[ameter is less than <_1>100, only a 7-
Straightness 0.1 mm or less Manufacturable 13th stage actual result: 0.3 [stage pipe can be formed and it will not be able to achieve the
mm required length when extended (access to the furnace bottom will not
Roundness 0.2 mm or less Manufacturable Manufacturable be possible)
Inner surface roughness Ra 3.2 or less 1.6 (actual result) 0.3 (actual result)
Tensile strength (axial Pipe stages 2 to 9: 796
direction) 100 MPa or more Pipe stages 10 to 14: 618 570
. . . CFRP: High-strength pre-preg cannot be used for stages 10 to 14
Tensile strength Pipe stages 2 to 9: 603 - - ; ’ -
(circumferential direction) 100 MPa or more Pipe stages 10 to 14: 129 570 it')selga\:\lljse of the small pipe diameter, so circumferential tensile strength
Strength CERP: Hi
. . : High-strength pre-preg cannot be used for stages 10 to 14
Safety factor_ (0.3 MPa 15 or higher Pipe stages 2 to 9'_ 45 38 because of the small pipe diameter, so the safety factor is low, but not
pressure resistance) Pipe stages 10 to 14: 20 low enough to be a problem
10 mm or less . . ) "
: Structural analysis assuming zero looseness (bonding condition) for
Deflection Looseness between stages 2.0 34 .9
not included each stage of the telescopic pipe
. ) . Investigation equipment not included
Weight  [14-stage weight 9kgorless 8.0 9.4 Includes scrapers, pistons, stopper rings, etc. in addition to pipes
Robust Cumulative dose resistance 7200 Gy or higher 7200 Gy or higher 7200 Gy or higher 3 days or more at 100 Gy/h
obustness
Wear/repeatability 1 or more surveys possible Evaluation required Evaluation required

TRID

Using aluminum is an issue in terms of fabricability (ease of machining)
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6 Implementation detalls m No.130

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details 2 Verification of fabricability of aluminum pipes, an alternatlve design for the
telescopic pipe
O Background
- In FY2021, a test manufacturing of the top three stages (stages 12 to
14) showed warping of about 0.3 mm at the 13th stage. When stages :
12 to 14 were assembled, retraction of the 13th stage fell short by 14th stage pipe
about 140 mm.
- Since there was no warpage in the machining process, it was inferred
that the hard anodizing process performed after machining was the  pees
14th S%b

Retraction of the 13th stage fell short
by about 140 mm.

problem. .

O Countermeasures

Change hard anodizing method to improve stability. 4
. . 13th stage pipe 7
Warping occurs M “ Fu
in the 13th stage =~ ——— | — 12th stage pipe
0.34mm
, : Outer , : :
Inner diameter | Inner diameter : Outer diameter | Straightness | Straightness
target (mm) result (mm) diameter result (mm) target (mm) result (mm)
target (mm)
;,2;2 stage @40 +0.062/0 | Pass | ®40.05 ®42+0.1 Pass | ®41.98| 0.lorless | Pass Ol'elsgr
;?;2 S129¢ | $35+0.062/0 | Pass | 35.03| ©37:0.1 | Pass|®37.02| Olorless | Fail | A0
;i“ptg Stade | 130 +0.052/0 | Pass | 30.03| ®32+0.1 | Pass|®32.04| 0.1orless | Pass Ol'elsgr

_— T s R e —————=—=
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6. Implementation details m

(2) Development of the bottom access investigation method (telescopic pipe)

5) Investigation details 2 Verification of fabricability of aluminum plpes an alternative design for the
telescopic pipe @ @

O Background Ho : :
- For the small-diameter stages 12 to 14, countermeasures involving — |+ ! : '

changing the hard anodizing method appear promising.
- However, the 2nd and 3rd stages are thin-walled and large in

diameter, making machinini difficult.

O Countermeasures

- For this reason, the 2nd and 3rd steps were prioritized for test
manufacturing.

- The same processing method used for the small diameter pipe 000
resulted in a 0.02 mm expansion of the pipe ends and a variation i > 3
in the difference in inner diameter between the two ends and the 020 |
center of the pipe. To eliminate residual stress in the aluminum
material, machining was performed after the annealing
process, which allowed the inner diameter error between the two
ends and the center to be kept constant.

- After this, hard anodizing is performed.

Machining results after annealing treatment .
Before hard anodizing (anodizing thickness: 15 um assumed)

No annealing BX

0,15 |
| Target
[— S—

010 4 = - ——

Internal diameter
error (mm)
1

(.05

With annealing

015 |
| Target

010 |+ 4

Internal diameter
error (mm)

0os

Inner diameter | Inner diameter _Outer Outer diameter | Straightness | Straightness
target (mm) result (mm) diameter result (mm) target (mm) result (mm)
target (mm)
2nd stage P90 0.1or
bipe +0.12/-0.03 Pass| ©90.12 ©92+0.1 Pass | ®91.95| 0.lorless |Pass less
3rd stage P85 0.1or
pipe +0.12/-0.03 Pass| $85.07 ®87+0.1 Pass | $86.95| 0.lorless |Pass less

©International Research Institute for Nuclear Decommissioning
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6 Implementation detalls m No.132

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details 2 Verification of fabricability of aluminum pipes, an alternative design for the
telescopic pipe
O Confirmation of aluminum pipe assembly
- Operation was checked manually by assembling the manufactured aluminum pipes and it was verified that they
extend and retract without any snagging.
» It was determined that manufacture is also possible using aluminum pipes.

|

2nd and 3rd stages (extended state) 12th to 14th stages (extended state)
IRI D " ©lInternational Research Institute for Nuclear Decommissioning




6 Implementation detalils m No.133

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details @ Evaluation of noise caused by investigation equipment to dosimeter

O Purpose

- Since the dosimeters used need to transmit minute currents of several pA, they are considered relatively
vulnerable to leakage currents generated at mechanical contact points such as connectors and slip rings, and
noise due to crosstalk from motor cables included in the composite cable. For this reason, tests to confirm the
effects of noise will be conducted and noise reduction methods will be studied.

- In FY2022, the noise when combined with the investigation equipment will be evaluated. (Noise from slip rings
during motor operation evaluated in FY2021)

O Test plan

- Connect the dosimeter elements to be used via composite cables and connectors equivalent to those used in
the actual equipment.

- Check the effect of noise on the dosimeter with the motor and camera connected to the composite cable.

] 3 : Dosimeter cable connector
Control panel section Investigation

; i i equipment section
Cable winder Telescopic pipe q___|_° ____________
controller i

Composite cable

- / = Slipring =

R Note: Connectors for components other than the dosimeter are omitted

I
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6. Implementation details No.134
(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details @ Evaluation of noise caused by investigation equipment to dosimeter

O Test results

(D Effect of leakage current
Leakage current value when the cable (including slip rings, etc.) is connected from the dosimeter controller to the investigation equipment
section
* The current value acquired at the controller side was evaluated with a simulated measurement signal (10 nA; equivalent to 20 [Gy/h])
output from the dosimeter
» Loss due to leakage current was confirmed to be 0.44 nA (equivalent to 0.9 Gy/h)
» Although an error of about 5% was observed, it was confirmed that the leakage current values did not vary significantly over
time
» It was determined that measures could be taken by preparing a calibration table in advance and anticipating the amount of loss

@ Effects of noise
Impact from components with signal lines placed on the cable assembly where the dosimeter cable is located was evaluated
« Drives cable drum motors, servo motors, and investigation equipment camera during data acquisition under conditions where the
dosimeter does not output a measurement signal
»  Noise of 35.7 nA (equivalent to 7.1 Gy/h) at peak value when driving cable drum motors and servo motors
»  Due to spike noise, measurement is not affected after motor operation is stopped

» It was determined that going forward, it will be possible to reduce the impact using a smoothing process, etc.

Amount of noise (standard Electromagnetic noise level during component operation
deviation) Noise level (peak value)
Unit: nA Moving Moving PRl

No smoothing average* No smoothing  average* _ 7‘ N
Control panel main T 1 \‘
power OFF 0.20 0.05 0.20 0.05 E ke H ]
Control panel main Z Spike noise |‘ ,l
power ON 0.65 0.05 0.65 0.15 £ \ I

o \ U
Drum motor operation 4.09 0.66 7.77 1.69 AN R4
-

Servo motor operation 5.71 0.89 35.66 3.15 Time [s]
Camera operation 0.44 0.10 0.44 0.44 vl OFF T pouerON o merepersien

Servo Motor operatione—— Camera operation

*Moving average time is 5 seconds

_— S
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6. Implementation details m

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details @ Impact assessment of cumulative dose on video image due to CMOS camera irradiation

O Background
- Radiation resistance evaluation conducted in FY2021 confirmed that video images could be output even after

irradiation of 1600 Gy.
However, it was confirmed that after irradiation, the video image was disturbed in low light intensity.
Depending on the filming conditions, such as viewing a distant target, this phenomenon may occur, and there is a

possibility that the target will not be seen.

Lighting conditions: Laboratory lighting (36 1x) Lighting conditions: Laboratory lighting (36 Ix) Lighting conditions: Camera lighting (570 Ix)
Before irradiation After irradiation (total cumulative dose of 1600 Gy or more)
O Purpose

- ldentify the accumulated dose at which the video image is disturbed.
- The accumulated dose (survey time) at which the image is disturbed will be reflected in the survey plan.

_—_— -
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6. Implementation details

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details @ Impact assessment of cumulative dose on video image due to CMOS camera irradiation

O Test outline

No0.136

- Irradiation is performed at a constant dose rate, and the irradiation is stopped at regular intervals to check the
images by changing the lighting intensity, object distance*, and other filming conditions, and the accumulated
dose when the images are disturbed is recorded.

*The gain (brightness amplification rate) is changed by changing the area of the object in the image.

Irradiation
~ Y L )
60 min. 20 min.
Proposed test schedule
Monkoring - Disance o
At N serme) 7

e = Source

* e

ccu 5

—

1=

Lighting
controller

Filming distance Test chart or
_ﬂ‘ test piece
Lk

ﬂ

Lighting

*Camera Control Unit

TRID

Proposed system for radiation
resistance testing

- --- Conducted repeatedly

Conceptual image of test system
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6. Implementation details | units 2and 3 NS

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details @ Impact assessment of cumulative dose on video image due to CMOS camera irradiation

O Test result: New CMOS camera
Total dose at which image disturbance (color change) was observed: 1440 Gy
Cumulative dose at which the image stopped: 1584 Gy

Image

Cumulative 1584
Gy partway
through 6th
irradiation

Cumulative 1152 | Cumulative 1440
Before irradiation Gy after 4th Gy after 5th

Cumulative 1728
Gy after 6th

irradiation irradiation irradiation

HE Ei HEE ki

I-B-IH lg‘.ll ]

External
lighting
Approx. 650 Ix

External
lighting
Approx. 20 Ix

Note: LEDs are normal, no abnormal heat generation in camera

_— :
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6. Implementation details W

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details @ Impact assessment of cumulative dose on video image due to CMOS camera irradiation

O Test results: CMOS camera irradiated to 1600 Gy (used in the test conducted in the previous fiscal year)
Cumulative dose at which the image stopped: 2060 Gy Image stopped during 2nd irradiation (after 1 h 40 m)

After that it reappeared and stopped several times, but
eventually the output remained frozen

Before irradiation After 1st irradiation | After 2nd irradiation
Cumulative dose: 1600 Cumulative dose: Cumulative dose:
Gy 1888 Gy 2176 Gy

External lighting
Approx. 650 Ix

External lighting
Approx. 20 Ix

*Image cut-off status
After 2nd.|rrad.|at.|on (cumula‘qve 2176 Gy): Image stopped . *Turning the power on
After 3rd irradiation (cumulative 2464 Gy): Image not restored even after turning the power back on.  gnd off tried.

After 5th irradiation (cumulative 3040 Gy): Image restored after turning the power back on. However, stopped after
about 10 seconds.

7th irradiation (cumulative 3616 Gy): Image not restored even after turning the power back on.

3
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6 Implementation detalils m No.139

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details @ Impact assessment of cumulative dose on video image due to CMOS camera irradiation

O Summary
The cumulative dose at which the video stopped was 1584 Gy for the new product and 2060 Gy for the

old product, showing differences depending on the individual unit.
Disturbances (color changes) in the image were confirmed at around a cumulative dose of 1440 Gy.

Image disturbance Imaae stopped
(color changes) : o

Unirradiated camera 1440 Gy 1584 Gy

(Confirmed after
completing the test in
previous fiscal year)

Camera irradiated with
1600 Gy in the previous
fiscal year

2060 Gy
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6. Implementation details W
(2) Development of the bottom access investigation method (telescopic pipe)

5) Investigation details
(® Evaluation of recognition by arm fixed-point camera of telescopic pipe passage clearance and extension amount

® Evaluation of investigation equipment camera’s ability to determine whether an opening can be passed through,
and whether it can determine the direction of correction of telescopic pipe posture

O Background
* In FY2021, a simulator was used to simultaneously acquire two simulated video images (object display and

overhead view from a fixed point) from a camera mounted on the arm-type access equipment for retrieval (fixed-

point camera) and a camera mounted on the investigation equipment (moving camera).
* In FY2022, a simulator will be used to check the field of view of the fixed-point camera and investigation equipment
camera when the telescopic pipe is retracted/extended and when it is tilted, and to study the operation method of

the entire system.

& Moving camera

Perspective 4 &

Telescopic pipe +
moving camera

! ‘ ‘ \
e
: Moving camera image
Image

I
©International Research Institute for Nuclear Decommissioning

Fixed point
camera
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3D model of the structure used




6. Implementation details No.141
(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details
(® Evaluation of recognition by arm fixed-point camera of telescopic pipe passage clearance and extension amount
® Evaluation of investigation equipment camera’s ability to determine whether an opening can be passed through,
and whether it can determine the direction of correction of telescopic pipe posture

O Study policies
Examine the operational procedures of the equipment in using the telescopic access equipment to access
the anticipated hole location.

« The simulator is used to acquire simulated video images that anticipated to be obtained by the arm fixed-
point cameral/investigation equipment camera when positioning relative to the hole. In addition, a simulated
video image obtained in the case of misalignment is acquired.

« The equipment operation procedures are reviewed based on the simulated video images obtained.

' D ©International Research Institute for Nuclear Decommissioning
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6. Implementation details W

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details

(® Evaluation of recognition by arm fixed-point camera of telescopic pipe passage clearance and extension amount
® Evaluation of investigation equipment camera’s ability to determine whether an opening can be passed through,
and whether it can determine the direction of correction of telescopic pipe posture

§° Moving camera - O X §F Fixed point camera =

— North Estimatéd [o][] posi\t%)n “‘ ¢ South —

Unit 2: Camera image with telescopic pipe retracted

|
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6. Implementation details Units2and 3 [NRRERY

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details

(® Evaluation of recognition by arm fixed-point camera of telescopic pipe passage clearance and extension amount
® Evaluation of investigation equipment camera’s ability to determine whether an opening can be passed through,
and whether it can determine the direction of correction of telescopic pipe posture

§° Moving camera - x §° Fixed point camera

insulation

Unit 2: Camera image with telescopic pipe extended 2000 mm from retracted state

e
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6. Implementation details | m

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details

(® Evaluation of recognition by arm fixed-point camera of telescopic pipe passage clearance and extension amount
® Evaluation of investigation equipment camera’s ability to determine whether an opening can be passed through,
and whether it can determine the direction of correction of telescopic pipe posture

§- Moving camera O . ¥ Fixed point camera

= The fixed point camera on the arm can only check approximate behavior of the telescopic pipe

= The presence of the investigation equipment at the center position of the opening is determined by whether the
center of the opening is at the center position of the camera image.

= The capability to determine the dimensions of the opening is necessary because the dimensions of the opening on

the actual unit are unknown.
[ -

=
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6. Implementation details W

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details

(® Evaluation of recognition by arm fixed-point camera of telescopic pipe passage clearance and extension amount
® Evaluation of investigation equipment camera’s ability to determine whether an opening can be passed through,
and whether it can determine the direction of correction of telescopic pipe posture

> . (S .
|+ Moving camera + Fixed point camera

-!

< North Estimated hole position ‘

Unit 2: Camera image with telescopic pipe retracted (tilted 2° to the west)
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6. Implementation details W

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details

(® Evaluation of recognition by arm fixed-point camera of telescopic pipe passage clearance and extension amount
® Evaluation of investigation equipment camera’s ability to determine whether an opening can be passed through,
and whether it can determine the direction of correction of telescopic pipe posture

P ) o
¢ Moving camera " Fixed point camera

Unit 2: Camera image with telescopic pipe extended 1000 mm from retracted state (tilted 2° to the west)

e
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6. Implementation details W

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details

(® Evaluation of recognition by arm fixed-point camera of telescopic pipe passage clearance and extension amount
® Evaluation of investigation equipment camera’s ability to determine whether an opening can be passed through,
and whether it can determine the direction of correction of telescopic pipe posture

" Moving camera 7" Fixed point camera

insulation

\d

>

7 " East

Unit 2: Camera image with telescopic pipe extended 2000 mm from retracted state (tilted 2° to the west)

' D ©International Research Institute for Nuclear Decommissioning

3



6. Implementation details W

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details

(® Evaluation of recognition by arm fixed-point camera of telescopic pipe passage clearance and extension amount
® Evaluation of investigation equipment camera’s ability to determine whether an opening can be passed through,
and whether it can determine the direction of correction of telescopic pipe posture

" Moving camera 7" Fixed point camera

i

Estimated hore‘ ‘
position F N

Unit 2: Camera image with telescopic pipe extended 3000 mm from retracted state (tilted 2° to the west)

T
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6. Implementation details W

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details

(® Evaluation of recognition by arm fixed-point camera of telescopic pipe passage clearance and extension amount
® Evaluation of investigation equipment camera’s ability to determine whether an opening can be passed through,
and whether it can determine the direction of correction of telescopic pipe posture

% Fixed point camera

2 ‘Moving camera

If the telescopic pipe is vertical

| & Moving camera " Fixed point camera

If the telescopic pipe is tilted 2° .

= Except in the case of a large tilt, it is difficult to determine the tilt from the image alone.
= A function is required to determine the inclination of the telescopic pipe itself.

l Rl D ©International Research Institute for Nuclear Decommissioning



6. Implementation details | m

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details
@ Control of tilt in the direction of the anti-rotation rails during telescopic pipe extension
Control of looseness due to gaps between stage pipes, and prevention of tilting caused by gaps during
emergency retraction (in emergencies)

O Background

- In the FY2021 test, it was confirmed that the 14-stage telescopic pipe tends to tilt in the direction of the anti-rotation
rails located to the sides during extension, that if looseness between the pipe sections is unbalanced in one
direction, the tip deviation of the telescopic pipe is +144.7 to -218.3 mm (the direction where the anti-rotation rail of
the telescopic pipe is fixed is negative), and that during emergency retraction, when the pipe internal pressure is
reduced from the fully extended state, the telescopic pipe gradually tilts, and the 14th stage at the tip titles at least

5.5 degrees. 218.3mm 144.7 mm

Full extension Amount of tip deviation caused by
tilting due to looseness

=
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6. Implementation details m

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details

@ Control of tilt in the direction of the anti-rotation rails during telescopic pipe extension
O Purpose

The feasibility evaluation test of the 14-stage telescopic pipe in FY2021 confirmed that the -
telescopic pipe tends to tilt in the direction of the anti-rotation rails. During the test, the
telescopic pipe was found to be mounted with a 0.1° tilt in the direction of the rails. However,
when converted to the amount of deviation at the end of the telescopic pipe when fully
extended, the tilt was about 10 mm, so it was determined that the tilt would have no effect on
the extension behavior, and the test was conducted with the telescopic pipe mounted in this
condition.

It is estimated that the factors that cause the telescopic pipe to tilt toward the anti-rotation
rails include the mounting angle of the telescopic pipe and the presence or absence of the anti-
rotation rails. Therefore, in order to examine measures to deter tilting, verification was first
performed on the FY2021 equipment and test system regarding the reproducibility of the tilting
behavior identified in the previous year, as well as its dependence on the layout of the rotation
control rails and the mounting angle of the telescopic pipe.

O Test plan

- Anti-rotation rails direction:
Verify reproducibility of the Checking to see if tilting toward the anti- (D Same orientation as during the FY2021 test
FY2021 test rotation rails is reproduced.  180° from the orientation of M

- Mounting angle: vertical

extended

- Anti-rotation rails direction:
Same orientation as the FY2021 test
- Mounting angle: 0.1° inclination on the opposite side of the anti-

Verification of tilt direction Check to see if slight inclination is a factor in
2 when telescopic pipe is determining the direction of tilt in one

slightly inclined direction. rotation rails
Evaluate whether the tilt of the telescopic
Verification of tilt pipe can be suppressed by evenly arranging . : T . , o
3 suppression effect when  the anti-rotation rails, which were previously i’ﬁ‘g:;ﬁfﬂgn EllE GlrEElians Let sl i 2 Sl [ZEliEn &t 2t
the layout of the anti- laid out in a single direction, and confirmthe _\,° 0 o0 e rtical
rotation rails is changed arrangement pattern that can best suppress g angie.
the tilt.

| =S
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6. Implementation details m

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details
@ Control of tilt in the direction of the anti-rotation rails during telescopic pipe extension

O Test system

- As in the FY2021 test, scaffolding was set up around the telescopic pipe and the telescopic pipe was made to extend and retract. The
telescopic pipe’s direction of tilt and the amount of tip deviation were determined by measuring the distance between the pipe and
plumb lines (strings) placed at two locations in the +x and -y directions relative to the pipe.

- The telescopic pipe was mounted so that the 1st stage pipe was vertical (tilt measured at 90.0° in the x and y directions).

- The amount of tip deviation was measured three times when the telescopic pipe was extended up to the 7th stage pipe, where the
direction of inclination of the telescopic pipe could be determined, and once when the pipe was extended all the way to the 14th stage.

Plumb line for Plumb line for

= y-direction x-direction

= Plumb line Measurements,  / measurement

S Investigation _

Y Black circle: Telescopic pipe equipment '

c A== Gray: Cable winder mockup

= i : Positions plumb lines hung | Measurement

3 | position at 7th

3 \ stage
N extension

S

(S

o

o

(e}

e A= Measurement

S position at full

3 extension

2] (hidden until the
A4 14th stage is
AT | - extended)

E 14th stage pipe

S Cable winder

S ¥ /Mﬁ\ viewing window

Full diagram of the test system Definition of orientations (top-down view of test apparatus) Deviation measurement position

_—
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?. Implementation detalls mﬁ

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details

@ Control of tilt in the direction of the anti-rotation rails during telescopic pipe extension

O Test No.1: Verify reproducibility of the FY2021 test

To confirm that the telescopic pipe always leans toward the anti-rotation rails as it is extended, as in the FY2021 test, the telescopic
pipe was mounted vertically with high accuracy and tested under two conditions, one with the rails positioned in the -x direction and the
other in the +x direction, as in FY2021.

Amount of tip
Measurement deviation [mm

A.T“;;F)tatl.c,n (date 7th stage pipe  Full extension of d'r;—(l:ltt'on -\ Anti-rotation -
rails direction performed) extension 14 stages I I b i H f i
rails direction
ox Oy Ox oy
1st (Sep. 21, 2022) -17 24 — = -X, +y =
-xdirection  5ng oct. 21,2022) 2 11— @ — -y c b W B 5 b 5 % 2 & 4 & & % 8 5°} 5 % 5 & &
(Same orientation as * g _ y - . > - - S = E 7 T,
the FY2021 test) > >y
3rd (Oct. 28, 2022) -3 -17 -1 -128 -y &

1st (Nov. 8, 2022) 45 21 126 124 +X, +y

Nov. 11 results

drect M _, Anti-rotation
+x direction _ _ . . . i ' o
(opposite direction Areliten dhe 2022 | A0l e X, ty Measure the ‘ rails direction o b
from the FY2021 amount of s =
test) > it X X
3rd (Nov. 11, 2022) 4 - - , deviation at . . . . . .
rd (Nov e Ty each stage Rails: -x direction Rails: +x direction
(Same direction as FY2021) (Opposite direction from FY2021)
4th (Nov. 11, 2022) 42 40  — — +X, +y

Amount of tip deviation at 7th stage extension
Test results
- Along with pipe extension, there was a tendency for it to tilt in the x-direction toward the anti-rotation rails, and it never tilted in the
opposite direction to the rails. However, there was both plus and minus tilt in the y-direction, and the direction of tilting when the
pipe was extended was indeterminate and did not reproduce the direction of tilting in the FY2021 test.
- Even under the same conditions, the direction of tilt and the amount of tip deviation varied depending on the test date, but as shown
by the Nov. 11 results, with the rails positioned in the +x direction, the results were reproduced within the same test date.

| _
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6. Implementation details W

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details

@ Control of tilt in the direction of the anti-rotation rails during telescopic pipe extension

O Test No.2: Verification of tilt direction when telescopic pipe is slightly inclined

The results of test No.1 showed that the direction of inclination of the FY2021 test was not reproduced and was indeterminate.

It is possible that the pipe had a tendency to tilt toward the rail because the 1st stage pipe was inclined 0.1° toward the rail in the
FY2021 test.

Since in test No.1, the pipe never tilted to the side opposite the rails, in test No.2 the direction of tilt was evaluated by inclining the pipe
0.1° in the direction opposite the rails.

Amount of tip deviation [mm]

Rotation M t (dat .
control rails ERRIEMEUECEEE 74 stage pipe Full extension of | L
. . performed) ; direction
direction extension 14 stages
> o > o In all th ts, a tend t
o _ _ _ n all three measurements, a tendency to
X ‘?'retCtt'.O" : 1st (Dec. 2, 2022) 18 19 ) tilt in the +x direction, to which the pipe
Eﬁg?&%ﬂm 2nd (Dec. 5, 2022) 18 -17 - — +X, -y was inclined by 0.1° relative to the -x
test) 3rd (Dec. 5, 2022) 17 20 _ _ Sy direction in which the rails were located,

was identified.

Test results

- When the telescopic pipe was mounted vertically with high precision, the pipe did not tilt in the opposite direction of the anti-rotation
rails, but when it was mounted inclined 0.1° to the opposite direction of the rails, it tilted in that direction when extended. This indicates
that the direction of tilt of the telescopic pipe when extended is affected by the accuracy of the mounting posture. The reason that the
pipe tilted only in the direction of the rails in the FY2021 test may also be due to the inclination at the time of mounting.

_—
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6. Implementation detalls m No.155

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details

@ Control of tilt in the direction of the anti-rotation rails during telescopic pipe extension

O Test No.3: Verification of tilt suppression effect when the layout direction of the anti-rotation rails is changed

- The results of test No.1 show that as it is extended, the telescopic pipe tilts not only in the x-direction but also in the y-direction. The
evaluation was performed by placing the anti-rotation rails in a spiral arrangement with the orientation of the rails changing by 90° at
each stage, with the obiective of suppressing tilting in both the x and vy directions.

Amount of tip deviation [mm

7th stage pipe Full extension of 14

Anti-rotation rails direction Measurement Tilt direction

extension stages
Ox oy Ox oy
Laid out in a spiral pattern at 90 1st 45 16 185 124 %, 4y
increments
-x direction (result of test No.1) 3rd -3 -17 -1 -128 -y
+x direction (result of test No.1) 1st 45 21 126 124 +X, +y
Direction of anti-rotation ) ) . .
rail for 2nd stage pipe <:| x-direction y-direction
4000 4000
Amgu_nt of tip é 3500 = )
deviaton & —il E
= 3000 / = 3000 /
2 S /
() 2500 o A0 y 4
= c w
c 2000 c 2000 \
e —m— 1st i)
A 1500 D 1500
3] ) —&— 15t
PS4 1000 13 1600
w LIJ
500 500
0 0
30 20 10 0 10 20 30 40 50 -30 -20 10 0 10 20 30 40 50
Test results Amount of tip deviation at each stage [mm] Amount of tip deviation at each stage [mm]

- Since the amount of tip deviation when the pipe was extended to the 14th stage was larger than when the rails were in one direction,
changing the layout of the anti-rotation rails had no effect in suppressing tilt. This may be due to the significant effect of the tilt of the
pipe on the base side.

_—
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6. Implementation details
(2) Development of the bottom access investigation method (telescopic pipe)

5) Investigation details
@ Control of tilt in the direction of the anti-rotation rails during telescopic pipe extension

No.156

O Summary of the tests to verify the factors behind tilting of the telescopic pipe

- When the telescopic pipe was mounted vertically with high accuracy, it reproduced the same tendency to tilt toward
the anti-rotation rails when extended as in the FY2021 test, but it also tilted perpendicular to the rails and its
direction was indeterminate. Moreover, although the direction of tilt and amount of tip deviation were reproducible
under the same conditions and on the same test date, they changed when the test date changed.

» It was determined that the direction of tilt is variable and difficult to predict prior to extension.

- When the telescopic pipe was mounted at a slight incline, 0.1° to the vertical, it tilted in that direction during

extension.
It was determined that the direction of telescopic pipe extension is affected by the direction of inclination

before extension, however small.
In addition, the phenomenon observed in the FY2021 test, in which the telescopic pipe tilted toward the

anti-rotation rails as it was extended, was determined to be due to the inclination at the time of mounting.

- When the orientation of the anti-rotation rails was changed for each stage of the pipe, the telescopic pipe showed
greater tip deviation than when the rails were oriented in one direction.

Changing the orientation of the anti-rotation rails was determined to have no effect.
In this fiscal year’s test, as in the previous fiscal year, the rotation restraining rails were laid out in

one direction.

_—
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6. Implementation details No.157

(2) Development of the bottom access investigation method (telescopic pipe
5) Investigation details
Control of looseness due to gaps between stage pipes, and prevention of tilting caused by gaps during
emergency retraction (in emergencies)
O Purpose
- The factors that cause tilting and rattling during telescopic pipe extension are considered to be the pipe-to-pipe fit and the gaps
between the pipes.
This year, the following measures were considered to prevent tilting of the telescopic pipe.
@ Change of taper angle of collar/stopper ring (for easier fitting)

@ Larger collar diameter (to narrow the gap between pipes)
(® Change to a harder dust seal (to prevent wobble)

- An evaluation was conducted to determine whether these measures produced an improvement and the effect on the
extension/retraction motion of the telescopic pipe.

. ( R |Inve_st|gat|on| Dust seal
I | I E ¥

P Stopper ring

; Top ring
CFRP pipe (upper) |~ (Fixed to the lower pipe)

Scraper

Taper angle of collar and
L

stopper ring fitting part

Collar

Telescopic pipe

{  Anti-rotation rail |

'\

Cable .
=== winder Piston

i o> CFRP pipe (lower)
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6. Implementation details No.158
(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details
Control of looseness due to gaps between stage pipes, and prevention of tilting caused by gaps during
emergency retraction (in emergencies)
@ Change in taper angle of collar/stopper ring / @ Larger collar diameter
- In FY2021, the taper angle of the collar was 45° , but it is anticipated that a more acute angle will make it easier for the fitting
parts to fit and increase rigidity. On the other hand, since jamming may occur, making it difficult for the telescopic pipe to pull out
during retraction, three taper angles of 15° , 30° , and 45° were selected for comparison and evaluation in the test.
- When the gap between the collar and pipe is reduced (0.2 to 0.4 mm = 0.1 to 0.2 mm), sliding resistance may increase from
FY2021. Also, consideration is being given to increasing the hardness of the sliding part material, but it is possible that the sliding
resistance will also differ.

= It was decided to evaluate by testing whether the sliding resistance increases to the extent that it affects the
extension/retraction motion of the telescopic pipe, and whether the sliding resistance differs depending on the taper angle.

Stopper ring

Proposed
Items FY2021 countermeasures for
FY2022
Collar taper angle 45° Select from 15°, 30°, 45
Gap between collar and
pipe 0.2to 0.4 mm 0.1to 0.2 mm Collar

0.1 mm thick ultra-

Hardening of CO"_ar sliding high mpleCUIar 0.03 mr_n thICk_ Collar taper angle 15°  Collar taper angle 30° Collar taper angle 45°
part material weight fluoroplastic coating
polyethylene tape
|

=
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6. Implementation details
(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details
Control of looseness due to gaps between stage pipes, and prevention of tilting caused by gaps during
emergency retraction (in emergencies)

(@ Change in taper angle of collar/stopper ring / @ Larger collar diameter
O Test plan and test object
- If the collar taper angle is made acute, it will fit more easily into the stopper ring, which may have the effect of suppressing the
telescopic pipe tilt, but it may also be more difficult to pull out during retraction due to jamming, etc. Therefore, the taper angle is
selected by measuring the tilt suppression effect and the force required to remove the fitting parts (Test No.1/No.2)
- Increasing the diameter of the collar may increase sliding resistance, so sliding resistance will be measured to see if it affects
telescopic pipe extension (Test No.1)

Testoutine Test conditions

Test No.1

Measurement of sliding
resistance when collar
diameter and sliding part
material are changed

Test No.2

Comparison of force
required to remove the
collar for different taper

angles

Test No.3
Verification of tilt
suppression effect of
different collar taper
angles

Check the effect on sliding
resistance by increasing the
collar diameter to narrow the gap
between the collar and pipe and
by changing the sliding part
material.

Identify and evaluate the force
required to remove at each taper
angle, as an acute collar taper
angle may make it fit more easily
into the stopper ring and
increase the force when the
telescopic pipe retracts.

When the collar taper angle is
made acute, it will fit more easily
into the stopper ring, which is
expected to have a tilt
suppression effect. Evaluate the
effect of collar taper angle on tilt
suppression

A piston with a collar is placed in a pipe
that simulates the 1st stage pipe. Sliding
resistance is measured by pulling a wire
attached to the piston with a load cell.

A piston with a collar is used in a pipe
simulating the 1st stage pipe, and
pneumatic pressure is applied to make
the collar of the piston fit into the stopper
ring of the 1st stage pipe. The pressure is
then released and a load cell is used to
apply a vertical load and measure the
force required to remove.

Using pipes simulating the thickness of
the 1st and 2nd stages, pneumatic
pressure is applied to make the collar of
the 2nd stage pipe fit into the stopper ring
of the 1st stage pipe. A horizontal load is
applied to the end of the 2nd stage pipe
until the looseness is collapsed, and the
displacement of the end of the 2nd stage
pipe is measured.

- Collar taper angle:
15°, 30°, 45°

- Collar taper angle:
15°, 30°, 45°
- Pressure supplied: 0.1 MPa,
0.2 MPa

- Collar taper angle:
15°, 30°, 45°
- Pressure supplied: 0.03
MPa, 0.1 MPa
- Horizontal load: Until any
looseness is collapsed

Note: Regarding the pressure supplied for the test, 0.03 MPa is the pressure supplied when extending the 2nd
stage of the telescopic pipe, and 0.10 MPa is the maximum pressure supplied to the telescopic pipe until
last year. This year, in order to suppress tilting, consideration was given to increasing the pressure
supplied to the telescopic pipe, with 0.20 MPa being the maximum value.

S
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6. Implementation details m

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details

Control of looseness due to gaps between stage pipes, and prevention of tilting caused by gaps during
emergency retraction (in emergencies)

O Test No.1: Measurement of sliding resistance when collar diameter and sliding part material are changed

Test purpose
Check the effect on sliding resistance by increasing the collar diameter and narrowing the gap between the collar and pipe and by
changing the sliding part material.

Test outline

The 2nd stage piston is placed in the 1st stage pipe, and the sliding resistance of the moving piston is measured by a load cell to
compare the effect of the collar taper angle.

Mockup 1st stage pipe Measurement results

Piston

Sliding resistance Approx. 10 N

Test results
Load cell - The sliding resistance was about 10 N at any taper angle.

= Verified that collar taper angle makes no significant difference.
= Because a thrust force of approximately 130 N is generated in

the 2nd stage pipe during telescopic pipe extension, and the

rated tensile force of the cable winder used during telescopic
Test system pipe retraction is 170 N, the sliding resistance is sufficiently
small compared to the force during extension/retraction, so it is
determined that there will not be any problems with operation of
the telescopic pipe.

_—
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6. Implementation details | units 2and s [YRETRY
(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details

Control of looseness due to gaps between stage pipes, and prevention of tilting caused by gaps during
emergency retraction (in emergencies)

O Test No.2: Comparative test of force required to remove the collar for different taper angles

Test purpose
A sharp collar taper angle may increase the tensile force required to retract the telescopic pipe because of the increased likelihood
of jamming in the stopper ring. Evaluate the force required to remove the collar and stopper ring at each taper angle.

Test outline
Tests were conducted using a short mockup of a 1st stage pipe and a mockup of a piston with a collar attached. The piston is
placed in a position such that the collar fits into the stopper ring, the pipe is opened to the atmosphere after a predetermined
pressure (0.1 MPa/0.2 MPa) is applied, and a load cell is used to push the piston from above measure the force when it begins to
descend.

Load direction from load cell Measurements of force* required to remove
(average of 5 measurements each)

Pressure Taper angle
supplied 15°  30°  45°

Piston mockup

Scraper 0.1 MPa 27N 30N 28N
(including stopper ring
inside) 0.2MPa 47N 27N 27N
Mockup 1st : : . . .
stage pipe *Value obtained by adding the weight of the piston to the load cell reading

- Test results
At 30° and 45° , there was no significant difference in the force required to
I lower the piston when the pressure supplied was increased, indicating that the
Pressure required tensile force was unaffected.
lied On the other hand, at 15° , the measured values also increased when the
supplie . e : ;
supply pressure was increased to 0.2 MPa, indicating that increasing the
pressure affects the required tensile force.

r
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6. Implementation details m
(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details
Control of looseness due to gaps between stage pipes, and prevention of tilting caused by gaps during

emergency retraction (in emergencies)

O Test No.3: Verification of tilt suppression effect of different collar taper angles

Test purpose
It is possible that if the collar taper angle is made acute, the collar will fit into the stopper ring more easily, which can be expected to
suppress tilting.
Perform a comparative evaluation of the extent to which tilt can be suppressed by the collar taper angle

Test outline
The looseness width is evaluated by applying a pressure of 0.03 MPa/0.10 MPa to a short mockup of the 1st and 2nd stage pipes,
applying a horizontal load to the tip of the 2nd stage pipe in the + and - directions, and measuring the displacement of the tip with a
laser displacement meter. The horizontal load required to collapse the looseness is measured using the tip of the 2nd stage pipe as
the load point.

Comparison of looseness width
Load cell (sum of looseness in + direction and - direction)

Load direction

Laser displacement meter
(for measuring horizontal
displacement of pipe

(upper side) tip)

Pressure o o o

0.03 MPa
(Pressure used
for telescopic
extension)

57mm 3.2mm 2.1 mm

Mockup 2nd stage pipe
0.10 MPa 4.3 mm 3.2mm 1.7 mm

Scraper
- Test results

In terms of looseness, the relationship between the large and small
values did not change when the pressure supplied was changed, and the
values were 45° <30° <15° .

The horizontal load required to collapse the looseness was also the
largest at the 45° taper angle, as was rigidity. As such, the trend was
Test system the same despite the change in pressure.

S
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6. Implementation details m

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details

Control of looseness due to gaps between stage pipes, and prevention of tilting caused by gaps during
emergency retraction (in emergencies)

Summary of test results: @ Change in taper angle of collar/stopper ring / @ Larger collar diameter

+ To select the angle of the collar taper (15°/30°/45°) and to verify the effect of a larger collar diameter, the taper angle was changed
and its effect on the sliding resistance, the force required to remove the pipe, and the tilt suppression effect was verified.

*  When the collar diameter was enlarged, the sliding resistance was about 10 N with no significant difference when the taper angle was
changed. As such, it was confirmed that to be sufficiently small compared to the force during telescopic pipe extension and retraction
(during extension: the thrust generated during 2nd stage pipe extension, approx. 130 N; during retraction: the rated tensile force of the
cable winder during telescopic pipe retraction, approx. 170 N).

» It was determined that there are no problems with telescopic pipe operation with a larger collar diameter.

»  The force required to remove the pipe was not significantly different between the 30° and 45° taper angles, with the force required for
the 15° angle being greater.

+ Regarding the tilt suppression effect, the taper angle of 45° was confirmed to have the smallest range of looseness and the greatest
rigidity.
» The taper angle of the collar used for the telescopic pipe was set to 45° , the same as last year.

e
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6. Implementation details m
(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details
Control of looseness due to gaps between stage pipes, and prevention of tilting caused by gaps during
emergency retraction (in emergencies)

@ Change to a harder dust seal

O Background

« Each pipe is designed with a dust seal to prevent matter adhered to the pipe surface from entering the equipment during telescopic
pipe retraction (see figure below).

+ Extension/retraction motion while foreign matter (soil, alumina) was adhered to the device was verified in FY2021. The results
showed no significant difference in the internal pressure during telescopic extension or the cable tensile force during retraction even
when powdery foreign matter was adhered to the pipe, and as such, it was determined that there was no problem with
extension/retraction motion even with foreign matter adhered to the pipe.

*  On the other hand, the dust seal used was soft and there were concerns about its durability (susceptibility to wear and tear).
Therefore, a survey of similar materials was conducted, and a relatively hard material was selected as an alternative candidate.

* The following items were evaluated to assess the impact of changing the dust seal.

. Dust seal Stopper ring (not fixed)
(a) Effect on foreign matter removal performance : —\ [ \ A _
(b) Effect on telescopic pipe extension/retraction motion | | I ‘fdﬂmumsmj _ _ Top ring (fixed to the lower pipe)
. . CFRP pipe (upper side,
(c) Effect on tilting behavior E - ’
Collar
./ |~ Scraper

Anti-rotation rail
(Laid out in one direction in FY2021)

Scrapers (one for each stage) I

Cable
A winder

Piston

CFRP pipe (lower side)

e
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6. Implementation details m
(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details

Control of looseness due to gaps between stage pipes, and prevention of tilting caused by gaps during
emergency retraction (in emergencies)

@ Change to a harder dust seal
O Test plan
- Comparative tests were conducted on the following three items regarding the effects of changing dust seals.

Powder (soil/alumina) was applied to the surface of the 2nd
stage pipe of the 14-stage telescopic pipe test-manufactured
in FY2021, and verification was performed to ascertain
foreign substance removal performance and determine
whether retraction/extension operations were possible.
(Changing the dust seal at the tip of the 1st stage)

- Dust seals: FY2022 dust seals (those from FY2021 have
already been evaluated)

- Foreign matter: @ soil, @ alumina

- Attachment point: 2nd stage of 14-stage telescopic pipe test-
manufactured in FY2021

Test No.1
Verification of effect on foreign
material removal performance

Confirm that extension/retraction motion is possible, since
the changed dust seal may have greater sliding resistance.
Since the pipe driving force is smaller for emergency

Test No.2 retraction (retraction using only depressurization in the pipe)
Effect on telescopic pipe than for normal extension/retraction motion, the operation - Dust seal: FY2022 dust seal
extension/retraction motion was verified for the 14th stage pipe, where the retraction

force due to the action of its own weight and negative
pressure is especially small. (Changing the dust seal at the
tip of the 13th stage)

- Dust seal: FY2021 dust seal / FY2022 dust seal

Test No.3 Using the short pipe used to select the taper angle, compare Taper anale: 45°

Confirmation of impact on tilt the tip displacement of the FY2022 dust seal with the ) Prgssuregsu. lied: 0.03 MPa (short pipe: pressure at 2nd stage

control effect FY2021 dust seal when a horizontal load is applied. : pRied: = pipe-P °
extension)

E—
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6. Implementation details W

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details

Control of looseness due to gaps between stage pipes, and prevention of tilting caused by gaps during
emergency retraction (in emergencies)

@ Change to a harder dust seal

O Test No.1: Effect on foreign matter removal performance
Test outline
* The dust seal on the first stage of the telescopic pipe was changed and soil (15 um particle size)/alumina (75 to 100 uym particle

size) was applied to the surface of the 2nd stage pipe to check its performance in removing foreign particles by extending it after
retraction.

Test results
* Inthe case of soll, the pipe surface after extension was wiped unevenly, but the alumina was wiped off uniformly. Although both
soil and alumina appeared to have passed through the dust seal, adhesion to the gasket was minimal.

» Since the FY2021 test results showed uneven wiping of both soil and alumina, the dust seal selected this year was evaluated to
have better performance in removing foreign matter.

(b) Alumina

-,
(b) Alumina Condition of dust seal after removal of
Condition of pipe outer surface after foreign matter

(a) Soil (b) Alumina
Condition of pipe with powder adhered
—
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6. Implementation details _unis2and 3 NSRS
(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details

Control of looseness due to gaps between stage pipes, and prevention of tilting caused by gaps during
emergency retraction (in emergencies)

@ Change to a harder dust seal

O Test No.2: Effect on telescopic pipe extension/retraction motion

Test outline

« The alternative product selected this year is stiffer than that selected in FY2021 and may have greater sliding resistance during
telescopic pipe extension/retraction, so verification will be performed to determine if there is any effect on extension/retraction motion.

+ Since the force to drive the telescopic pipe is smaller for emergency retraction (retraction using only depressurization in the pipe) than
for normal extension/retraction motion, and the weight of the telescopic pipe itself is smaller on the tip end, the dust seal at the tip of
the 13th stage will be changed and verification performed regarding whether retraction of the 14th stage pipe is possible.

Test results

»  After pulling out the 14th pipe about 100 mm by hand, verification was performed to determine whether it could be retracted in case
of emergency (performed once). Although the telescopic pipe did not retract under its own weight, it was confirmed that it did so when
the internal pressure of the pipe was reduced to -22 kPa.

* Inlast year’s test of emergency retraction using dust seals, the 14th stage pipe began to retract under its own weight when the
telescopic pipe internal pressure was 9 kPa. In terms of the difference in sliding resistance, the alternative product selected this year
resulted in an increase in sliding resistance of 22 N.

= Although sliding resistance increased, the 14th stage pipe, which is the hardest to retract, was confirmed to do so, and thus it was
determined that there would be no problems with telescopic pipe operation.

3
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6. Implementation details m
(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details
Control of looseness due to gaps between stage pipes, and prevention of tilting caused by gaps during
emergency retraction (in emergencies)

® Change to a harder dust seal

O Test No.3: Evaluation of the effect on tilting behavior

Test outline

» Since the dust seal is a component that supports the telescopic pipe, verification is performed to determine if there is any effect on
tilting behavior.

* The test system is shown below. The displacement was measured with a laser displacement meter when a horizontal load was
temporarily applied to the end of the 2nd stage pipe in the direction of @ and @ and then no load was applied, and a comparison was
made between the FY2021 dust seal and the current year’s replacement in terms of the difference in looseness width.

Test results

* The results showed that the alternative product used this year was more resilient, and that when no load was applied, the pipe was
pushed back vertically and the looseness width was reduced.

Comparison of looseness width

displacement Pressure supplied
meter Fe Selected in Selected in
FY2021 FY2022
0.03 MPa
(Pressure used at 21 mm 1.8 mm

2nd stage pipe
extension)

=
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6. Implementation details m
(2) Development of the bottom access investigation method (telescopic pipe)

5) Investigation details
Control of looseness due to gaps between stage pipes, and prevention of tilting caused by gaps during
emergency retraction (in emergencies)

@ Summary of changing to a harder dust seal
O Summary of the tests to verify the factors behind tilting of the telescopic pipe

« A comparative evaluation between the dust seal from FY2021 and the alternative product selected this year was conducted.

« Better results in terms of foreign material removal performance were obtained for this year’s alternative.

*  With respect to the telescopic pipe’s extension/retraction motion, verification was performed to ascertain weather emergency
retraction was possible. The results showed that although sliding resistance increased, the 14th stage pipe, which is the hardest to

retract, was confirmed to do so, and thus it was determined that there would be no problems with telescopic pipe operation.

» Regarding the suppression of tilting, the current year’s alternative product was found to have a smaller looseness width and force
that acts to push the pipe back in a vertical direction.

» The 14-stage telescopic pipe test-manufactured this year will be fitted with the dust seals selected this year, and tests
will be conducted to verify operation.

' D ©International Research Institute for Nuclear Decommissioning
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6. Implementation details m N0.170

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details
@ Control of tilt in the direction of the anti-rotation rails during telescopic pipe extension
Control of looseness due to gaps between stage pipes, and prevention of tilting caused by gaps during
emergency retraction (in emergencies)

O Based on the test results to date, the following improvements were made to the telescopic pipe to be test-manufactured this year.

Test-manufactured Test-manufactured

Iltems evaluated in the test equipment in equipment in
FY2021 FY2022

Collar taper angle 45° 45°

Gap between sliding parts due to

. 0.2 mm 0.1 mm
larger collar diameter

0.1 mm thick ultra-

high molecular weight OIS ) LS

Hardening of collar sliding

material polyethylene tape fluoroplastic coating
FY2020 alternative FY2022 selected
Dust seal
product product
‘Q / Slidinggap  Collar Wear ring \
S Taper angle \ |

Pneumatic gasket

Upper pipe Lower pipe

\

L

s
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6. Implementation details m No.171

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details @Test manufacturing and evaluation of posture control mechanism

O Background

- Due to the possibility that the degree of freedom of the arm for the “Gradually Increasing the Scale of
Retrieval” project may not allow the telescopic pipe to be placed in a vertical position at the anticipated survey
position, a two-axis posture control mechanism is being considered.

Iy

1

.l‘!‘!'.b.‘i:j&l i

Bird’s-eye view Enlarged view of the posture control mechanism

E_—— R m————.,
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6. Implementation details N0.172

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details @Test manufacturing and evaluation of posture control mechanism

O Equipment design

- Areview of required specifications and conceptual design was conducted in FY2021. This year, detailed design work
was conducted, and it was confirmed that the specifications for the range of motion and total weight were met.

- Due to the long delivery time for the motor selected for the posture control mechanism, it was not available in time
for the test, so this year it was decided to use a motor that had been incorporated into the test equipment of a past
project. Although the output torque is different, the plan for this test is to measure the torque (motor current value)
during the operation test to confirm that there is no problem with the selected motor.

Investigation a-axis
camera mechanism

(Stroke length)

a-axis operation

B-axis mechanism

Movement by a-axis mechanism
Design results of the posture control mechanism

& .
Movement by forward/backward movement mechanism ltems Required Design
specifications results

- Ball screw
Forward/backward

) ) movement 499 mm or more 513 mm
— Herlzontal fine mechanism
adjustment motor Amount of
— Worm gear movement qa-axis mechanism 13° or more 15°
B-axis mechanism 20 mm or more 22 mm
/ Linear guide
Movement by B-axis mechamsm Total weight 22 kg or less 21.0 kg
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6. Implementatlon details No.173

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details @Test manufacturing and evaluation of posture control mechanism

The test-manufactured posture control mechanism is shown below.

a-axis
mechanism

B-axis mechanism

F
1 f Dlrectlon of motion of B-axis = - -
| a-axis mechamsm

B-axis
mechanism

Forward/backward
movement mechanism

_—
l RI D ©International Research Institute for Nuclear Decommissioning



6. Implementation details ot No.174
(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details (10 Ensuring uniform drive torque for cable winding drums (reduction of cable tensile force loss)

O Background

- In FY2021, in an elemental test of the 14-stage telescopic pipe, it was confirmed that the cable tensile force (motor
drive torque) fluctuated significantly in a short period of time and that the drive load may not be uniform due to
imprecise assembly of the gears and drive shatft.

- In FY2022, after implementing measures to address the above issues, elemental tests of the 14-stage telescopic
pipe will be conducted again to evaluate the effectiveness of the countermeasures.

Extension range Retraction range Extension range Retraction range

» [P » |
» .« >

A
\ 4
A

[
»

<
Extension length (winder)
. Telescopic pipe internal pressure =

Cable tensile force ol Supplied pressure setting

Supplied pressure [kPa]

Extension length [mm]
Tensile force [N]

I
I
I
I
I
I
I
I
I
I
I
I

~ Rated tensile
force 170N
(actual o0
measurement)

Time [s]

Changes in the extension length, cable tensile force, and internal pressure during telescopic pipe extension/retraction motion

S
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6. Implementation details No.175
(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details (10 Ensuring uniform drive torque for cable winding drums (reduction of cable tensile force loss)

O Consideration of countermeasures Ghear g@’ r(]‘él?tar_:ﬁtating é’@” a
«  The following factors were determined to be responsible for the torque Gear@ Gear@ ) o0 oon 9ot )
fluctuation. After considering each improvement plan, it was decided to check | o Gear @ (gear
i iti [ F \ directly connected
the torque of the cable winder alone under no-load conditions. W o lidin .
@ There was a slight interference between the side of the drum and the bolts on  Gear @ A = S

the cable winder housing. Therefore, design changes will be made this year to
avoid interference.
@ Because of the use of multiple gears, in FY2021, in order to prevent a decrease Gear @ (

. . ; gear
in responsiveness due to gear backlash, the distance between gears was rotating on a
designed to be narrower than the standard value. Improvements will be made  shared shaft with __ . .
. . Drive motor
this year to change the distance between standard gears gear (2)
O Results

Mechanism for transmission of torque

It was confirmed that the torque did not fluctuate under no-load conditions, o
from motor to cable winding drum

confirming that the measures considered were effective.

1 drum rotation

(] (]

> >

= =)

= =
Time Time

10 s/div 1 10 s/div
R —
Variation in drum drive torque under no load conditions Variation in drum drive torque under no load conditions
(Before improvement) (After improvement)

| e
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6. Implementation details m
(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details
Operation evaluation of telescopic access equipment (verification of @ to D)

O Background

* An evaluation is conducted to confirm the function of the posture control mechanism newly test-manufactured
this year and to evaluate its operation in combination with the telescopic pipe.

» To evaluate the effect of the improvements to the 14-stage telescopic pipe, which were made to suppress tilting
during extension, the amount of tilt and looseness during extension, which were evaluation items for FY2021,
will be evaluated, and the possibility of emergency retraction operation using depressurization will be verified.

O Test plan
Test items/outline Verification items Target Applicable
(Criteria) item
[Verification of extension/retraction motion of telescopic pipe in vertical position] - Whether or not extension - Whether or not extension is possible at the {0
- Check whether the telescopic pipe can be extended or retracted. is possible at the supplied supplied pressure (0.1 MPa)
(Check the effect of changing sliding parts (collars, dust seals)) pressure (0.1 MPa)
2 [Verification of amount of tilt during telescopic pipe extension] - Amount of tilt during - Is the amount of tilt improved comparedto )
- Check the amount of tilt during telescopic pipe extension. telescopic pipe extension the telescopic pipe test-manufactured in
(Compare with the telescopic pipe test-manufactured in FY2021) FY2021?
3 [Verification of looseness during telescopic pipe extension] - Amount of looseness at - Is the amount of looseness improved
- Check the amount of looseness during telescopic pipe extension. each stage of the compared to the telescopic pipe test-
(Compare with the telescopic pipe test-manufactured in FY2021) telescopic pipe manufactured in FY2021?
4 [Verification of operation of the posture control mechanism when the telescopic pipe is - Whether or not tilt - Whether or not operation within the rated ©
extended] adjustment is possible torque of each axis motor is possible
- Check if the position can be adjusted by the posture control mechanism while the using the posture control
telescopic pipe is extended. mechanism
5 [Understanding the behavioral characteristics of the telescopic access equipment when it - Swaying behavior of the tip — (Identify behavior only) a
sways] of the telescopic pipe

- To understand the swaying behavior of the telescopic access equipment when the
telescopic pipe is in its extended state

6 [Verification of emergency retraction operation] - Whether or not retraction - Whether or not emergency retraction by
- Check if emergency retraction by depressurization is possible with the telescopic pipe is possible at reduced telespopic pjpe/posture control mechanism
extended. pressure (max -0.092 only is possible
MPa)
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6. Implementation details m
(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details
Operation evaluation of telescopic access equipment (verification of @ to D)
O Test pieceltest system
The test was conducted by combining a newly test-manufactured posture control mechanism (forward/backward
mechanism, a-axis mechanism, B-axis mechanism) with the 14-stage telescopic pipe and cable winder to which
improvements were made this year. As in the previous year, scaffolding was set up around the apparatus so that the
behavior of the extended telescopic pipe could be observed.

a-axis PB-axis

Simulates the tilt axis of the retrieval arm
(Manual tilt rotation operation is possible)

telescopic pilpe

Forward/ “ :
&Ei()c\fxé?]t - | PC for posture  Operation panel Opb?ratlt_)ndpanel for 3rd level of scaffolding
mechanism b control for posture cal helw'”_ef
. | mechanism control ]SW't t' ogging
14-stage " logging mechanism unction)
!
]
!
:

Bl 1st level of scaffolding

——— - ' «., "

Tilt sensor

¥
' ' & r{’.v.
— il - W= Test apparatus

Cable winder

Test apparatus Operation table Test system
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l Rl D ©International Research Institute for Nuclear Decommissioning



6. Implementation details W
(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details
Operation evaluation of telescopic access equipment (verification of @ to D)

O Test piece/test system
About the test-manufactured posture control mechanism
The + direction and - direction of each axis of the posture control

mechanism are defined as shown in the figure, and the origin (zero a-axis B-axis mechanism
point) position of each axis is shown below. mechanism \ :
- Forward/backward movement mechanism: minus direction travel \’ e ” |
limit N ot R
- a-axis mechanism: Mounting surface of telescopic access , ok ';1 B A
equipment ~ @Il — Cable winder
- B-axis mechanism: Limit of movement in the minus direction @ —

a-axis Telescopic pipe

mechanism: 0°

Investigation equipment

Forward/backward movement mechanism

v
(Fe !

s
P9 2. |Direction of motion of ! e _
| [+ [B-axis mechanism a-axis mechanism
' lJI”

B-axis
mechanism
: Forward/backward
o : . : ' _ movement mechanism
Direction of motion of a-axis and B-axis Horizontal posture
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6. Implementation details
(2) Development of the bottom access investigation method (telescopic pipe)

5) Investigation details
Operation evaluation of telescopic access equipment (verification of @ to D)

O Test No.0: Verification of operation of posture control mechanism

Test results

It was confirmed that, with the telescopic pipe retracted, the posture control mechanism can be operated without
the torque of each axis motor exceeding 100%, whether the telescopic access equipment is in either a vertical or
horizontal posture. Although the operating range of the a-axis mechanism slightly failed to meet the required
specifications, it is expected that the required specifications will be met by reviewing the shape of the components
in the next fiscal year and thereafter. These results indicate that posture adjustment operations can be performed
without problems in the assumed operational sequence with the telescopic pipe in the retracted state.

No.179

Motor torque measurement results (vertical axis: torque, horizontal axis: time)

- Vertical posture Horizontal posture

100 + directional - directional 100 + directional - directional Measurement reSUItS Of operating range
|actiong |- actiory action: acti .
Forward/ Required Measurement

backward specifications | results

movement p

mechanism =T Forward/
. 0 . 0 : backward 499 mm or 499 mm

0 + directional - directional 00 + directional - directional movement more
| action actio action,) | _actien mechanism
a-axis o 0
i 4= ; a-axis 0°to 13° or
mechanism _ 0.4° to 13.6°
mechanism more
-100 . - ; -100 di : | .
100 * directional = _gireqiional 100 " “action -, firectional B-axis 20 mm or more 22 mm
mechanism
B-axis 0 0 *Mounting surface of telescopic access equipment is

mechanism Y M defined as 0°

-100 -100
I

TRID
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6. Implementation details W

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details

Operation evaluation of telescopic access equipment (verification of @ to D)

O Test No.1: Verification of extension/retraction motion of telescopic pipe in vertical position

Test purpose

The telescopic pipe test-manufactured this year has a harder dust seal than last year’s in order to suppress tilting
during extension and emergency retraction. Since this change has increased sliding resistance, conduct
verification to determine if extension/retraction motion can be performed without problems.

Test outline

Last year, the maximum supplied pressure was set at 0.1 MPa. This year, however, the pressure was increased to

suppress tilting during extension. During retraction, the motor torque of the cable winder was evaluated at the
same supplied pressure as last year.

500 = - - R e - ] 0,200
Motor torque 6000 . . —Pressure supplied 8999
—Extension length %175 | —Extension length
400

000 ©0.150 5000
IS o IS
< E = £
= L < 0125 4000 S
© 300 4000 = 5 =3
> c ] c
= [} ] (]
o - 00,100 - —a— -
= c c

C F 3000 s F 3000
N S s S
£ 2001 = L0075 1 g
: - - & g
2000 % 2 2000 5

No.0s0 v
100 1 — —
F 1000 . L 100
0.025 L w0
o y . ; - - 0 0.000 v . . ; . ' - 0
TeSt I‘ESU|tS o 1000 2000 3000 4000 5000 6000 7000 0 1000 2000 3000 4000 5000 6000 7000

Time [s] Time [s]

Using the telescopic pipe to which improvements were made this year, it was confirmed that extension/retraction
motion could be performed without any problems even when the supplied pressure was increased from the previous

year. Although the motor torque exceeded 100%, no overload error occurred, and so it was determined that there was
no Eroblem.

T T e e
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6. Implementation details m
(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details
Operation evaluation of telescopic access equipment (verification of @ to D)

O Test No.2: Verification of amount of tilt during telescopic pipe extension

Test purpose

Verify whether the telescopic pipe to which tilt suppression measures were applied this year shows any
improvements in the amount of tilt compared to the telescopic pipe of the previous year.

Test outline

The 14-stage telescopic pipe was fully extended, and as in the reproducibility verification test using the telescopic
pipe from the previous year, plumb lines were hung at two points, and the distance between the tip of each stage
of the telescopic pipe and the plumb lines was measured to evaluate the amount of tilt.

Black circle: Telescopic pipe Deviation of

. : Deviation of
Gray: Cpabli_Wlndelf e 14th stage tip: 14th stage tip:
: Positions plumb lines hun = . : 00 :
P g g 108 mm ’ - 207 mm
5 ;*‘4‘—Tip of 10th stage
Q =
g _»#<—Tip of 8th stage b
c N e 1
Eie <~ Tip of 5th stage o0 3 <«—Tip of 6th stage
S
=
Amount of tip deviation at each Amount of tip deviation at each
stage (x-direction) [mm] stage (y-direction) [mm]

Test results

In the fully extended state, the tip deviation was (X, y) = (108 mm, 207 mm). In the reproducibility verification test
using last year’s telescopic pipe, (X, y) = (1 mm, 128 mm), indicating that the telescopic pipe test-manufactured this
year tilted more. This suggests that this year’s telescopic pipe is more likely to fall over and to and retract less easily
during depressurization for emergency retraction.

| L T T T T e e e e
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6. Implementation details m
(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details
Operation evaluation of telescopic access equipment (verification of () to @)

O Test No.3: Verification of looseness during telescopic pipe extension

Test purpose

Verify whether the telescopic pipe to which tilt suppression measures were applied this year shows any
improvements in the amount of looseness compared to the telescopic pipe of the previous year.

Test outline

Fully extend the 14-stage telescopic pipe and apply a force in the +x/-x direction to each stage to collapse the
looseness. Evaluation is performed by measuring the distance between the tip of each stage of the telescopic pipe
and a plumb line, in the same way as the amount of tilt was measured.

d-x direction

Collapsmg looseness by exerting ollapsmg looseness by exerting
i i i force in the +x direction force in the -x direction

A_ber_ldlng force is applied to the ‘ ‘.d

pipe in order to tilt the 3rd stage

Telescoplc plpe after the looseness is collapsed by applying a bending force
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6. Implementation details
(2) Development of the bottom access investigation method (telescopic pipe)

5) Investigation details
Operation evaluation of telescopic access equipment (verification of @ to D)

No.183

O Test No.3: Verification of looseness during telescopic pipe extension

Test results
The telescopic pipe developed in this fiscal year was test-manufactured with a design featuring narrower gaps

between the stage joints, but the results showed more looseness than with the pipe developed in last fiscal year.

381.7mm | 218.3 mm |

218.3 mm 144.7 mm

L

Results of this year’s telescopic pipe Results of last year’s
looseness verification looseness verification
|
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6. Implementation details m
(2) Development of the bottom access investigation method (telescopic pipe)

5) Investigation details

Operation evaluation of telescopic access equipment (verification of @ to D)
O Test No.4: Verification of operation of the posture control mechanism when the telescopic pipe is extended

Test purpose
As consideration is being given to using a-axis and p-axis mechanisms for fine adjustment of the extension direction when

passing through the opening at the bottom of the reactor, verification will be performed to ascertain if the telescopic pipe
can be operated without problems even when extended.
Test outline
Two patterns of operation were evaluated: with the telescopic pipe fully extended and with the telescopic pipe extended to
just before the opening.
a-axis mechanism - Fully extended: Can the telescopic pipe be operated within the allowable tilt angle (-3.5
degrees) and a-axis motion limit when extended?

- Extended to just before the opening: Can the telescopic pipe be put in a position where it can
pass through the opening while extended and tilted (For the y-direction, which cannot be
adjusted by the a-axis, the test was conducted while manually ensuring no tilt)

B-axis mechanism - Full extension: Is reciprocal movement within the operating range possible?

- Extended to just before the opening: Is operation within the operating range possible? (check

only movement in the + direction)

+1.7°

Operating range of a-axis mechanism when fully extended When extended just before the opening
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6. Implementation details m
(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details
Operation evaluation of telescopic access equipment (verification of () to @)
O Test No.4: Verification of operation of the posture control mechanism when the telescopic pipe is extended
Test results (a-axis mechanism)
It was confirmed that there was no problem when the a-axis mechanism was operated while the telescopic pipe was
extended, with torque remaining within 100%. It was found that the a-axis mechanism can be used to fine-tune the
position for passing through the opening at the bottom of the reactor and for fine-tuning the position after full
extension. 160

0° —-»+1.7° 417° . .35° -35° —»0°

<Results of operation verification at full extension height>

The a-axis was manipulated so that the cable winder angle changed
as follows:

vertical posture (0° ) — + side movement limit (+1.7° ) —» -3.5° —
vertical posture (0° )

Torgue [%]

<Resullts of operation verification at height of just before the opening> "' g 3SA' SN0 HeN B Hed

The a-axis mechanism was operated until the mockup investigation T|me [s]
equipment was approximately at the center of the mockup opening. 100
(Operation completion position was determined visually)

84 mm movement 50

Mockup
opening

Torque [%0]

0 50 100 150 200 250 300 350
Time [s]

Position adjustment by a-axis mechanism at the position just before the opening
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6. Implementation details

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details

Operation evaluation of telescopic access equipment (verification of @ to D)

O Test No.4: Verification of operation of the posture control mechanism when the telescopic pipe is extended
Test results (B-axis mechanism)
When the B-axis mechanism was operated with the telescopic pipe extended, the starting torque sometimes
exceeded 100%, but it was confirmed that there was no problem because remained within 100% at all other times.
It was found that the B-axis mechanism can be used to fine-tune the position for passing through the opening at the
bottom of the reactor and for fine-tuning the position after full extension.

L 0mm—-22mm_, | 22mm—0mm
<Results of operation verification at full extension height> oo
The B-axis mechanism was moved from the origin (0 mm) to the

No0.186

< 50
operating limit of 22 mm, and then returned to the origin. =
S o
S}
- .- - - - - I_ ':"l"l
<Results of operation verification at height of just before the opening>
The mockup investigation equipment was moved manually to a position where Ao , _ , ,
. . . . . 0 100 200 300 400 LS00
it could pass through the mockup opening by operating the 3-axis mechanism, Time [s]
and this was the starting position for operation. The operating range of the [3- oo O mm =22 mm|
axis mechanism is 22 mm, but the tip moved about 31 mm. This is thought to -
be a result of looseness or other factors causing tilting at the base when the
B-axis is moved. Moved 31 mm _50
I E T ! S
y Mockup ‘ o L,
| opening RAS =)
” ‘ 4 ' (@]
, ~
% : 50
- o Before bosition
Investlgatlon -adjustment -100
equipment mockup adjustment | — — 0 100 200 300 400 500
Position adjustment by B-axis mechanism Time [s]
—

T e e
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6. Implementation details m
(2) Development of the bottom access investigation method (telescopic pipe)

5) Investigation details
Operation evaluation of telescopic access equipment (verification of @ to D)

O Test No.5: Understanding the behavior of the telescopic access equipment during swaying

Test purpose

Determine the behavior of the telescopic pipe when it sways during extension.

Test outline

The end of the telescopic pipe was pulled a fixed distance (50 mm) and let go to allow it to sway freely, and the
swaying behavior was captured and evaluated with a video camera. This was performed with the telescopic pipe
extended to the 7th stage and when fully extended. Note that the pipe was made to sway by pulling in the +x and
+y directions, respectively.

......

Hand removed

Tip position after extension The pipe being pulled by hand
Making the telescopic pipe sway

e
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6. Implementation details m
(2) Development of the bottom access investigation method (telescopic pipe)

5) Investigation details
Operation evaluation of telescopic access equipment (verification of @ to D)

O Test No.5: Understanding the behavior of the telescopic access equipment during swaying

Test results

When extended to the 7th stage (extension height: approx. 3500 mm), the telescopic pipe swayed at a frequency
of slightly over 1 Hz for only about 2 seconds, and when fully extended (extension height: approx. 7300 mm), it
swayed at a frequency of slightly less than 1 Hz and continued to sway for about 90 seconds. Meanwhile, it was
found that the swaying behavior did not change when the swaying direction changed.

<Fully extended>
The time taken to sway back and
forth once was a little over one

<Extended to 7th stage>
The time taken to sway back and forth
once was slightly less than one second.

The swaying lasted only about two second.
seconds. The swaying lasted about 90
seconds.
Swaying when extended to the 7th stage Swaying when fully extended
|
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6. Implementation details m
(2) Development of the bottom access investigation method (telescopic pipe)

5) Investigation details
Operation evaluation of telescopic access equipment (verification of @ to D)

O Test No.6: Verification of emergency retraction operation

Test purpose

As an method of emergency retraction in the event that the cable winder stops working, consideration is being
given to creating a vacuum inside the telescopic pipe to retract it without winding the cable. Last year’s telescopic
pipe tilted during depressurization and failed to retract. This year’s telescopic pipe, with narrower gaps between
pipe sections, will be used to confirm whether emergency retraction is possible. It will also be verified whether
adjusting the posture of the pipe using the posture control mechanism can make emergency retraction easier.
Test outline

Two patterns were evaluated: without and with posture adjustment using the posture control mechanism. For the
evaluation with posture adjustment, because adjustment with the posture control mechanism is only possible in the
x-direction using the a-axis mechanism, posture adjustment in the y-direction was performed by the tester
manipulating a rope attached to the end of the telescopic pipe from above (y-direction posture adjustment for the
actual equipment is to be performed using the tilt axis of the arm-type retrieval access equipment).

Direction of posture
adjustment using a-
axis mechanism

Direction of posture
adjustment by
manipulating the rope

©International Research Institute for Nuclear Decommissioning
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6. Implementation details W

(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details

Operation evaluation of telescopic access equipment (verification of @ to D)

O Test No.6: Verification of emergency retraction operation
Test results

In the case of no position adjustment, as in the previous year, the telescopic pipe tilted when depressurized and emergency
retraction could not be performed.

For the evaluation with posture adjustment, the a-axis mechanism was able to adjust the position of the telescopic pipe, but
it was found that because the adjustment was made with the pipe depressurized and thus unable to maintain its posture,
near vertical position there was a risk of rapid collapse to the opposite side. Since it is assumed that in a survey using
actual equipment, adjustment cannot be performed as in this test due to the presence of reactor internals around the
telescopic pipe, the influence of such structures needs to be examined in the future. When emergency retraction was
performed as in the previous year, the telescopic pipe did not retract completely and did not retract when pushed by hand (it
protrude about 170 mm compared to when fully retracted). It is thought that the cable was pushed down and jammed in the
telescopic pipe.

In the next fiscal year and beyond, studies will continue on tilt control measures to prevent the telescopic pipe from

collapsing when depressurized. The impact on recovery operations of factors such as the plpe ’s failure to fully retract will be
looked into going forward.

\ @ Tilting as a result \ @ Depressurization }  Adjusting tip posture to
of extension while tilted state vertical using the a-axis
1 ' causes the pipe to tilt ! mechanism
v further and collapse 3
4 rather than retracting ™

: | { Risk of toppling Th
is range
| — measaret 0

confirm that the

L3
2
z . .

k amount of

W y ; protrusion is 170
: : y mm

f i y

| + : o

Diagram of telescopic pipe collapsing after degressurlzatlon The pipe having failed to fully retract

_—
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6. Implementation details No.191
(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details
Operation evaluation of telescopic access equipment (verification of @ to D)

O Summary of test results (1/2)

m Test items/outline Verification items Objective (evaluation criteria)

Operating range of
forward/backward movement = 499 mm or more
mechanism

Pass (Actual measurement: 499 mm)

Operability of
forward/backward movement
mechanism

Ability to operate within the rated torque over
the operating range

Pass
(Operable within the rated torque)

[Verification of operation of posture control mechanism] To be reviewed
- As a preliminary evaluation prior to the test, a check was (Actual measurement: 0.4° to 13.6°. The shape
0 performed to confirm that each axis of the posture control  Qperating range of a-axis 0° or below to 13° or above (closed state is 0°) of the part will be reviewed in the future
mechanism was able to operate with the telescopic pipe because it makes contact, preventing full
retracted. closure)
Ability to operate within the rated torque over Pass

[Verification of extension/retraction motion of telescopic pipe

in vertical position]

(Check the effect of changing sliding parts (collars, dust

[Verification of amount of tilt during telescopic pipe extension]
- Check the amount of tilt during telescopic pipe extension.
(Compare with the telescopic pipe test-manufactured in

& retracted.
seals))
2
FY2021)
|

- Check whether the telescopic pipe can be extended or

Operability of a-axis

Operating range of 3-axis

Operability of B-axis

Cable winder motor load

Amount of tilt at the tip of the
telescopic pipe at full
extension (horizontal distance
from the center of the 1st
stage pipe to the center of the
14th stage pipe)

the operating range
20 mm or more

Ability to operate within the rated torque over
the operating range

Ability to extend and retract without motor
overload errors

Is the amount of tilt at the tip of the telescopic
pipe less than or equal to the amount of tilt
(128 mm) of the telescopic pipe test-
manufactured in FY2021?

(Operable within the rated torque)

Pass
(Actual measurement: 22 mm)

Pass
(Operable within the rated torque)

Pass
(No motor overload error)

Fail
(The amount of tilt was larger than that of the
telescopic pipe test-manufactured the previous
year)
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6. Implementation details
(2) Development of the bottom access investigation method (telescopic pipe)

N0.192

5) Investigation details

Operation evaluation of telescopic access equipment (verification of @ to D)

O Summary of test results (2/2)

[Verification of looseness during telescopic pipe extension]
- Check the amount of looseness during telescopic pipe
extension.
(Compare with the telescopic pipe test-manufactured in
FY2021)

[Verification of operation of the posture control mechanism

when the telescopic pipe is extended]

- Check if the position can be adjusted by the posture control
mechanism while the telescopic pipe is extended.

[Verification of emergency retraction operation]
- Check if emergency retraction by depressurization is
possible with the telescopic pipe extended.

[Evaluation of telescopic pipe behavior when the arm-type

retrieval access equipment sways]

- The tip of the telescopic pipe is swayed to evaluate its
behavior. This is performed with the telescopic pipe
extended to the 7th stage and when fully extended.

1RID

Amount of looseness at the
tip of the telescopic pipe at
full extension

Operability of a-axis when
telescopic pipe is fully
extended

Operability of B-axis when
telescopic pipe is fully
extended

Can tilting during
depressurization be
controlled, allowing
emergency retraction
without posture adjustment?

Ability to retract the
telescopic pipe through
depressurization

For the x-direction, ability to
adjust the posture vertically
using only the a-axis,
without human assistance

Behavior of telescopic pipe
after being swayed while
extended

Is the looseness at the end of the telescopic
pipe in the direction of the anti-rotation rails
less than or equal to the looseness (218 mm)
of the telescopic pipe test-manufactured in
FY2021?

Is the looseness at the end of the telescopic
pipe in the opposite direction from the anti-
rotation rails less than or equal to the
looseness (144 mm) of the telescopic pipe
test- manufactured in FY2021?

Ability to operate within the rated torque by
moving the a-axis within the range of 6.5° to
13.0° (angle when the telescopic pipe is in
vertical position: 12.0°).

Ability to operate within the rated torque over
the operating range

Can be fully retracted using only
depressurization, without human assistance
or adjustment using the posture adjustment
mechanism

Can be fully retracted in the range of -92 kPa
to 0 Pa

Presence of human assistance

Understanding sway behavior

m Test items/outline Verification items Objective (evaluation criteria)

Fail
(The amount of looseness was larger than that of the
telescopic pipe test-manufactured the previous year)

Fail
(The amount of looseness was larger than that of the
telescopic pipe test-manufactured the previous year)

Pass
(Operable within 100% of torque. It was confirmed that the a-
axis is effective in fine-tuning the tip position when passing
through the opening at the bottom of the RPV)

Pass
(Drive torque may exceed 100%, but no overload error
occurs, and operation is possible within 100% torque except
during startup)

Fail
(When depressurized, the pipe collapsed without retracting,
the same result as last year)

To be reviewed
(Depressurization to -85 kPa resulted in retraction of every
pipe stage, but the retraction was incomplete. The impact of
the inability to fully retract will be discussed in the future.)

To be reviewed
(Although the tip can be adjusted vertically using the a-axis,
there is a risk that because the telescopic pipe is adjusted
without being able to maintain its posture, near vertical
position there is a risk of collapse to the opposite side)

(The “—” was given because the purpose of this test is to
understand the behavior, not to evaluate whether it is good
or bad.)
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6. Implementation details m
(2) Development of the bottom access investigation method (telescopic pipe)

5) Investigation details
Operation evaluation of telescopic access equipment (verification of @ to D)

O Summary

« The operation of the newly test-manufactured posture control mechanism was checked and it was confirmed
that there were no problems with its operation. The issue emerged that the operating range was narrower than
the design value in some areas.

» It was confirmed that the a- and $-axis mechanisms of the posture control mechanism can fine-tune the tip
position when the telescopic pipe is extended. Since it can be used to correct tip tilt and fine-tune the tip
position when passing through the opening at the bottom of the reactor, this will be reflected in future
operational studies.

» In order to suppress tilting during telescopic pipe extension, the gap between the pipe sliding parts was
reduced, the dust seals were changed to harder ones, and tests were conducted to ascertain any
improvements. The results confirmed that there was no problem in extension/retraction motion of the telescopic
pipe. No improvements to tilting were achieved, with more tilt observed than last year.

« With respect to emergency retraction, the telescopic pipe was tilted and failed to retract when the inside was
depressurized, as was the case the previous year.

« Hardware measures to reduce tilting and prevent tilting during emergency retraction might include making
some of the telescopic pipes from aluminum or reviewing their design. In terms of operational measures,
retraction could be performed by adjusting position using the posture control mechanism or by making use of
the surrounding structures. We will consider countermeasures in the next fiscal year and beyond.

' D ©International Research Institute for Nuclear Decommissioning

3



6. Implementation details W
(2) Development of the bottom access investigation method (telescopic pipe)
5) Investigation details
Operation evaluation of telescopic access equipment (verification of @ to D)

---- R

using the tilt axis

Tip tilt

Telescopic pipe tilted during extension Tip is adjusted to a vertical position
using the a-axis and the pipe is swayed
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6. Implementation details
(2) Development of the bottom access investigation method (telescopic pipe)
6) Summary of results

(1 Results obtained in FY2022

Based on the results through FY2021, the development plan was
reviewed and issues were identified.

Elemental tests were conducted to confirm the effectiveness of the
proposed countermeasures against the identified issues, and the
countermeasures were selected.

Telescopic access equipment reflecting the proposed
countermeasures was test-manufactured and tested to confirm its
functionality.

The results confirmed the basic operability of the telescopic access
equipment and its feasibility as a piece of equipment.

It was also confirmed that emergency retraction measures, etc., will
continue to be an issue.

Operation using the equipment camera was discussed, and it was
confirmed that a method for measuring the dimensions of the RPV
opening and a method for detecting posture are needed.

_ @ lIssues for the future (FY2023 and beyond)

TRID

The FY2022 results will be taken into account when reviewing the

development plan and re-identifying issues. Anticipated issues are

given below.

@ Study of countermeasures for emergency retraction

@ Improvements to the posture control mechanism

@ Study of a method for determining the dimensions of the RPV
opening

@ Study of a posture detection method for equipment

® Consideration of interfacing with the arm-type access equipment
currently under development in other projects

No.195

Upper surface of
/" Jgrating
L

Picture of access using telescopic pipe
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