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1. Research Background and Purpose No. 2

Top access investigation method

[Purpose of the investigation inside the Reactor Pressure
Vessel (RPV)]

To obtain basic information regarding the inside of the RPV
(fuel debris distribution, dose, condition of structures, etc.) for

fuel debris retrieval. _
Side access

: . : investigation method
[Implementation details until FY2019] g

The method of accessing the reactor core from the top by
opening a hole (hereinafter “top access investigation method”)
and the method of accessing the reactor core from the side
(hereinafter “side access investigation method”) were studied.
In the previous project “Development of Technology for
Investigation inside RPV” (FY2018-19), functional verification of
both the methods was carried out through elemental tests of the
equipment directed towards actual application, the concept of
the method of investigation was examined and the equipment
specifications were developed.

Bottom access
investigation method

[Reflections of this project]

Development of Study of fuel debris retrieval

Actual .
Technology for 9 Investigation é method and equipment

Investlg_]atlon inside RPV Information regarding the inside of RPV dESIQn

(Visual information, dose rate, etc.)
L T — bbb,
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1. Research Background and Purpose No. 3

[Implementation details in this project]

A cutting method using abrasive water jet (AWJ) was developed, as a top access investigation method wherein an
opening is created in the reactor internal structures (steam dryer, steam separator, shroud head, etc.) for establishing the
access route to the inside of the shroud, while giving priority to reliably cutting the reactor internal structures regardless of
their highly uncertain status. However, developing a method for further reducing the secondary waste (abrasive, etc.)
resulting from the access route establishment, and a method for controlling the dispersion of radioactive dust during work,
has become a challenge. Moreover, with the change in the method of removing spent fuel from Unit 2, engineering work to
check how the side access investigation method is actually applicable on site has become a challenge.

Hence, in order to enhance the actual applicability of the top access investigation method, machining technology wherein
the secondary waste (abrasive, etc.) generated or the radioactive dust dispersion resulting from cutting, etc. performed
inside the RPV is less than that resulting from the conventional abrasive water jet (AWJ), will be developed in this project
as a method for creating openings in the reactor internal structures (steam dryer, steam separator, shroud head, etc.) in
order to establish the access route to the inside of the shroud.

= (1) Advancement of machining technology for the top access investigation method

Moreover, since it is anticipated that it would take a certain amount of time until the top access investigation method and
the side access investigation method are applied on site, it is important to develop a method that could be used for
investigating inside RPV early on, and hence the work of establishing the access route to the inside of PCV is being carried
out for the detailed investigation inside PCV.

Therefore, a conceptual study will be conducted in this project, on the bottom access and investigation equipment for
investigating inside RPV by inserting the investigation equipment into the RPV from the opening assumed to be present at
the RPV bottom by introducing the investigation equipment inside the pedestal using the access route to the inside of the
pedestal that has already been established for detailed investigation inside PCV or for increasing the scale of retrieval in
stages.

= (2) Development of the bottom access investigation method
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2. Project Goals

Aiming for the TRL of the hole drilling investigation method developed until FY2019

(1) Advancement of machining technology for the top
access investigation method

= Feasibility of machining technology involving less secondary
waste generated from cutting by means of the conventional
abrasive water jet shall be verified as a machining method for
establishing the access route to the inside of the shroud for top

plan

No. 4

TRLA
7 . o
access investigation.
Aiming for actual application in FY2024 -25

(2) Development of the bottom access

6 investigation method
= Investigation plan and development
pertaining to the bottom access investigation
method shall be developed, and engineering shall be
carried out based on the results of developing

5 | elemental technologies that the method constitutes.
Moreover, a conceptual study of the equipment for
accessing the inside of RPV and the equipment for
investigating inside RPV shall be carried out using the

4 method of accessing the inside of pedestal developed
as part of “Development of Technology for Detailed
Investigation inside PCV” and several methods in
accordance with the site condition.

3 |

2 Conceptual

design

1 Elemental test

Study on

applicability

C

Basic Design

Study on equipment
specifications

Elemental test

Site interface
conditions 7
Site Approval and
condition authorization Site
inspection
6
Training and rehearsal
I
Equipment manufacturing
5 for actual investigation

Partial mock-up test

Partial mock-up
equipment
manufacturing

\ 4

Detailed design of the
equipment reflecting
the site condition
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3. Implementation ltems, their Correlations, and Relations with Other Research No. 5

[ Development of Technology N
4 . p
for Detailed Investigation St_udy Cpncernlng fuel
L inside PCV ) debris retrieval method and
(" Development of Technology ) > SR <
for Increasing the Scale of Study concerning criticality
Fuel Debris Retrieval in control
\ Stages Y, \ J
[Input]
- Access equipment specifications [Output]
the inside of RPV
Detailed designing, (Visual information, dose rate, etc.)

equipment manufacturing
and mock-up, etc.

Development of Technology for ) Actual
Investigation inside RPV Investigation

This project - Top access investigation
- Bottom access investigation

[Input]

+ Results of investigating the upper portion of
pedestal (lower portion of RPV)
(Location of opening, status of structures, etc.)

Development of Technology
for Detailed Investigation
inside PCV
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4. Schedule No. 6

Implementation items FY2020

(1) Advancement of machining Investigation items / parameter organization v ;f;fﬁgg{,‘ef’;g‘;ﬁ’;i“nﬂ
teChnO|Ogy for the tOp access ——— technologies

investigation method

S . Simple test
O Investigation and evaluation of Emmmmmmmm  Comparative evaluation
alternative machining technologies O
(2) Development planning for Study of development plan

alternative machining technologies

Development of outline
specifications of the

[ alternative machining ] v
Basic Design technologies

@ Elemental test and feasibility
verification of alternative machining

Evaluation
—
(2) Development of the bottom —
. o Tof ol : banming of investioati
access investigation method Drafting of the \/ ___potential technologies V| “adeesiomen
@ Planning of the bottom access / investigation plan
investigation and the development for O Feasibility study (test)
the access / investigation equipment I Feasibility evaluation
@ Conceptual study of the bottom Method v
access / investigation equipment Conceptual design l development I
L
Elemental test
L | |
Evaluation
—
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5. Project Organizational Chart

No. 7

The technology for investigation inside RPV has been developed under this project, but for that the interface between each development
team becomes important. Hence, by getting involved in development through mutual technological cooperation, domestic plant equipment
manufacturers who are organization members of IRID have undertaken a series of tasks including analyzing site conditions, conforming
with the fuel debris retrieval plan, etc. to develop technology for safe, proper, reasonable, speedy and site oriented fuel debris retrieval at
the Fukushima Nuclear Power Station (1F) and thus IRID Headquarters, Toshiba ESS and Hitachi GE are jointly carrying out development.

International Research Institute for Nuclear Decommissioning (IRID)
(Headquarters)

Tokyo Electric Power Company Holdings, Inc.

® Development of overall plan and technology management
® Technology management such as progress of technology development

® Various coordination for the site applicability

Toshiba Energy Systems & Solutions Corporation

Hitachi-GE Nuclear Energy, Ltd.

Project teams to cooperate for technological
development

(2) Development of the bottom access investigation
method
@ Development of the bottom access / investigation
plan and the development plan for the access /
investigation equipment
@ Conceptual study of the bottom access /
investigation equipment

(1) Advancement of machining technology for the top access
investigation method

@ Investigation and evaluation of alternative machining
technologies

(@ Development planning for alternative machining technologies

@ Elemental test and feasibility verification of alternative
machining technologies

(2) Development of the bottom access investigation method
(D Development of the bottom access / investigation plan and the
development plan for the access / investigation equipment

@ Conceptual study of the bottom access / investigation
equipment

Development of Technology for Increasing the
Scale of Fuel Debris Retrieval in Stages

Development of Technology for Detailed
Investigation inside PCV

3

1D

Sugino Machine Limited

* (1) Structural design concerning the
advancement of machining technology for the top
access investigation method

Hitachi Plant Construction, Ltd.

* (1) Investigation of technology concerning the
advancement of machining technology for the top
access investigation method
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6. Implementation Detalils No.

(1) Advancement of machining technoloqgy for the top access investigation method

<Purpose>

To develop machining technology wherein the secondary waste (abrasive, etc.) generated or the radioactive dust dispersion is less than that

resulting from the conventional abrasive water jet (AWJ) cutting technology, as a method for creating openings in the reactor internal structures
(steam dryer, steam separator, shroud head, etc.) to establish the access route to the inside of the shroud.

<Implementation details>
*The following items were implemented this year targeting the steam separator.

@ Investigation / evaluation and selection of machining technologies as an alternative to the conventional AWJ technology (implemented for
equipment besides the steam separator as well)

2 Optimization of the machining parameters with respect to AWJ cutting (reducing the volume of abrasive), and study on AWJ nozzle
@ Study on equipment and tools required when the selected machining technologies are applied

@ Implementation of simple tests and evaluation of the selected machining technologies, and narrowing down the machining technologies
® Study on the implementation policy for FY2021

<Results>

@ Alternative machining technologies were investigated and evaluated, and machining technology in which hole saw cutting, circular saw
cutting and laser cutting are added to the AWJ cutting technology was selected.

@ Equipment required for the above-mentioned 4 methods were studied and it was found that equipment that can be inserted through narrow
spaces would be feasible.

@ A study was conducted on downsizing the nozzle used in AWJ cutting, the machining parameters were optimized and as a result of
conducting simple tests, it was found that it would be possible to substantially reduce the volume of abrasive compared to what was used in

the past (8 ton — 0.33 ton).

@ With regards to other machining technologies besides AWJ, laser cutting could be applicable for cutting in the vertical direction.

<Remaining issues>

@ The applicability of the results of simple tests conducted this year to equipment other than the steam separator, and further reduction in the
volume of abrasive.

@ Using laser for horizontal cutting

| T e e e e e ]
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6. Implementation Detalls
(1) Advancement of machining technology for the top access investigation method

(D Investigation and evaluation of alternative machining technologies

The machining technologies were evaluated for each target (steam dryer bottom plate, steam separator, shroud head) as per the following table.
The technologies were narrowed down and the AWJ (including WJ) with hole saw, circular saw and laser was selected for the steam separator.

No. 9

Processing technology classification [Cutting / grinding Melting
T
g A B C D E F G H J K K’ L M N o] P Q
> Processing
No. | £ technology : : . . . .
@ AWJ cutting Cutting by holg Cumng.by circula ) ) Cutting by Cutting by ) Cgt.tmg by Contact Consumabl E!ecmcal
g . . . . . saw / core boring /[saw / circular Cutting by |Cutting by [saber saw . Cutting by |milling . .|Plasma arc [Arc saw . _|Discharge
3 Evaluation (including WJRDrill cutting 5 . . N . hydraulic . Laser cutti§f Laser gougi . : type arc eWJ Gas cutting .
& it cutting) ultrasonic core cutter / circular  fwire saw  |band saw |(reciprocating cutter chisel cutter / end cutting cutting discharge |cutting Machining
item drill / trepanning  [grinder saw) mill (EDM)
1 Material to be cut O O @) O @) O O @) @] O O O @] O O O X @]
2 Thickness of plate to be cut @] O @] O (@) @] O (@) O @] O O (@) O O O = O
3 Surface to be cut (cylindrical) O X AN O O O O O AN X O O O O O O - O
4 Two fold pipe cutting (batch O X o) o) o) o) o) o) o x o ] i | i | - i
cutting / multi-stage cutting)
5 Cutting speed O O O O O O O O O @) O O A [m] ] O - [m]
6 Re-processing risk O O O O @] O O O A O A A A O O O - O
7 5 |Positioning standoff O O @] O @] O O @] O O A O X X X X - O
®
g ;
g | § |Ande of he tool with the o A A A A A N A A A O m O O O O - o
£ surface being processed
o
i3
9 @ |Work before processing @] O O O O O @] O @] O O O [m] O [m] O - [m]
10 Discharge into the reactor coref A AN AN A AN A AN AN A A A A A A A A = A
11 Dust dispersion O O O O O O O O O O O O O O O O - O
12 Processing reaction force A O O O O O O O O O O O O O O O = O
13 Tool size (ncidental o i i X X X X X i i o i i i i - i
equipment)
14 Device senice lite 0 ] 0 O 0 0 O 0 0 O O | i O O i - i
(maintainability)
15 Envronmental conditions o N A A A N A A N | m] | | | | . X
inside the reactor
Comprehensive e\raluatlon. (Applicability to o 3 0 0 M M M M M M ) _* M M M M _ X
the steam separator opening)
[Remarks] [Legend]O: Expected to be applicable A: Measures required O: Cannot be evaluated (trial manufacturing and taste test are required for evaluation) X: Application expected to be difficult -: Application not possible (not evaluated) *1: Since laser
gouging is a chipping technology, it was not evaluated. (Laser cutting is a cutting technology that follows the same principle.)

TRID
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6. Implementation Details No. 10
(1) Advancement of machining technology for the top access investigation method

2 Selection of machining technology (multiple options may be selected)

Machining technology was selected as per the study flow indicated in the table below.

Machining AWJ cuttin Hole saw and circular saw cutting Laser cutting
technology 9 (Cutting and grinding technology) (Melting cutting technology)
+ Lot of discharge into the reactor » Processing reaction force and its impact are unknown » Compatibility with the steam separator with a changed
+ Life of equipment is unknown (Need for maintenance » Propriety of downsizing the equipment is unknown stand-off tool angle is unknown
Current identified unknown) + Life of the equipment is unknown » Processing reaction force and its impact are unknown
issues » Propriety of AWJ jet spray in the horizontal direction is » Propriety of downsizing the equipment is unknown
unknown « Life of the equipment is unknown
-3
@-1 @-2 2
Study flow «  Optimization of Study on a tool with a Study on equipment and tools required when Study on equipment and tools required when
machining parameters CVOOSS secnclm of each machining technology is applied each machining technology is applied
" @70mm or less
. (Szudy on abrasive and which enables 4 v
. AWJ jet spra
collection method in th(Ja horFi)zo)rlltaI Primary screening from the perspective of Primary screening from the perspective of
direction feasibility prospects of the equipment and systems feasibility prospects of the equipment and systems
5 (*) Volume of
First half of abrasive supplied, Jv. * *
FY2020 C‘L‘;g:;g;‘;‘zeeghres (2)-4 | Evaluation of the propriety and the strong points/weak points of each machining technology that is expected to be feasible in each cutting
. ' direction (vertical / horizontal) and study on the propriety of applying a stand-alone cutting technology or a combination of technologies
v ‘ L
@-5 Analytical evaluation of the impact on other systems and review of the options
L v

-6 @-
Planning for simple tests / Planning for simple tests on the feasibility of the studied machining technologies
with revised parameters and (Assumed test items: Verification of the impact of the machining reaction force, verification of the life of the equipment, verification of applicability to

abrasive collection method steam separator machining, dust dispersion verification test, etc.)

a3 I

] Manufacturing of prototype and test piece for the simple tests, implementation and evaluation of the simple tests (secondary screening)
Second half of FY s
2020 ®-9

1 Selection of machining technology and combinations that will continue to be verified in FY2021, and designing of the prototype

|
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6. Implementation Detalls

(1) Advancement of machining technology for the top access investigation method(

(2 Study on optimization of machining parameters / abrasive collection method with

No. 11

*1) Legend for the “Level of priority of the studies”

respect to AWJ cutting

10

Reducing the abrasive
discharge volume

Discharge volume
= Volume of abrasive
used per unit of time

X jet spray duration

Major

(for stage 1)

x No. of cutting stages

Abrasive collection

—— —

Medium

Not using abrasive
(Cutting by means of WJ)

Reducing the volume of
abrasive used per unit of
time

Reducing the duration of
jet spray

Jet spray duration
= Length to be cut / cutting
speed

Reducing the no. of
cutting stages

No. of cutting stages=
Height of steam separator

opening
/ Cutting depth

Collecting while cutting

Collecting after cutting

Factor analysis was conducted for reducing the volume of abrasive discharge, abrasive
reduction effect resulting from improving the parameters and the feasibility were studied,
and the future response policy was set.

Minor

Increasing the cutting speed

Shortening the length to be
cut

(Revision of cutting
procedures)

Increasing the cutting depth
(Revision of cutting
procedures)

Reducing the height of
steam separator opening

Effect
Item / evaluation
Major Medium Minor
High High High Medium
Feasibility Medium High Medium Low
Low Medium Low Low

Primary evaluation

Cutting by means of WJ is possible. Cutting performance needs to be verified.

Evaluation needs to be conducted by performing cutting tests with the volume
of abrasive used per unit of time and the cutting speed as the parameters.

If an abrasive material (carbide, ceramic, etc.) that has a high cutting
performance is used, the nozzle gets worn out faster.

Equipment specifications (nozzle size, nozzle length, etc.) for achieving high
cutting performance need to be studied and evaluated.

Since there are prospects that the tool can be downsized (refer to slide 12, 13),
itis likely that the cutting speed can be increased by shortening the stand-off
and improving cutting performance.

Since there are prospects that the tool can be downsized (refer to slide 12, 13),
itis likely that the length to be cut can be shortened by revising the cutting
procedures.

Since there are prospects that the tool can be downsized (refer to slide 12, 13),
itis likely that the cutting depth can be increased by revising the cutting
procedures.

Cannot be changed.

Even through abrasive can be collected using a catcher, etc. after cutting
through the cutting target, the range of applicability is small and abrasive
reduction effect is limited.

The volume of abrasive accumulated on top of the shroud head is small due to
the high pressure water sprayed during cutting and the abrasive reduction
effect is limited.

Effect

Major

Medium

Minor

Medium

Major

Major

Major

Minor

Minor

Feasibi
113

Low

High

Medium

Low

High

High

High

None

Low

Low

Priority
of the
studies

(*1)

Medium

High

Low

Low

High

High

High

Low

Low

Future
implementat
ion details

Simple test

Simple test

Desk study

Desk study
Simple test

Desk study
Simple test

Desk study
Simple test

Desk study

Desk study




6. Implementation Details No. 12
(1) Advancement of machining technology for the top access investigation method

(2-2. Study of the AWJ/WJ nozzle (1/2)

Downsizing of the AWJ/WJ nozzle was studied with the steam separators as the cutting target, which accounted for most of the volume of
abrasive used in the FY2019 plan.
The dimensional conditions are as follows:

Steam

< i " .
Conceptual image of steam separator Separator <Conditions of nozzle downsizing>

opening>

Size of opening: @ 160 mm or more

Gap in the outer casings of the
steam separators (¢ 70 mm) » [Dimensional condition )]

The cross-sectional configuration of the
distal end of the tool that gets inserted into
the gap in the outer casings of the steam
separators shall be @ 70 mm or less.

Gap in the outer casings of
the steam separators (¢ 70 mm)
Conceptual image of the top portion of the steam separator

(Before creating the opening)

_ _ [Dimensional condition )]
Opening size: The main body of the tool that does not
¢ 160 mm or more get inserted into the gap in the outer
casings of the steam separators shall be
@ 140 mm or less so that it does not
interfere with the opening.
(For the opening size of @ 160 mm a gap
of 10 mm on one side shall be set)

Steam separator top surface
. . Steam Separator
opening location map (SUS304,
Board thickness: 3
mm,
Outer diameter:
324 mm)

Conceptual image of cutting the steam separator
Tool used is the AWJ nozzle studied last year

| z
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6. Implementation Details No. 13
(1) Advancement of machining technology for the top access investigation method

(2-2. Study of the AWJ/WJ nozzle (2/2)
AWJ/WJ head were studied, and it was found that AWJ/WJ jet spray would be possible at @ 70 mm or less and in the horizontal direction.
= |t is expected that the volume of abrasive used can be reduced from the following perspectives, by using a small nozzle that can be inserted into the
narrow space in the middle of the 3 casings of the steam separators.

+ Shortening the length to be cut by revising the cutting procedures. = Shortening the cutting duration (reduction in volume of abrasive used)
- Enhancing the cutting efficiency by closing in on the stand-off. = Increasing the cutting speed and shortening the cutting duration (reduction in
volume of abrasive used)

. » . <Execution conditions with a
é <Execution conditions until FY2019> small nozzle>
Conventional nozzle ~ Conventional nozzle (yellow) Small nozzle (yellow)
. - . Small nozzle
® 140 mm Articulated 7/_
guide pipe
/
! / "
-3 ;
' Stand-off: .
108mm / 1 mm to 56 mm

Receiving the jet spray
reaction for

[Only the main body of steam separator] [Only the main body of steam seParator]
AWJ head .Lengthto be cut: Approx. 75m -Length to be cut: Approx. 31m© 1

et 55 or
-VVolume of abrasive used: Approx. 8 ton . T
u velu pprox (Refer to Slide No. 29)

(*1) Result of preliminary calculations assuming that depth of 50 mm is cut at a time.
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6. Implementation Detalls

No. 14

(1) Advancement of machining technology for the top access investigation method

(2-3. Study on equipment and tools required when each machining technology is applied

Of the various machining technologies, tool heads for hole saw cutting, circular saw cutting and laser cutting were studied from
the perspective of whether or not the cutting tool head fits in the cutting equipment (outer diameter ¢ 140 mm or less) developed

until FY2019.

Simple tests or desk study were conducted for each technology as there were prospects that the outer diameter of each cutting

tool head would be ¢ 140 mm or less.

Whether or not tool

head expected to
be ® 140 mm or
technology less

Cutting

1 slofe Saw Expected
cutting

5 Clrculqr saw Expected
cutting

3 Laser cutting Expected

I ® 140 mm

Articulated __,
- J guide pipe

] _ ~
e «.. . Circular saw
. . (P70 mm) |l
3 LY |
Circular saw >/ :J ]
Hole saw (P 140 mm) 1 ,l’ aser
Nozzle
Circular saw head Circul head
Hole saw head  (For horizontal ircu’ar saw hea Laser head

cutting) (For vertical cutting)

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Details No. 15
(1) Advancement of machining technology for the top access investigation method

@-4. Study on propriety of cutting with a stand-alone technology and on combining cutting technologies (1/5)
The propriety and the strong points/weak points of each machining technology that is expected to be feasible in each cutting direction
(vertical / horizontal) was evaluated and the propriety of applying a stand-alone cutting technology or a combination of technologies was

studied. (*1) As a result of conceptual study
of the tool, it was determined that it
would be difficult to apply laser for cutting

(1) Technology expected to be feasible as a stand-alone technology = AWJ/WJ and circular saw (*1) in the horizontal direction. =
(2) Technologies expected to be feasible in combination = AWJ/WJ, circular saw, laser, hole saw difficult to apply hole saw for cutting
. . .. . ?n the ho_rizontal direction due to
[Combination of machining technologies] ts technical features.
No. 1 2 3 4 5 6 7 8
Vertical . .
L L AWJI/WJ Laser Circular saw Hole saw AWJI/WJ Laser Circular saw Hole saw
Combination direction
of
technologies
Horizontal . . . .
direction AWJI/WJ AWJI/WJ AWJI/WJ AWJI/WJ Circular saw Circular saw Circular saw Circular saw

[Conceptual image of cutting the steam separator (middle section)]

11

Cutting in the vertical direction  Cutting in the horizontal direction Removing the cut piece Stage 1 cutting completed

|
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6. Implementation Details No. 16
(1) Advancement of machining technology for the top access investigation method

(2-4. Study on propriety of cutting with a stand-alone technology and on combining cutting technologies (2/5)
Cutting procedure for the steam separators, which accounted for most of the volume of abrasive used in the FY2019 plan, was studied.

[AWJ/WJ] An example of Combination No. 1 of machining technologies is shown in the

. : . . Vertical cutti Vertical cuttin
figure below (refer to Slide 15 for the Combination No.) (Outer casing+  (Outer casing +
middle casing) middle casing)

-

Lowerlng the nozzle

AWJ/ WJ cutting in vertical
direction

Falling of
ut piece

_ Vertical cutting
Vertical cutting Horizontal (Only outer

casing)

Rotating the nozzle

Conceptual image of AWJ/ WJ cutting in Atter falling of cut piece
—caM Separator horizontal direction

l RI D Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Details No. 17
(1) Advancement of machining technology for the top access investigation method

(2-4. Study on propriety of cutting with a stand-alone technology and on combining cutting technologies (3/5)
Cutting procedure for the steam separators, which accounted for most of the volume of abrasive used in the FY2019 plan, was studied.

[Laser] An example of Combination No. 2 of machining technologies is shown in the figure Vertical cutting

below (refer to Slide 15 for the Combination No.) E’g;tlgffr'] i%‘étlté”gasmg) ggilr)]/gTiddle

Lowering the laser head
[

Vertical cutting
(Only outer
casing)

Horizontal cutting
(AWJ/WJ cutting)

45mm

Falling of Vertical cutting
ut piece (Only outer casing)
J
e

After falling of cut piece

Conceptual image of
steam separator

TRID

AWJ/ WJ cutting in
horizontal direction

Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Details No. 18
(1) Advancement of machining technology for the top access investigation method

(2-4. Study on propriety of cutting with a stand-alone technology and on combining cutting technologies (4/5)

Cutting procedure for the steam separators, which accounted for most of the volume of abrasive used in the FY2019 plan, was studied.

[Circular saw] An example of Combination No. 7 of machining technologies is shown
in the figure below (refer to Slide 15 for the Combination No.)

Y

‘ Cutting only the’,
middle casing

\ |

N AN

Lowering the circular saw %\ '\ \\ \

Circular saw cutting in vertical direction Circular saw cutting in horizontal direction (cutting the middle casing)
(Red lines in the figure on the right indicate the portion cut in one go) (Red lines in the figure on the right indicate the portion cut in one go)

\

outer casing

Falling of cut piece
(Middle casing)
Falling of cut_piece
Cutting of only (Outer casing)

Conceptual image of Circular saw cutting in horizontal direction (cutting the outer casing)
steam separator (Red lines in the figure on the right indicate the portion cut in one go)

|
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6. Implementation Details No. 19
(1) Advancement of machining technology for the top access investigation method

(2-4. Study on propriety of cutting with a stand-alone technology and on combining cutting technologies (5/5)
Cutting procedure for the steam separators, which accounted for most of the volume of abrasive used in the FY2019 plan, was studied.

[Hole saw] An example of Combination No. 4 of machining technologies is shown in
the figure below (refer to Slide 15 for the Combination No.)

: Sections that need to be cut

//
oX [

),
Rotating the nozzle \\ \

AWJ/ WJ cutting in horizontal direction

o
-
B

\

Hole saw cutting in vertical direction
(Cutting the middle casing)

i
A 4 ‘
| Sectlons that need to be cut
-
N—

Falling of cut piece

—_—

— / ~ﬂ
'\ . &

SN t DR\

L @Rl

Hole saw cutting in vertical direction
(Cutting the outermost casing)

Conceptual image of

steam separator

[
l l D Olnternational Research Institute for Nuclear Decommissioning




6. Implementation Detalls
(1) Advancement of machining technology for the top access investigation method

(2-5. Evaluation of the impact on other systems

Factors having an impact on other systems were studied and evaluated for each cutting technology.

No. 20

Items AWJ Circular saw Hole saw Laser
Machining dust Minor Major Major Minor
Processing water Present Present Present Absent
Influencing factor
Abrasive / air Present Absent Absent Present
System heat input Minor Minor Minor Minor
Units 1/ 3: Medium to major and Unit Units 1/ 3: Medium to major and Unit
Impact . - . ;
o 2: Medium 2: Medium
7] Volume of dust
o dispersion . . .
g_ -Rise in PCV Major Minor Major
g. pressure
S The objects to be cut should be sampled for contamination density, and the extent of water shooting out from the jet should be investigated as
§ required, and a qualitative study of the preliminary estimations and actual measurements of the volume of dust dispersion should be conducted.
5 Evaluation Cutting should be performed in stages based on the work achievements during investigation inside PCV, dust monitoring at the site of leakage
= (penetration part, etc.) from the RPV into PCV should be carried out in parallel with dust monitoring during PCV gas monitoring and the results should
be sequentially reflected in the cutting plan.
Unit 1: Medium, Unit 2: Minor to major, Unit 3: Minor to medium
9 Impact Study bearing in mind the criticality risk due to falling of fuel debris from inside RPV. Relative comparison between the volume (estimated) of fuel
s debris remaining inside RPV in each Unit
Impact on other % Fuel debris that did not fall even after the application of external forces such as aftershocks after the earthquake disaster, cooling water injection, etc.,
systems ﬁ is unlikely to fall due to comparatively small external pressure such as that of machining water being used while machining the reactor internal
3 Evaluation structures, falling of cut pieces, etc. (However, concrete evaluation is difficult)
S It is desirable to conduct prior investigation of places where machining equipment or machining byproducts are likely to fall and check for criticality
risks.
Impact Medium Minor
§ Objects being cut and machining dust (garnet is added in case of AWJ) increase the volume of waste.
T Hence work of adding collection and storage equipment as well as the cost increases. However, the impact is limited since the waste generated is a
% certain percentage or less (needs to be verified in the future) of the quantity assumed during retrieval.
S Evaluation As for equipment specifications, technology for collecting waste that is inside PCV and for waste that flows into the system is being developed
g respectively.
- It has been confirmed during the investigation inside PCV that elution of garnet does not have any impact on the operation of the water treatment
facility.

Fuel debris retrieval

The secondary waste released at the time of fuel debris retrieval is being evaluated, but it is estimated that the amount will be larger than the amount
generated from machining of reactor internal structures obtained as a result of investigation inside RPV.

Evaluation of cutting technology
(Propriety of application)

Currently, although there are some unknowns with regards to the impact of the 4 machining methods mentioned in this table on other systems, the
impact is expected to be minor or limited.
Currently none of the methods seem to have any crucial impact, but elemental tests will be conducted and the methods will continue to be studied.
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6. Implementation Details No. 21

(1) Advancement of machining technology for the top access investigation method

@-6. Planning for simple tests with revised parameters and abrasive collection method
The following tests are planned to be conducted with the purpose of studying how the volume of abrasive used for the AWJ cutting
(including WJ cutting) can be reduced and the method of collecting the abrasive.

Implementation items Simple test items Target machining Items to be verified
technology

- Cutting performance in the Implemented in
Cutting conditions vertical direction
[Evaluation of AWJ/WJ verification test A - Cutting performance in the test No. 23 and 24
technology] horizontal direction
Study on reducing the ) ) %
volume of abrasive used U IS AWJI/WJ - Discharge into the reactor (*1)
when the AWJ technology ~ Verification test
is used, and abrasive Nozzle life verification , *
collection method. test AWJIWJ -Nozzle life ( 2)
Abrasive collection AWJ Volume of abrasive collected
test (*3)

(*1) Availability of implementing the dust dispersion verification test with the narrowed down machining technologies as the subject,
and the test plan are planned to be studied based on the simple tests conducted this year.
(*2) The nozzle life verification test is planned to be conduced with the narrowed down machining technologies as the subjectbased on

the simple tests conducted this year.
(*3) Simple tests will not be conducted since the volume of abrasive used is expected to substantially reduce based on the result of the
cutting conditions verification test indicated in Slide 23 and 24, and since the volume of abrasive collected is expected to be limited based

on the results of the desk study on abrasive collection.

Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Detalls

(1) Advancement of machining technology for the top access investigation method
2 -7. Planning for simple tests on the feasibility of the studied machining technologies

No. 22

The following tests will be conducted for AWJ cutting (including WJ cutting), hole saw cutting, circular saw cutting and
laser cutting, for which simple tests are necessary, to verify cutting performance.

|mp|e,;?;(::1$tatlon Simple test items Target machining technology Items to be verified

(*1) Material generated as a
result of machining, which is
likely to fall inside the
reactor, on top or on the
side of the shroud head.

(However, this shall not
include cut pieces. For
example, abrasive from the
AWJ or dross from laser
cutting, etc.)

(*2) For example, the
necessity to remove the
dross from the machining
performed the previous
time.

[Simple tests on
the machining
technologies]
Comparison of
AWJ with other
machining
technologies

Multi-fold pipe cutting
verification test

Required positioning
accuracy verification test

Reaction force verification
test

Secondary waste volume
(D verification test

Dust dispersion
verification test

Pre-machining (incidental)
work 2 verification test

Equipment life
(maintainability)
verification

AWJI/WJ/
Hole saw / circular saw / laser

AWJI/WJ/
Circular saw

AWJI/WJ/
Hole saw / circular saw / laser

AWJI/WJ/
Hole saw / circular saw / laser

AWJI/WJ/
Hole saw / circular saw / laser

Hole saw / circular saw / laser

AWJI/WJ/
Hole saw / circular saw / laser

AWJI/WJ/
Hole saw / circular saw / laser

- Cutting performance in the vertical
direction

- Cutting performance in the horizontal

direction

+Position accuracy during cutting
(Range of fluctuation)

*Reaction force during cutting

+Risk of re-machining the discharge
into the reactor
*Re-machining risk

-Discharge into the reactor

- Cutting performance on machined
surface

-Life of the tool

4 4938

[Scope (red frame) of verification by means of the multi-fold pipe cutting verification test]

Test results are indicated in Slide
No. 24 to 28.

Propriety of implementing the tests with the
narrowed down machining technologies as
the subject, and the test plan are planned to
be studied based on the simple tests.

Test results are indicated in Slide
No. 24 to 28.

Preliminary calculations are indicated
in Slide No. 29.

Propriety of implementing the tests with the
narrowed down machining technologies as
the subject, and the test plan are planned to
be studied based on the simple tests.

Verification of the requirement of pre-
machining (incidental) work during the
“Multi-fold pipe cutting verification test”

Propriety of implementing the tests with the
narrowed down machining technologies as
the subject, and the test plan are planned
to be studied based on the simple tests.

1RID

No. | 1 2 3 4 5 6 7 8
L Vi AWJI/WJ Laser Circular saw Hole saw AWJI/WJ Laser Circular saw Hole saw
Combining direction
technologies
Horizontal . . . .
direction AWJI/WJ AWJI/WJ AWJI/WJ Circular saw Circular saw Circular saw Circular saw
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6. Implementation Details No. 23
(1) Advancement of machining technology for the top access investigation method

2-8. Implementation and evaluation of simple tests (AWJ/WJ: Cutting conditions verification test)

[Overview]
(1) A flat plate test piece (plate thickness 3 mm (1) was cut to confirm availability of cutting and appropriate cutting speed.
(*1) The plate thickness (3.2 mm) of the outer casing part of the steam separator was simulated.
(2) A simulated double pipe was cut according to the cutting procedures indicated in Slide No. 16, to confirm the availability of cutting
in the vertical and horizontal directions as well as appropriate cutting speed.

Cutting speed
[Results (flat plate cutting / WJ)] _ . 3mm/min
@ The flat plate test piece could not be cut by WJ in the shortest
stand-off condition (stand-off: 1 mm) of the cutting procedures, :
therefore a cutting test for the simulated double pipe was not

conducted.

Cutting speed: Imm/min

Cutting speed: 0.5mm/min

L4

Not a through hole Results of flat plate test piece cutting test
(WJ/ Stand-off: 1mm)

[Results (flat plate cutting / AWJ)]
@ The flat plate test piece could be cut by AWJ at 600mm/min,
the highest speed of the test equipment.

Cutting speed
300mm/min

Surface of the test piece

Underside of the test piece

Cutting speed
400mm/min

+ Stand-off: 20mm
*Volume of abrasive supplied: 500g/min

Cutting speed
500mm/min

Cutting speed
600mm/min

Results of flat plate test piece cutting test (AWJ / Stand-off: 20mm)

|
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6. Implementation Details No. 24
(1) Advancement of machining technology for the top access investigation method

2-8. Implementation and evaluation of simple tests (AWJ/WJ: Cutting conditions verification test)

[Results (Double pipe cutting / AWJ)]
@ The double pipe test piece could be cut by AWJ following the planned cutting procedures.
[Cutting speed] Vertical cutting (only outer casing): 30mm/min
Vertical cutting (outer casing + middle casing): 110mm/min
Horizontal cutting: 40° /min

@ In case of cutting at the above-mentioned speed, the total amount of abrasive used for cutting the main body of the steam separator
is tentatively calculated to be approx. 0.33 ton (approx. 8 ton last year).

@ AWJ cutting reaction force was applied approximately 40N in the direction opposite to the AWJ jet spray, therefore measures need
to be taken in the future.

Cut opening
(stage 3)

Cut opening
(stage 1)

Conceptual image of cutting the steam separator A result of partially simulated steam separator cutting test (AWJ)

|
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6. Implementation Details No. 25
(1) Advancement of machining technology for the top access investigation method

2-8. Implementation and evaluation of simple tests (Laser: Multi-fold pipe cutting verification test)

[Overview]
(1) Laser cutting specifications = Laser type: Fiber laser / Assist gas: Air
(2) A simulated double pipe was cut in the vertical direction according to the cutting procedures indicated in Slide No. 17, to
confirm the availability of cutting and appropriate cutting speed.

[Results]
@ Although dross was found at the distal end where laser cutting is terminated, since it does not get re-deposited, the simulated double
pipe could be cut.
@ Cutting in the vertical direction is expected to be possible (speed at which cutting can be performed: up to 600 mm/min).
A reaction force of 8N was formed in the direction opposite to the assist gas jet, but as the laser head was inclined vertically
downwards at approx. 12.5° , the reaction force applied in the horizontal direction is expected to be approx. 1.7N which is smaller than

that in the case of AWJ. Cutting speed

180mm/min

Cutting speed
300mm/min _j

Cutting speed
600mm/min

Conceptual image of cutting the steam separator
(Red line: Laser cutting location)

Results of partially simulated steam separator cutting test (Laser)

E—
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6. Implementation Details No. 26

(1) Advancement of machining technology for the top access investigation method

(2-8. Implementation and evaluation of simple tests (circular saw: Multi-fold pipe cutting verification test) (1/2)

[Overview]
(1) A simulated double pipe and a simulated three fold pipe were simultaneously cut as per the cutting procedures
indicated in Slide No. 18, and the cutting propriety in the vertical direction as well as the speed at which cutting
can be performed were verified.

[Results (cutting in the vertical direction)]
@ The double pipe and three fold pipe could be cut simultaneously, however the cutting was unstable as there
arose fluctuations in the rotational speed during cutting.
@ In addition, since the cutting speed was extremely low at 0.5 mm/min, the result showed that application of
vertical cutting direction for the steam separator may not be realistic.
® Inadequate rotating torque due to the design for downsizing the tool, or increase in cut resistance as the
simultaneously comes in contact with 5 locations can be considered to be the causes for unstable cuttiAg. (*1)

Photo of cut portion of a
simulated double pipe

(*1) Cut resistance increases as cutting is
simultaneously performed at maximum 5 locations.

Lowering the circular saw

Circular saw cutting in vertical direction ) ) ) )
(Red lines in the figure on the right indicate the portion Partially simulated steam separator cutting test results

cut in one go) (Circular saw / vertical) Photo of cut portion of a

simulated three fold pipe

E—— L
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6. Implementation Details No. 27
(1) Advancement of machining technology for the top access investigation method

2-8. Implementation and evaluation of simple tests (circular saw: multi-fold pipe cutting verification test) (2/2)

[Overview]
(1) A simulated double pipe was cut in the horizontal direction to verify availability of simultaneously cutting two double pipes in the
horizontal direction in accordance with the cutting procedures indicated in slide No. 18.

[Results (cutting in the horizontal direction)]

When cutting two steam separators simultaneously, the circular saw feed needs to accomplish up/down cut simultaneously in one
cutting.

First of all, the down cut and up cut were cut individually at a time in this test. The result of the test showed that the down cut was not
successful and so simultaneous cutting of two steam separators was not possible.

Simulated double pipe

/Simulated double pipe

Feed direction:
Feed direction Up cut

Could be cutup to a
predetermined location

Circular saw

Circular saw Simulated

Could not be cut
(Stopped due to overload
when the circular saw cut
into the cutting surface)

Feed direction:

Simulated
double pipe

(Circular saw / horizontal)

<Test Conceptual image>

|
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6. Implementation Details No. 28

(1) Advancement of machining technology for the top access investigation method

@-8. Implementation and evaluation of simple tests (hole saw: Multi-fold pipe cutting verification test)
[Overview]
(1) Two simulated double pipes were simultaneously cut in accordance with the cutting procedures indicated in slide No. 19,
and availability of cutting in the vertical direction as well as the speed at which cutting can be performed were verified.

[Result]
(@ The amount of hole saw feeding in the vertical direction was approximately 1 mm and it suspended due to overload (cutting
speed: 0.5mm/min).
@ Increasing the rotational torque of the hole saw can be considered for improving cutting performance, but with the current tool
configuration and restrictions on dimensions, major increase in torque seems unlikely and hence hole saw is not applicable.

Cutting mark

Test results

Hole saw

Cutting in the
vertical direction

(Cutting of outer
casing + middle
casing) [

Conceptual image of cutting the steam separator

(Hole saw)

Test results

Hole saw

Cutting in the
vertical

direction

(Cutting of
outer casing) ‘

Conceptual image of cutting the steam separator

(Hole saw) Ty y
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6. Implementation Details No. 29
(1) Advancement of machining technology for the top access investigation method

-8 Implementation and evaluation of simple tests (final evaluation)
[Overview]
The preliminary calculations pertaining to the volume of secondary waste and the working time were added to the simple test results
(slide No. 23 to 28) and the prospects of actually applying each machining technology were evaluated. Further, since the result of the flat
plate cutting test showed that WJ cutting is not possible, it was not included in the evaluation.

[Result]
The circular saw and hole saw are not applicable in the actual site whereas AWJ and laser have prospects of actual application.

achining technology _ Laser Circular saw Hole saw

Cutting availability Good Good Good ACC(%pzt)able Unacceptable ~ Unacceptable
Volume of Evaluation Good Good Good Good — —
secondary ) .

waste Abrasive (kg) 182.7 141.1¢D 0.0 0.0 — —
Machining dust 7.0 1.2(D) 2.4 2.7 — —
Total (kg) 189.7 142.30D 2.4 2.7 — —
Working Evaluation Good Good Good Unaccepta — —
Time ble
Working time 365.4 282.101 29.7 18900 — —
(min) (315h)
Evaluation Good Good Good Unacceptable unacceptable Unacceptable

(*1) Volume of secondary waste resulting from AWJ cutting in the horizontal direction and corresponding working time when cutting of the main
body of the steam separator is repeated in the vertical direction at a 50 mm pitch.
=*2= Even though cutting was possible, it was unstable due to lack of rotational torque (refer to Slide No. 26).
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6. Implementation Details No. 30
(1) Advancement of machining technology for the top access investigation method

@2-9 FY2021 Implementation Policy

[Narrowing down combinations of machining technologies]
From the evaluation results (slide No. 29) based on the results of simple tests, the 2 patterns of machining technology combinations were
narrowed down as shown in the following table.

No. 1 (*1) No. 2 (*2)
Combination of

machining Vertical Horizontal Vertical Horizontal
technologies

AWJ AWJ Laser AWJ

(*1) Corresponds to the No. in the table on Slide No. 15.

[FY2021 Implementation Policy]
The FY2021 implementation policy on the machining technologies (AWJ & laser) that have been narrowed down are shown below.

Machining technology Implementation Details

AWJ @ Study on application to parts other than the main body of steam separator

Study on further reducing the volume of abrasive (revision of cutting parameters)

©

Elemental tests concerning M and @ as may be required
(Nozzle life will be verified during the elemental tests.)

Laser Study on applications other than the steam separator
Study on application to cutting in the horizontal direction (study on downsizing the head)

Elemental tests concerning @ and @ as may be required

® © o

Identification of issues in actual application and study of measures

| S
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6. Implementation Details No. 31

(2) Development of the bottom access investigation method

Definition of development items: Definition of access equipment and investigation equipment
The technology to be applied to the method of investigating inside RPV from the bottom was divided into the following 3 parts and studied.

Core Support Plate

Inside RP

Ik
A
|

0]

(iii)
PCV
\ Inside PCV(ii)
(i)

\

4 CRD opening
R N

\

CRD housing upper end fag
N

)

7.2m
10.6m

Platform

(i) Equipment for access to the inside of the pedestal
(i) Equipment for access to the inside of the RPV from inside the pedestal
(i) Investigation equipment
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6. Implementation Detalls

(2) Development of the bottom access investigation method
@ Planning of the bottom access / investigation and the development for the access / investigation equipment

The study process is shown below.

Implementation items

Unit 1

Unit 2

Common for Units

No. 32

1,2and 3

Unit 3

1. Drafting of the investigation plan

A. Organization of
investigation needs

= Verification of investigation needs with TEPCO and NDF
-Information such as image data and dose rate needs to be obtained by accessing the inside of the RPV early on.
- Existing technological development results will be utilized for early implementation.

L 2

B: Organization of
preconditions

Preconditions will be organized based on results of investigation inside PCV, etc.

R 2

C: Organization of applicable
technologies

= Equipment that have been
developed in preceding
projects that are currently in
development and preparation,
and which can be applied for
this purpose will be put
together.

= Study conditions will be set
based on the results of “B:
Organization of preconditions”

(i) Equipment for access to the inside of
the pedestal

= Access equipment used for Detailed
Investigation inside PCV will be used.

(i) Equipment for access to the inside of
the pedestal

= Arm type access equipment for fuel
debris retrieval will be used.

(i) Equipment for access to the inside of the
pedestal

= Similar to Unit 2, arm type access equipment
for fuel debris retrieval will be used , since the
plan is to reduce the PCV water level.

(if) Equipment for access to the inside of the
RPV from inside the pedestal (using a drone)
= Since it has been evaluated that most of the
fuel debris has fallen to the pedestal bottom,
study will be carried out afresh presuming that
there is an opening of diameter about 1m in the
central part of the lower hemispherical dome of
the RPV.

(ii) Equipment for access to the inside of the
RPV from inside the pedestal (using telescopic
mechanism)

= Study will be carried out afresh presuming
that there is an opening in the RPV bottom part
above the location where the upper tie plate
had fallen, and that the dimensions of the
opening are such that the tie plate can pass
through it.

(i) Equipment for access to the inside of
the RPV from inside the pedestal (using
telescopic mechanism)

= Study will be carried out afresh
presuming that there is an opening in the
RPV bottom part that is about the size of
the CRGT based on the investigation
result that CRGT had fallen.

(iii) Investigation equipment

= Study will be conducted on application of the equipment developed so far including those developed in other PJs, for each Unit.

Y
T1TRID
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6. Implementation Details No. 33

(2) Development of the bottom access investigation method
@ Planning of the bottom access / investigation and the development for the access / investigation equipment

Implementation items

Unit 1 Unit 2 Unit 3

1. Drafting of the investigation plan (continued)

D: Study of feasibility evaluation
items

- Applicable elemental technologies will be identified from the conditions in A, Band C respectively and potential equipment specifications will be
put forth.

- Since there are uncertainties concerning the status inside PCV, multiple specifications will be studied to deal with the uncertain conditions.

A comparative evaluation of the investigation specifications for each condition will be conducted, and potential elemental technologies will be
narrowed down,

2. Feasibility study (test)

E: Implementation of tests, etc.

-Issues in the potential elemental technologies will be identified, and the evaluation items necessary for evaluating feasibility will be set.
-Following the evaluation items, a test plan necessary for evaluating feasibility will be drafted.
- Tests will be conducted based on the plan.

~ >

3. Feasibility evaluation

F: Evaluation based on the test
results, etc.

-Feasibility evaluation will be carried out based on the test results, and the investigation method to undergo conceptual study next year, will be
selected.
-Investigation plan and development plan related to the selected investigation method will be developed.

‘_ 1—

\\/

@ Conceptual study of the bottom access / investigation equipment (FY2021)

TRID
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6. Implementation Details No. 34

(2) Development of the bottom access investigation method
Unit 1: Development of equipment for accessing the inside of the RPV using a drone

<Purpose>
To perform simple tests on the method of accessing the inside of RPV from inside the pedestal using a drone (wired,
wireless), and to evaluate its feasibility as a bottom access investigation method for Unit 1.

<Implementation details>
@ A simple flight test of the drone (wired, wireless) was performed for evaluating feasibility.
- Drone unit test
- Combination test with extension rod, etc. in an environment with simulated CRD opening / RPV opening
@ Study on response plan for FY2021 based on the simple tests results

<Results>
@ Data (size, payload, battery life) contributing to the conceptual study in FY2021 and the essential points of the
investigation (ability to pass through the opening, investigation procedures) were verified through simple tests.

@ It was determined that the following structure of the drone (wired, wireless) is applicable.
- Wired drone: The structure consisting of a drone and a cable drum was selected.
- Wireless drone: The structure consisting of a drone and an extension rod was selected.

<Remaining issues>
(D Wired drone: Stable supply of feeding voltage, lack of flight level due to voltage drop in the power supply cable.
@ Wireless drone: Extended flight duration
@ Common: Evaluation of the site applicability (radiation resistance, darkness and rainfall environment)

|
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6. Implementation Detalls

(2) Development of the bottom access investigation method Camera for investigaton
1. Drafting of the investigation plan C: Organization of applicable technologies_, and dosimeter

(i) Equipment for access to the inside of the pedestal 2 Q
N

Unit 1: Status of study and development concerning detailed investigation inside PCV

AN
Iltems Status of study and development A
..'__

Location for access @ X-2 penetration — outside the pedestal (basement) — exploring the basement
inside the PCV @ X-2 penetration — traveling over the grating — entering inside pedestal
(investigation)

Location for access to
the inside of the
pedestal

@ Worker access port (underwater)
(2 CRD opening (in air)

Equipment for access
to the inside of the
pedestal

@ ROV for inside the pedestal: Width 20cm, length 45cm Main body (_Cra"?f_'er)
@ Equipment for investigating inside the pedestal: Length of extension rod 5m Camera (for traveling) ¢

nside the pedestal ‘ e e s b e
X Inside the 4 i -
i destal 3 - v
B e Deoes .
\ o} ool St T “”

o MBS CRD opening

Under development as equipment for access
to the inside of the pedestal

(D Accessing the CRD opening with a crawler

2 Providing access to the camera for investigation
and the dosimeter into the pedestal by drawing

[ ’ T I out the extension rod

>‘? -~

X-2 penetration 4

The extension rod is effective as a means for
providing the bottom access equipment with access
into the pedestal or as a means for providing
assistance to the bottom access equipment inside
the pedestal.

investigation
equipment
(stack)

equipment (assumed
travel route)

| S
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6. Implementation Details

(2) Development of the bottom access investigation method
1. Drafting the investigation plan D: Study of feasibility evaluation items

7

support plate /

<Investigation Overview > ol T
surface

(1) Purpose of investigation
Verification of the status inside of the RPV bottom

—;!.~ !
It
I\l .

nse o]

(2) Investigation items
@ Acquisition of image data
@ Measurement of dose rate (if possible)

RPV lower head opening
(Diameter approximately

CRD housing
im)

Top surface

<§! |
. . . — N
(3) Investigation equipment | X
Drone (wired or wireless) : = ~| E
CRD | < o |3
(4) Scope of investigation (drone flight range) - &8
@ Scope of investigation: RPV bottom ;;'_' k @ £ §
@ Target flight level: Approx. 7m . — S— % 4 X
. . 23 : - o i o
(Top surface of grating in the pedestal to top . S S
surface of CRD housing) : < S <
: T D
ro é' i>9
’ —_ —
(5) Drone landing and take-off location 5 oy S
i ' N < m
CRD opening outside the pedestal %
CRD opening part N 5
Inside the'pedestal g
(Diameter approx. VA /

. e ——
©International Research Insti: Gratlng decommissioning
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6. Implementation Details No. 37

(2) Development of the bottom access investigation method
1. Drafting the investigation plan D: Study of feasibility evaluation items

<Investigation Overview >
(6) Auxiliary equipment (installed in front of the CRD opening part)

1) Cable drum (only for wired drone)
* Feeding and retraction of the wired drone cable is carried out with the cable drum.

2) Extension rod (utilizing the technology being developed as part of Investigation inside PCV)
* In the case of wired drone: The cable feed mechanism is installed at the tip of the extension rod