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1. Purpose and Goals of “Development of Fuel Debris Retrieval Method” No.2

[Purpose of development of fuel debris retrieval method]

It is assumed that the nuclear fuel has melted along with the reactor internal structures at Tokyo Electric Power Company Holdings, Inc. (TEPCO) Fukushima

Daiichi Nuclear Power Station (NPS) and exists in the Reactor Pressure Vessel (RPV) and the Primary Containment Vessel (PCV) as fuel debris.

Although it is believed that the fuel debris present inside the RPV and PCV is currently in a sub-critical state, since the Reactor Building (R/B), RPV, PCV, etc.
have been damaged due to the accident, the plant itself is in an unstable condition unlike its initial design. In order to prevent diffusion of radioactive materials

and bring the fuel debris to a stable condition, the fuel debris needs to be retrieved and its sub-critical state needs to be maintained.

Against this background, in this project studies will be conducted based on the “Mid-and-long-term Road-map Towards Decommissioning of TEPCO’s
Fukushima Daiichi Nuclear Power Station” (hereinafter “Mid-and-Long-Term Road-map”), aiming towards the implementation of large-scale fuel debris retrieval
in coordination with the engineering and project management activities undertaken by TEPCO. The development results of this project will be used in TEPCO’s

engineering activities.

The purpose of this project is to appropriately carry out decommissioning and contaminated water management at the Fukushima Daiichi NPS by
implementing projects that support technological development contributing to the decommissioning and contaminated water management at the Fukushima
Daiichi NPS based on the Mid-and-Long-Term Road-map and the “FY2020 Research & Development Plan” (Secretariat of the Team for Countermeasures for

Decommissioning and Contaminated Water Treatment (75th session)), and in addition, to enhance the standard of science and technology in Japan.

Under the project for “Development of Fuel Debris Retrieval Method”, the necessary elemental technologies will be developed and tested based on research

and development results obtained so far on the technologies related to devices, equipment and systems required for increasing the retrieval scale of fuel debris

and reactor internal structures and on securing retrieval work area for ensuring throughput.

[Project goal]
The goal of the project is to conduct study in order to accomplish large scale fuel debris retrieval in
accordance with the Mid-and-Long Term Road-map.

[Duration of Project] April 2021 to March 2023 (2 years)
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2. Accomplishments of Related Projects Implemented in FY2019-20 No.3
The fuel debris retrieval method results related to this project are provided below.

Details pertaining to (1) to (5) are provided in the following pages.
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2. Accomplishments of Related Projects Implemented in FY2019-20 No.4
(1) Establishment of access route for installation of cells

Fuel debris . transportation Fuel debris transportation
retrieval cell | Minicask cell cask cell  canister cell cask cell

[Overview of access route establishment for installation of cells] Nz Lo- ey~

* A boundary formation is ensured by cells and fuel debris is
retrieved by accessing from the side of the PCV using a robot arm.

» Considering accessibility of the pedestal opening, the robot arm is
carried in via the shortest linear route to access fuel debris.

+ The cells are installed after reducing the load on the R/B floor el debris refrievs
because they are heavy. preparatory cell

Dual arm type robo
container

transportation
cask yard

[Items implemented until FY2020]

@ Access equipment ,

+  The access equipment was modified from using the access rail method to Tomorary PEM S
fixed rail method, the required height and space were reduced, and storage area Maintenance cell
conceptual study was completed.

Equipment transfer container yard

Equipment transfer container

@ Cell (Fuel debris retrieval cell installed inside the R/B)

* The functions of the fuel debris retrieval cell were clearly specified, the ,
equipment inside the cell were studied, the cell structure was substantiated [-'— mli ' Reactor
and its size was reduced. /‘/ B . Building

*  The shielding thickness was streamlined to reduce the weight of the fuel
debris retrieval cell.

*  The method of installing the cell installation frame on the wall and floor beams, Installation cell
which are the strong members of the building, to support the weight of the cell frame
was studied, and it was confirmed that the installation in that manner is
possible from the perspective of allowable load at each R/B location.

@ Study of cell installation and installation method

*  The illustration showing the steps that are expected to be viable from
preparatory work to installation and installation was studied and technical
issues were identified.

5o

Reactor building
wall
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2. Accomplishments of Related Projects Implemented in FY2019-20 No0.5

(1) Establishment of access route for installation of cells

B |ssues in cell installation: Items related to this project are excerpted from the Fuel Debris Retrieval FY2020 Final Report™

Detailing of the structure of the The partitioning structure of the shielding door for substantiating

. . an efficient installation method so as to reduce the exposure of
1 Shleldmg door and the structure workers, and the structure of the connecting part between the cells

between cells will be detailed.

Refer to 6.1) (1) @

P The structure of the cell adapter required for adopting the method
Substantiation of the cell adapter of installing the cell adapter by remote operation will be Referto 6.1) (1) D
structure substantiated.

Substantiation of the method of The steps involved in carrying-in, installation will be detailed,

- ; F F ; based on the detailed structures of the shielding door, cell adapter
3 carrying-in and mSta”mg the Shleldmg and cell; element tests pertaining to the method of installation by  Refer to 6.1) (1) @

door and the cell adapter remote operation will be planned and implemented; and feasibility
will be verified.

: The method of measurement and marking performed in advance
4 ESta.bIISh ment of th.e refer-ence for determining the reference line from the pedestal opening or X-6  Refer to 6.1) (1) D
marking method for cell installation penetration, etc. required for installing the cell will be established.

*1: “Development of Technology for Further Increasing the Scale of Retrieval of Fuel Debris and Reactor Internal Structures” FY2020 Final Report (March 2021)
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2. Accomplishments of Related Projects Implemented in FY2019-20 No.6

(2) Access tunnel

[Overview of access tunnel]

The additional building outside the R/B and the PCV is connected
with an access tunnel having a shielding function, to establish the
carrying-in/out route.

The load of the access tunnel is borne by the outer wall of the R/B
and the Biological Shield Wall (BSW), in order to maintain within
the load limit for the floor surface on the first floor.

The tunnel is assembled outside the R/B, and is inserted and
installed by remote operation so as to reduce worker exposure.

[Items implemented until FY2020]

TRID

The work procedures from removing the shield in front of the equipment
hatch to connecting the access tunnel to the PCV were drafted taking
remote operation into consideration, and the exposure dose in the event
of operations that are not carried out remotely was estimated.

The structure of the connecting part between the PCV and sleeve, and
the sleeve and access tunnel was studied, element tests related to
connecting the PCV (equipment hatch) and the sleeve by means of
welding were conducted, and it was verified that the 20mm gap can be
welded.

Testing by setting conditions Element test

Gap .
v’ Stacking method .
v Welding position v Welding gc'_:lpll
v Heat input for welding (Equipment similar to
v Welding gap the actual equipment)
Flat plate Flat plate
(t=12) (t=90)

Additional
Building

Implemented

<While creating the arc> <Welding machine>
Welding test being conducted
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2. Accomplishments of Related Projects Implemented in FY2019-20 No.7
(2) Access tunnel

B |[ssues in the whole access tunnel: Items related to this project are excerpted from the Fuel Debris Retrieval FY2020 Final Report™

This project

The access tunnel sleeve is welded to the PCV equipment
Installation accuracy of access tunnel hatch shell. Although it was confirmed that the 20mm gap can

1 be welded, the gap needs to be reduced as much as possible Refer to 6.1) (1) @
sleeve considering the on-site workability, thermal contraction effect
at the time of welding, and quality.
: . - The delivery weight of the main body of the access tunnel is
Re(_ductlon I the_ scale O_f dellv_ery approx. 430 ton, and exceeds 1000 ton if the counterweight is
equipment by reducing the delivery weight included. Hence, the delivery equipment and the related
2 . o : . Refer to 6.1) (1) @
of the main body of the access tunnel and Pprovisions outside the R/B are large scale. This leads to
. . . issues such as not being able to start preparations around the
Shortenmg of the installation process R/B such as constructing the additional building, etc.
) ) (Unit 1) After pulling out the existing shield plug, as it
3 Shield block (Unit 1) and BSW block out interferes with the access tunnel main body, it needs to be Refer t0 6.1) (1) @

(Units 2, 3) removed.
(Units 2, 3) BSW needs to be blocked out.

*1: “Development of Technology for Further Increasing the Scale of Retrieval of Fuel Debris and Reactor Internal Structures” FY2020 Final Report (March 2021)
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2. Accomplishments of Related Projects Implemented in FY2019-20 No.8
(3) Side access method using access tunnel

Waste </| Carrying-in cell |
transfer cell FU?| debris
[Overview of side access method using access tunnel] N retrieval cell
v The PCV and additional building are connected by means of a passage ——Mamtonance ool

(access tunnel). The access tunnel is installed by delivering it remotely
from outside the R/B.

v" The work of removing interfering objects from inside PCV and the work
of fuel debris retrieval is carried out using multiple equipment for remote
operation. Equipment is assembled inside PCV as required.

v' This method is applicable regardless of the unit and whether the
interfering object is inside or outside the pedestal. Passage (access tunnel)

[Items implemented Uﬂ'[” FY2020] Illustration showing how the PCV and additional building are connected

v The feasibility of the work of instaling common utilities
(assembling the stand, connecting the utility line) was verified.

v' It was projected that comparatively smaller interfering objects
such as fallen ICM (In-core monitor) housing can be removed by
remote operation.

v' It was projected that the work of routing cables, processing fuel
debris, etc. can be carried out in parallel using multiple
equipment.

4

.‘»" ~ —. o '

: ! ! e

- ~ — J
objects from around the CRD opening

Connection of the cables of the work Simulated

- L P 2. Removal of interfering Inteerence removal
ipment inside the PCV to the utility lin
equipment inside the PCV to the utility line ICM objects from around the equipment e
housing CRD opening S - =

» Ny

3. Accessing the
pedestal bottom

-~ | — ‘-
4. Removal of interfering objects from
the pedestil bottom

Work arm Cutting jig . i i .
= [llustration showing work inside the pedestal

Cutting of simulated ICM housing

Illustration showing installation of
ility line
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2. Accomplishments of Related Projects Implemented in FY2019-20 No.9
(3) Side access method using access tunnel

B |ssues in side access method: Items related to this project are excerpted from the Fuel Debris Retrieval FY2020 Final Report™

The method of removing large interfering objects such as CRD

: . : : : ) Refer to 6.1)
exchanger, which cause major hindrance in the fuel debris retrieval 2 Dto @
work, by remote operation, will be studied.

Method of removing large
interfering objects

*1: “Development of Technology for Further Increasing the Scale of Retrieval of Fuel Debris and Reactor Internal Structures” FY2020 Final Report (March 2021)
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2. Accomplishments of Related Projects Implemented in FY2019-20 No.10

(4) Access equipment
[Overview of access equipment]

* The access equipment is carried-in in a straight line towards the pedestal opening in the PCV, and the interfering
objects on the access route and fuel debris inside the pedestal are cut and collected.

Telescopic interference removal Fixed rail type Fixed rail type hydraulic arms
equipment dual motor-operated arms
(Dual motor-operated arms)

Trajectory for avoiding simulated interfering objects

[Iltems implemented until FY2020] and reaching the target value

«  The following conceptual studies on the access equipment for accessing the interfering RIEIECNCRMIER
objects and fuel debris were completed.

» Concept, structure and installation method of the fixed rail and telescopic guiding
equipment.

» Concept, structure, method of carrying-in, method of emergency withdrawal of the dual
motor-operated arms.

» Method of using the hydraulic arms with the fixed rail.
*  The height of the access equipment was reduced from 3m to 2.2m.
* It was confirmed that the load of the access equipment does not cause any issues in the

Trajectory of left arm

integrity of the pedestal CRD opening.

*  The procedures for removing the interfering objects and retrieving fuel debris were brushed Generation of tra]_eCtory
up and substantiated, technical issues were identified and the actions to be taken in response when methods supporting remote
were studied. operation are adopted

*  Methods supporting remote operation were studied for better work efficiency.

S
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2. Accomplishments of Related Projects Implemented in FY2019-20 No.11
(4) Access equipment

B |ssues in the access equipment: Iltems related to this project are excerpted from the Fuel Debris

Retrieval FY2020 Final Report+

1

Conceptual study of tip
tool

Dealing with deviation

Establishment of remote
operation support required
during the operation

The method for cutting the assumed interfering objects and fuel debris and the
concept of the tip tool need to be studied although under certain pre- Refer to 6.1) (3) D
conditions to get an idea of the overall work including throughput.

Deviation during remote operation support by the manipulator, caused due to
the difference in the 3D model and the actual objects on-site, and due to Refer to 6.1) (3) D
errors in installation by using the robot, need to be dealt with.

Remote operation support needs to be established for operations such as

cutting, grabbing and collection. Refer t0 6.1) (3) @

*1: “Development of Technology for Further Increasing the Scale of Retrieval of Fuel Debris and Reactor Internal Structures” FY2020 Final Report (March 2021)
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2. Accomplishments of Related Projects Implemented in FY2019-20
(5) Top access method

[Concept of the new top access method (Removing and transferring unitized structures)]

v
v

v

v

Individual structures are unitized and transferred.

No0.12

The reactor core is cut into multiple units, and the lower hemispherical dome at the reactor bottom is separated from the RPV as

a single unit.

The shielding and air tightness of the objects to be transferred is ensured by using dedicated transportation containers for

transporting structures or access route or a combination of both.

The work of finely cutting the structures that are retrieved and enclosing them in storage containers is carried out in a building

that is at a distance from the R/B.

[Items implemented until FY2020]

v The retrieval plan and removal method pertaining to Reactor Building (R/B)

interfering objects, from removing the shield plug up to the
reactor bottom, were consolidated and a draft of the steps
involved in the access method was created.

It was indicated that measures to reduce the weight of the
shielding on the operation floor, the crane and the means of
transportation are feasible, and the specifications such as
dimensions, shield weight, etc. of the large transportation
containers were created.

Element tests were conducted pertaining to the reactor
bottom part which is difficult to access due to space
constraints and for which the work procedures such as for
fall prevention measures, etc. are complex, and the
required time obtained from test results was reflected in the
throughput estimation.

1RID
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Illustration of the method of transferring unitized structures
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2. Accomplishments of Related Projects Implemented in FY2019-20 No.13
(5) Top access method

B |ssues in top access method: Items related to this project are excerpted from the Fuel Debris Retrieval FY2020 Final Report™

Method for cutting During the conceptual study, cutting the shroud into upper and lower parts was

considered as a work step. The method of cutting the reactor internal structures

1 structures other than the including the shroud will be re-examined and studies will be conducted on
reactor bottom substantiation of the cutting method.

Refer to 6.2) (1) D

o Conceptual studies were conducted on large transfer containers (dedicated
Substantiation of the large  transportation containers) for transferring structures up to the new building. In the

2 transfer container future, the structure of large transfer containers will be substantiated, and studies will R0 A
be conducted on the structural viability including manufacturing capability, etc.
Cutting structures that cannot be directly stored in large containers in the additional
o building was considered as a work step in the conceptual study. Also, localized
Substantiation of shielding will be added for structures that have a high radiation dose rate. Hence,
3 Refer to 6.2) (1) ®

transportation equipment substantiation of the means for transporting the retrieved structures will be studied,
and revision of the work steps will be considered in accordance with the workability
at the additional building.

*1: “Development of Technology for Further Increasing the Scale of Retrieval of Fuel Debris and Reactor Internal Structures” FY2020 Final Report (March 2021)
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3. Project overview No.14
3. 1. Collaboration with other projects
Isolation Technology for Preventing

Development of Safety System

Development of Liquid/Gas Phase Systems,
Criticality Control Technology

Spread of Contamination

. . Development of Isolation Technology for Preventing Spread of
Sharing the status of studies Contamination while Retrieving and Transporting Large Structures

Continuous
monitori ng % Scuzrl:gg;;;echmcal
e PCV

Sharing the . )
Sharing of analysis needs/results

status of studies
Characterization

Development of
1 1 Development of Analysis and Estimation
Fuel Debrls Retrleval MethOd Technology for Characterization of Fuel Debris

Development of System
for Continuous Monitoring Inside th

Sharing of investigation needs/results >Development of Side Access Method

Internal >Development of Top Access Method Coordination between
Investigation containing/transfer and methods
Containing, Transfer

AN
and Storage

Development of Technology for

Investigation inside RPV
Development of Technology for _ Sharing of Technologies
Detailed Investigation inside PCV " Sharing of safety - Development of Technology for Containing,

scenarios technical challenges .

N Transfer and Storage of Fuel Debris
- Coordination of
work steps
Coordination between containing/transfer and methods

Solid Waste

Development of Technology for Increasing the Ensuring Safety during Fuel Debris Retrieval Research and Development for

Gradually Increasing the ~
Scale of Fuel Debris Retrieval Technology for Ensuring Safety

Development of Technology Related to

Scale of Fuel Debris Retrieval in Stages
Treatment and Disposal of Solid Radioactive Waste

In this project, joint meetings have been conducted as required in coordination with the above-mentioned projects.

Olnternational Research Institute for Nuclear Decommissioning
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3. Project overview No.15
3. 2 Development items involving solicitation and implementation policy

2) Top access method

/ 2)(1)®: Large transportation equipment \
[ 7

v

1) SI d €access m eth Od 2)(1)®: Method for cutting 2)(1)@: Large transfer container y
large structures - J4 V4 ——
e e m m = = = = - == R — —— - - — — - - _.._\\

/ 1)(2)@: Disassembly of CRD exchanger 1)(3)D: Remote operation tip tool for retrieval | \
| LIl I I I
| : u | I i
I 1)(2)®: HVH disassembly 1)(1)@: PCV connection sleeve installation and welding
: [ / by remote operation

[ [T T TN
| 1)(2)®): Interfering objects removal from ' 1)(1)®: Installation of shield |
I pump pit : I
| . |
|
| 7/ 7
| N | :
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\\ 1)(1)®: Installation of large heavy structures )(1)@: Disassembly of shield plug /
7/
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3. Project overview No.16
3. 2 Development items involving solicitation and implementation policy

Development items involving solicitation Implementation policy Reference

i @ Installation of large heavy structures
1) Development of the side The pre-conditions and required specifications will be clearly specified, the cell structure installed inside R/B
access method and the structure of the access equipment will be detailed, the installation method will be studied, and the No. 26 to 86

feasibility will be verified based on the on-site applicability of the method including the procedures, installation

(1) Development of the accuracy and efficiency of the overall method, by element tests using simulated test pieces, etc.

mEthOd of InSta"mg dotess @ PCV connection sleeve installation and welding by remote operation
equipment The requirements for installation of the sleeve, etc. connected to the PCV by remote operation will be
consolidated, the method of installation by remote operation, the devices and equipment, and procedures will
be studied, and feasibility of the requirements such as accuracy assessment, etc. will be verified by element
tests using simulated test pieces. Also, the requirements pertaining to welding, inspection and maintenance of No. 87 to 122
the sleeve, etc. as containment technology for the connecting part will be consolidated, the method of
implementing the series of operations including welding procedures, inspection and maintenance by remote
operation will be studied, and the feasibility and workability of welding will be verified by means of verification
tests using simulated test pieces.

@) Installation of shield

In order to reduce the floor load of the ancillary facilities required for transportation to the inside of the R/B, the
R/B, etc., streamlining the structure of the access tunnel shield, and the transportation / installation methods will
be studied and development will be carried out.

No. 123 to 140

@ Disassembly of shield plug

As the shield plug, etc. (shield plug, block out) in front of the existing equipment hatch, which is a large and
heavy object made of concrete, etc. needs to be removed, technology related to safe and efficient disassembly
in confined spaces will be studied and developed.

No. 141 to 161

@ HVH disassembly
(2) Development Of Upon studying and organizing the requirements for disassembling and removing HVH, element tests on
dlsassembly and removal disassembly and removal by means of remote disassembly equipment and equipment developed so far using No. 162 to 202
technolo simulated test pieces will be planned and implemented considering remote operation in limited space, and the
gy feasibility of specific cutting/collection methods will be verified.

(@ Disassembly of CRD exchanger

Upon studying and organizing the requirements for disassembling and removing the CRD exchanger, element
tests using simulated test pieces will be planned and implemented considering remote operation in limited
space, and the feasibility of specific cutting/collection methods will be verified.

No. 203 to 253

|
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3. Project overview

3. 2 Development items involving solicitation and implementation policy

No.17

Development items involving solicitation Implementation policy Reference

1) Development of the side
access method
(2) Development of
disassembly and removal
technology

(3) Advancement and
development of retrieval
methods

2) Development of the top
access method
(1) Development of
technology for realizing
the concept of retrieving
large structures

3

1D

@ Interfering objects removal from pump pit

The gap between the inner surface of the pit and the pump is small, and it is not easy to access with tools, etc.
Hence, the method of confirming the status of the target objects by means of images captured by the camera,
and then cutting, etc. and transporting will be studied in detail, and feasibility will be verified by element tests.

@ Remotely operated tip tool for retrieval

The procedures for removing structures from inside the PCV, processing fuel debris and collecting in unit cans,
operability, efficiency of the tip tools, etc. will be verified by studying the tip tools and operation systems and
conducting element tests, etc., and the viability of the series of operations will be verified. Also, the actual data
on the work procedures will be acquired and consolidated, and data for evaluating the throughput will be
obtained.

@ Method for cutting large structures

The method of cutting and separation taking metal in-core structures and ceramic fuel debris into consideration
will be studied, and element tests will be conducted using simulated test pieces. Also, the method of
transferring cut structures including PCV head, etc. until the structures are loaded on to the large transfer
equipment, will be studied, and on-site applicability will be evaluated.

@ Large transfer container

Detailed study will be conducted on the conceptual structure of the transfer system including the method of
placing the structures in the large transfer container, the air-tightness and shield structure of the large transfer
container as a whole including the lid part, manufacturing procedures, etc. Also, the structure of the large
transfer container will have to be such that it is easy to decontaminate the inside of the container assuming it
will be re-used. Furthermore, full-scale transfer containers will be test manufactured, their peformance will be
verified by element tests, viability will be verified and issues in on-site application will be identified.

@ Large transportation equipment

The preconditions of the large transportation equipment and the required development items will be studied and
consolidated, the method for transporting large heavy contaminated structures with certainty will be investigated
and studied in terms of the adaptability to the air-tight gate, etc., on-site applicability of the large transportation
equipment will be evaluated by element tests and structural examination of the transportation equipment
including the drive mechanism, and issues will be identified.

No

No

No

No

No

. 254 to 276

. 277 to 331

. 332to 379

. 380 to 404

.405to 423
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3. Project overview No.18
3.3 Points to be noted while executing this project

The points to be noted while executing the plans under this project are described below.

[Points to be noted]
During the study, fuel debris retrieval method will be developed while considering handling
capability and maintenance methods of the equipment that will be handled remotely, in
terms of the following.
As the equipment will be installed in areas with high radiation, as a general rule,
maintenance will be carried out remotely.
*The contamination of the equipment and the required decontamination will need to be
taken into consideration.
Work area will be limited for maintenance work.
Waste generated during maintenance work will need to be minimized as much as
possible.
Installation and handling of criticality monitoring equipment will need to be considered.

' D Olnternational Research Institute for Nuclear Decommissioning
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4. Implementation schedule of this project Legera] .| NO.19
. . , Revised
Development of fuel debris retrieval method Implementation Schedule (1/4) Actual
e Small FY2021 FY2022 .
ificati Remarks
Large classification | classification | apr [ way] un lE Jul_[Aug ||Sept Oct Dec | Jan | Feb [ Mar | Apr [May] Jun | Jul | Aug[Sept] Oct [ Nov ] Dec [ Jan | Feb | Mar
1. Developmentof | . study of the|_Detailed study of the structure of access equipment
side access method structure of access ‘
(1) Development of equipment P B R _ .
method for installing b-zetﬁltl::gg ztlc:)sStuf%):' Detailing and stud he steps for installing access equipment
access equipment installing  access
equipment

@ Installation of
large heavy
structures

. Verification of the
installation
procedures through
element tests
. Detailing of the work
inside the cell of the
fuel debris retrieval
equipment

e.Report creation

o

o

Detai

Verification of the instal

ation procedures through element

ing of the work inside the cell of the fuel debris retrieval equipment

Report creation

and welding of PCV
connection sleeve

@ Remote installation

a.Conceptual
study

b.Element test
plan

c.Test preparation
/ test
manufacturing
of test
equipment

d.Element tests

e.Summary

|

Conceptual study

Element test plan

i

I Test

preparation /
I test manufacturing of test equipment

(@ Shield installation

a.Conceptual
study

b.Element test
plan

c.Test preparation
/ Test
manufacturing
of test
equipment

d.Element test

e.Summary

-
Conceptual study

Element test pl

Test preparation /
I test manufacturing of
I test equipment

Element
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4. Implementation schedule of this project egendl |1 N0.20
Revised
Development of fuel debris retrieval method Implementation Schedule (2/4) Ao
e Small FY2021 FY2022
Large classification | classification | apr | vay| Jun | Jul | Aug| Sept] Oct | Nov| Dec | Jan | Feb | Mar | Apr | May| Jun] Jul | Aug Sept] Oct [ Nov] Dec [ Jan | Feb | Mar Remarks
1. Development of Comsentual stud Conceiptual Estudy
side access method |2 ~oncepua sy . |
(1) Development of b. Element test plan Element test plan I I
method for installing . I ) | !
. c. Test preparation / I Test preparation /
access equipment I: test manufacturing of test equipment J
@ Disassembly of test manufacturing ': i
shield pIUg of test equipment ‘I' gg{gem :
d. Element tests Sum:mary

e.Summary

(2) Development of
disassembly and
removal technology
@ HVH disassembly

a. Conceptual study
b. Element test plan
c. Test preparation /
test manufacturing
of test equipment
d. Element tests

e. Summary

Conceptual study

Test preparation /
test manufacturing of test equ

ipment

Element
tests,

*As the tests on .
HVH disassembly, .
CRD exchanger
disassembly,
removal of
interferences from
the pump pit are
conducted at the
same location, the
time of
implementation will
be revised.

@ Disassembly of
CRD exchanger

a.Conceptual study
b. Element test plan
c. Test preparation /
test manufacturing
of test equipment
d.Element tests

e.Summary

\

{
Conceptual study

Test preparation /

test manufacturing of test equipment

E Element

V tests

*Basic tests were
conducted during
FY2021 based on
matters indicated
during IRID internal
review, etc. The
results will be
reflected in the
conceptual study
and the element
test plan.
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4. Implementation schedule of this project

Development of fuel debris retrieval method

Implementation Schedule (3/4)

[Legend]

:Planned
-Revised
:Actual

No.21

Large classification Small Y2021 Fr2022 Remarks
9 classification Apr | May| Jun | Jul | Aug | Sept| Oct | Nov | Dec | Jan | Feb | Mar | Apr May| Jun | Jul | Aug Sept| Oct | Nov | Dec | Jan | Feb [ Mar
) *Asthetestson &
1.' DeveIOpmem of a. Conceptual stud Conceptual study HyH disassembly, k
side access method . P 4 . c(‘Z_RD exchgllnger
(2) Development of | b.Element test plan Element test plan I re'srﬁ‘cfiif%f 4
disassembly and Test preparation / I interferences from
c. Test preparation / ; ; I the pump pit are
removal technology test manufacturing of test equipment : conguctg it the
test facturi same location, the
@ Remova| of est manufacturing Element : el
interfering object.s of test equipment tests ik;‘nplemenJation will
from the pump pit € revised.
d.Element tests I
Summary
e.Summary
a.Study of Study of measures to enhance throughput
(3) Advancement and | measures to
development of enhance ,
tri | thod throughput ement test plan and preparat
rereval metho b.Tip tool element
) Remotely operated | test plan and (Elﬁlfg?:zrslgitﬁgttest for
tip tool for retrieval preparation evaluating throughput)
c.Element test ‘h————l
(Processing test i
for evaluating il
throughput) Study of operating system I
d.Study of I
operating system :
e.Development and mulation verification of operating system I
simulation K
verification of :
operating system Element test I
f. Element test (Series of operations using the operating system) I

(Series of
operations using
the operating
system)
g.Report creation

Report creation
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4. Implementation schedule of this project

[Legend]
7 Planned
Revised

No0.22

Development of fuel debris retrieval method Implementation Schedule (4/4) Acta
I Small FY2021 FY2022 .
L Remarks
Large classification classification | apr [ May | Jun | Jul [Aug[sept| oct | Nov| Dec | Jan | Feb | Mar | Apr [ May| Jun | Jul | Aug[sept] Oct [ Nov | Dec | Jan | Feb | Mar
| *As the time of the
2. Development of top o Conceptual stuy Conceptual study RPV head stud
access method ‘bolt cutting
(1) Development of  |b. Element test plan Element test plan i E ‘glleerﬂggtst\c/\aﬁtth the
technology for . k i test time of other
.Test tion / .
realizing the concept c. Test preparation rest preparation’ E E Jte_ﬁtg, eleméent tedst
L2 test facturi ‘test manufacturing of test equipment i : will be conducte:
of retrieving large est manutacturing ; ; * 7 E ltﬂ FYt20%1, and
; L thus tes
structures of test equipment | Element tests E Element tests reparations will
D Method of cutting ‘i' e made and
d.Element tests i | element tests will
large structures Summary’, | be conducted.
e. Summary b
i i !
Conceptual study 3

@ Large transfer
container

a. Conceptual study
b. Element test plan
c. Test preparation /
test manufacturing
of test equipment
d. Element tests

e.Summary

v Element test plan -

Test preparation /

test manufacturing of test equipment

Element tests

2 Summary

@ Large transfer
containers

a.Conceptual study
b. Element test plan
c. Test preparation /
test manufacturing
of test equipment
d. Element tests

e. Summary

{ ! l
Conceptual study

Element test plan

Test preparation / test manu

] W
acturing of test equipm

ent

\Elem

ent tests

o MW i BEL OS NE Tk
~After organizing the
issues based on the
steps for carrying in/out
the work container and
isolation sheet, element
test items are planned
to be identified, etc. and|
element test plan is
planned to be created.
*As studying the steps
for carrying on/out and
organizing the issues
requires time, the test
plan is planned to be

Major milestones

;A

Interim report
i i i

A
Annual report
! i

A

Interim report
i

Surﬁmary created from FY2022
i onwards.
&

Presentati?n ofI results report

TRID
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5. Project Organization

No0.23

International Research Institute for Nuclear Decommissioning
(IRID)

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

Tokyo Electric Power Company (TEPCO) Holdings,

» Various coordination for site application

Hitachi-GE Nuclear Energy, Ltd.

Mitsubishi Heavy Industries, Ltd.

[Element tests, technical development]

1) Development of the side access method
(1) Development of the method of installing access
equipment
@ PCV connection sleeve installation and welding
by remote operation
@ Installation of shield
@ Disassembly of shield plug

methods

[Element test, technical development]
1) Development of the side access method
(1) Development of the method of installing
access equipment
@ Installation of large heavy structures
(3) Advancement and development of retrieval

@ Remotely operated tip tool for retrieval

(2) Development of disassembly and removal
technology
@ HVH disassembly
(@ Disassembly of CRD exchanger
@ Interfering objects removal from pump pit
2) Development of the top access method
(1) Development of technology for realizing the
concept of retrieving large structures
D Method for cutting large structures
@ Large transfer container
@ Large transportation equipment

1RID

Project teams to cooperate for
technological development

Development of Fuel Debris Retrieval
Method

(Development of Isolation Technology for
Preventing Spread of Contamination while

Retrieving and Transporting Large Structures)

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

(Development of technology related to
ensuring safety during fuel debris retrieval)

Development of safety systems (Liquid/gas
phase systems, criticality control technology)

Development of technology for detailed
investigation inside PCV (Field validation of
the technology for detailed internal
investigation using X-6 penetration)

Development of analysis and estimation
technology for characterization of fuel debris

Development of technology for investigation
inside RPV

Development of technology for detailed
investigation inside PCV

(On-site demonstration of technology for
detailed investigation considering deposit
measures)

Development of technology for gradually
increasing the retrieval scale of fuel debris

Development of technology supporting
integrated management of decommissioning
at Fukushima Daiichi Nuclear Power Station
(Development of systems for continuous
monitoring inside PCV)

Research and development for treatment
and disposal of solid waste

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

Olnternational Research Institute for Nuclear Decommissioning




5. Project Organization No.24

Main sub-contracting details

Hitachi-GE Nuclear Energy, Ltd. Mitsubishi Heavy Industries (MHI), Ltd.

[Sub-contracting details] [Sub-contracting details]
* PCV connection sleeve remote installation test, HVH disassembly - Design assistance related to detailing of cell structure

element test, CRD exchanger disassembly element test, pump pit (MHI NS Engineering Co., Ltd.)

interference removal element test - Design assistance related to detailing of the access equipment

_ installation method (MHI NS Engineering Co., Ltd.)

(Toko Corporation) , - Cell adapter remote installability verification test

- PCV connection sleeve remote welding test, element test related to (Nihon Kensetu Kogyo Co. Ltd.)

the RPV head, test manufacturing of large transfer containers, air-

: + Shielding door remote installability verification test
tightness test

(Nihon Kensetu Kogyo Co. Ltd.)

* Installation position setting technology verification test

(Nihon Kensetu Kogyo Co. Ltd.)

- Design assistance related to detailing of procedures for removing

(Mitsubishi Heavy Industries, Ltd. (Former Mitsubishi Power, Ltd.))
- Element test related to the method of cutting large reactor internal

structures
structures
(Sugino Machine Limited) (MHI NS Engineering Co., Ltd.)
- Study related to filler material for the top access unitized large - Design assistance related to detailing of fuel debris collection
structures transfer method procedures

(MHI NS Engineering Co., Ltd.)

- Verification test of the technology for remote removal of structures
(Kobe University)

- Fuel debris collection procedures verification test

(MHI NS Engineering Co., Ltd.)

(The University of Tokyo)

 Design assistance related to the study of side access method
(Hitachi Plant Construction, Ltd.)

- Design assistance related to the study of top access method
(JTEC Corporation)

The outsourcing company for the following is yet to be determined
= Access tunnel additional shielding test (planned)

= Shield plug disassembly element test (planned)

« Large transportation equipment element test (planned)

|
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6. Implementation Items of This Project No.25

1) Development of the side access method

(1) Development of the method for installing access equipment
@ Installation of large heavy structures
The installation of cells, which are large heavy structures, has been studied to be used as access
equipment for the side access method, with the purpose of further increasing the scale of retrieval of fuel
debris and reactor internal structures. For precise cell installation inside the R/B, ensuring of installation
accuracy and optimization of installation work need to be studied and related development needs to be
carried out with respect to the cell structure and connection with the PCV.

In order to install the cell structure, which is a large heavy structure, on the PCV connecting part, the cell
structure needs to be positioned accurately on the PCV connecting part while keeping within the load limit
for the floor inside R/B, and the connection to the PCV opening needs to be accomplished remotely via the
structure equipped with confinement function and a function for dealing with displacement caused by
earthquakes. The method of installing the access equipment for the cell structure inside the R/B will be
studied, verification tests will be conducted, and the efficiency of the method as a whole and feasibility of
the procedures will be verified.

As the pedestal opening cannot be modified and changed easily, the cell structure needs to be installed
accurately by remote operation while sufficiently considering the mutual correlation between the location of
the X-6 penetration, which is where the access equipment is installed, and the location of the pedestal
opening (axis joining both openings), when both openings are connected. As the access equipment is
installed along the axis leading to the pedestal opening from the X-6 penetration, first, the method of
carrying-in, installation and remotely installing the cell structure meeting this requirement via the connection
structure will be studied while taking earthquake measures into consideration. Then, the viability will be
verified based on the on-site applicability of the method including the procedures, installation accuracy and
efficiency, by element tests using simulated test pieces, etc.

Solicitation items are listed.

l D Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project - NO.26
[1) (1) Development of the Method for Installing Access Equipment] '
@ Installation of large heavy structures

(1) Development results achieved so far and correlation with this project

Equipment hatch cell  Crane maintenance EQuipment temporary

overhead crane module storage module

i A | Fuel debris ret-ri;/;I cell mm \ / ,‘/ Maintenance cell ’
[Upgrading of fundamental technology W 8 i \ - [ [ R, e

v: /4
-

(FY2017-18)]

« Study of the composition of fuel debris
retrieval equipment and the proposed

. Mini cask cell

“.Canister carrying-in station

“\Canister cell

I ayO Ut Maintenance cell Access equipment carrying-infout port / \ \\Casllitt:ell fori i
. . T AT / \ (cask transfer inspection area)
* StUdy of the method of installi ng the Cell installation e car(r:a:Zk cI:/rE:yhli‘ng?i:}Butpon ,"'( Waste ranster ce

frame

suspension bridge type cell
Composition of the fuel debris retrieval equipment

Layout of the fuel debris retrieval equipment (suspension bridge type cell)

[ FU rt h el‘ | n C reaS | n g t h e I‘et r | eV al S C aI e Fuel debris retrieval cell LLW transportation cask cell =
(FY2019-20)] .Can‘.iv‘Sterfe” Fuel ‘q’ebris transportation cask cell _;

Reactor Building Shield

\ Mini cask cell -
0= o j | Floor beam

Installation 7" 2

+ Study on downsizing the cells installed cell frame X, N (Famesmeme )
inside R/B Debris retrjeval cell pov E E
+ Study of the method of supporting the el B ! §
load of the cells Frame for supporting the load of the cell-
) i . ! [10 Work of making an opening on PCV concrete wall ! 11 Cell adapter carrying-in installation inside the building
» Study of the work steps involved in Fuel deeiiEER ] (o ; it [
) ) ) A preparatory cell ‘
installing the fuel debris retrieval o X
ropot contal for 'C/EK:L{ISQ;:

equipment

[Development of Retrieval Method R
(FY202 1'22)] Access equipment

Ma
c

nearn._| Procedure lllustrations
) I & .

. . . temporary storage spac
» Substantiation of the access equipment (cell Maintenance cell < ;
ad apte r,s hieldin g doo r,C el I) to be connected Equipment transfer container Equipment transfer container yard T odotempnan sheong g wo

to the PCV inside the R/B, study and
verification of feasibility of installation
method.
| -
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6. Implementation Items of This Project No.27
[1) (1) Development of the Method for Installing Access Equipment] '
@ Installation of large heavy structures

(2) Background and purpose of this research
v Reasons for this research
» The side access method has been studied on the equipment for accessing the inside of the PCV pedestal, cell adapter for
connection to the PCV and for confinement, and access equipment composed of the shielding door and cell, in order to
further increase the retrieval scale of fuel debris and reactor internal structures. In FY2020-21, the access equipment was
studied such as downsizing the cells to be installed inside the R/B, method of supporting the load of the heavy cells, as also
the work steps involved in installing the fuel debris retrieval equipment.
» The following requirements concerning the access equipment are addressed in this subsidy project.

» In order to install the cell structure, which is a large heavy structure, on the PCV connecting part, the cell structure needs
to be positioned accurately on the PCV connecting part while keeping within the load limit for the floor inside R/B, and
the connection to the PCV opening needs to be accomplished remotely via the structure equipped with confinement
function and a function for dealing with displacement caused by earthquakes, and the structures and requirements to
accomplish this need to be clearly specified.

» As the pedestal opening cannot be modified and changed easily, while connecting the X-6 penetration, which is the
location where the access equipment is installed, to the PCV opening, the mutual correlation between the locations of
both openings (the axis joining the openings) is sufficiently considered, and the access equipment is installed along the
axis leading to the pedestal opening from the X-6 penetration. Hence for remotely installing the cell structure, the
procedures for carrying-in the cell structure and installing it accurately, while meeting these requirements, need to be
established.

+ Therefore, in order to install the access equipment accurately inside the R/B, ensuring installation accuracy and optimization
of installation work need to be studied and related development needs to be carried out with respect to the cell structure and
connection with the PCV.

v'  Expected outcome of this research, reflection destination, and contribution of the outcome
+ Expected outcome: Development of the procedures for installing the access equipment, and establishment of the required
specifications of the equipment for remote operation
» Reflection destination and contribution of the outcome: Establishment of the method for installing the access equipment
inside the R/B for the side access method

|
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6. Implementation Items of This Project
[1) (1) Development of the Method for Installing Access Equipment]

@ Installation of large heavy structures

No0.28

(3) Project Goals
v Requirements from the reflection destination
* The access equipment is planned to enter from the pedestal opening of the PCV to retrieve fuel debris.
* An access route for the above-mentioned access equipment needs to be made in a straight line from the
pedestal opening to the X-6 penetration.
* Hence, the shielding door or the cells, etc. which are large heavy structures, need to be installed accurately
along that straight line.
* Also, the connecting part between the cells installed on the first floor of the R/B and the PCV should use a cell
adapter with a bellows structure to absorb the displacement in the event of an earthquake.
* Further, the cell adapter, shielding door and the cells need to have a confinement function.
*+ And, as BSW is installed after the opening is created, it means that the work of installing the cell adapter will
have to be carried out under high radiation environment from the PCV. Hence installation by remote operation
becomes necessary.

v' Goals based on the above-mentioned requirements

« Studying the required installation accuracy, adjustment method, etc. and substantiating the structure, in addition
to functions such as the earthquake displacement absorption function, confinement function, etc. that are
required of the access equipment which comprises large heavy structures.

» Detailing the procedures for installing the access equipment.

« Examining the installation procedures that must be verified, and verifying them by element tests.

» Organizing the required specifications of the equipment for remote installation, based on the results of element
tests.

3
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6. Implementation Items of This Project N0.29
[1) (1) Development of the Method for Installing Access Equipment] '
@ Installation of large heavy structures

(4) Implementation items, their mutual correlation, and correlation with other research
v Implementation items and correlation between the implementation items

Substantiation of the specifications of components of the access equipment
»  Substantiation of specifications of access equipment and clear specification of installation
requirements

4

Study on detailing of procedures for installing the access equipment
» Detailing of installation procedures
+  Substantiation of installation tools

. o

Verification of element test for the installation procedures

» Designing and manufacturing of equipment for the element test

* Identification of issues in implementation of element tests and in the specifications of the
equipment for remote installation

b _4

Organizing the required specifications of the equipment for remote installation
+ ldentification of required specifications of the equipment based on the results of element tests

' D Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project

[1) (1) Development of the Method for Installing Access Equipment]
@ Installation of large heavy structures

No0.30

(4) Implementation items, their mutual correlation, and correlation with other research
v Correlation with other research (Input and output information)

Ground preparation in front of

Removal of interference objects
inside the Reactor Building
(Removal of RHR pipes, etc.)

[ M— |

Removal of BSW in front of air
lock and around X-6 penetration

:ltems studied particularly in FY2021-2022

Creation of opening in the
building wall outside the R/B

© Current state
1 Ny | Laid iron plate
| B4 28 \ Trench , Crushedsione

e ST,

. ,f &Y )
lllustration 4 ;
1
of work L
steps ¢ P
1 Scopeofground @ Ground preparation using concrete
using concrete

P A

« Conceptual study on the method

Remarks implemented in FY2019-2020

Shielding door base plate and

AT
MLt

« Conceptual study on the method
implemented in FY2019-2020

Setting up the outdoor yard

- lentry of workers

Laying of rail for carrying the

Opening for Indoor | Outdoor

aﬁ " Building opening fo

fuel debris retrieval cell
7 "

Building opening for
the mini cask cel

Simple tent house

» Conceptual study on the method
implemented in FY2017-2020

shielding door installation

|
|
1
lllustration
of work |
steps |
I 4
I . I;{stallaion
: cart Shielding door
1 Conceptual study on the method

Remarks L implemented in FY2017-2020

TRID

i cells in and out of the building

Rail for carrying

| S 4 i

$ | -

Retractable [~
part
Vi

e/
/ 3% 41 Base plate for
S therai

Illustration of outdoor yard
(Overhead retractable

carrying-in/out

implemented in FY2019-2020

the cell in and out
WY

» Conceptual study on the method

BSW opening
e 8 e door ameze |

FE AN
en \

S A. % e G % 2 A
/ b Y waan | i

7 G/H
Penerraion plug o pCy Peneraign plug
/44_1:_ .cmsmgpua.e" s

....... = Core boring

« The method of making a hole developed ||
by Toshiba in FY2017-18 is planned tol
used.
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6. Implementation Items of This Project No.31
[1) (1) Development of the Method for Installing Access Equipment] '
@ Installation of large heavy structures

(4) Implementation items, their mutual correlation, and correlation with other research

v' Correlation with other research (Input and output information) I™ ™1 . tems studied partioularly in FY2021-2022
- ]

Carrying-in and installation of Installation of fuel debris retrieval Comprehensive trial run and PCV wall openin
cell adapter cell and other structures inspection P 9

Carrying-in of the
telescopic dual arm

I i oo ! T 1 & {Shielding door closed|
o Fuel debris retrieval cell %4> —— —1——"—
i 12 [Air- uqhtdoor | Shlelqu door] 1
g g . PCV concrete wall o ] Fuel debnsremeval cell
Welding A N
4

equipment . j i Fueldebnsretneval
J s oy H = ‘ "
I< S \ -
<L

Mini cask cell

hack -up cell

|||UStratI0n X “ . 1‘ Canistercell
Of Work I Conflguratlon of the boundary L | A5 - Debris_
steps R y 1— Bt ‘23255‘32?223
[ Temmoe ] L
R K Conceptual study on the method Conceptual study on the method » Conceptual study on the method
emarks implemented in FY2019-2020 implemented in FY2019-2020 implemented in FY2017-2020

Work Removal of interfering objects Removal of interfering objects Removal of interfering objects Removal of interfering objects |
step outside the pedestal (1) outside the pedestal (2) from inside the pedestal (1) from inside the pedestal (2) |
Telescopic dual arm type robot) V(Telescopic dual arm type robot) | (Telescopic dual arm type robot) | (Telescopic dual arm type robot) :

1 I

1 I

1 I
lllustration ! |
of work i |
steps | :

1 I

1 I

I I

| Conceptual study on the method » Conceptual study on the method * Conceptual study on the method » Conceptual study on the method |
Remarks | implemented in FY2017-2020 implemented in FY2017-2020 implemented in FY2017-2020 implemented in FY2017-2020 |

j B S S S S S S SN S S SN BN S SN B S SN BN S SN B S SN BN S S B S SN B S B S S S e s e s
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6. Implementation Items of This ProjeEt No.32
[1) (1) Development of the Method for Installing Access Equipment] '
@ Installation of large heavy structures

(4) Implementation items, their mutual correlation, and correlation with other research
v' Correlation with other research (Input and output information) 1™ ™1 . 1tems studied particularly in FY2021-2022

Removal of interfering objects Fuel debris retrieval
from inside the pedestal (3) . Sub-criticality measurement (Fixed rail type dual arm type
(Fixed rail type dual arms)

Installation of fixed-type rail
(Fixed rail type dual arms)

llustration &
of work

steps
« Conceptual study on the method I Conceptual study on the method 1 Conceptual study on the method » Conceptual study on the method
Remarks implemented in FY2017-2020 L implemented in FY2017-2020 implemented in FY2017-2020 implemented in FY2017-2020
L8 B N B B B B B B N §B B |

LA Fuel debris transfer e debrl_s G CRD removal Fuel debris delivery
step (Hydraulic arms)

I I
Unit can I I
I I
I ||UStratI0n I I Fuel debris
I I retrieval cell
of work I
|
steps oL
I I . 3 <- E ?—
I I Fuel debris .
I I transportation cask cell Mini cask cell
I I
Conceptual study on the method I. Conceptual study on the method l. Conceptual study on the method » Conceptual study on the method
Remarks implemented in FY2017-2020 I implemented in FY2017-2020 | implemented in FY2017-2020 implemented in FY2019-2020
]

L-------------
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6. Implementation Items of This Project No.33
[1) (1) Development of the Method for Installing Access Equipment] '
@ Installation of large heavy structures

(5) Implementation items
(5)-1: Substantiation of the specifications of components of the access equipment
v' Objective
* In order to install the cell structure, which is a large heavy structure, on the PCV connecting part, the cell structure
needs to be positioned accurately on the PCV connecting part while keeping within the load limit for the floor inside
R/B, and the connection to the PCV opening needs to be accomplished remotely via the structure equipped with
confinement function and a function for dealing with displacement caused by earthquakes. The structures and
requirements to accomplish this need to be clearly specified.
* The access equipment that is provided with a confinement function, etc. and conforms with the limitations on the
floor load applicable to fuel debris retrieval equipment using the side access method, needs to be substantiated.

v' Project Goals
+ To substantiate the structure of the cell adapter, shielding door and cell that form the access equipment.
+ To study the specifications of the confinement function and the earthquake displacement absorption function, and
the structure.
+ Also, to add the required installation accuracy and method of adjusting the position while installing, to the structural
study.

v' Comparison with existing technologies
* The cell adapter, shielding door and cell that are the components of the access equipment are technologies that are
present in existing nuclear facilities.
* Since the access equipment, which comprises large and heavy structures, has to be installed accurately inside the
existing R/B at the Fukushima Daiichi Nuclear Power Station, and the cell adapter has to be installed by remote
operation, the requirements of the installation equipment need to be satisfied.

l D Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project No.34
[1) (1) Development of the Method for Installing Access Equipment] '
@ Installation of large heavy structures

(5) Implementation items
(5)-1: Substantiation of the specifications of components of the access equipment
v Implementation items and results

1) Connection structure of the boundary with the PCV

A base plate is installed to support the load of the BSW and then the shielding door is installed.

The cell adapter is welded between the PCV and the shielding door.

The shielding door and the fuel debris retrieval cell are connected by welding the bolt and the seal.

The confinement boundary comprises the fuel debris retrieval cell, shielding door (casing) and the cell adapter.

VVVY

Base plate

Shielding door Cell adapter

BSW

Ty W

Base plate

—\

Connecting PCV

Shielding door

Welding Welding =
(Remote (Remote
operation) \ operation)

Shielding doo

[lllustration of the shielding
door installation]
[Mass of each component]
+ Cell adapter: 3 ton
+ Base plate: 70 ton
+ Shielding door: 25 ton
- Fuel debris retrieval cell: 180 ton

<__ Bolt connection
~location

“(Outside the cell)

(Inside the cell) ~
Fuel debris retrieval cell

Fuel debris
retrieval cell [Confinement boundary]
E—
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6. Implementation Items of This Project No.35
[1) (1) Development of the Method for Installing Access Equipment] '
@ Installation of large heavy structures | & :Load

mass point

(5) Implementation items
(5)-1: Substantiation of the specifications of components of the access equmentf
v Implementation items and results

1) Connection structure of the boundary with the PCV (2/5)  Railpart and anchor casting DVL |
) (enlarged view) Cross section a [

%\%thelding dOOI’l Fuel debris retrieval cell

2 (10120 / . |

&
% z ]
T
e N Fixed on the strong members using post installed anchors
| )
~ 255 0
=~
g | Rail part (enlarged view) hielding door
T §' Cross section b 1
| 2 Rail for carrying in the cells
i ] —t +_Shielding door =— Fuel debris retrieval cell H— T | ; |
& 2w 1 | = i
w’?(ShleId_Mg_r_ : 1
400 400 — i
el 1852 J_ 2532 o
4815 Shielding door housing _________J C - D Connecting part of the rail for carrying-in
A-A 0 ! the shielding door and cell
1010 . A
-8 (Shielding door housing) 7/;- (Enlarged view) Cross section ¢
650 2350 4/((Sh|eld|ng
i door)
I / 23 3580 (Concrete opening 5 _ 1s5mg(Concrete o_penm_g)-
3 (External dimensions
| | [ | 1 1 | = 7 3350 (Cell adapter flange) & o 3150 fof cell adzpter) wzm
=) P A S § o § 1 7 S 3250 (Shielding door opening) E 2840 (Effective oEening)
. o| £ © 2600
=] =|5 Tie rod lug [— e 8
1 - 5|3 for shippin ,\r g I . | 3_’,-: LAtk s 11//)1// .
t 3o ) v i =
e &5 i i oS 2 |4
£|Z =] — 38 i £| 2l g— v
A of 5|2 £ Tl i IR mer | £ m—— |
- Ik 3|5 = sl g5 ! ! olE o Al .l v
A Lt A [ SIS =40 3 gl 35 8 | HEER 1 [N /
. ) 5 g3 6 | : ¢le B O v
4 e & § o g > 2 = % i 51 E o8 4 [Illeglile] rail 'r:
=| < = 2 H =1
| < It 8 o i o | { Q % ua hydraulic rail 5
| & gAe | t Sa gt 2 R I
11T n = = e | A2 | A0 N B4
1 = = =5~ .{._ 5 5 g : | S L4 _—) 7
o )
m R — 7 2 > ’
255 4160 i OP 10200 SIS . ) : i
T 2420 . B 15| €~ Dimensions of the X-6 penetration 3 & 2840(PCV opening)
§120 7650 255 (height/allowance) X
~B e D c-C b-D
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6. Implementation Items of This Project No.36
[1) (1) Development of the Method for Installing Access Equipment] '
@ Installation of large heavy structures

(5) Implementation items
(5)-1: Substantiation of the specifications of components of the access equipment
v Implementation items and results

1) Connection structure of the boundary with the PCV (3/5)

[Boundary part]
A structure such that the shielding door (casing) can be connected to the cell adapter flange part.

[Carrying-in of cell adapter(®] [Carrying-in of cell adapter 2)] [Welding of cell adapter] vl deb [Opening of PCV]
uel aeoris

retrieval cell BSW

Shieldini/door BSW BSW

»
I ( &\

+ PCV

Cell adapter X-6 pzegl:ett)ranon

|
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6. Implementation Items of ﬁis Project No.37
[1) (1) Development of the Method for Installing Access Equipment] '
@ Installation of large heavy structures

(5) Implementation items
(5)-1: Substantiation of the specifications of components of the access equipment
v' Implementation items and results

1) Connection structure of the boundary with the PCV (4/5)

350 (Concrete opening) ___3sac (Concrete opening)
[Boundary part] % 3350 (Cell adapter flange) 3150 dmingons (2203
3250 (Shielding door opening) 2840 (Effective opening)
— B 2600
& S t ? ) y
Sl g | S — T —— 1 = _ ABRYLLLLLLALLLLL
2000 N =
gse if 1l o | 8 T et
o o © i i Q ° D 3
5|8l S 'H ! Sies( 2 8 4 [ilegible] rail + |
> Ol = & ilr . O = o 4 hydraulic arm
R i B | 8 Y g & 1
A 2o 8 | 40~
" Bg i3 G 411 & j & ’
lllustration of cell adapter - o g
~ o 2940 (PCV opening
C-C D-D
Width (mm) Height (mm)
Items - _ _ _
Dimensions Clearance Dimensions Clearance
Effective opening 2,840 A 100 2,690 e 100
PCV i 2,940 =T 210 2,790 =T 210
opening , — , —
Cell adapter dimensions 3,150 ;» 430 3,000 — 430
Concrete opening 3,580 — 3,430 ‘/ —
Shielding door opening 3,250 — 100 3,632 — 100
Cell adapter flange 3, 350 ‘/ — 3,732 ‘/ _
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6. Implementation Items of This Project

[1) (1) Development of the Method for Installing Access Equipment] No.38
@ Installation of large heavy structures
(5) Implementation items
(5)-1: Substantiation of the specifications of components of the access equipment
v' Implementation items and results Cell adater struct
1) Connection structure of the boundary with the PCV (5/5) [Cell adapter structure]
[3D-CAD of boundary structure] - l_ 1 : ” }.,- i [ R L
v [ ‘ w—f_m T : T UL i *:‘rf &
- - (i =—————tgh fi=————p | g
Shielding door ‘ .‘
LSt b removecwihout e after plumbing Relative displacement: Planned to be10mm

Cell adapter

PCV " Fillet welding
X-6

penetration
;;lﬂ PCV side

Fixed rail
installation
platform

Fillet welding

Cell side

Fuel debris retrieval cell

[Examples of operating performance of cell adapter (square shaped bellows) in nuclear facilities]
* Fast breeder experimental reactor main exhaust duct =
+ High-temperature incinerator exhaust gas treatment facility Bellows corner section
» Connection between glove boxes

E—
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6. Implementation Itemér of This Project N0.39
[1) (1) Development of the Method for Installing Access Equipment] '
@ Installation of large heavy structures

(5) Implementation items
(5)-1: Substantiation of the specifications of components of the access equipment
v Implementation items and results

2) Procedures for installing the boundary with the PCV (Proposed)

Reference line X-6 penetration

Reference line

O] Marking the reference line’ @ Installation of base plate @ BSW opening
*The line joining the pedestal opening (Temporary closure and reduction
and X-6 penetration opening Connecting the fuel debris retrieval cell in length of X-6 penetration)

Connecting the shielding door and

and shielding door (outside) Bolts
cell adapter: Welding (2 Iocations)/
J A |

= Carrying-in of the
I n
| A - | telescopic dual arm

?

® Installation of cell adapter ® Installation of fuel debris retrieval cell @ Making an opening in PCV Laying of fixed rail for

; internal interference removal
(remote operation) Connecting the fuel debris retrieval cell

and shielding door (inside): Welding

E— S
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6. Implementation Items of This Project No.40
[1) (1) Development of the Method for Installing Access Equipment] '
@ Installation of large heavy structures

(5) Implementation items
(5)-1: Substantiation of the specifications of components of the access equipment
v' Implementation items and results

a) Requirements at the time of installation

> A route that would enable the robot arm to access the pedestal opening from the X-6
penetration opening in a straight line needs to be established.

> In other words, the fixed rail and the rail inside the cells need to be installed along the
straight axis joining the pedestal opening and the X-6 penetration opening.

Maintenance cell

Reference line for installatLo

| Fuel debris retrieval preparatory cell |

/ Air-tight door
[ Shielding door |
‘ Cell adapter
[t :
Rail inside the cells ¥

Fuel debris retrieval cell X-6 penetration opening

Pedestal opening |

Fixed rail

S T e e e e e ]
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6. Implementation Items of This Project No.41
[1) (1) Development of the Method for Installing Access Equipment] '
@ Installation of large heavy structures

(5) Implementation items
(5)-1: Substantiation of the specifications of components of the access equipment
v' Implementation items and results

b) Deviation occurred during installation

[1] Rotational direction

(Direction of angular deviation from a certain line heading towards a center) (Angle of deviation from the reference line)

The greater the distance from the center, larger is the angle of deviation.

— The extent of deviation can be controlled by positioning the installation reference line and the rail installation reference
line at a location that is as distant as possible from the center.

[2] Horizontal direction

The extent of deviation during installation can be controlled within the clearance of the pedestal opening and fixed rail.

— At other sites, for example in the case of the clearance of BSW and cell adapter, there is sufficient margin for deviation
and it can thus be dealt with.

Further, deviation in the vertical (height) direction can be adjusted when installing the fixed rail.

Clearance of the pedestal
opening and the fixed rail

Rail installation reference line

~=-—_/_ | Rail installation
T T ==X L }f_/ reference line
‘1' 7 - !;{' L e T ]
X L -
Reference line ’r\ Reference line
for installation > for installation
[1] Rotational direction [2] Horizontal direction

LSS
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No0.42

6. Implementation Items of This Project
[1) (1) Development of the Method for Installing Access Equipment]
@ Installation of large heavy structures
(5) Implementation items
v' Implementation items and results
c) Setting the installation accuracy for the rotational direction
> Settolessthan 1° . (Tentatively: apportioned to the horizontal accuracy mentioned below.)
d) Setting the installation accuracy for the horizontal direction
> Needs to be installed within the clearance of the pedestal opening and the fixed rail.
> Installation accuracy is set as given below.
Clearance 110mm Ins
(One side: 55mm)

Pedestal opening: 750mm
Width of fixed rail: 640mm

(5)-1: Substantiation of the specifications of components of the access equipment
0.

gm{ —— 1"

10m

tallation accuracy:
+50mm

I
9]

Relelence I|ne |O|
|
|
|I'

' 4\‘\/ PCV steel plate

640

installation

[STTTTE s VTN B
/ — =
—
|

/ Cell adapter

I

T

'y
u

" i

Fixed rall

- w e— - —

Pedestal

Pedestal
opening

;o-\‘x

BSW . _
Fixed rail

BSW

Clearance of the pedestal opening and the fixed rail

'. \ i
Fixed rail installation platfdrm
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6. Implementation Items of This Project No.43
[1) (1) Development of the Method for Installing Access Equipment] '
@ Installation of large heavy structures

(5) Implementation items
(5)-1: Substantiation of the specifications of components of the access equipment

v Implementation items and results _ w0
. ‘s E
e) Other: Installation accuracy of cell adapter %gm ==
If the central axis deviates horizontally or vertically during the installation g 2]< //
of the cell adapter, its impact on the groove gap is evaluated. £ g0 /V
[ Evaluation conditions) S o silestarfe i
c FEEE ERER DR
PCV outer diameter = 20,000mm 3 § ]
. . E = /
Cell adapter dimensions = 3,000mm < @00 x

0 5 10 20 25 30 35 40 45 50

= The center of the cell adapter is assumed to be the center of the PCV Extent of deviation of central axis of cell adapter L (mm)

spherical shell.

. , ) Amount of increase in grooye gap: X(mm)
As the gap with the welding portion needs to be under 5mm,

Installation accuracy of cell adapter: 15mm or less

—>

* The installation position of the cell adapter is adjusted so that the gap with the welded portion is under SmmMsseaseasaasss .
- Further, it may be possible to eliminate the gap as required by pressing the cell adapter as well. .

Cell adapter

@ Fillet welding

Covering
sheet
Shielding

Cell adapter
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6. Implementation Items of This Proje(?t
[1) (1) Development of the Method for Installing Access Equipment]
@ Installation of large heavy structures

No.44

(5) Implementation items
(5)-1: Substantiation of the specifications of components of the access equipment
v' Implementation items and results

f) Other: Actions to be taken in the event of an earthquake during installation

Even though the duration of installation is about 1 year, which is short, earthquakes are likely to occur during work.
Actions to be taken in the worst case that an earthquake should occur during installation, are listed here.

[1] Maintenance of confinement function

» The work of making an opening in the PCV wall surface is carried out by means of a robot arm, while maintaining
negative pressure inside, after conducting the pressure resistance test once the installation of access equipment
(cells) is completed.
Hence, even if an earthquake occurs during the work of making an opening, a boundary is secured by means of
PCV - cell adapter - shielding door - cell.
In this manner, the confinement function of the PCV is maintained during installation.

» During the work of making an opening in the BSW or the outer wall of the R/B, G/H is installed as a measure to
prevent dispersion of dust produced during the work into the surroundings.

[2] Actions to be taken in response to deviation in the installation position caused by the earthquake
» In the event of a major earthquake, it is confirmed if there is any deviation from the coordinates that are set for
marking the installation reference line and the reference points” that are marked on the R/B and PCV.
*. If X-6 penetration is present, X-6 is the reference point.
When the x-6 penetration is removed, new reference points are marked on the R/B and PCV.
» If there are any deviations, the installation reference line is set again and the installation position is adjusted
accordingly.

| S
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6. Implementation Items of This Project No.45
[1) (1) Development of the Method for Installing Access Equipment] '
@ Installation of large heavy structures

(5) Implementation items
(5)-1: Substantiation of the specifications of components of the access equipment
v' Implementation items and results

g) Summary

1 Required installation accuracy

1) Cell installation accuracy
@ Within 1° in the rotational direction, within 2250mm in the horizontal direction with respect to the
reference line

2) Cell adapter
(D Within ==15mm from the installation reference line

3) Actions to be taken in the event of an earthquake during installation

(D Confirming for deviation from the installation reference line and the reference points marked on
the R/B and PCV

2 Structure formation

1) Establishment of the boundary from PCV - cell adapter - shielding door casing - cells
@ Verification of viability including that of installation the casing, work in confined spaces, and welding work
@ Indication of specifications for the equipment for remote operation

T e e e e ]
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6. Implementation Items of This Project No.46
[1) (1) Development of the Method for Installing Access Equipment] '
@ Installation of large heavy structures

(5) Implementation items
(5)-1: Substantiation of the specifications of components of the access equipment

v' Contribution of the results towards the reflection destination
* Specific access equipment for establishing the access route for retrieving fuel debris present inside the pedestal
opening can be provided for fuel debris retrieval equipment used in the side access method.
* The access equipment can be equipped with a confinement function and the function of absorbing displacements
in the event of an earthquake.
* The method of installing the cell adapter by remote operation can be established in order to reduce the exposure
of workers during installation.

v' Analysis from the viewpoint of on-site applicability

* As the cell adapter has to be installed under high radiation environment from the PCV after the opening in the
BSW is made, installation (dimensions, required accuracy) by means of equipment for remote operation is
considered. (Reference: No. 34, 35, 36, 37, 39, 41, 42, 43, 45)

« Astructure that requires minimal on-site welding work is used. (Reference: No. 34, 35, 36, 38)

* Closing the shielding door in accordance with the work procedures, etc. after the opening in the BSW is made, is
considered for reducing worker exposure. Further, considering the rare possibility that this gets reversed, a
structure that enables complete sealing by installing a closing plate on the shielding door is used.

(Reference: No. 34, 35)

v Issues
* For the shielding door or the cells, the base plate is planned to be installed on the BSW using post installed
anchors. The structure of the fixed part of the base plate needs to be studied and determined upon conducting
site investigation, confirming the status of the arrangement of reinforcement bars, and considering their
placement.

|
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6. Implementation Items of This Project No.47
[1) (1) Development of the Method for Installing Access Equipment] '
@ Installation of large heavy structures

(5) Implementation items
(5)-1: Substantiation of the specifications of components of the access equipment

v' Level of achievement compared to the goals
* The specifications and structure of the access equipment with confinement function and displacement
absorption function for dealing with an earthquake, was substantiated. (Reference: No. 34, 35, 36, 38, 38,
39)
« As part of the substantiation mentioned above, the installation accuracy and the adjustment method
during installation were studied and the results were reflected in the structure.

v' Future plans
* In order to make it more feasible, results of verification by element tests will be provided as feedback and
the specifications and structure of the access equipment will be revised accordingly.
« The impact of dust dispersion when the opening in the BSW is made will be studied.

' D Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project NO.48
[1) (1) Development of the Method for Installing Access Equipment] '
@ Installation of large heavy structures

(5) Implementation items
(5)-1: Substantiation of the specifications of components of the access equipment
v' Other: Detailing of the work carried out inside the cells

a) Purpose of the study
» Time required for the work such as handling the unit can inside the cells, etc. is relevant to

throughput calculation.

» In order to enhance throughput, the work carried out inside the cells at the time of fuel debris
retrieval work is detailed in an attempt to enhance the accuracy of the throughput calculation

results.

Further, in order to be able to stably carry out fuel debris retrieval work on an ongoing basis, if any of the
components of the fuel debris retrieval equipment fails, it needs to be exchanged early on or maintenance
needs to be carried out at the earliest, so as to be able to resume retrieval work. Therefore, the following
studies are conducted as well, as risk assessment of the fuel debris retrieval equipment.

O Assumption of failure mode of the components inside the cells
O Assessment of the extent of impact on retrieval work
(O Study of measures to prevent long-term shutdown of operation

' D Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of Tﬁis Project N0 .49
[1) (1) Development of the Method for Installing Access Equipment] '
@ Installation of large heavy structures

(5) Implementation items
(5)-1: Substantiation of the specifications of components of the access equipment
v' Other: Detailing of the work carried out inside the cells

b)-1 Material handling flow (Fuel debris handling line)

__~Shielding door

Air-tight door
{ o | Egﬁ?ﬁé:ﬁ}f{ﬁﬁ?sunn an S D2B@6) *+ Shle%lng door) Details on @ to @ in the figure are
> — provided on the following page.
AAA_____ANAN

¢+ type robot

/ {‘Arﬁr%n #gﬁ *‘—,5 """"" e

vl L | ¥z 11 L_—.J._..._......._._..L.
r —
) Cell adapter Temporary storage  Draining Wg:%h,;nseﬁg'ﬁ ASES'%TS‘”?&&QP’ dogineter/ measamen  Fuel debris retrieval

equ|pment cap urln%lmages weight scale t equipment preparatory cell

inside

®D

Fuel debris retrieval cell
L —

- EReaHy

Canister cell @@@@

Double door

(0] — L | l 1 11 j *Number of containers:

5 containers

W= Il -

Mini cask cell Surface ~ Water cleaning Stand-by pit Fuel debris
contaminatio and air drying 5% transportation cask cell

I inspection __________ T ______

Air-tight door Air-tight door Deb"s“aknsmna""”
' *Surface contamination venflcatlon . W - Unitcan i
Fuel debris ' [ ; ! i
transportation cask cell : ! ' = Fuel deb :
i i : Caris traﬁgpostaﬁfm !
— —————— BN e s ! anister .
s i s = o i ansior ; | cask i
Il N =" - = |

——n" b L
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6. Implementation Items of This Project No.50
[1) (1) Development of the Method for Installing Access Equipment] )

@ Installation of large heavy structures

(5) Implementation items
(5)-1: Substantiation of the specifications of components of the access equipment
v' Other: Detailing of the work carried out inside the cells

b)-2 Material handling flow (Fuel debris handling line)

@ The unit can containing fuel debris is transported from inside the PCV by means of a transportation cart.

@ The unit can is grabbed by means of the dual arm type robot and is stored temporarily in a temporary storage container with a
shield.

@ The unit can is removed from the temporary storage container by means of the dual arm type robot, and is placed inside the
draining equipment to drain.

Fuel debris : . . : , :
. @ The unit can is removed from the draining equipment by means of the dual arm type robot, and the weight and dose of the unit
retrieval cell can are measured.

® The unitdcan is lifted up by means of the dual arm type robot, the images of the inside of the unit can are captured and an ID is
assigned.

® The unit can is lifted up by means of the overhead crane, and is placed inside the canister via the double door.
@ The double door of the canister is closed by means of the MSM (Master Slave Manipulator’) on the wall surface.
Mini cask cell The canister is transported up to the opening of the connection with the canister cell by means of the transportation mechanism.

@ The canister is received by lifting it up from the mini cask cell by means of the overhead crane.
The second lid of the dual lid is attached to the canister and surface contamination inspection is conducted.
@ The canister is washed with water and air dried as required based on the results of the surface contamination inspection.

Canister cell @ The canister is lifted up from the transportation route by means of the overhead crane and placed in the stand-by pit.
@3 After removing the lid of the fuel debris transportation cask by means of the overhead crane, the canister is placed inside the fuel
debris transportation cask.
Fuel debris The lid of the fuel debris transportation cask is closed by means of a dedicated crane and the MSM.

transportation cask cell (5 The fuel debris transportation cask is transported up to the fuel debris transportation cask yard.

Fuel debris The fuel debris transportation cask undergoes various inspections to be conducted before transporting out such as inspection of
transportation external appearance, air-tightness test, surface contamination inspection, etc.

cask yard @ The fuel debris transportation cask is transported to the storage preparation facility by means of the transportation vehicle.

*: Since the term master-slave contains discriminatory words, its use is generally avoided, but as the term has been established as an academic term in robotics since a long time,

it is being used here as is as a term.  While using the term in the future, we will refer to the trend of related societies such as The Robotics Society of Jaﬁan, etc.

|
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipmeht].51

@ Installation of large heavy structures

(5) Implementation items
(5)-1: Substantiation of the specifications of components of the access equipment
v' Other: Detailing of the work carried out inside the cells

c)-1 Material handling flow (LLW" handling line)

Air- tlght
-1 Shielding door Air-tight door
*The dual arm type robot directl @@@@ (+ shielding door) Ll d b®© | (+ Shleldlng .
5 Hsw 1 | enters the inner container from the Fuel debris retrieval cell_ enarsion cal ) Maintenance cell
access eqmpmen[ P paratory cell §
PN AN == ==
= == ; . == i3 ===
il H ' '
] . . .
pigi 4 1 & E ! Details on @ to (0 in the figure are
‘e mf . .
o ype fobot 4 ; : ) ! provided on the following page.
¢ - : ; |
] ]
] }
ore ] '
' - 2 L] ]
: & 2 ' !
v L | | ' — |
L ) —

W weight — Assignment of ID /

5 Cell adapter p Temporary storage scale I dosimeter Capturing of images of the inside of the inner container
raining equipment, etc.

Fuel deb t | e
u;?rep% rgtso R? crzlgl\lla Air-tight door LLW gggsggrtaﬂon ] —‘I:?—nlj | @.@.@@ l |m “T
: :

=4 e 1
| EIES m‘m

LLW canister Water washing _Surface
and air drying Sopamination

Waste storage container

T.;T‘EE-TT_-?‘
5 | -
oo 110 s S v [ )

X -

@@ LLW transportation cask yard Waste transportation cask
*Surface contamination verification and |
verification of external appearance JE

= : - { BBt Inner . .
' I container LLW canister

B L
| . Waste storage - Waste transportation
i " container container

5 * Low Level Radioactive Waste

. L
Outdoor
transponalltion

Olnternational Research Institute for Nuclear Decommissioning




6. Implementation Items of This Project NO.52
[1) (1) Development of the Method for Installing Access Equipment] '
@ Installation of large heavy structures
(5) Implementation items
(5)-1: Substantiation of the specifications of components of the access equipment
v' Other: Detailing of the work carried out inside the cells

c)-2 Material handling flow (LLW handling line)

@  The inner container containing LLW is transported from inside the PCV by means of a transportation cart.
The inner container is lifted up by means of the dual arm type robot, and its weight and dose are measured.

Fuel debris @ : o . - .
tri | cell @ The inner container is lifted up by means of the dual arm type robot, the images of the inside of the unit can are
retrieval ce captured and an ID is assigned.

The inner container is loaded on the transportation cart by means of the dual arm type robot, and transported to the fuel
Fuel debris debris retrieval preparatory cell.

@
retrieval {@ The inner container is hoisted by means of a jib crane, and delivered to the LLW transportation cask cell.
preparatory cell | ® The LLW that is hoisted by means of the jib crane is received in the LLW transportation cask cell.

(@  Theinner container is placed in the LLW canister.
The lid of the LLW canister is closed by means of an overhead crane and MSM.
LLW ) (@ The LLW canister is hoisted by means of the overhead crane, and the contamination on its surface is inspected.
gggks Fégll‘ltatlon The LLW canister is washed with water and air dried at the LLW canister washing area as required based on the results
of the surface contamination inspection.
@  Atfter the lid of the waste storage container is opened by means of a dedicated crane, the LLW canister is placed inside
the waste storage container by means of the overhead crane.
@ The lid of the waste storage container is closed by means of a dedicated overhead crane.
LLW @ The waste transportation cask is transported to the LLW transportation cask yard by means of the transportation cart.
transportation The waste transportation cask undergoes various inspections to be conducted before transporting out such as
cask yard inspection of external appearance, surface contamination inspection, etc.
@® The waste transportation cask is loaded onto the transportation vehicle.
Thr?‘ \;vaste transportation cask is transported to the solid waste storage facility, etc. by means of the transportation
vehicle.

|
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6. Implementation Items of This Project No.53
[1) (1) Development of the Method for Installing Access Equipment] '
@ Installation of large heavy structures

(5) Implementation items
(5)-1: Substantiation of the specifications of components of the access equipment
v' Other: Detailing of the work carried out inside the cells

d)-1 Material handling flow (Fuel debris retrieval robot arm handling line)

-~ Shielding door Air-tight door Air-tight door
@@@@ (+ shielding door) @ (+ shielding door)
5 nsw & y
» — T ey .: = = -:
Dual arm type robot ' 1
- v : : Details on @ to @D in the
- i figure are provided on the
' | ‘ following page.
Access equment i ' g pag
- (failed arm) : ..,m Bl !
| iﬁ@' — : 1
—wvvwvwvwd | ==t o o _: —— e e V= _4_“ |
5 Cell adapter Fuel debris retrieval cell Fuel debris retrieval preparatory cell Maintenance cell

Equipment transfer container yard

@@ 5 B :
- . emporary storage space ! i
| Temporary : for the acCess equipment i i

| storage space; i i

Air-tight door foe{rm tyPueaI : d;_'l:r = I A|rt|Phtdoor i i
; S ] i :

(+ shielding door) robd (+ shielding door)

- £

Access
equipment for
l replacement

S <, a0 MM
£ o Verification of ?’ \g —
maintenance Transfer w ) n
operation ! Atthe = l
= 7 time of cDﬂﬁ] L] l:frﬁ
: § transfer ||| “EEFEBEDH A : - )
U - > —%r ED.. = tt.u, f == t u
30 fD:{ ] quipment transfer container

— ) S — S e— —
X I = X 11

4

Maintenance cell Equipment transfer container
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‘6. Implementation Items of This Project No.54
[1) (1) Development of the Method for Installing Access Equipment] '

@ Installation of large heavy structures

(5) Implementation items

(5)-1: Substantiation of the specifications of components of the access equipment
v' Other: Detailing of the work carried out inside the cells

d)-2 Material handling flow (Fuel debris retrieval robot arm handling line)

At the time of carrying-out

@ Access equipment pulled up from inside the PCV is received.
Fuel debris @ The access equipment is washed with water and decontaminated.
retrieval cell @ The power supply cables, etc. are separated from the access equipment.

@ The access equipment is moved to the fuel debris retrieval preparatory cell by means of the remotely
operated transportation equipment.

Fuel debris retrievalg)  The access equipment is moved to the maintenance cell by means of the remotely operated transportation
preparatory cell equipment.

Maintenance ® The access equipment is washed with water and decontaminated once again.
cell @ The access equipment is placed in the equipment transfer container connected to the maintenance cell.
Equipment transfer container is separated from the maintenance cell.
Equipment _ @ The equipment transfer container undergoes various inspections to be conducted before transporting out
transfer COﬂtalnel; such as inspection of external appearance, surface contamination inspection, etc.
yard Equipment transfer container is loaded on to the transportation vehicle.
@ Equipment transfer container is transported to the maintenance facility by means of the transportation

vehicle.

At the time of carrying-in
The procedures are the opposite of those mentioned above except for the following.

- After receiving the transportation vehicle in which the required equipment transfer container is loaded, it is
temporarily stored if required in the access equipment temporary storage space in the maintenance cell.

3
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6. Implementation Items of This Project

[1) (1) Development of the Method for Installing Access Equipment]
@ Installation of large heavy structures

(5) Implementation items

N0.55

(5)-1: Substantiation of the specifications of components of the access equipment
v' Other: Detailing of the work carried out inside the cells

e)-1 Material handling flow (Overhead traveling dual arm type robot handling line)

—~ Shielding door Air- tllght door Air- tlf;ht door
S [ (+ shielding door) (+ shie dlng door)
AW ‘- N
. ———

)

IR =s
AMAA__ AMAANT |
{

WAWVWTT vwwwwwd |

Euﬁ-l..

Dual arm type robot
(failéd)

D@

Freie

©)

) ia ¢

5 Cell adapter

Dual arm type
robot fo)r/p

Fuel debris retrieval cell

Access equipment
temporary storage

L= replacement D(cj)g(t))rle space
Air-tight door | lrb? E | _____________ Air-tight door
(+ shielding door) J i | (+ shielding door)

| e i

[Ef ‘ﬂ] ' :

s MSM MM P ;

F$Tothe preparatory cellq? - . :

|

J Maintenance

@

|

Maintenance cell
(while carrying-in for replacement)

Fuel debris retrieval preparatory cell

Failed dual arm
type robot

I
-

To the preparatory cell «
MM MEM MSH Operation %5
v “ '1 verification .

®2®9©

Maintenance cell
(while carrying-out the failed components)

Details on @ to @ in the figure are
provided on the following page.

Maintenance cell

Access equipment
temporary storage space
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6. Implementation Items of This Proje(?t No.56

[1) (1) Development of the Method for Installing Access Equipment] '
@ Installation of large heavy structures

(5) Implementation items

(5)-1: Substantiation of the specifications of components of the access equipment
v' Other: Detailing of the work carried out inside the cells

e)-2 Material handling flow (Overhead traveling dual arm type robot handling line)

At the time of carrying-out

Fuel debris @ The failed dual arm type robot is decontaminated to the extent possible.
retrieval cell

The dual arm type robot is moved to the fuel debris retrieval preparatory cell.

Fuel debris retrieval The dual arm type robot is moved to the maintenance cell.

preparatory cell - The dual arm type robot is washed with water and decontaminated once again.
The dual arm type robot is placed in the dedicated container connected to the maintenance cell.
The dedicated container is separated from the maintenance cell.

Maintenance <~
cell

The dedicated container undergoes various inspections to be conducted before transporting out such as
inspection of external appearance, surface contamination inspection, etc.

The dedicated container is loaded on to the transportation vehicle.

©® O 0d 00

The dedicated container is transported to the maintenance facility by means of the transportation vehicle.

At the time of carrying-in

The above-mentioned process is reversed and the replacement dual arm type robot is brought into the fuel
debris retrieval cell.

' D Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project

[1) (1) Development of the Method for Installing Access Equipment]
Installation of large heavy structures

(5) Implementation items
(5)-1: Substantiation of the specifications of components of the access equipment

v' Other: Detailing of the work carried out inside the cells

f) Heating, Ventilating and Air Conditioning System for each cell

Flow of ventilation in each cell | Tenthouse |\

INegative pressure area|

| bualarm ™
| type robot |
container | §.0

[Expos

ure evaluation|

Shielding door

Exposure

evaluation

Negative pressure (-20/-30)

1

1

| Robor Air & ()"

1

| container : -200(-400)
_________ Maintenance cell
| LW transportation

cask cell

Fuel debris transportatipn
cask c ﬁ P

Air S2(N)*

Waste storage

Fuel debris retrieval cell

N
1

______ I H ‘
! 1
LA

Inner
container

No.57

During normal operation

Cell adapter

-400
——= : Double door
PCV (air-tight)

® = : Shielding door

Legend
=== Air-tight door

(Not air-tight)

. : Air supply

container

<= : Exhaust

N2 : For controlling oxygen
concentration

Air

Air -200

Mini cask cell

D : Monitoring
® : Fuel debris
® LLw

* Exposure assessment:

The extent of impact of the radiation and radioactive
materials radiated, emitted from the reactor is
assessed. It is confirmed that the effective dose
received by the public in the areas in the vicinity of
the site is lower than 50uSv per year.
* Aire (N,)* : With nitrogen purging function.

*: Numerical values are provisional.
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6. Implementation Items of This Project No.58
[1) (1) Development of the Method for Installing Access Equipment] '
@ Installation of large heavy structures

(5) Implementation items
(5)-1: Substantiation of the specifications of components of the access equipment
v' Other: Detailing of the work carried out inside the cells

g) Summary

+ The work, equipment and work flow for each of the following items to be handled during the work inside the cells
in the fuel debris retrieval equipment has been consolidated in the material handling flow diagrams.
O Fuel debris
O LW
O Robot arms for fuel debris retrieval
O Overhead traveling dual arm type robot

* The heating, ventilating and air conditioning system inside the cell was studied based on the items to be handled
inside the cells and their form, and considering that the inside of the cell needs to basically have negative
pressure from the viewpoint of confinement, that spread of contamination needs to be prevented, that the
atmosphere and environment inside the cells is the same as the PCV as the cells are connected to the PCYV, etc.
Specifically, the flow of air supply/exhaust, type of atmospheric gas inside the cells and the monitoring position
were studied.

H) Future plans

» The following items will be studied focusing on the cell line handling fuel debris.
O Assumption of failure mode of the components inside the cells
O Assessment of the extent of impact on retrieval work
O Measures to prevent long-term shutdown of operation

|
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6. Implementation Items of This Project
[1) (1) Development of the Method for Installing Access Equipment]
@ Installation of large heavy structures

No0.59

(5) Implementation items

(5)-2: Study on detailing of procedures for installing the access equipment.

[Purpose]: Verification of feasibility of the side access method for large scale fuel debris retrieval based on on-site
application.

[Objective]: Detailing of procedures for installing the access equipment related to fuel debris retrieval
Study of the method of identification and resolution of issues in implementing the procedures

v Comparison with existing technologies
- The “existing technologies” are used or combined for the installation method.

Along with using general technologies and results of past research, practical studies are conducted while comparing
with the environment (reduction in personnel exposure, prevention of spread of contamination, dust reduction, etc.)
specific to the stabilization of Fukushima.

v Implementation items and results
- Studies on the method and detailing of procedures concerning installation of access equipment (shielding door,
cell adapter, large cells) installed inside the R/B.
[Results]: @ Detailing of the overall procedures concerning the access equipment (installation steps)
@ Detailing of installation procedures of the cell adapter, which are believed to be technically highly difficult
(installation steps)
@ Clear specification of the method of identification and resolution of issues in the installation procedures

3
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6. Implementation Items of This Project

[1) %) Development of the Method for Installing Access Equipment]
Installation of large heavy structures

(5) Implementation items (5)-2: Study on detailing of procedures for installing the access equipment

No0.60

[Result]: Overall step diagram

No. 2. Removal of RHR pipes inside the R/B 3. Removql of BSW in front of air lock and around X-6
penetration
§ // : :|!J1~L A ]
) | |l q

= . I pett | | Equipment E t

5 [Ground preparation areal carry-in route carmy-in route ;
E Western street ! Workers enter |
> from the access lock H
"5_ - Workers enter Step (1): Removal of BSW i
) Ineidee Laid iron plate nside s | GTOUP preparation from the access lock Sheet 3
) | / using concrete Sheet covering Wire saw covering i
c ( \ — SR—— A— o H
Q (AgtBUnSé’IEd \ ’ . =A > A | emporary shieldin :
O “/ ! 1 b f' e 0] a g ':'_‘_‘_’_‘

Preaom b 7 . % ' | 1! t | e
r - Cutting utting
\ 1 = 7 \ ] location location g
Existing | | CrushedExisting , s ST s ’ 1 e
groun i stone  ground” !} DA R Rk | BAgeE S S S0
Current state of the outdoor area After ground preparation work lllustration of G/H  lllustration of cutting the Step (2): Installation of temporary shielding
RHR pipes
The embankment in the area on the west side outside After the dose around the RHR pipes and the residual The shield wall around the X-6 penetration and the

o the R/B is flattened so that its floor level is the same as material inside the pipes is verified, the shielding BSW in front of the personnel access lock and on the

3 the floor of the R/B. material and support are removed. western passageway are removed using an electric

8 - Inside R/B: TP.8.9m G/H is installed for cutting the pipes, a pipe balloon plug | crane, and a temporary shield is installed in front of the
o + Outside R/B: TP.9.4m =TP.8.9m is installed on both sides of the section of the pipes to personnel access lock. Thereafter, 3D measurement of
o be removed, and after a blowing agent is filled, the the form of the surface of the PCV concrete wall is

pipes are cut and the opening is closed. performed.
g General construction work Negative pressure is created in G/H using the local The G/H used at the time of cutting the RHR pipes is used.
I exhaust ventilation system, etc. to control dust and New G/H is not installed. The jacket type shield which had
% prevent its dispersion inside the building. been used in the past at Mitsubishi Heavy Industries, Ltd.
o is used as temporary shielding.
|

3
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~ 6. Implementation Items of This Project

[1)&)1? Development of the Method for Installing Access Equipment] No.61
nstallation of large heavy structures

(5) Implementation items (5)-2: Study on detailing of procedures for installing the access equipment
[Result]: Overall step diagram

4. Making an opening in the building wall outside the 5. Centering and layout marking inside and outside the . N
No. 9 P 9 9 o 9 Y 9 6. Installation of shielding door base plate
R/B building
o . |Building frame (Blue color)| rg P
MLl b ‘ ) ~-IShielding door base plate]
Opening for entry PRt AT
of workers = o
7T Y
_ Building opening for
o ~ B 77 the fuel debris retrieval cell
c ( E Cart for
= I installation ] ot
_‘g |) % |Area for anchor placement]
° e 1 R, ;
© / J S|mp|e tent | BuIﬁing opening for the mini cask cell
3 / house == | A QYA
o ——————————————————————— - :—\
o ,| Building opening for the fuel debris | Indoor _Outdoor 1
Q 1 retrieval cell 1
c 1 1
S ! &a = '
1 |
I o |
1 =i 1 L
| : |
[ 5
1 1 ,‘J l A -’/I, AAR
1 —- a 1 i Sy — S 1
! T [Simple tent house | | R ‘
— — — mple tent house . _— . .
l\.Buﬂdlng opening for the mini cask cell imp u - ,' lllustration of layout marking outside R/B lllustration of the shielding door base installation
o Indoor G/H, vinyl covering, simple outdoor tent house are After marking the locations on the PCV concrete wall (opening) After searching for the rebars, the shielding door base plate is
.g installed as dispersion prevention measures, measures to inside the R/B, the installation location of shielding door base fixed by placing anchors.
o prevent exposure (temporary shielding installation) are taken plate, and the location for laying the rail, etc., the markings are
o and then openings are made in the building wall at 3 extended on the floor of the outdoor yard.
o locations using a wire saw.
N The simple tent house and the work of making openings in General construction work The results of the 3D measurement of the PCV concrete
S the building carried out at the PWR plant have the same surface are reflected in the base plate form.
e results
&-’ (Reactor internal structures replacement work, etc.)

S
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~ 6. Implementation Items of This Project

[1)&)1? Development of the Method for Installing Access Equipment] N0.62
nstallation of large heavy structures

(5) Implementation items (5)-2: Study on detailing of procedures for installing the access equipment
[Result]: Overall step diagram

. . . 8. Laying of rail for carrying the cells in and out of .
Ne | 7. Shielding door installation ying ¢ ying 9. Installation of outdoor tent house
the building
—— p
O YT " hiewingdoor Rall for camying
st "' t' i3 S — g — the cells in and out
nstallation ca . / 4 -
on 3 . ‘d R pr = 1 = t !
v 1 | P8 b [ i i i i i
Bor L | . i}
t i = 1 €
| 8 |
i i E]
e)) i = .
= ;
S |
]
S
© — — —
< Arrangement of || "
= the rail within the building — - T - f —
[oX
] £
'S) 3
c F
o
O Rail for carrying in the cells
| |
li——
=
1
il
potnesees
lllustration of the shielding door installation Arrangement of the rail outside the building Qutdoor tent house
The shielding door frame / shielding door is carried in by The rail is installed inside the R/B by means of the electric fork, Tent house is installed at the outdoor ground preparation
g means of the installation cart and bolted. and the base plate is installed outside the R/B by means of a location.
-g crane, etc. (Installed so that it covers the area where the cells are
8 After laying the rail, the work of centering and leveling the rail is installed.)
o carried out inside and outside the building. The ancillary facilities and utilities are set up and installed.
o
g The base plate installation and rail installation work carried out The roof of the tent house is planned to be retractable so that
g _ at the PWR plant has the same results. access can be provided to the crane, etc. for transferring the
g (Reactor internal structures replacement work, etc.) LLW and debris storage cells.

S
Olnternational Research Institute for Nuclear Decommissioning

3
0



~ 6. Implementation Items of This Project

Development of the Method for Installing Access Equipment]
nstallation of large heavy structures

2

No0.63

(5) Implementation items (5)-2: Study on detailing of procedures for installing the access equipment

[Result]: Overall step diagram

Issue: Processes concerning establishment of the boundary

TRID

No 10. Making a hole in the PCV concrete walll 11. Carrying-in and installation of cell 12. Installation of the
= and cutting the X-6 penetration adapter equipment/equipment transfer system cell
U T | . Shielding door Arm for grabbing Robot arm for welding I | {9
Temporary shielding! ST cell adapter i !
' oy 3702 | ¢ BSW umNEa- " i
e 07233 V' : Green house 2an RxoTey Welding equipment
: A 0 O [ and tool rack
nEuR Y -
ERAI2HR
sun
(o))
= {
% -
S
© ’ .
S N Cell adapter transportation cart] LLW transportation] . u :
o cask cell 1
Q [_PCV concrete wall |, TAir-ight door} 1| [Shielding door
8 Core boring (Example of method of making an openin = [Confinement boundary| [
: Penetration | »
O [Penetration plug | rov.| Iu; | r [“Shielding wall | ¥
o\ \ A Welding
Cutting. \ h location i
AN « - { |
{7s 1 Closing _.! :".J P g SN & .
r » L T 1B ~ Q[ 'y
6 F ate | " [Cell adapter | ==t : 4
penetration [Welding location| | _Fuel debris retrieval cell | [Cell adapter]
° The cell for making the hole is installed, and an After carrying out the work of cleaning the PCV wall After closing the shielding door, the cell is temporarily
5 opening is made in the PCV concrete (BSW) wall. X-6 surface, conducting 3D measurement and making the placed on the rail with a crane, and then is carried in
3 penetration is cut when the opening is being made and | cell adapter groove, the cell adapter is carried in using and joined (welded).
8 a closing plate is installed. the cell adapter transportation cart and installed. After the cell is joined, a pressure resistance test of the
a The shielding door and the cell adapter are welded inside of the cell is conducted.
together. Similarly all cells are carried in and installed.
g The results of past subsidy projects are utilized to the
g maximum in the method of making the opening in the
& | PCV concrete wall (BSW).
|
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~ 6. Implementation Items of This Project
No.64

[1) é}l ) Development of the Method for Installing Access Equipment]
Installatlon of large heavy structures

(5) Implementation items
(5-2: Study on detailing of procedures for installing the access equipment

[Result]: Method of installing the boundary components

PCV steel

@ BSW drilling (Temporary closure and reduction
in length of X-6 penetration)

N
4 Connecting the shielding door and cell \ Connecting the fuel debris retrieval cell and shielding door (outside): Bolts

adapter: WeldingL(Z locations)

[Issues]
Since the cell adapter is installed after making the
opening in the BSW, the installation work needs to
be carried out by remote operation in order to
prevent the impact of radiation dose from the PCV.
Also, when the cell adapter is carried in for
installation, it needs to be carried in while avoiding
the connecting parts for establishing the boundary
and the interfering objects.

g ALLEN RN A Na Ry
T ——

Connecting the fuel debrls retrleval cell
and shielding door (inside): Welding

SO N N N N N NN N NN SN SN SN N SN NN NN N RN S N S N Sy,

®) Installation of fuel debris retrieval cell
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6. Implementation Items of This Project

[1) (1) Development of the Method for Installing Access Equipment] NO.65

@ Installation of large heavy structures

(5) Implementation items (5)-2: Study on detailing of procedures for installing the access equipment
[Result]: Cell adapter installation procedure

Ne 1. Cell adapter positioning and straight 2. Confirming for !nterferlng objects in 3. Carryl_ng-ln of cell adapter (lowering 4. Confirming the boundary components
movement front of the shielding door and straight movement)
Base plate (Yellow) O : Interfering objects confirming location O + Interfering objects confirming location O  Interfering objects confirming location
Shielding door \L B M i 1 ,
(Blue) \j l' / /
l J /
A BSW ‘ ==X . /
. i [
o ‘ /
£ l— i ‘ il
| |l |
E 3 i i " %.);‘ i 2
5 — | LI #
< L (.’}1’
=
o
Q
LC) Cell adapter (Green) » Cell adapter (Green)
Q Cell adapter
o il (Green)p
N i be‘l\.
] /. [ | )
¥ 7 H \ prasss | Wy B - - -
X-6 penetration \ P = - t\
I (Red) \ ] \
With the shielding door “open”, the The cell adapter is moved forward, and The cell adapter is moved forward, and After installing the cell adapter, each
o position of the cell adapter is adjusted in after the cell adapter passes the inserted while making sure it does not boundary component is confirmed by
_g the vertical and horizontal direction such shielding door frame, the transportation interfere with the BSW and X-6 means of a camera.
g that it does not interfere with the cart is stopped and presence of any penetration part with the help of a
o shielding door frame. interfering objects is confirmed. camera. Once near the X-6 penetration,
o the cell adapter is lowered to avoid
interfering with the X-6 penetration.
3 Method of confirming for interfering Method of positioning the tip of the cell Method of confirming the gaps with the
5 objects adapter with the PCV steel plate boundary
_—
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6.~Implementation Items of This Project

Development of the Method for Installing Access Equipment]
nstallation of large heavy structures

R

(5) Implementation items
(5-2: Study on detailing of procedures for installing the access equipment
[Result]: Issues in the cell adapter installation procedures and response measures

Work step

1. Advanced preparation

Issue

Method of resolving the issue

[Legend]

No0.66

Element test 1) |Overall verification test]

[Element test @)

[Unit 5 Field investigation|

Test plan

Remarks

location

(1) Measuring and marking the cell installation

Establishment of the method of scanning from the X-6
penetration location to the CRD opening and the

method of making the marking for the cells

« Desk study of the scanning method and marking
technique will be conducted.

* The feasibility of the methods studied will be verified
using simulated bodies.

[Elemental test @]

+ 1/1 scale simulation

« Ascertaining the coordinates by
means of 3D measurement

- Status at Unit 5 will be
verified
(FY2022)

2. Installation of shielding door

(1) Installing the shielding door base plate

Checking of the status of BSW rebars for placing post
installed anchors

Strength of BSW is unknown

« Will be verified at Unit 5 for reference

* Rebars in Unit 5 will be
explored (FY2022)

(2) Installing the shielding door

Method of carrying-in, transportation and installation of
shielding door

* Desk study

(3) Making an opening in the PCV concrete
wall and severing X-6 penetration

@ Making an opening in the concrete
@ Method of cutting X-6 penetration

(3 Dust behavior when the opening in concrete is made

@ Subsidy projects that have been implemented in the
past are planned to be utilized.
@ Desk study will be conducted

3 Circumstances will be estimated through analysis

3 Dust behavior is planned
to be analyzed

3. Cell adapter processing

wall surface

(1) Polishing the surface adjoining the PCV

Study of method of polishing by means of remote

operation

* Desk study
(Identification of specifications required for remote

operation)

(2) Performing 3D measurement of the surface

adjoining the PCV wall surface

Study of 3D scanning method for the PCV steel plate
with the marking location of the fitting reference line as

a guideline

« Desk study will be conducted on the method.
Viability of the studied methods will be verified using
simulated bodies

®) Carrying
out work
@ at the
plant
(5)

Manufacturing the cell

adapter

Processing the cell
adapter connecting flange

Connecting the cell

adapter and flange

Advisability of processing the flange based on the
results of 3D measurement

* The cell adapter will be manufactured on a trial basis
using the results of the 3D measurement performed in
(2), whether or not it fits on to the simulated PCV will be

checked, and viability of processing will be verified.

[Elemental test @]

+ 1/2 scale simulation

« Ascertaining the form by means of
3D scanning

« Manufacturing of simulated cell
adapter

(Verification of fitting)

1RID
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6._Implementation Items of This Project

[1)(%)1) Development of the Method for Installing Access Equipment] No.67
Installation of large heavy structures [Legend]

(5) |mp|ementati0n items [Overall verification test]

[Element test @] [Unit 5 Field investigation|

(5-2: Study on detailing.of procgdures for installing the access equipment
[Result]: Cell adapter installation procedure

Work step Issue Method of resolving the issue Test plan Remarks

4. Cell adapter connection work

L - Checking for interfering objects by inserting using simulated
Interference of shielding door and BSW concrete

(1) Inserting the cell adapter in the BSW bodies -
with the machined surface . . . .
- |dentification of specifications required for remote operation

(2) Aligning, welding and inspecting the cell adapter

« Desk study of the method

Establishment of the method of positioning the cell |* Verification of viability of the methods studied using simulated
@ Aligning the cell adapter on the PCV side bodi
adapter on the PCV steel plate eelles [Elemental test 3]

« |dentification of specifications required for remote operation - 1/2 scale simulation

- Desk study of the method (Part which will be checked for

Establishment of the method of positioning the cell |* Verification of viability of the methods studied using simulated interfering objects will be at 1/1 scale)

@ Aligning the cell adapter on the shielding door side « Checking for interfering objects -

adapter on the shielding door side bodies E o
- Identification of specifications required for remote operation - Verification of positioning
(Accuracy *=7.5mm or less)

« Desk study of the method o
« Verification of gap measurement
® Measuring the gap between the cell adapter and the |Establishment of a method of gap measurement by |+ Verification of viability of the methods studied using simulated
PCV surface means of remote operation bodies

- |dentification of specifications required for remote operation

« Desk study of the method

« Verification of viability of the methods studied using simulated

@ Measuring the gap between the cell adapter and the [Establishment of a method of gap measurement by —

odies =
shielding door frame means of remote operation
« |dentification of specifications required for remote operation

« Desk study

. - Identification of specifications required for remote operation
(® Welding the cell adapter to the PCV wall surface adapter and the PCV steel plate by means of remote o . . K - -
(Results of existing subsidy projects will be used)

Establishment of a method of welding the cell

operation

Establishment of a method of welding the cell Desk stud
« Desk study
® Welding the cell adapter to the shielding door side adapter and the shielding door by means of remote o o . . - -
i - Identification of specifications required for remote operation
operation

5. Cell installation

(1) Closing the shielding door - _ R _

[Overall construction verification test]

(2) Carrying-in the cell B - Carried in by means of usual methods (TIR roller, etc.) using « 1/2 scale simulation )

simulated bodies (including rail) (Cell length about 1m)

6. Boundary inspection

(1) Pressure resistance test - - - _

|
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6. Implementation Items of This Project No.68
[1) (1) Development of the Method for Installing Access Equipment] '

@ Installation of large heavy structures

(5) Implementation items
(5)-2: Study on detailing of procedures for installing the access equipment.

v' Contribution of the results towards the reflection destination
- Contributes to substantiation of the procedures for installing access equipment inside the R/B for the side access method.

v Analysis from the viewpoint of on-site applicability
* Procedures are studied based on the structures inside Unit 3 R/B, and methods are studied considering on-site applicability.
- Each method required for installation is a combination of general technology and considers on-site applicability to the extent

possible.

v Issues

Work through the X-6 penetration and work after removing BSW is carried out under high-dose radiation environment and
hence needs to be carried out by remote operation. (Remotely carrying out the following work, in particular, is challenging.)
» Ascertaining the reference location required for installing access equipment and the method of marking the layout
- Method of ascertaining the shape of the cell adapter and the PCV steel plate at the time of connection

* Method of positioning the cell adapter on the BSW by remote operation

' D Olnternational Research Institute for Nuclear Decommissioning
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‘6. Implementation Items of This Project N0.69
[1) (1) Development of the Method for Installing Access Equipment] '

@ Installation of large heavy structures

(5) Implementation items
(5)-2: Study on detailing of procedures for installing the access equipment.
v Level of achievement compared to the goals
[Objective]: Detailing of procedures for installing the access equipment related to fuel debris retrieval
Study of the method of identification and resolution of issues in implementing the procedures
[Achievement status]
@ Detailing of the overall procedures concerning the access equipment
. Study of all the steps was completed, but the method of establishing the reference line is still being
studied at present.

@ Detailing of installation procedures of the cell adapter, which are believed to be technically highly difficult
. The study of procedures for carrying-in the cell adapter has been completed. The installation
procedures are being studied.

® Clear specification of the method of identification and resolution of issues in the installation procedures
The following issues have been identified in the installation procedures. Resolution of these issues is
being studied.

1) Ascertaining the reference location using a laser scanner and the method of marking the layout
2) Method of positioning the cell adapter with the PCV steel plate
3) Method of remotely confirming the position when carrying-in and installing the cell adapter

v' Future plans
» Detailing of the procedures being studied and clear specification of the method for resolving the issues will

be continued.
(The procedures are planned to be finalized by element tests)

EEEEES
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6. Implementation Items of This Project N0.70
[1) (1) Development of the Method for Installing Access Equipment] '
@ Installation of large heavy structures

(5) Implementation items
(5)-3: Element test verification of the installation procedures
[Purpose]: Verification of feasibility of the side access method for large scale fuel debris retrieval based on on-site
application.

[Objective]: Verification of the viability of the following issues identified in (5)-2 by element tests and workability in case
of remote operation.
1) Ascertaining the reference location using a laser scanner and the method of marking the layout
2) Method of positioning the cell adapter with the PCV steel plate
3) Method of remotely confirming the position at the time of carrying-in and installing the cell adapter
(Remote operations are not be performed during the test. The scope of the test is to perform simple carrying-in
and installation and to clearly specify the specifications required of the remotely controlled equipment.)

v’ Comparison with existing technologies
* The “existing technologies” are used or combined for the installation method.
Along with using general technologies and results of past research, practical studies are conducted while comparing
with the environment (reduction in personnel exposure, prevention of spread of contamination, dust reduction, etc.)
specific to the stabilization of Fukushima.

v Implementation items and results
- Element tests were conducted concerning the following issues identified in (5)-2 using test pieces.
[Results]: @ Element test plan
@ Study of the element test details and test pieces, and arrangement of the pieces
@ Implementation of element tests, provision of the results as feedback for the study on detailing of each
method

l D Olnternational Research Institute for Nuclear Decommissioning
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~ 6. Implementation Items of This Project

[1)6511) Development of the Method for Installing Access Equipment]
nstallation of large heavy structures

(5) Implementation items

(5)-3: Element test verification of the installation procedures

[Result]: Element test plan @D

- _Ascertaining the reference location using alaser scanner _
| [1] Establishing the installation reference line joining the pedestal opening and |

No.71

Lo

the X-6 penetration opening.__

TZ]_The_raTinstallation reference line is established for the cell.

-_—em s =m o/

[3] The rail installation position reference line and_the installation reference

line are aligned at the time of installation.

Since the work of establishing the installation reference line

joining the pedestal opening and the X-6 penetration opening is

important work,

the method of ascertaining the position

is

studied and the viability is verified by element tests.

Shielding door
5 RTINS

Fuel debris
retrieval cell

.
)
-
-
[~
-
=n
e
e
=
-

Rail installation reference line

¢ [R/B]

l ‘ ‘

I —

| ]

| -

| / X-6 penetration
| installation _

| reference line

| [ Pedestal
I I

\ [1] Establishing the installation reference

line

\——————————,

TRID

Factor
[ V] Shielding door

Fuel debris retrieval cell\

sErrrrrer i

Rail installation
reference line

Rail inside the cells

[2] Establishing the rail installation reference line

=

[R/B]

\ L

A Rail installation
reference line

N

installation
reference line

‘ I
[3] Installing at the place
where the rail installation position reference line
coincides with the installation reference line.

Olnternational Research Institute for Nuclear Decommissioning



1)

6. Implementation Items of This Project

1) Development of the Method for Installing Access Equipment]
Installation of large heavy structures

mplementation items (5)-3: Element test verification of the installation procedures
5) Impl tat t 5)-3: El t test ficat f th tallat d
[Result]: Element test plan @ Overview of the steps for ascertaining the reference location using a laser scanner

1. Verification of the state of
isolation chamber

2. Carrying-in of the
measurement robot

3. 3D scanning on the
R/B side

4. 3D scanning of X-6
penetration

lllustration of work
steps

PCV steel plate

-
Hatch
Robot carry-in isolation
chamber chamber
Air-tight

door CRD opening

[4"

e

| . .
Inclined rail for
Robot carry-in CRD exchange

chamber back hatch X-6 penetration

) PCV steel plate
Hatch .
Robot carry-in ~ isolation
chamber chamber
.. Target Air-tight .
ﬁ b CRD opening
\* y

X AN
. i
-

g .

Robot s - Inclined rail for
carry-in Measurement robot N— CRD exchange
chamber X-6 penetration
back hatch

PCV steel plate

Hatch

R/B wall surface PCV steel plate
Hat . Robot carry-n  isolation
Robot carry-in Y-
Target isolation PCV steel plate chamber chamber
9t chamber  cparber P Air-tight
Target Al;;gh( CRD opening Target door CRD opening
~—3 o P 1 S
.[ . 15N #.CRD opening : ~ o EN e
e |1 H | = Y L 5 1)
|G & | ST INIRNN S
[ "N N ! | NS 1 <
| Y Inclined rail : . - 4
Robot  Measurement ., for CRD Robot  Measurement | S § Inclined rail
carry-in robot coanmer X6 penetration & = D for CRD
chamber “inciined rail Y- robot scanner X-6 penetratior eychange
amber
back hatch X-6 penetration 10" CRD L in

exchange

Details

Confirming that the air-tight door of hatch isolation
chamber is “closed”

Verifying the air-tightness of the hatch isolation
chamber and the robot carry-in chamber

Confirming the dust concentration of the robot carry-in
chamber

5. Installation of 3D scanner
inside the PCV

“Opening” the back hatch of the robot carry-in
chamber

Carrying-in the measurement robot to the robot carry-
in chamber

Laying the cables for the measurement robot
Installing the target inside the robot carry-in chamber

* Installing the target on the R/B wall
surface
« 3D scanner (Omnidirectional)

“Closing” the back hatch of the robot carry-in chamber
“Opening” the air-tight door of the hatch isolation chamber
Placing the 3D scanner at the center of the X-6 penetration
3D scanning (omnidirectional)

6. 3D scanning of the inside of
the PCV

7. Pulling out of 3D scanner on
the R/B side

8. Clearing

lllustration of work
steps

"~ PCV steel plate
Hatch isolation
Robot carry-n  chamber

chamber £ a gt
ferg ol CRD opening
f . 3D
& scanner
= \
: H
Robot |
camy-in - Measurement robot | Inclined rail for
chamber - CRD exchange
back hatch X-6 penetration

PCV steel plate

"
Hatch isolation d

Robot carry-in  chamber_
chamber ~ Air-tight
door ;
Target ™ CRD opening
I

et

| \

3D
scanner

"y

Inclined rail for

N

Robot Measurement robot S
carry-in X-6 penetration ~ CRD exchange
chamber

back hatch

PCV steel plate

PCV steel plate

Robot carry-in - Hatch isolation Robot carry-in  Hatch isolation
chamber chamber chamber chamber
Target Air-tight ’ Target Air-tight
9 dog CRD opening . door CRD opening
f . . ] — T
=" N .. = [ 1 -,
\ \ \ T y
| | | S L : TR b
N "‘i N STT S ),\ -
- - ———— = o
Robot Measurement robot ) Inclined rail for Robot X L Inclined rail for
carry-in X-6 penetration ~ CRD exchange i CRD exchange
Y- P carry-in X-6 penetration 9
chamber chamber
back hatch back hatch

Details

Traveling of measurement robot in front of the X-6
penetration

Inserting and positioning the 3D scanner inside the
PCV

+ 3D scanning (Omnidirectional)

Pulling out the 3D scanner from the PCV on to the R/B side  |.
Withdrawing the measurement robot to the robot carry-in .
chamber

“Closing” the air-tight door of the hatch isolation
chamber

Nitrogen purging of robot carry-in chamber

“Opening” the back hatch of robot carry-in chamber
Carrying-out the measurement robot from the
robot carry-in chamber

“Closing"“ the back hatch of the robot carry-in chamber

TRID

No0.72
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6. Implementation Items of This Project
[1) (1) Development of the Method for Installing Access Equipment] No.73
@ Installation of large heavy structures

(5) Implementation items (5)-3: Element test verification of the installation procedures
[Result]: Element test plan @ Ascertaining the reference location using a laser scanner and the method of marking the layout

[Element test @ Establishment of the reference line marking method]
» The R/B wall surface (required area), X-6 penetration, and pedestal opening are measured by 3D scanning to obtain
coordinates, and the method for marking the installation reference line for the cell is verified.
+ Simple measurement is performed using the 3D scanning method studied, and the coordinate position is ascertained by
integrating the measurement results.
(Refer to the diagram below for the measurement image.)
» The installation reference line is marked on the building floor based on the coordinate data, and its accuracy is verified.

Simulated BSW

3D scanning while the isolation chamber door is ) ; ) )
Simulated R/B wall surface (Not essential) PCV simulation

open
(Acquisition of data pertaining to Target A and B)

Target B 3D scanner
Simulated isolation chamber (Measurement data C)

Closing the isolation chamber door and
releasing the air-tight door

Simulated air-tight door

3D scanning while the air-tight door is open ®
(Acquisition of data pertaining to Target A and X- Q \.

6 penetration 7

S o U ® L T s
[Inserting the scanner into PCV | . )< / &\ \

Simulated

\l/ isolation

e chamber door \ Simulated inclined rail
?D scanning IfndPCV 6 3D scanner (Meaéurement data A, B) TargetA ) for CRD exchange
Acquisition of data pertaining to X-6 penetration . ‘ . . .
andqpedestal Openin%) e . lllustration of 3D scanning Simulated X-6 penetration

[Supplement]

* It is assumed that the isolation chamber is set up based on the
assumption that measurement can be performed during the
“Detailed Investigation Inside PCV” in Unit 3.

* 1/1 scale simulation

+ 3D scanner is the type equipped with a laser tracker

The relation between R/B wall surface, X-6 penetration and pedestal opening is ascertained in
terms of coordinates based on the measurement data A, B and C, and the installation
reference line is marked on the R/B floor after the isolation chamber is removed (for verifying
accuracy).

|
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6. Implementation Items of This Project

[1) (1) Development of the Method for Installing Access Equipment]

@ Installation of large heavy structures

(5) Implementation items (5)-3: Element test verification of the installation procedures
[Result]: Element test plan @ Positioning the cell adapter with the PCV steel plate

No.74

verified.

acquired.

[Element test @ Verification of whether or not the cell adapter connecting flange can be processed]
> In order to verify whether or not the cell adapter connecting flange can be processed, the flange is manufactured based on
the data obtained by performing 3D scanning of the simulated bodies, and its installation with the simulated body is

- 3D scanning of the simulated PCV steel plate is performed, and the data required for designing the shape of the flange is

+ The cell adapter connecting flange is manufactured based on the measurement data, and whether or not the flange can
be processed is verified by confirming the installation.

Shielding door (simulated)

Temporary ,"*—\

shielding Wa‘]t Sa e
Pillars in the

building 4

="

-~ "Building floor—__ <

BSW PCV steel plate
BSW opening (simulated)
'\\

Shielding door
frame (Simulated

X-6 penetration
L (Simulated)

|

* The 3D scanning was performed at a prescribed location and the flange was manufactured based on

those results.

lllustration of the scanning test of the PCV steel plate surface

1RID

3D scanning of the simulated PCV steel plate surface
including the X-6 penetration is performed
(Acquisition of multiple data)

v

Digitalization of the PCV steel plate surface by
integrating multiple data

v

Designing and processing of the cell adapter
connecting flange

v

Verification of the installation of the cell adapter
connecting flange and the PCV steel plate surface

[Supplement]

1/2 scale simulation

Although studies have been conducted during the existing subsidy projects, as the
method of scanning narrow spaces such as around and under the X-6 penetration,
etc. has not been studied yet, it is planned to be studied under this project.
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6. Implementation Items of This Project
[1) (1) Development of the Method for Installing Access Equipment] NO.75
@ Installation of large heavy structures

(5) Implementation items
(5)-3: Element test verification of the installation procedures

[Result]: Element test plan @ Method of remotely confirming the position at the time of carrying-in and installing the cell
adapter

[Element test @ Verification of the insertability of the cell adapter]
> In order to identify specifications required for remote operation, the cell adapter is inserted in the simulated
body and the workability is verified.

BSW

Shielding door PCV steel plate

fsr.gﬁlgmg door = The ability to carry in the cell adapter through the BSW

imfulated) opening /shielding door frame is verified.

BSW. openi (simulated

Temporary

shieldinw —~_|!

Pillars in the
building

@ Confirming for interference with the shielding door
frame and the BSW opening
@ Verifying the ability to carry-in while the X-6

-6 penetration penetration still remains
ulated)

* The positioning of the cell adapter with respect to the
PCV steel plate and the shielding door is verified.

- The gap between the PCV steel plate/shielding door
B frame and the cell adapter is verified.

Building floor .-

on

S Cell adapter

-

Rail for carrying in . .
and out (Note) 1/2 scale simulation

* The cell adapter is transferred using a generic crane and verified.

[llustration of the work of carrying-in the cell adapter (Details of the method of carrying-in the cell adapter are being studied)

| S
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6. Implementation Items of This Project
[1) (1) Development of the Method for Installing Access Equipment] No.76

@ Installation of large heavy structures
(5) Implementation items (5)-3: Element test verification of the installation procedures

[Result]: Element test plan @ Confirmation test for verifying the installation procedures of the cells, etc.
[Overall verification test]

» The fuel debris retrieval cell (partially simulated) is installed in the following test equipment used in element

tests @, @ for identifying the requirements related to the work of connecting the cell adapter by remote
operation, and the overall structure is verified.

[Test equipment]
»Patrtially simulated PCV and BSW around the X-6 penetration inside R/B
» Simulated cell adapter, shielding door, and fuel debris retrieval cell

(Approximately 1m of the length of the fuel debris retrieval cell on the PCV connection side was
simulated.)

» The plan is to basically simulate to 1/2 scale.

PCV concrete (BSW)

I PCV steel plate |

Shielding door frame

Cell adapter

Fuel debris retrieval cell

Shielding door

X-6 penetration
(after cutting)

Rail for carrying in the cells

3
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~ 6. Implementation Items of This Project

[1) (1) Development of the Method for Installing Access Equipment] No.77

@ Installation of large heavy structures

(5) Implementation items
(5)-3: Element test verification of the installation procedures

v' Contribution of the results towards the reflection destination
- Contributes to substantiation of the procedures for installing access equipment inside the R/B for the side
access method.
v' Analysis from the viewpoint of on-site applicability
- The shape, etc. of the BSW opening / PCV steel plate is simulated to the extent possible as required in
the test piece and the structure inside the R/B in Unit 3, and on-site applicability is considered.

1) Ascertaining the reference location using a laser scanner and the method of marking the layout

As the pedestal opening, the X-6 penetration and the distance between buildings need to be
simulated to actual scale, 1/1 scale simulation is performed. (Reference: No. 71, 72, 73)

2) Confirmation test on alignment of the cell adapter and PCV steel plate, method of confirming the
position at the time of carrying-in and installation, and verification of the installation procedures
of the cells, etc.

PCV and BSW around the X-6 penetration inside R/B are partially simulated, and the cell adapter,
shielding door and fuel debris retrieval cell are simulated (Approximately 1m of the length of the fuel
debris retrieval cell on the PCV connection side is simulated).

The size of the test piece is 1/2 scale based on the margin of error in the measurement accuracy and the
workability. (Reference: No. 74, 75, 76)

- Each method required for installation is a combination of general technology and considers on-site
applicability to the extent possible.

|
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~ 6. Implementation Items of This Project
[1) (1) Development of the Method for Installing Access Equipment]
@ Installation of large heavy structures

(5) Implementation items (5)-3: Element test verification of the installation procedures

v Level of achievement compared to the goals
[Objective]: To verify the viability of the following issues identified in (5)-2 by element tests.
1) Ascertaining the reference location using a laser scanner and the method of marking the layout
2) Method of positioning the cell adapter with the PCV steel plate
3) Method of remotely confirming the position at the time of carrying-in and installing the cell adapter
(The scope of the test is to perform simple carrying-in and installation and to clearly specify the
specifications required of the remotely controlled equipment.)
[Achievement status]
1) Ascertaining the reference location using a laser scanner and the method of marking the layout
- Study on the method of ascertaining the reference location has been completed (The layout will be
marked by means of regular marking.)
- Study of the element test details and test equipment is underway.
2) Method of positioning the cell adapter with the PCV steel plate
- The method of ascertaining the shape by means of laser scanning is being studied.
- The method of reflecting the scanning results in the shape of the tip of the cell adapter is being
studied.
3) Method of remotely confirming the position at the time of carrying-in and installing the cell adapter
- Method of ascertaining the position with respect to the PCV steel plate at the time of carrying-in the
cell adapter is being studied.
- The test piece and the test equipment are being designed.
4) Confirmation test for verifying the installation procedures of the cells, etc.
- The test piece and the test equipment are being designed.
v' Future plans
- The test piece will be arranged for and the test method will be determined (up to September in 2022)

No0.78
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~ 6. Implementation Items of This Project
[1) (1) Development of the Method for Installing Access Equipment]

@ Installation of large heavy structures

No0.79

(5) Implementation items
(5)-4: Organizing the required specifications of the equipment for remote installation

[Purpose]: Verification of feasibility of the side access method for large scale fuel debris retrieval based on on-
site application.

[Objective]: To clearly specify the specifications required of the equipment needed for remote operation based
on the results of the element tests at the time of carrying-in and installing the cell adapter.

1) Clear specification of the cell adapter carrying-in and installation procedures

2) Consolidating the requirements concerning the equipment with respect to the carrying-in and
installation procedures

3) Clear specification of the requirements concerning the equipment based on the results of element
tests

v' Comparison with existing technologies
- As far as possible, existing technologies are combined for the installation method.

v Implementation items and results
Clarification of the specifications required of the equipment based on the results of the element tests at the
time of carrying-in and installing the cell adapter
1) Clear specification of the cell adapter carrying-in and installation procedures
2) Consolidating the requirements concerning the equipment with respect to the carrying-in and
installation procedures
3) Clear specification of the requirements concerning the equipment based on the results of element
tests

|
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6. Implementation Items of This Project

[1) (1) Development of the Method for Installing Access Equipment] No.80
@ Installation of large heavy structures For welding
(5) Implementation items Robot arm

R

(5)-4: Organizing the required specifications of the equipment for remote installation
[Result]: Cell adapter installation procedures (Proposed)
Work step

Cell adapter

1. Advanced preparations

(1) | Polishing the surface adjoining the PCV wall surface

@) 3D measurement of the surface adjoining the PCV wall
surface

<

(3) [[Fabricating the cell adapter

(4) ||Processing the cell adapter connecting flange Faqtory w

(5) gonnecting the cell adapter and the cell adapter connecting flanged

2) Cell adapter connection work

(1)| Inserting the cell adapter

Shielding door  Connecting flange Cell adapter transportation cart

(2)| Positioning the cell adapter

Cell adapter transportation cart and

(3)| Welding/inspecting the cell adapter

[|SSU€S] welding equipment (image)
Positioning on the PCV side (a in the figure)
Welding the PCV side and the PCV wall surface (ain the Development of detailed procedures for inserting and
- — installing the cell adapter
Positioning on the cell side (b in the figure) U

Final welding of the cell side and the shielding door (b in the

SHCIGHEICICHE

figure) Establishment of installation adjustment method
Carrying-in and positioning the fuel debris retrieval cell Considering the pOSSlblllty of installing remote|y and
Welding the fuel debris retrieval cell and shielding door setti ng of adJ ustment marg in

Inspecting the welded part 4

. . . Clarification of required specifications of the equipment
Proposed inspection method: Management of execution procedures fq tp installati quip
+ visual inspection + leakage inspection orremote installation

[ EEEEEEES
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6. Implementation Items of This Project
[1) (1) Development of the Method for Installing Access Equipment]
@ Installation of large heavy structures
Shielding door

(5) Implementation items i Seipdentey
(5)-4: Organizing the required specifications of the equipment Z

for remote installation
[Result]: Cell adapter installation procedures (Proposed)

No0.81

Element test verification of the installation procedures

Element tests on positioning and installing the components”
that form the boundary were conducted to identify required
specifications for remote operation (equipment for remote

operation). Carrying-in and Instllatiop of fuel debris
installation of cell adapter retrieval cell

*1) Shielding door, cell adapter, large cells
lllustration of element tests

W e

1 Development of detailed procedures for 1) 3D measurement and shape verification of the cell adapter and PCV steel plate
inserting and installing the cell adapter  2) Verification of the method of inserting the cell adapter into the BSW opening
3) Verification of the connection between the cell adapter and BSW/PCV
4) Verification of the workability of welding the cell adapter and PCV steel plate (Manual
welding)
5) Verification of the ability of centering and positioning large cells with respect to the shielding
door and cell adapter after the large cells are carried in

Establishment of installation adjustment
method considering the possibility of
installation remotely and setting of
adjustment margin

3 CIarifica}tion Of required specificat.ions of 6) Verification of the workability of welding the large cells, cell adapter and the shielding door
the equipment for remote installation (Manual welding)

Verification is carried out by element tests and the required
specifications of the equipment for remote installation are identified.

|
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6. Implementation Items of This Project
[1) (1) Development of the Method for Installing Access Equipment]
@ Installation of large heavy structures

(5) Implementation items (5)-4: Organizing the required specifications of the equipment for remote installation

[Result]: Organizing the requirements concerning the cell adapter installation cart with respect to the carrying-in
and installation work steps

No0.82

Work step Requirement
1. Advanced preparation
(1) Polishing the surface adjoining the PCV wall surface Should be able to polish the PCV steel plate by means of remote operation
(2) 3D measurement of the surface adjoining the PCV wall surface Sh_ogld be able to rernotgly measure the PCV steel plate surface and the BSW opening with reference to the
existing layout marking line
3) Manufacturing the cell adapter
4 In-factory work  |Processing the cell adapter connecting flange Processing the flange based on the results of the measurement done in (2)
(5) Connecting the cell adapter connecting flange to the cell adapter
2. Cell adapter connection work
I21) Inserting the cell adapter Should be able to remotely carry in the cell adapter without any interference up to the reference location
'(2) Aligning/welding/inspecting the cell adapter
@ Alignment of the cell adapter on the PCV side (a in the figure) Should be able to remotely move up to the prescribed location based on the 3D measurement results
@ Gap measurement ig::tlgrbe able to remotely measure the perimeter of the gap with the PCV steel plate while holding the cell
(® Welding of the PCV side of the cell adapter and the PCV wall surface (a in the figure) Should be able to remotely weld the cell adapter and the PCV steel plate while holding the cell adapter
@ Alignment of the cell adapter on the shielding door side (b in the figure) Should be able to remotely move up to the prescribed location based on the 3D measurement results
() Gap measurement :g::tlgrbe able to remotely measure the perimeter of the gap with the shielding door while holding the cell
(® Welding the shielding door side of the cell adapter and the shielding door (b in the figure) Should be able to remotely weld the cell adapter and the shielding door while holding the cell adapter
@ Inspection of the welded portion Should be able to remotely perform VT inspection of the welded part
® The required functions are classified based on the requirements consolidated, and the Cell adapter
specifications are consolidated accordingly. Shielding door =)
; o Welding equipment
Function Specification 9¢d pC I ad
. ) ell adapter
@ Ease of traveling Traveling speed |0 m/min or more P
Ability to climb | should be able to climb a gradient of O °
© Operability a
@ Ability to be positioned (accuracy)
Under examination
@ Safety

(® Ease of maintenance

Cell adapter transportation cart _ Connecting flange
. lllustration of cell adapter installation cart

|
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6. Implementation Items of This Proje(?t No.83
[1) (1) Development of the Method for Installing Access Equipment] '

@ Installation of large heavy structures
(5) Implementation items

(5)-4: Organizing the required specifications of the equipment for remote installation
v' Contribution of the results towards the reflection destination

- Contribution to substantiate the procedures for installing access equipment inside the R/B for the side
access method.

v Analysis from the viewpoint of on-site applicability
- When the structure inside the R/B of Unit 3 and test piece are simulated, although the scale is reduced to
1/2 and the weight is not simulated, the small size makes handling easier, and as the environmental
conditions (shape of the BSW opening / PCV steel plate, etc.) that are required for installation are
simulated, it becomes easier to verify workability at the site. (Reference: No. 76, 80, 81)

- The on-site work procedures are studied, and the results are reflected when the on-site work is

considered.

3
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6. Implementation Items of This Project

[1) (1) Development of the Method for Installing Access Equipment]
@ Installation of large heavy structures

No0.84

(5) Implementation items

(5)-4: Organizing the required specifications of the equipment for remote installation
v' Level of achievement compared to the goals
[Objective]: To clearly specify the specifications required of the equipment needed for remote operation based
on the results of the element tests at the time of carrying-in and installing the cell adapter.
1) Clear specification of the cell adapter carrying-in and installation procedures

2) Organizing the requirements concerning the equipment with respect to the carrying-in and installation
procedures

3) Clear specification of the requirements concerning the equipment based on the results of element
tests
[Achievement status]
1) Clear specification of the cell adapter carrying-in and installation procedures

- The studies on the overall procedures have been completed, and installation procedures are being
studied in detail.

- Study of the element test details and test equipment is underway.

2) Organizing the requirements concerning the equipment with respect to the carrying-in and installation
procedures

 The basic required specifications are being clarified from the overall procedures.

3) Clear specification of the requirements concerning the equipment based on the results of element
tests

* Planned to be reflected after implementing the element tests.
Future plans
- The test piece will be arranged for and the test method will be established (up to September in 2022).

| EEEEES
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6. Impl
[1) (1)
@

ementation Items of This Project No.85
Development of the Method for Installing Access Equipment] '
Installation of large heavy structures

(6) Summary

3

» The structure was detailed focusing on the boundary (connected parts, assembled parts and
installed parts) of the cell adapter, shielding door and fuel debris retrieval cell that form the
access equipment.

» The access equipment and other fuel debris retrieval equipment cells need to be installed
accurately in a straight line between the pedestal opening and the X-6 penetration opening, in
order to establish the shortest access route.

Hence, the installation procedures and structure were studied, and proposals on the structure
and installation feasible on the whole were developed considering the installation accuracy.

» As a part of the study for enhancing throughput, the work carried out inside the cells was
detailed for improving the accuracy of the results of calculating throughput.

» The work steps involved in installing large heavy structures were detailed and revised, issues
in each step were identified, and element tests (establishment of the installation reference
location, verification of the 3D processing technique for the cell adapter flange, verification of
whether or not insertion is possible, and overall structure) for determining the policy for
responding to the issues and for verifying it are being designed.

» Since the work of installation will be carried out under high radiation dose environment, the
cell adapter will need to be installed by remote operations. Hence the detailed steps involved in
the installation procedure were organized and related issues were consolidated. Also, a test
plan for clarifying the required conditions for the remotely controlled equipment is being
created based on a structure that was substantiated.
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~ 6. Implementation Items of This Project
[1) (1) Development of the Method for Installing Access Equipment]

@ Installation of large heavy structures
(7) Development Schedule [Legend] Plan: [ Actual: NN

_ FY2021 FY2022
Study items

4 5 6 ¢ 8 9 10 117 12 1 2 3 4 5 o6 7 8 9 10 11 12 1 2 3

) . Interim Report Interim Report Interim Report Final report
Major milestones v v v v

No0.86

Substantiation of the work carried out inside the fuel debris
retrieval cell

(a) Detailed study of

the structure of the

access equipment ]

Detailed examination of
structure
Organization of installation conditions Specification of installation equipment and tools
detailing of steps Review as appropriate

involved in
installing the
access equipment

(b) Study on

Detailing of installation steps

Specification of installation procedures

(C) Element test Study of element test plan Element test
verification of the Preparation for
element tests

installation

proc edures Manufacturing of element test equipment

(d) Detailing of the
: Substantiation of the work carried out inside and outside the fuel debris retrieval
work carried out cell'and study on cell structure

inside the cells of the |

ipmen
equipme L Risk assessment / Study of response

(e) Creation of a report on

installation of large heavy

structures

Remarks

—
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‘6. Implementation Items of This Project N0.87
[1) (1) Development of the Method for Installing Access Equipment] '

Solicitation items are listed.

@ PCV connection sleeve installation and welding by remote operation
Studies have been conducted related to ensuring air-tightness of the connected parts for
accessing the inside of the PCV for the purpose of further increasing the scale of retrieval of
fuel debris and reactor internal structures. Technology is required that enables accurate
installation of equipment such as the sleeve, etc connected to the PCV, by remote operation
under work environment and installation conditions that include high radiation and confined
spaces, etc., thereby securing the confinement function of the connected parts.

The requirements for installation of the sleeve, etc. connected to the PCV by remote operation
will be consolidated, the method of installation by remote operation, the devices and
equipment, and procedures will be studied, and element tests will be planned and implemented
using simulated test pieces, and feasibility of the requirements such as accuracy assessment,
etc. will be verified. The connection method considering the possibility of the PCV side being
deformed will be studied. Also, the study will take into consideration the acceptable maximum
load on the R/B floor.

The requirements for welding, inspecting and maintaining the sleeve, etc, as the technology
for confining the connected parts will be consolidated, and the method of implementing a
series of operations such as welding procedures, inspection and maintenance by remote
operation, including the development of methods considering accuracy of installation by
remote operation, remote welding equipment and required tools, pre-processing such as
polishing before welding, will be studied. Thereafter, verification tests using simulated test
pieces will be planned and implemented, and the welding efficiency and viability of the
requirements will be verified.

l D Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project | No.88
[1) (1) Development of the Method for Installing Access Equipment] '

: . . : Additional
@ PCV connection sleeve installation and welding Building

by remote operation

Overview of the access tunnel is provided below.

[Concept of the method]
* A method that does not apply any load on the R/B floor
considering the load capacity of the R/B floor

[Overview of the method]
@ The access tunnel was installed by delivering it from outside the R/B.
@ The load was supported by the R/B wall and the BSW.
(Note) Connecting the access tunnel to the equipment hatch is being planned (common for Units 1 - 3)

[Developmental challenges]
@ Feasibility of the delivery method
— Verification of the feasibility of the delivery method by simulating the shape (Implemented in FY2018)
Verification of feasibility of the rotating part by simulating the mass (Implemented in FY2020-21: Ensuring Safety PJ)

@ With 1800mm thick BSW, the load needs to be supported and displacement in the event of an earthquake needs
to be absorbed.
— Verification of feasibility of displacement absorption mechanism (Implementation in FY2020-21: Ensuring Safety PJ)
Study of installing and welding the sleeve, etc. (This project)

LSS
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6. Implementation Items of This Project

[1) (1) Development of the Method for Installing Access Equipment]
@ PCV connection sleeve installation and welding by remote operation

Development results related to the access tunnel achieved so far and correlation with this project are indicated below.

Method & Systems Upgrade (Implemented in FY2017-18)

Biological shield opening

[Verification of the feasibility of the method (conducting element tests
related to shape, dimensions, scale)]

»  Delivery of a tunnel part
»  Delivery of the curved surface tunnel through the narrow opening
»  Remote work monitoring, positioning accuracy

| Access tunnel |

A 4

Further Increasing the Scale of Retrieval (Implemented in FY2019- 20)

[Verification of the connection method]

»  Study of issues identified above
»  Method of connecting to the BSW (sleeve welding test)
»  Study of sleeve (displacement absorption mechanism)

structure

No0.89

| Accessitunnel | Sleeve  ncv.

Displacement absorption

mechanism

——
Load support [ SS il
poini &

= Approx. 1800mm

Il Ensuring Safety (Implementation in FY2020-21)

¥

Implemented in this project >

[Verification of feasibility looking ahead at the actual >

equipment]

ye

[Verification of feasibility through testing]

slide part)

N
PCV connection
sleeve

Delivering heavy weight objects (Verification of the

Displacement absorption mechanism (Verification of

quantity of leakage)]

> Study of the method of remotely installing and welding
the sleeve (Verification at full scale)
> Addition of shield and disassembly of shield plug

Outsourced to TEOCO HD (Implemented in FY2020-21)

N

Items to be studied in future

—

> Study of developmental challenges identified during engineering and

technical development, etc

TRID

[Study of the concept of the equipment for

remotely installing the PCV connection sleeve]

> Selection of proposal for remote installatidgg
of sleeve

> Conceptual design and identification of
issues

Displacement
absorption
mechanism

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project
[1) (1) Development of the Method for Installing Access Equipment]

@ PCV connection sleeve installation and welding by remote operation

[Status of studies conducted up to FY2020]

<PCV connection sleeve welding>

® Consolidation of welding conditions of equipment hatch shell and PCV connection sleeve T
® \Welding element test (Verification of gap that can be welded) e

® Selection of abrasive lllustration of the PCV connection

® Study of grinder (Implementation of trial test) sleeve installation (Unit 3)

= It was confirmed through the element test on welding that a gap of 20mm can be welded as well.

Full scale welding test (full scale mock-up test) is implemented based on the welding element tests conducted up
to FY2020.

Further, the gap needs to be reduced as much as possible considering the on-site workability, thermal contraction
effect at the time of welding, and quality. A prototype of the installation equipment will be manufactured to verify
the accuracy of full scale remote installation of the sleeve connected to the PCV.

Implemented in this project
Testing by setting conditions Element test > Full scale mock-up tests

v' Welding gap
(Equipment similar to the
actual equipment)

Series of procedures
Process management
Inspection (Fluorescent PT)
Verification of welding strain
Cold crack measures

v/ Stacking method
v Welding position
T v Heat input for welding
v' Welding gap

Flat plate (t=12) Flat plate (t=90)

" Implemented

| ]
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6. Implementation Items of This Project N0.91
[1) (1) Development of the Method for Installing Access Equipment] '

@ PCV connection sleeve installation and welding by remote operation

[Issues]

* Considering the on-site workability and quality of welding, the gap between the PCV and the sleeve has to be reduced
as much as possible. Accurately installing the PCV connection sleeve by remote operation is a challenge, based on the
work environment (radiation dose, etc.).

« The method of accurately installing the sleeve by remote operation is studied, and a remote welding method
considering the remote installation accuracy (gap) is established.

[Implementation details]

*  The pre-conditions related to the study are consolidated.

* The requirements for installation of the sleeve, etc. connected to the PCV by
remote operation are organized, and the method of installation by remote
operation, the devices and equipment, and procedures are studied.

(The connection method considering the possibility of the PCV side being
deformed, the acceptable maximum load on the R/B floor, etc. are considered.)

+  The requirements for welding, repairing, inspecting and maintaining the sleeve are ==l —
consolidated, and the method of implementing a series of operations such as et o
welding procedures, inspection and maintenance by remote operation, including
the development of methods considering accuracy of installation by remote
operation, remote welding equipment and required tools, pre-processing such as
polishing before welding, are studied.

*+ Element tests on the remote sleeve installation method and the welding
procedures are planned and implemented to verify feasibility.

Illustration of the PCV connection sleeve
remote installation (Unit 3)

Scaffolding seal cover _g*

installation equipment "
)

[Expected outcome]
* Presentation of a method for remotely installing the sleeve o
* Presentation of a series of welding procedures related to the sleeve pr_ 550

Y a Polishing and inspection equipment

Illustration of PCV connection sleeve welding equipment

|
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6. Implementation Items of This Project
[1) (1) Development of the Method for Installing Access Equipment]

@ PCV connection sleeve installation and welding by remote operation
[Implementation details]

N0.92

Feasibility of remote operation is verified by remotely carrying out operations from installing the PCV connection sleeve, pre-processing,
welding, up to inspection and repairs (some operations were not carried out remotely).

PCV connection sleeve installation PCV connection sleeve welding Installation andov]y(ta'!lcgrET%f the main bod Cutting and remmaa:)lé)rf equipment hatch

PCV connection sleeve installation equipment Cutting lines (Lattice)
PCV Equipment hatch

connection
sleeve

Welding machine Main

@  Delivering the sleeve @  Welding the sleeve and the equipment hatch 0 AT main body delivery and joining with the @ Operating the additional building
sleeve
Installing the sleeve on to the equipment Installing and welding the scaffolding seal Installing the equipment hatch door
@ hatch®t @ cover?2 @  Welding the AT and sleeve @ " 9 quip A
e cutting and removal equipment
ifvi f f “l Welding of the equipment hatch door part Polishing the welded part ; :
@  Verifying the installation status of the sleeve ® (existing scal) quip P ® ishing the wi p ® Cutting the equipment hatch door
Removal of part of the equipment hatch Inspecting the welded part (VT/ fluorescent E . .
@ scaffolding P aup @  Polishing the welded part <) PT) @ Collecting and removing the cut pieces
; of the equipment hatch door
® Blasting the welded part 5 Inspecting the welded part (VT/ fluorescent ®  Pressure resistance test
——
Issue]
Issue Issue [ ) ) Issue
[. b ] ioning the s| dth ) " [. Re]motel welding the sleeve and the ® Remotely welding the sleeve and main body of AT [. M]th d of cutti . t hatch
ositioning the sleeve and the equipmen notely 9 ® Method of welding / inspecting the welded part ethod of cutting equipment hatc
hatch equment'hatch _ o ® Pressure resistance testing method (Implementation through actual equipment
® Method of inspecting / polishing the welded | (implementation through actual equipment engineering)
part engineering)

*1: Work steps @ and 3 are not implemented in continuation. The results of sleeve installation test are reflected in the welding test.

Scope of verification
*2: Installation is not done remotely. Scope of study by means of the test
*3: Access Tunnel

| S
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6. Implementation Items of This Project
[1) (1) Development of the Method for Installing Access Equipment]

@ PCV connection sleeve installation and welding by remote operation
[Remote installation

[Implementation details]

<Remote installation of PCV connection sleeve>
The PCV connection sleeve installation equipment is test manufactured
and the installation accuracy is verified at full scale.

As it has been confirmed during the FY2019-20
The gap between the PCV connection subsidy projects that a gap of 20mm or less can be
sleeve and the equipment hatch shell welded, the sleeve installation accuracy
must be 20mm or less. requirement is set at 20mm or less.
However, considering the on-site workability, as it
is desirable to have a gap of 7.5mm or less, the

(Target value: 7.5mm)
target value is set at 7.5mm.

<PCV connection sleeve welding>

The assumed welding gap is determined using the results of the PCV
connection sleeve remote installation test, and welding test is
implemented at full scale. After welding, non-destructive inspection is

Selection of remote

installation

equipment

A 4

Designing
installation

of remote
equipment

A

y

Manufacturing of remote

installation

equipment

Test implementation of

remote in

stallation

N0.93

[Remote welding
study procedures]
Robot -i’

Scaffolding seal cover
installation equipment

Polishing and inspection
equipment, etc.

Study of welding related
equipment

A 4
Designing of welding
related equipment

\ 4
Manufacturing of welding
related test equipment

A 4

Preliminary test

carried out to verify the soundness of the welded part.

A

Determination of location before
starting the work of welding the
equipment hatch and sleeve

Verification of remote
installation accuracy

»
L

\ 4
Determination of

welding test conditions

Implementation of
welding test
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6. Implementation Items of This Project N0.94
[1) (1) Development of the Method for Installing Access Equipment] '

@ PCV connection sleeve installation and welding by remote operation: (a) Remote installation
[Implementation details]

Implementation items Implementation details

Selection of proposed remote installation Conceptual study is conducted, remote installation equipment is selected from multiple proposed
equipment equipment, and conceptual design is developed. The delivery equipment is selected based on the
(Consolidation of preliminary review results) results of conceptual design.

Basic design of the equipment is developed. In addition, back-up proposals are studied and

Designing of remote installation equipment implemented.

The scope of simulation (area required for verifying the positioning) is established, and the section

Manufacturing of remote installation equipment around the equipment at the tip is manufactured.

Installation test is conducted using a simulated sleeve to verify the installation procedures and

Test implementation of remote installation
accuracy.

Consistency with the gap that can be welded according to the welding element tests conducted up
to FY2020 is verified. If the target is not achieved, back-up proposals are examined deeper, and
verified as required.

(Proposal 1) (Proposal 2)
Forklift method Traveling rail method

Verification of consistency with the results of the
welding element test

(Note) The figure illustrates Unit 1

The installation accuracy with respect to the simulated equipment hatch and
simulated biological shield (simulated BSW) is verified.

| ]
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6. Implementation Items of This Project
[1) (1) Development of the Method for Installing Access Equipment]

@ PCV connection sleeve installation and welding by remote operation: (a) Remote installation

[Consolidation of preconditions]

1 Target

2 Load on the R/B floor

Dimensions of the
3 assumed R/B
opening

Distance from the
R/B wall to the
equipment hatch

Interfering objects
5 inside and outside
the Reactor Building

BSW opening (floor
surface)

Equipment hatch
shell

‘ Rl D Note: Cited from the results of the studies outsourced to TEOCO HD (Implemented in FY2020-21).

Unit 1: Installed from the
northern side

Unit 2: Installed from the
southern side

Unit 3: Installed from the
southern side

Approx. 4.9 ton/m?

Unit 1: W5060 X H6000mm
Unit 2: W6300 X H6100mm
Unit 3: W6100 X H6100mm

Unit 1: Approx. 16m
Unit 2: Approx. 18m
Unit 3: Approx. 18m

All must be removed.

Must be flat and at the same
level as the first floor

Rust, etc. must be removed.

Installed from the same
opening as the access
tunnel main body in all
units

4_
A

BSW opening
(front view)

PCV connection sleeve weight
Unit 1: Approx. 25ton
Unit 2: Approx. 40ton
Unit 3: Approx. 400ton

W3830

N0.95

12900 up to the reactor core

$23400

Cross-section A-A

Access tunnel side

PCV side

D2230

Bird's eye view of the PCV connection diagram (Unit 1)

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project
[1) (1) Development of the Method for Installing Access Equipment]

@ PCV connection sleeve installation and welding by remote operation: (a) Remote installation

[Selection of remote installation equipment]

Proposal 3 and 4 were rated as “v'”. Since proposal 3 is delivered using the same delivery method as access tunnel main body, it
already has a proven track record. Also, since the same equipment is used, it is superior over othe proposals in terms of the schedule as
well. — Proposal 3 is selected.

N0.96

(Proposal 1) Forklift method

(Proposal 2) Traveling rail method

(Proposal 3) Integrated delivery
method

(Proposal 4) Rail delivery method

(Proposal 5) Boom method

i

4

Feasibility

Building floor load A X A
capacity (Load capacity of the foot (As it is cantilevered it does not come in contact with the floor .
it 3: 4.9tm?) (Needs to be analyzed) . Load from an air caster
(Unit 3: 4. part at the tip x) surface.)
Equipment scale Small Large Large Large Medium
Excavaﬂolg /gutsme the Absent Small scale (or absent) Present Present Small scale (or absent)
Track record Present Absent Pres_ent Absc.ent Absent Track record of retracting of
(Access tunnel main body mock-up) Regular machine elements boom is present)
X X v v A

(Manufacturing) Possible.

(Method) Since there is momentum at
the tip, it is difficult to reduce the size,
and interference cannot be avoided.

(Manufacturing) Although complex, it is
possible.

(Method) It is difficult to reduce the load
on the floor when inserted through the
opening, and hence the floor load
capacity cannot be met.

(Manufacturing) Possible.

(Method) Possible. Mock-up of the
delivery has been implemented. The
preceding and subsequent processes
need to be considered.

(Manufacturing) Possible.
(Method) Possible. Load bearing points
need to be studied.

(Manufacturing) Possible.

(Method) Unknown. Viability of the air
casters needs to be verified, and
measures to prevent spread of
contamination due to wind pressure are
required.

Present (Continuous air supply in the

- TIRTD

Grave issues Present (Interference with the pillars) Present (Load capacity) Absent Absent event of an emergency)
Applicabili_ty to other x _ o N _ v v - v _
units (Interference with the pillars) (Except building floor load capacity) (Except building floor load capacity)
Impact on schedule Minor Major Medium Major Minor
Evaluation X X v v X

Note: Cited from the results of the studies outsourced to TEOCO HD (Implemented in FY2020-21).
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6. Implementation Items of This Project N0.97
[1) (1) Development of the Method for Installing Access Equipment] '

@ PCV connection sleeve installation and welding by remote operation: (a) Remote installation

[Conceptual design_full view (Proposal 3)] (Note) The figure illustrates Unit 3
|
‘_5‘3/>\\\ 35050
21550 ’7 4500 4500 4500
: N
el el Ml Ml M el T ﬂ[
|)7_ %é_/u,/lét =i iy s ==
2| =2l | =] i sfs) b
| | O
=5 B \1\# - | T ||=! [
; =< AT ettt ||
L I |1 1N | |1 1N | |INH Ry 1N | |8 I|IA
g
NI ] &
=
11400 Counter Weight (CW)
PCV connection sleeve Main frame 5050 /
|Equipment at the tip| sisso . ] e Delivery equipment
/ - /
— 1 A s _
\ N /N N Aobb_—vi___L / ||5=8
Al NV IN/SAR NVVEEIE
‘;"E= ..: .= :i==I;50 \=I s T TTT 1 |é_/§- é., /él ) . ° g %E
%%i”””i 1) & == e =l ==t == I |EF &S
| 0. Yoo Wrls Sz Sbs s stossstestestedsdhetsedsstoatetess: X<
& AA — B 50 (HYHILEY 14757 B) g ~
B-B -
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l R' D Note: Cited from the results of the studies outsourced to TEOCO HD (Implemented in FY2020-21).



6. Implementation Items of This Project
[1) (1) Development of the Method for Installing Access Equipment]

@ PCV connection sleeve installation and welding by remote operation: (a) Remote installation

No0.98

[Conceptual design_outline of installation steps]
® Advanced preparations and equipment installation are tasks carried out directly by humans (not remote operations).
Delivery is carried by a remote operation.
® Layout marking and other markings play an ancillary role in delivery. Final verification is carried out using camera or
measuring instruments.

Step Item Overview Work
1 Advanced preparations The_ required layout, etc. is marked before installing the delivery| Nota remote
equipment. operation
2 Equipment installation | The delivery equipment is installed including ground improvement. N?pirft@?mte
. . . o . Remote
3 Delivery (1) The sleeve is delivered up to right in front of the BSW opening. :
operation
It is delivered up to right in front of the equipment hatch shell by means
, : : ) : : Remote
4 Delivery (2) of the equipment at the tip, and fine adjustments are made while :
_— : . . operation
confirming the gaps in the entire periphery by means of a camera, etc.
5 Seating It is seated on the BSW floor surface using the hoisting unit. Remqte
operation
. . . L . o Remote
6 Fixing Reaction force jack (Fixing jack) is operated to fix it on to the BSW. :
operation
7 Withdrawal The delivery equipment is withdrawn. Remqte
operation

Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project
[1) (1) Development of the Method for Installing Access Equipment]

@ PCV connection sleeve installation and welding by remote operation: (a) Remote installation

[Conceptual design_outline of delivery steps]

@: Advanced preparations

@: Delivering the sleeve using the delivery equipment (jack)
®@: Transporting it to right in front of the BSW opening using the delivery equipment and rotating unit.
@: Transporting it to its final position using the extension/oscillation unit, and seating and fixing it

N0.99

(Note) The figure illustrates Unit 3

@ Before delivering

@ Delivering in a straight line
(Delivery (1))

@ Rotating the PCV connection
sleeve (Delivery (1))

@ Inserting the sleeve
(Delivery (2))

1. Ground maintenance

2. Installation of the delivery
equipment

3. PCV connection sleeve
installation

4. Installation of main frame and
counter weight

1. Delivery inside the R/B (delivery
equipment)

2. Installation of counter weight
(subsequently)

(Delivering the PCV connection

sleeve up to a position from where

it can be rotated)

1. Rotating the PCV connection
sleeve (rotation unit)

2. Delivery up to the vicinity of the
BSW opening (delivery
equipment)

1. Insertion of PCV connection
sleeve (extension unit)

2. Fine adjustments (extension

unit / oscillation unit)

Seating (hoisting unit)

Fixing (PCV connection sleeve

jack)

5. Withdrawal (delivery equipment
/ equipment at the tip)

kW

Note: Cited from the results of the studies outsourced to TEOCO HD (Implemented in FY2020-21).

TRID
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6. Implementation Items of This Project

[1) (1) Development of the Method for Installing Access Equipment]
@ PCV connection sleeve installation and welding by remote operation: (a) Remote installation

[Conceptual design_positioning method / adjustment shaft]

No0.100

) \\J—O," No. Direction Alignment mechanism
™ 79
\\GO’/B / 21550 ©) Delivery equipment
~ 7 X
- ®@ Rotating unit
E 3 g . ® Y Extension unit
& Vi
@ C’;\\OQ %Qf = @ Z8 Oscillating unit
@ B
& < |—‘ ® Z Hoisting unit
0 " A .
o ;\\\ /
- b _ @ -"'_,.-"--:" CV connection sleeve > @ Rotating uni
IR S
\‘ i P . % > W )
N "\ : - #
8@ |
_ £__ 7 | |l | | ¢
| @ Axis of oscillation | u? : — L S ; )
? (f I , IR -~ @ Extension unit |
- b e
s |/ ‘ \\ &
O = | L . I
% é oy i _... - } - @ Oscillating unit
N

(Note) The figure illustrates Unit 3
E—

‘ Rl D Note: Cited from the results of the studies outsourced to TEOCO HD (Implemented in FY2020-21).
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6. Implementation Items of This Project No.101
[1) (1) Development of the Method for Installing Access Equipment] '

@ PCV connection sleeve installation and welding by remote operation: (a) Remote installation
[Review of remote installation equipment]
The mass of the PCV connection sleeve was calculated. As it turned out to be lighter than the results of the preliminary

review, the target delivery height (height of delivery equipment + jack up) was set at 4000mm which is the height at the

time of access tunnel delivery. The remote installation equipment was reviewed, and it was found out that a height of
4000mm or less can work.

Tip frame Approx. 27ton (Frame)

Height

z A reduced
Rotating uni @ i

PCV
connection

(Rotating unit)
Large rotating
bearing

— Shape of sleeve

Oscillating unit

Hoisting unit
-
Oscillating uni 3 ¥ —

Equipment at the tip s ol S ; &
during the preliminary review T ‘ Extension unit

(Hoisting unit)
Guide roller
Hoisting unif | — Linear guide

| ]
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6 Implementation Items of This Project NO.102
[1) (1) Development of the Method for Installing Access Equipment] '

@ PCV connection sleeve installation and welding by remote operation: (a) Remote installation
[Schematic view of remote installation equipment]

~N.

Maximum height of equipment
Before improvement: approx. 4900mm
After improvement: approx. 3800mm

Maximum height of equipment
(Approx. 3800)

|
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Access Equipment]

6. Implementation Items of This Project [1) (1) Development of the Method for Installing

@ PCV connection sleeve installation and welding by remote operation: (a) Remote installation

[lllustration outlining 3D measurement]

The measuring arm is installed at the tip of the remote installation equipment, and 3D measurement is
performed. Operating instructions are given based on the results of 3D measurement for operating the

remote installation equipment.

Opening (Front view) Opening

Delivery equipment

| PCV connection sleeve

3 lllustration, laser, mirror control

signals, camera control, lights

Motor control signal, LS signal

J
| / Composed of 4 shafts: 3
rotating, shoulder, elbow
and wrist

p

S { Equipment at the tip
8 )
< — Yy 2
O =
2 & 4
= 2 Inserted
2 5 ~ 1 Measuring arm¥
o = o
= / 1
Lchr \ = BRT S N 1 L G )\._./" ]
[ F——

<Measuring arm

/" Composed of 4 shafts: for
Lrotation, extension, oscillation

)

specifications (proposed)> and hoisting
J1
Maximum ¥ )
reach Mo

2900mm Scope of movement J1:

+180°

J2: -90 to 60°
42 33:0to 180°
J4: +180°

J3

No0.103

Jack N ves - Jack 1

Motor control signal, limit switch signal
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6. Implementation Items of This Project [1) (1) I5eve|opment of the Method for Installing No.104 '
Access Equipment] '

@ PCV connection sleeve installation and welding by remote operation: (a) Remote installation
[Camera arrangement plan]

B Use of cameras/ lights
+ Camera/lights M@ Comprehensive view and for verification at the time of passing through the R/B opening (As there |
is no delivery in the case of mock-up, cameras are not installed.) ‘ Lights (
« Camera/ lights @@ Verification of the positional correlation between the opening part in the vicinity of the equipment N
hatch opening and the AT sleeve
Verification of the clearance of the opening and AT sleeve at the time of insertion Camera
+ Camera/lights ® Verification of operation of the lift cylinder at the time of installing the AT sleeve
« Camera/ lights ®@ Verification of the status inside the opening part, and verification of the status of the measuring

3D sensor

arm
* Camera/ lights 3D measurement, and verification of the joint

(Camera @A) ‘ Camera @A

Lights @A

U — 9 AT .
Camera @B | ’Eamera ®3B) camera 24 - ::7 > T or=cll
—————— B K
a
i L)

~"

e Lights @B

— e

(%
(Camera @A) Lights DB
—

Lights @A [ § 00 = s (o
s o . :

Lights @A

= (Camera 3B)

E=0 e

Lights @B

=S
Lights @ e Camera @

Camera @B

I TS e I
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing No.105
Access Equipment] '

@ PCV connection sleeve installation and welding by remote operation: (a) Remote installation
[Arrangement of cameras]

The plan is to perform measurement by means of 3D measurement, but every hold point is planned to
be visually (camera) confirmed as well.

Objective Outline specifications

For comprehensive view and for verification at the

time of passing through the R/B opening U, CelEy 2106l
Verification of the positional relationship between the
equipment hatch opening and the PCV connection PTZ, Collar 2 to 4 units
sleeve
Verification of the operation of the hoisting unit PTZ, Collar 1 units
Verification of the status |n5|qe the BSW opening part PTZ. Collar 5 units
and the status of the measuring arm
3D measurement (auxiliary), and verification of the 1 unit

" PT, Monochrome .
clearance of target position (Camera with 3D sensor)

(Note)

*PTZ:Pan tilt zoom type, PT: Pan tilt type

* The number of units and specifications are likely to change depending on
the designing progress and test results.

|
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing
Access Equipment]

@ PCV connection sleeve installation and welding by remote operation: (a) Remote installation

[Implementation details]

No0.106

= This plan is likely to change depending on the progress in designing.

Step”

Items to be verified

Implementation details

Items to be monitored,
measured and recorded

Criteria

Verification through studies and tests

» Remote work should be

3 Verification of visibility of cameras, etc. The _|nsta||at|on_l(_)cat|on and visibility of the cameras at each step are » Cameraimage possible based on the
4 studied and verified. ;
images form the camera
3 I . The installation procedures are studied in detail, the criteria for > Strok(_e, etc. of the J{’.‘Ck. > Rem_ote work shogld be
Verification of detailed procedures . A o (Details will be studied in possible by following the
4 moving on to the subsequent step are compiled and verified by tests. .
the future) procedures studied.
» 20mm or less
3 Installation accuracy is verified using a simulated PCV connection (Target: approx. 7.5mm or
a Installation accuracy sleeve. » Installation accuracy less)
(Verification of stand-alone performance of individual units) Serves as input for the
welding test.

Only studies were conducted for the following

Verification of installation target

The method of verifying the current status of the equipment hatch
shell and BSW, and the method of reflecting the shape after
verification are studied.

Verification of final gap

The method of verifying the final gap is studied.
@ Verifying that the gap is 20mm or less (target: 7.5mm or less)
(@ Estimating the gap

Method of detecting seating

The method of detecting that the PCV connection sleeve has been
seated on the BSW is studied, and verified.

Verification of the fixing method

The procedures for fixing the PCV connection sleeve on to the BSW
are studied in detail.

* Refer to Page No. 98 for the steps.

1RID
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing No.107
Access Equipment] '

@ PCV connection sleeve installation and welding by remote operation: (a) Remote installation
[Scope of manufacturing for the mock-up test (under planning)]

Scope of excavation {23700
51 4000 1000 4000 Sfﬂ%e of excav“%ié)n 2500 4000
]
M M T |

— 300D hadl |3 3 3 3 ]
S ¥+ EARZNEE R S+ -+ 3 1 °
%/ +00 s NF 4 + + .

11 S S| Y |

\‘/ : ICenter of gravity of the delivery frame
- :| 8 PCV connection sleeve
AN
AN
\\
™
AN
00 \ 33500
12100 21400
17879 (4122) 5500 4000 4000 4000 4000 4000 4000 ) 4000 . .
Approx. 55ton | Approx. 27ton x 7 Approx. 19ton x 5 The teSt eqUIpment 1S made
. L . ' up of the mechanical
L (2) g . I
wiss / g equipment within the red
- j -‘ &t frame, BSW opening and
T ~ equipment hatch.
501 ]|
_—

Ed
EEESS
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing No.108
Access Equipment] '

@ PCV connection sleeve remote installation and welding: (b) Welding
[Implementation details]

Implementation items Implementation details

L The management items such as the position of the torch while welding, etc. and management method are specified,

Specification of process management o . .
and verified during the welding test.

The welding equipment (with improved shieldability), tool box, maintenance equipment (polishing), inspection

Study of welding related equipment equipment (fluorescent PT / inspection of dimensions) are studied.

Designing of welding related equipment Detailed design of the equipment studied above is developed.
Manufacturing of welding related test equipment ~ The test equipment is manufactured.
Preliminary tests Unit test or performance verification tests are conducted.

Determination of welding test conditions The default gap is determined based on the PCV connection sleeve installation test.

The following items are verified.

Welding of detached parts (remote), welding of irregular gaps (remote), inspection of welded part (VT/Fluorescent
Implementation of welding test Pt)(remote), polishing of welded part (remote), verification of on-site workability (to the extent possible)

Also, process management during welding is carried out and items to be verified at the time of actual implementation

are consolidated.

(Only studied) Study of non-destructive
inspection method

The non-destructive inspection methods (volume inspection in particular) are investigated and studied.

lllustration of PCV connection sleeve Illustration of PCV connection sleeve |||ustrationof §v|dinq
remote Weldm_q test remote Weldlhq test (Note) The scope of simulation is planned to be
(Before equipment installation After equipment installation specified in the future.

|
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing
Access Equipment]
@ PCV connection sleeve remote installation and welding: (b) Welding

[Results up to FY2020]

During the element tests conducted in FY2019-20, it was confirmed that a gap of 20mm or less can
be welded. In addition, issues were identified considering remote operation as well.

Issue @ Joining defects

Issue @) Formation of oxides

From the results of
tests conducted as
part of the FY2019-
2020 subsidy projects

Example of
joining defects

= From the results of
- tests conducted as
| part of the FY2019-
2020 subsidy
. projects

I_ Oxides

Issue @ Need for remote inspection method

Hot cracks

Cold cracks *—\4

Welding of thick plates
(Concerns about cold cracks)

From the results of
tests conducted as

2020 subsidy
~ projects

part of the FY2019-

Fluorescent PT

These issues were studied and full scale simulation tests were

conducted to verify remote operability.

No0.109
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing

Access Equipment]

No.110

@ PCV connection sleeve remote installation and welding: (b) Welding
[FY2021-22 Implementation Details (Issues consolidated in FY2020)]

Source studied and verified
No. (Issues identified during the FY2019-

Study / verification items

Overview of studies to be conducted in FY2021-22

20 subsidy projects)

@ Joining defects
® Formation of oxides
®—1 Concerns about cold cracks

Concerns about cold cracks

@ Need for remote inspection method

Vertical downward welding
® (Items that are not issues but need to be
studied in response to test results)

Occurrence of false defects
® (Items that are not issues but need to be
studied in response to test results)

TRID

Specification of process management

Study of small welding head
(Improving shielding capabilities)

Study of tests on cold cracks

Method of preheating

Study of inspection method other than
fluorescent PT

Details of welding procedures, etc.
(Order of tack welding or welding)

Applicability of the selected abrasive to
actual environment

The actual work will be carried out remotely, and the camera visibility will be limited
as well. Hence, the torch positioning and angle, etc. need to be verified by means of
a mock-up. What exactly needs to be verified will be specified.

Formation of oxides was not observed in tests conducted by setting conditions.
Controlling the occurrence of oxides and reducing the frequency of polishing as
much as possible by optimizing the gas nozzle, will be studied.

Method of verifying cold cracks prevention when there is no preheating by means of
tests (T shaped coupling, etc.), and the welding method will be studied.

The method of preheating the equipment hatch (partial or full) will be studied.
(Not applicable if @-1 can be implemented)

Methods for remote inspection will continue to be studied.

In the FY2019-20 subsidy projects, welding conditions up to a gap of 7.5mm were
considered verified since vertical downward welding can be substituted by vertical
upward welding. However, it could be possible that the work efficiency is better in the
case of vertical downward welding depending on the welding procedures. Firstly, the
need for vertical downward welding will be clarified by studying the procedures, etc.

The applicability will be studied and evaluated based on the data obtained during this
subsidy project.
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing

Access Equipment]

@ PCV connection sleeve remote installation and welding: (b) Welding
[Consolidation of issues, etc. in each step] (Including issues consolidated until FY2020)

tunnel main body)

Tested
Step Iltems Issues or items that need to be studied Studied /
verified
Method of removing scaffolding considering post-processing (welding) - -
1 Advanced preparations Study of rust removal (blast) equipment —* —
Study of scaffolding seal cover installation equipment —* —
(1) Specification of process management e) 0)
(2) Improving shielding capabilities and downsizing o) o)
2 Welding (3) Study of preheating method and working method O O
(4) Study of welding procedures (stacking procedures, etc. for irregular o o
gaps)
3 Polishing Study on polishing machine and on the polishing guidelines O O
(1) Study of fluorescent PT equipment and on inspection conditions o o
(fluorescent agent blast pressure, etc.)
4 Inspection (2) Stgdy of |nspect]0n method .other than fluorescent PT (including o o
organizing the required inspections)
(3) Verification of the accuracy of dimension measurement (by means of
O O
the touch sensor of a robot)
5 Repairs Study of repairing equipment and method _* —
6 Pressure resistance test Study of pressure resistance testing method (after connecting the access _ _

3

1D

Note) The items with “—” will be implemented during actual equipment engineering * Studies conducted up to FY2020.

No.111
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing No.112
Access Equipment] '

@ PCV connection sleeve remote installation and welding: (b) Welding

[Specification of process management]

There were conditions wherein joining defects occurred during the element tests. The actual work is carried out
remotely, and the camera visibility is limited as well. Hence the torch posiioning and angle, etc. are verified by tests.

Guideline for welding gap G

< Equipment
hatch \ _
AT Sleeve Equipment hatch W - 7 ¢ Required leg length

.« Appropriate |gap s 2
@@p\ — (9) target Required leg length
d
/ ® @ Underlaying fillet welding @ Bridge welding ® Leg length welding

Bridge welding
D Underlaying fillet welding <Welding steps>

@ Underlaying fillet welding: Fillet welding for filling gap G
@ Bridge welding: Welding for joining the underlaying fillet welding and the equipment hatch
® Leg length welding: Fillet welding for meeting the required leg length

v

@ Leg length welding

oBsvOE

Example of
joining defects

Welding position: Vertical upward
Gap: 7.5mm

S e e e e e e ]
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Access Equipment]
@ PCV connection sleeve remote installation and welding: (b) Welding

[Specification of process management]
Items to be managed in each process are verified by tests and substantiated.

6. Implementation Items of This I5roject [1) (1) Dm

Underlaying fillet

Bridge welding

Gap

Gap

Gap
depth
Note: Same in the case of leg length welding
No. Management items (proposed)
1 Position of electrode (Target position for
touch start)
2 Target angle of electrode
3 Welding trajectory
4 Welding conditions (scope) Items to be managed in each step are verified by
tests and substantiated.
B
Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ PCV connection sleeve remote installation and welding: (b) Welding
[Study of small welding head (Improving shielding capabilities)]

Since formation of oxides was observed in some of the tests conducted using a small welding head,
the formation of oxides is controlled by studying the gas nozzle and the secondary shield.

Oxides

Gas nozzle

Element test results

Small welding head (Vertical upward gap G 20mm)

The gas nozzle and secondary shield are studied and verified by welding tests.

LSS
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ PCV connection sleeve remote installation and welding: (b) Welding
[Study of welding torch]

The formation of oxides is prevented by creating inert gas atmosphere in the vicinity of the molten
metal on the welded part by installing an outer gas cup (secondary shield) at the distal end of the
welding torch. 2

Angle adjustment plate

.

Tool changer Outer gas cup
TIG torch

157

Positioning pin

Shock sensor 0S¢ AVC

.:jlﬁ'?’:
= T

355.6 107

(876) \

\ Wire positioning slide

240

. Wire nozzle

\ Welding monitoring camera unit

| =
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]
@ PCV connection sleeve remote installation and welding: (b) Welding

[Study of welding torch]

An extension bracket is
added besides the secondary
shield considering accessibility.
Interfering objects are
confirmed by means of 3D
simulation.

Welding head being studied

Studies conducted until FY2020

Confirming for interfering objects by
means of 3D simulation

<<Part added>>
Extension bracket
(with angle adjustment
functionality)

* Added considering
accessibility

<Part added>
Secondary shield
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]
@ PCV connection sleeve remote installation and welding: (b) Welding

[Study of tests on cold cracks / Study of preheating method]
Since thick plates are welded, there are concerns about cold cracks. Preheating method and

working method are studied.

Welding of thick plates
(Concerns about cold cracks)

With preheatingF——

v

Without
preheating

v

Study of the method of partial preheating =
Heating using non-fillers

Issue: Study of whether or not sufficient heat can be
provided.

— Element tests will be conducted and the results will

be reflected in the welding procedures.

Study of the method of partial preheating
Study of high frequency induction heating, burner, etc.
Issue: Study of handling by means of robots, etc.

Study of working method
Study of temper bead technique or other welding methods
Issue: Discrepancy with standards

Acquisition of evidence through tests showing that
there is no breakage

Implementation of tests prescribed in JIS, etc.

Issue: The content of actual material and machinery is

Studied
— (Some element tests are planned
to be implemented.)

— Studied and tested.

— Studied as required.

unknown.

The most appropriate measures are
selected considering on-site workability.

3

1D
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]
@ PCV connection sleeve remote installation and welding: (b) Welding
[Study of preheating equipment]

A small high frequency induction heater that can be mounted on the robot as well, is being considered as the preheating
equipment. A demonstration of the high frequency induction heater was conducted to verify its applicability. The test result

showed that it has sufficient heating capability.

Model ACT-3020W

Output capacity ~Max 30k Material used: Thickness 30[mm] (carbon

R‘f}gﬁ;&g”t 3-phase 200/220V steel) _ _
Remote operation speed: Approx. 750
Rated frequency %% [mm/min]

(Specifications of the demo unit)
Power supply used: 30[kW]
(Actual welding speed: 60 to 100 [mm/min])

Rated input Approx.36kVA

Rated current Approx.100A

INV. Output current 1204
Oscillating frequency 11 D~ 22 0k

INV. Output
voltage

250A

Control system NV Fwi

Rated utilization 100% Issues o | |
, — = . *The total weight is approx. 35kg including

Cooling system  Fadator system, foreed water cooing the weight of the heater which is approx. 7

Cooling capacity 2200kcaln, 4kg/os’ to 10kg, and the weight of the welding

equipment which is approx. 25kg. The

conveyable weight of the robot is 50kg.

DIMENSIONs  godtuding caore) - oeom M However, considering momentum, the
weight needs to be reduced.

Weight Approx. 180kg

Demonstration being Power supply specifications
conducted

TRID
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]
@ PCV connection sleeve remote installation and welding: (b) Welding

[Study of inspection method other than fluorescent PT]
The fluorescent PT method is being considered for inspection. Firstly, the inspections that are

required as per standards are consolidated, and desk studies on remotely conducting the required
inspections are carried out. General welding inspection

Generally called “Color check”, it is widely used for detecting cracks etc. opened up on the surface of the
object being inspected. It is a method that makes micro defects on the surface, which are difficult to detect

Penetration test

=) by means of visual inspection, visible.
. . When a magnetic substance is magnetized, magnetic flux leaks if there are defects on the surface or in the
Magnetic-particle test Surface - 2 . o - . .
. ; vicinity. This is a method for identifying the location and form of defects by detecting leakage of magnetic
(MT) inspection ; . . . :
flux using magnetic particles (fine dust of ferromagnetic substances).
This is a method in which the presence of defects or the change in their form is inspected by applying a
Eddy current test - . . . .
ET) magnetic field that changes over time to the test piece by means of a coil through which AC current
passes, and using the changes in the excess current generated in the conductor.
This is a method in which the presence of defects and their form are detected using the ability of radiation
Radiographic Test to penetrate substances and the ability to expose camera films, by exposing the test piece to radiation, and
(RT) developing the difference in intensity of radiation after it has passed through the test piece into a gray
. scale image.
Volumetric
inspection . . . . .
When there are internal defects in the test piece, the ultrasonic waves (frequency higher than 20,000Hz,
Ultrasonic Test which is the upper limit of the audio-frequency range of humans) incident upon the test piece either get
(uT) reflected or scatter depending on the defect. This is a method in which this phenomenon is used to inspect

the presence of internal defects and their form.

Note: Testing methods other that those mentioned above SAIternating current Eotential droE, etc,z will be studied as reﬂuired.

[
l R' D Olnternational Research Institute for Nuclear Decommissioning



No0.120

6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]
@ PCV connection sleeve remote installation and welding: (b) Welding

[Study of inspection method other than fluorescent PT]

3

Design and Construction Standards™
/ Welding Standards™

Class 3 piping (Overview)

Standard No.

Explanation

Design of the welded part

(Design/Construction Standards: PP(DS-)LE)010 Igr?ti\/r\ﬁlc:juesdﬁpl)lzzt Vsé |t:e joint of the seal welding should be a
PPH-4000) ' '

Groove surface N-7030 Removal of harmful foreign material

Strength, etc. of the welded part N-7040 Equivalent to or more than the strength of the base metal

Non-destructive testing and
mechanical testing of the welded part

N-7050/7100
Table N-X050-1

MT or PT

Finishing of the joints N-7080 Should be smooth.
Post-weld heat treatment N-7090 Required when the thickness of the base metal is >38mm
Table N-X090-1, 2 (Can be substituted with preheating)
Mechanical testin halEly Not required (depending on the classification of the joint)
g Table N-X110-1 a pending ‘
N-7130

Pressure resistance test

Table N-X130-1

Maximum operating pressure X 1.25

Currently, it is considered that the PT alone can be applicable.

*1: JSME's Codes for Nuclear Power Generation Facilities - Rules on Design and Construction for Nuclear Power Plants (JSME S NC1 - 2012)

*2: JSME's Codes for Nuclear Power Generation Facilities - Rules on Welding for Nuclear Power Plants (JSME S NC1 - 2012)

1D
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ PCV connection sleeve installation and welding by remote operation
[Development Schedule]

[N : Planned
I : Actual
_ FY2021 FY2022
Study items
4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3
Major milestones Interim Report Interim Report Interim Report Final report
v v v v

1. Conceptual study [

planning
3. Test preparation / |
Manufacturing of
I

test equipment

4. Element tests

5. Summary

Remarks

| s
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ PCV connection sleeve installation and welding by remote operation: Summary

» Pre-conditions for remote installation of the sleeve were consolidated, and the results of
studying the concerned delivery method and equipment were compiled. The “method of
delivering the unit in its entirety” which is the same as the method used for delivering
the main access tunnel was selected, and the issues and items that need to be verified
by tests, etc. were consolidated. 3D measurement, layout of the cameras, etc. are being
studied in detail.

» The target height at the time of delivering the PCV connection sleeve was set at 4000mm
which is the same as the height while delivering the access tunnel. The remote
installation equipment was reviewed, and it was found out that a height of 4000mm or
less can work.

» Actions to be taken in response to the issues concerning remote welding of the sleeve,
compiled during the FY2019-20 subsidy projects, were studied, and issues and items
that need to be verified by tests, etc. were compiled. The testing equipment including
the welding torch and the inspection method are being examined in detail.

» Remote installation of the sleeve, remote welding as also the element test plan were
studied and preparations for the test equipment and facility are underway. In the future,
feasibility of procedures and equipment for remote installation and welding of the sleeve
will be verified by element tests.

EEEEES
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ Installation of shield Solicitation items are listed.

Studies on access equipment, such as the access tunnel (a tunnel type structure for accessing the
inside of the PCV), to be used when the side access method is adopted, have been carried out for
further increasing the retrieval scale of fuel debris and reactor internal structures. The retrieved fuel
debris, etc. will be temporarily placed inside the access equipment. Considering that the area around
the structures being installed will be used as the work environment, it is necessary to reduce the
radiation dose. Thus, the access equipment becomes a large and heavy object with shielding
functionality. Hence, in order to reduce the load on the floor of the R/B, ancillary facilities, etc.
required for transportation to the inside of the R/B, etc., streamlining the structure of the shield of the
access equipment, and the transportation / installation methods need be studied, and development
needs to be carried out as needed.

In order to safely and efficiently carry out the work of establishing the shield under high radiation
dose by remote operation, first, the preconditions required for assessing the shielding functionality
including the state of existence, the type of radiation source, etc. such as the fuel debris retrieved
from inside the PCV, etc. are studied and compiled. Next, studies are carried out including exposure
dose evaluation of the procedures, the transportation and installation method including the shielding
structure, addition of shield, etc. based on the strength of the R/B structure and the on-site
workability. Subsequently, a simulated test piece of the access equipment on which the shield will be
installed, will be manufactured, and viability will be verified and evaluated through verification tests
for verifying the feasibility such as a manufacturing capability, etc., and thereafter the technology
required for reasonably installing the shield on the access equipment will be developed.

l D Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

® Installation of shield

[Status of studies conducted up to FY2020]
® Some of the conditions for studying the shield thickness were revised and a simple study > bﬁé‘:‘ﬁg:reya

of the shield thickness was conducted. >
® Conceptual study of the frame structure was conducted.
[Issues]

Large ancillary facilities, since the mass to be delivered is large interference during the post-
processing

(Access tunnel weight (large) — Delivery weight including CW" (large) — Ancillary facilities (large))
® Feasibility of the method for aditional installation of shield by means of complete remote

operation or partial remote operation.

' Cou e
® Structure with minimal defects and assurance of shielding performance (method of verification TR Tl Approx. 700t
at Completion) cart (Fukushma Daiichi
® The structure of the access tunnel shield, the transportation and installation method need to be Total delivery weight at present:
streamlined. Approx. 1100 ton (Fukushima
® Reduction in weight while maintaining rigidity of the delivery frame *CW: Counter weight Daiichi NPS-1)
[Implementation detalls] ] . ) ] Current study conditions (Example: Unit 1)
® The preconditions required for assessing the shielding Quter wallof " G wall o RIE Access tunnel (AT)
functionality including the state of existence, the type, etc. of 1 J L  Weightof the main body of
A i Outside R/IB 4 P inside RIB (o coh o jess Pprox.
the radiation source such as the inside of the PCV, the | xta o :
retrieved fuel debris, etc. are studied and compiled. x _ Lffv
® The transportation and installation method are studied s ol abprox. ,nﬁ'ﬁcseé’%g AEZ g [l 5o comrox
including exposure dose evaluation of the procedures and ASton/m2) " 9 O 20 ton/m2)
additional installation of the shielding structure, etc. based Ee— : _ -
. oad limi Load capacity of the entire floor of R/B BSW load limit
on the strength of the R/B structure and the on-site approx, 150002 __firstfloor approx. 1.22 to 4.8 ton/m2 approx. 750 ton/m2
workability.
® Asimulated test facility of the access tunnel on which the [Expected outcome]
shield will be installed, is manufactured, the elemental plan ® Presentation of a reasonable method for
is created, and feasibility such as manufacturing capability, installing the access tunnel shield

etc. is verified.

| .
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

® Installation of shield
[Study procedures (policy)]

Consolidation of preconditions

The dose of fuel debris and the dose from
inside the PCV, etc. are compiled, and the

Consolidation of the delivery methods and load

outside R/B

preconditions required for calculating shielding

are consolidated.

Shielding assessment
(Study of shielding thickness)

The shielding thickness is studied based on
the selected conditions.

Required shield
radiation
OOmm

@ Consolidation of the delivery methods (rotation / straight

line)

® Consolidation of the load outside the R/B
@ Consolidation of required measures (Are only floor steel
plates sufficient? Does it require piling? etc.)

Setting the target
(Setting of target delivery weight)

4

Study of the delivery frame

The additional shield installation delivery frame with the
purpose of higher rigidity and reduction in weight is studied,

and its structural viability is verified.

Study of additional shielding installation equipment / element tests

Conceptual study of the additional shielding installation method
and installation equipment is conducted. Element tests are
implemented to check the viability of the method.

Additional shielding
thickness
X X mm

Review of delivery equipment

Required thickness
during delivery
(strength)
PAWANIA1]11]

Additional shielding

X Xmm

Access tunnel
additional shielding
thickness after installation

thickness =

Required shield
radiation
OOmm

Access tunnel
shielding thickness after
completing installation

Required thickness
during delivery
(strength)

A A mm

Access tunnel
Shielding thickness
during delivery

Small access tunnel delivery weight = Downsizing the ancillary facilities such as temporary building, etc. = Shortening of schedule and reduction in cost

TRID
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ Installation of shield
[Shielding assessment procedure]

Scope of the report

Consolidation of preconditions

(Current state) Cross-section of
access tunnel

-I

Assessment of shielding with the
current design

J

Study of proposal for trimming
down the shielding

110mm

Whether or not the wall/ceiling/floor can be trimmed
down uniformly, whether or not neutron shielding is
required, are studied.

!
I
!
I
!
I
!
I
1 Shielding assessment if the wall/ceiling 300mm, floor
I
!
I
!
I
!
I
!

Shielding assessment considering the proposal for
trimming down
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]
@ Installation of shield
[Consolidation of preconditions]

The preconditions for calculating the shielding thickness are organized. The radiation source inside the PCV is studied considering its
state of existence (fuel debris, activation, solids, liquids, etc.). The source strength for assessment is calculated by back calculating based
on the actual measured value™.

Further, as the work to be performed inside the R/B is unknown, this study is conducted assuming workers will enter inside the R/B.

Items Conditions Remarks
Target plants Unit1, 2, 3 of 'I\:llliksushlma Daiichi In some cases, there are restrictions on the unit
Wh”e. transporting fuel debris However, shielding thickness is assessed even fif this is
inside the access tunnel No (People are cleared out) “Yes”
Entry inside R/B
During regular times (other than
. Yes
those mentioned above)
Inside PCV Calculation of source strength for Back calculated based on actual measured value*
assessment (10Sv/h or less inside PCV)
Radiation source - Shielding is studied as required
Inside AT Fuel debris inside the ¢200 unit can *Quantity of fuel debris transported / dose is assessed
as well.
Concrete 2.15 (g/lcm3) Filling factor, etc. is considered.
Material density
Iron 7.8 (g/lcm3) Filling factor, etc. is considered.
Target dose rate after Inside R/B 1 mSv/h (During regular times)
installation of access tunnel
(additional part) Outside R/B 0.05 mSv/h

(Note)
= The target dose rate is tentatively considered to be 1mSv/h. It is planned to be finalized eventually while comparing with the quantity of fuel debris transported (dose rate), shielding thickness, and air dose rate inside the R/B.
= As the impact of neutrons from inside the PCV is smaller than that of the gamma rays, the impact is verified by means of the actual measured value. The neutrons at the time of passing through the access tunnel are evaluated.

The shielding thickness and additional shielding thickness of the access tunnel is determined based on the above conditions, and the additional installation method and installation equipment are studied.

* Results of the on-site demonstration test during the investigation on the first floor grating outside the pedestal (B1 investigation) stated under “Development of Technology for Investigation
Inside PCV” on the TEPCO website (4/30/2015): 10Sv/h or less inside the PCV.

|
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ Installation of shield
[Consolidation of preconditions]

Shielding assessment was carried out under the following conditions.

No0.128

assuming UO,=1t)

ltems Unit Unit 1, Fukushima Unit 2, Fukushima Unit 3, Fukushima asssheusa!sdrlr?(gnt
Daiichi NPS Daiichi NPS Daiichi NPS o
conditions

Initial concentration wit% 3.7 Same as on the left Same as on the left 3.7
Burn-up GWd/tHM 40.172 40.557 40.499 41

Specific output MW /tHM 20.0 25.3 Same as on the left 20.0
Cooling period Year 20 Same as on the left Same as on the left 9
Fuel debris composition Uo, uo,

(Weight)p — (Weight calculated Same as on the left Same as on the left (Weight calculated

assuming UO,=1t)

The following is used for calculating burn-up.
® Calculation code: ORIGENZ2.2 UPJ

® Cross-sectional area library: BS340J33

® DECAY library: INDECAY33.LIB

® Photon library: gxuo2brm.lib

1RID

*Studied based on Unit 1, as there is almost no impact.
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]
@ Installation of shield
[Consolidation of preconditions]

The study conditions and dose rate evaluation points are indicated below.

13000
4500
_ 300 3900 300
o 6500 ! 6500 b= 1950 1950
ot L (Vacuum)
,’/'/ | r/y
Q v Vacuum
7 : % = o 300__1 | ( VB 1000
s g o 1 w4 B 5 g HIE"
~r ¥ / K_- T :// g _ _____ B —
(=] I =
% A4 1> 3 / B 400 g 88
é / - D
/ =) P A B L [ R
7 ; 7 =gl s ot \ Wi
() (o]
ﬂ Fuel debris i Fuel debris
Evaluation location: Distance from the
_ . side of the access tunnel
Fuel debris Evaluation height: Height from the floor
% : Access tunnel (Iron, #7.8g/cm?® ) surface of R/B first floor
* ‘Imaginary shielding plate (Prevention of leakage radiation dose)
: Floor (Concrete, #2.15g/cm? )
> Evaluation point
—
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ Installation of shield
[Evaluation result] Shielding thickness: Wall/Ceiling 300mm, Floor 110mm (Quantity of fuel debris 30kg X 2)

[30kg/can x 2 cans, evaluation height 10cm, keff=0.95] [30kg/can x 2 cans, evaluation height 120cm, keff=0.95]

-10uSv/h is added to the

Surface Im 2m 3m Sm Surface evaluation on this page.

Evaluation location Evaluation location

1.0 | 1.0
m Neutron beams mNeutron beams
0.8 m.Secondary gamma rays 0.8 mSecondary gamma rays
g O Gamma rays — OGamma rays
> N
(g 0.6 BlGamma rays inside PCV }) 0.6 BGamma rays inside PCV
s E
S 2
9 0.4 © 0.4
(O]
a 2
0.2 i 002 I
o i B = | 0 . B == |
Surface 1m 2m 3m 5m Surface im 2m 3m 5m
Evaluation location Evaluation location
[30kg/can x 2 cans, evaluation height 10cm] [30kg/can x 2 cans, evaluation height 120cm]
1.0 1.0
mkeff=0. 95 mkeff=0. 95
0.8 — 0.8
= mkeff=0.9 mkeff=0.9
S =
oKeff=0.8 S oKeff=0.8
Lo.s ¢ _— 3 0.6 ¢
@ E + Source strength for
© % assessment is calculated for
o 0.4 5 0.4 the radiation source from
8 2 inside the PCV.The dose rate
0.2 Y calculated based on the
access tunnel shielding
L thickness is added.
0.0 ‘_‘ -:l_ 0.0 L_\ -:l_
m 2m 3m 5m

As the dose of neutron beams is high, neutron shielding needs to be installed for trimming down the shielding thickness. In the vicinity of the floor surface, the dose rate from
gamma rays is high due to reflection.
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ Installation of shield
[Evaluation result] (Reference evaluation) Shielding thickness: Wall/Ceiling 250mm, Floor 110mm

Wall/Ceiling 250mm, Floor 110mm is estimated based on the calculation results Wall/Ceiling 300mm, Floor 110mm.
As a result of rough calculations, it is assumed that the target dose rate is sufficiently satisfied even when the
Wall/Ceiling thickness is 250mm.

(Note) For the evaluation carried out at the evaluation height of 10cm (floor surface) rough calculations are
not performed since there is the effect of reflection.

[30kg/can x 2 cans, evaluation height 120cm, keff=0.95] [30kg/can x 2 cans, evaluation height 120cm]
1.0 | 1.0
@ Neutron beams mkeff=0. 95
0.8 0.8
m Secondary gamma rays mkeff=0.9
= o Gamma rays -
< = -
@ 0.6 m(Gamma rays inside PCV 3 0.6 mKeff=0.8
E ' E
I3 ©
= g
o 0.4 o 0.4
a 0
a a
0.2 0.2
Inm
0.0 - i 0.0 -_|
Surface Im 2m 3m om Surface Im 2m 3m 5m

Evaluation location Evaluation location

+ Source strength for assessment is calculated for
the radiation source from inside the PCV.The dose
rate calculated based on the access tunnel

. . g . . . . shielding thickness is added.

1mSv/h or less is satisfied even when the shielding thickness is 250mm. -28uSvih is added to the evaluation on this page.

-’ It is assumed that 1mSv/h is satisfied even when neutron shielding is installed resulting in
Wall/Ceiling 200mm and Floor 120mm.

| LSS
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ Installation of shield
[Loading conditions of the delivery equipment] Structure of the X-Y jack

In order to study whether or not ground improvement is necessary, the ground pressure of the access tunnel

delivery equipment (delivery jack) is studied.

4

*

—

+
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|

1o e e
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\ f L Li—
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|
+ 4+ o+
[

Vertical jack
Capability

Specifications
Delivegx jack Horizontal adjustment jack

Gipabiy eusite)) F )N Capabilty (W) 15
e 4]-.

| Pressure

e smpror ot e A 1

No0.132

WIS L equired amountor
‘m.l“‘li" | R

e

{74 =~ Horizontal adjustment jack

{ tE CIS0RAx 2005 Y

' Pull side pressure oil
\ inlet
Adjustable installation

Conditions of the jack

) Maximum ground pressure: P= 2,608.9[kN/m?]

) Impact coefficient: i = 0.20

) Breadth of the jack: B = 0.950 [m]

) Length of the jack: L = 2.200 [m]

Conditions of the floor steel plates

®  Thickness of the floor steel plates: t = 0.030 [m]

Breadth of the floor steel plates: PB = 1.500 [m]

Length of the floor steel plates: PL = 6.000 [m]

Active loading width of the floor steel plates: B’ = 1.500 [m]
Active loading length of the floor steel plates: L' =2.100 [m]
Modulus of deformation of the floor steel plates: E
=2.000E+08 [KN/m?]

[ty N KStype
. \
il . ! \ Push side pressure oil
= inlet
eath - a Adjustable installation
3 g 5
5 }Lﬂ K-5 type
200 10-M22 x40
P00 200 I g
A
|
Vertical jack f | —--—...4_“___',
TTE T AR L -1 = T .. Vertical pressure Vertical pressure  Vertical pressure |
SUOMNXISAST) ™ oilinet (Retum) gauge (Push) | o inet (Push)
Ijof[iz_ontal jack g-.‘ et e e —_
(ISORNXITOOSTIN, N M-~ Vertical stop valv ) 20
N S 7 i i R I B g &
2 N\ = Vertical stop valve ol
[ \ T | O I O -
b L™ faan ? ? w || — 1 T 1 \ =
Hd PR | [S1EdON | |1 { | R s
- - . s - - nl—1
1| e | ep— | g7k, 7
J| 4T — Jd¥——=%— oo ° ° t
T 1L = | ) N — T
¥ 1 1 o1 7 e
™ N [ @
Horizontal adjustment
___support point
430 Stroke 101
1 RS (448D
(PRAR)

Ground pressure of the lower surface of the floor steel plates: Pmax’ = 2,077.2 [kN/m?]
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equment?
@ Installation of shield
[Loading conditions of the delivery equipment] Soil boring log
The load bearing capacity of the area in the vicinity of the Fukushima Daiichi NPS is calculated for the study to determine whether or
not ground improvement needs to be conducted for reference.
Soil boring log (Standard penetration test) (Note) Subsurface exploration of the area where

A e R s e equipment will be installed needs to be conducted

R \ when actual equipment is studied.
HHQNS A S ..
. Ground conditions
Lol RS I MROE o it n
| smws l . - ke Geological | Layer thickness | Unit weight 'ia"%:grgl Adhesive force | Poisson's ratio
maras | o } ITRER ] l g | strata Tlm) Y (kN/mJ) (degrees) C(kN/m) v
nnes 10 m | £ me First stratum 7.300 15.00 75,00 0.00 0.0
BWAE  [1634m . : 3| oo | wor l Second stratum 3.000 18.00 25.00 0.00 0).30
= : i Third stratum 1.700 15,00 25.00 .00 0,30
6l e | ® (= n :, ® [fam® 2 g BERARSG ERRER ® M Fourth stratum 0,000 0.0 (1,00 0.00 0.0
4| ol s |50 z N | m | oopmse ol :‘: wlgl 4
rRlw|x|®]| ‘2 » [ i:ﬁ aole"® i
o el | W 2| o= ofa&"als| = | Modulus of deformation of the ground
il B - A P s d e | hooacoc A | |Bim|sfx| w  |g
o [ o | o | & ) _ | \ » \ Modulus of
3 i —f—1— : T ‘ Geological deformation N value
3 w] we ~ _.\{1» e strata IS (kN/n{)
E o I % i » n-:-):.‘f Fo First stratum 14.000 5.0
T | bl B "L""':_ fod Second stratum 14.000 5.0
E | = Lan L& o . -
e i 1 e —: , Third stratum 14,000 3.0
3 | s Al T Tad Fourth stratum () (.0
k. ‘ /,n | [ S—TIS A“JE.
| KT RS .
o | ‘i" ] . . _ 2
| T 3 Allowable bearing capacity ga = 29 (kN/m?)
{ My [en l - — ] T}: ;
10 | 1120 - bl ||
e ' P | | Ground pressure of the lower surface of the floor steel
[T B e m plates: Pmax’ > allowable bearing capacity
Sy : 2
» i rw J = = : i s
e ‘ = ,, s
. _ Ground improvement is required.
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]
@ Installation of shield
[Conceptual study of additionally installed structures]

The shield that will be post installed needs to be selected considering the shielding performance of the access tunnel
and installability. The prospective shielding material and results of comparative studies are provided.

Shieldin Ability to remotely Evaluation of the
Proposal ng Shielding effect” install the shielding shielding performance Issues
material : f .
material after installation
. Method of remote installation
1 Steel (plate) Major Acceptable Good (Difficulty level - high)
Method of remote installation,
2 Steel (balls) Medium Good Acceptable Filling factor (shielding
performance)
Method of remote installation,
3 Lead (balls) Major Good Acceptable Filling factor (shielding
performance)
Unacceptable Method of remote installation,
4 Lead (casting) Maximum (High temperature, Acceptable Deformation after casting, specific
deformation) gravity
Method of remote installation,
5 Mortar Low Good Acceptable Filling factor (shielding
performance)
Remarks: *Comparative evaluation between the materials

The ability to shield is inadequate depending on the filling factor. Hence in the case of proposals 2, 3, 4 and 5 that are
evaluated based on the filling factor, the external dimensions of the access tunnel are likely to increase.

In the future, comparative evaluation will be conducted while referring to the schematic diagram for selecting the proposal
for additional installation of structures.

IRID
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ Installation of shield

[Conceptual study of additionally installed structures] Schematic diagram of the push method for the plate-shaped shield

(Comparative evaluation with other proposals is planned to be conducted in the future)
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Outline

® Pushing the plate-shaped shield from outside
the R/B is proposed.

® Guide roller is installed on the shield and
delivered.

® Method of installing the shield at the curved
section is a challenge.

® Inthe current state, it is rated to be highly
viable.
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Shielding thickness

While delivering: Wall/ceiling: 200mm, Floor: 110mm
Additionally installed shielding: Wall/ceiling: 200mm,
Floor: Omm

Upon completion: Wall/ceiling: 300mm, Floor:
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment

@ Installation of shield

[Conceptual study of additionally installed structures] Schematic diagram of the partitioning method for the

plate-shaped shield (Comparative evaluation with other p

ropo

sals is planned to be conducted in the future)

Outline
® |Installing the additional shield on the floor surface on

% AR AR & TR ; first floor of R/B is proposed. It is evaluated that with
= — a thickness of about 85mm load gets distributed and
n . n Ri thus the 4.9ton/m? load capacity of the R/B floor is
—f— —— —th— met.
B R L ® Method of carrying-in/out and installation of the
o | = o= || (5= i, additional shielding plate is a challenge.
|| [a= N ]| = |[le= 1.7 | ® Viability needs to be evaluated.
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ Installation of shield

[Conceptual study of additionally installed structures] Schematic diagram
of the shielding material filling method (Steel balls/casting)
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® Filling shielding material after the access tunnel
frame is connected to the PCV connection sleeve is
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access
Equipment]

@ Installation of shield

[Course of studies in the future]

<Dose evaluation>

No0.138

® Since neutron beams contribute a lot, neutron shielding will be studied. As it is difficult to install the neutron shielding on the main body

of the access tunnel, overpacking the unit can will be considered.

® Shielding thickness will be evaluated once again considering Wall/ceiling: approx. 200mm, and Floor: 110mm as the target shielding

thickness.
<Ground maintenance>
® The method and schedule for ground maintenance will be organized.
® The equipment required for delivery will be organized.
<Additional installation of shielding structures>
® Comparative study of the proposals will be conducted, and the appropriate proposal will be selected.
® The structure of the selected proposal will be studied, and element tests will be planned.

<Vision for the study> The shielding thickness will be reduced based on the shielding assessment, and access tunnel

will be installed using the method for additional shield installation.

Delivery of unit in

Proposal 1 (Slide No. 135) Proposal 2 (Slide No. 136)

Plate-shaped shield push method

Plate-shaped shield partitioning method

its entirety
Method
Upon completion of Upon completion At the time of Additional Upon completion At the time of Additional
installation of installation delivery installation of installation delivery installation
utliEEing _(_shleldlng 300mm 200mm 50mm 150mm 200mm 115mm 85mm
capability)
Floor (shielding capability) 110mm 110mm 110mm Omm 110mm 110mm Omm
Weight 425 ton 325 ton 170 ton 155 ton 235 ton 235 ton 100 ton

(Note) The method of filling shielding material is not mentioned as its viability is low.

Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ Installation of shield

[ : Planned
[Development Schedule] —
_ FY2021 FY2022
Study items
4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3
Major milestones Interim Report Interim Report Interim Report Final report
v v v v
EEEEEEEEE—————————S
1. Conceptual study [
2. Element test ]
Sleanring N
3. Test preparation / .
Manufacturing of
test equipment
|
4. Element tests
5. Summary N
Remarks

_— ST e
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ Installation of shield: Summary

» The course of study and the preconditions were organized for studying the method for
additional shield installation. As a result of shielding assessment it was found that
neutron shielding needs to be installed for reducing the shielding thickness, as the dose
of neutron beams is high.

» Considering the shielding performance and installability of the shielding material that
will be installed later, steel plate delivery, filling of steel balls and casting, mortar filling
method have been studied and their comparative evaluation is underway. In the future,
comparative evaluation will be conducted while referring to the schematic diagram for
selecting the proposal for additional installation of structures.

» In the future, the feasibility of the method for additional shield installation will be verified
by tests.

T e e e e ]
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ Disassembly of shield plug Solicitation items are listed.

Studies on installation of access equipment, such as the access tunnel method, to be used as
access equipment for the side access method, have been carried out for further increasing the
retrieval scale of fuel debris and reactor internal structures. As the shield plug, etc. (shield plug, block
out) in front of the existing equipment hatch, which is a large and heavy object made of concrete, etc.,
needs to be removed before installing access equipment on to the PCV connection part, technology
related to safe and efficient disassembly in confined spaces needs to be studied and developed.

Studies will be conducted on the method of cutting, disassembling and removing the shield plug,
etc. safely and with certainty in the confined space inside the R/B, transferring the disassembled
structures and storing them in waste containers by remote operation, considering that this work is
carried out in a high dose environment; and on the procedures considering prevention of dust
dispersion, removal of structures required for strength such as intermediate posts, smoothening the
cut parts, etc. after removal, and load restriction on the floor inside R/B.

Subsequently, the equipment for cutting, disassembly and removal will be test manufactured, and
their viability will be verified by element tests using simulated test pieces for confirming feasibility.

l D Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ Disassembly of shield plug
[Status of studies conducted up to FY2020]

® Rough procedures for the Unit 1 shield plug removal method were (Shield plug) (Concrete block)
developed, conceptual study and evaluation of the roughly estimated
exposure dose were carried out.

[Issues]

< Common to Units 1 to 3>

® As the shield plug is large and heavy and hence difficult to remove,
removal technology needs to be developed.

® Feasibility of the disassembly equipment, etc. considering the load on the
floor surface of the building.

® Method of disassembling considering prevention of dust dispersion under
a high dose environment.

® Increase in exposure dose due to increase in the amount of work carried
out on-site for finely cutting large and heavy objects.

<Unit 1>
® Method of pulling out the shield plug considering anchoring, etc. of the
drive wheel. : : .

. . S - . lllustration of the method of disassemblin
® Method of finely cutting considering the lining material (16mm). Similar examples from overseas (WAK)q
<Units 2, 3> Fulfus.hima
® Method of removing concrete blocks (including intermediate posts, etc.). ﬁguscmnit 4

® Method of smoothening the floor surface (surface on which the PCV

connection sleeve is installed). X-1B

. v - o ——

After removing concrete blocks, the intermediate posts need to be removed or mortar
needs to be shaved off to make the surface smooth.

Illustration of the floor surface of Units 2 and 3

| ]
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ Disassembly of shield plug
[Implementation details]
<Common to Units 1 to 3>
® Consolidating pre-conditions related to the study.
® Studying the method and procedures for cutting,
disassembling,and removing the shield plug, etc. and
transferring the disassembled structures and storing them into
waste containers by remote operation. Studying the method
for preventing dust dispersion, method for disassembling and
transferring considering the load bearing capacity of the floor
(approx. 4.9 ton/m?), etc.
® Test manufacturing the required equipment such as cutting,
disassembly and removal equipment, etc., planning and
implementing element tests to verify feasibility of the method
for removing the shield plug, etc.

<Unit 1>

® Study of method of pulling out the shield plug

® Study of equipment for cutting the shield plug by remote
operation

® Study of the method of transferring unitized structures (Removal
using a cantilever)

<Units 2, 3>

® Study of remotely operated block-out equipment
® Study of method for smoothening the floor surface

[Expected outcome]
® Presentation of the method of removing the shield plug, etc.

TRID

Reinforced concrete

Comprehensive view of

The angle needs to be

removed as it interferes

with the PCV

connection sleeve

After removing the concrete

block (Fukushima Daiichi

the Unit 1 shield plug

Actuator

Made of steel

Cutting

equipment

NPS-4 X-1B)

Counter
weight
W

|
Frame |

Cutting

(horizontal)

" == Hd >
equipment === B

(vertical)

Method of fine
cutting

L.

Method of transferring

unitized structures

Illustration of Unit 1 shield plug removal
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ Disassembly of shield plug

[Study procedures (policy)]

3

1D

Disassembly of Unit 1 shield plug

Disassembly of Unit 2, 3 concrete blocks

N =

Consolidation of input, study conditions, environmental conditions of work area
Consolidation of work requirements (functional requirements) and study of action plan
3. Creation of conceptual diagram illustrating the disassembly work based on the action plan

.

Consolidation of conditions required for substantiation of the study

¢

Evaluation and selection of applicable disassembly tools

&

Verification of feasibility of the selected disassembly tools (Element tests)

¥

Study of means for smoothening / hatch protection

¥

Development of work steps and identification of issues in each step / worker exposure evaluation

-

Presentation of action plan in response to the issues and development of development plan
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ Disassembly of shield plug

[Consolidation of preconditions]

In Unit 1 shield is planned to be installed on the northern side of R/B, and in Units 2 and 3 it is planned to be installed on the southern

side. All shields are to be installed on the equipment hatch, but in Unit 1 it will be on the shield plug, and in Units 2 and 3 it will be on the
block wall.

V -
Proposal for installaing the access tunnel in Units 1 to 3 N@I Existing
\"‘-\_

New structures

structures

R H_lm- N N O H} T | 1l = T 5] -15) n‘

. o [eXe)]
a éﬂ N L ’_[IZZ o |- 000 |
= S /B

: 1C : ._',_“_ii £
| I#1 RrB

el L #2 R/B

Lo
|
LE%E

Access tunnel

Access tunnel
1 ~ASEERRA
A45-gE ]

Units 2, 3: Concrete blocks
(Sample image)
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ Disassembly of shield plug

[Implementation details (Overview)]

® The preconditions for Units 1 to 3 and the disassembly methods are studied.

® The disassembly of shield plug is studied for Unit 1 and that of the concrete blocks is studied for Units 2 and 3.

® In addition to the method of disassembling the shield plug inside the R/B in Unit 1, the method of transferring unitized
structures is briefly studied as well.

® Either of the disassembly methods are general disassembly methods for Unit 1 and Units 2, 3, however, as the concrete
blocks have an impact” on the installation accuracy of the PCV connection sleeve, element tests on disassembling the

concrete blocks are conducted during this project.

o 1 1 . * As the PCV connection sleeve is installed on the floor surface after disassembling the concrete blocks, it
This report focuses on Unit 3 easily gets affected by uneven floor surface. In the case of the shield plug, even though there is the rail, the
surface is assumed to be comparatively smooth.

Unit 1 shield plug Units 2, 3 Concrete blocks
Liner plate
Mortar
Outer plate

(Filling the 94pS) s o _ Intermediate support for the

i
F
-
—

¢ R
e o

28085 2885

R
l Rl D Olnternational Research Institute for Nuclear Decommissioning




0.147

6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment

@ Disassembly of shield plug

[Work of making openings (before the accident) and the removal policy in this project]

ltems

Unit 1 shield plug

Units 2, 3 Concrete blocks

Overview of the target

Mainly entire blocks of concrete that normally travel over the
rail on electricity.

Blocks are stacked like bricks and some of the gaps are filled
with mortar.

Main procedures
(Prior to the accident)

® (Measure 1) Pulling out by moving with the help of
electricity.

® (Measure 2) Pulling out by rotating the shaft (external
drive shaft) connected to a motor, etc. The external drive
shaft was powered, had breaks and clutch (being
verified), and a wheel clamp (being verified).

®  (Measure 3) Pulling using a winch, etc.

@ Shaving off the upper mortar using a breaker. (The
mortar between the BSW and the block was shaved off
as needed)

@ Removing the block while making sure it does not get

damaged.

Removing the intermediate support.

Removing the L shaped steel at the top and bottom.

®©

Removal policy in this
PJ

It should be confirmed whether or not the external drive shaft
can be used. If it can be used, the shield plug should be pulled
out using the external drive shatft. If it cannot be used, it should
be pulled out using a winch.

Before pulling, it should be made sure that there is no foreign
material (including the rail cover) on the rail.

*Rust should be removed from the rail to the extent possible.
*It should be assumed that electricity cannot be used.

It should mainly be disassembled using a breaker.

*Prior to the accident, since the blocks (approx. 800 blocks)
were re-used, they were removed carefully to ensure there is
no damage, but this time they do not need to be restored.

= Cutting with the help of wire saw was considered, but it was
determined that using a wire saw would be difficult because of
the depth.

3

1D
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ Disassembly of shield plug
[Consolidation of preconditions (Unit 3)]

» Objects to be removed (Concrete blocks) *1 > Environmental Conditions *1
Concrete blocks (Enlarged view)
. . Target Units 3 Concrete blocks
Mortar Liner plate (Outside the scope of removal *2) Dimensions W 3510xD 1600xH 2885(mm)

(Filling the gap , Intermedlate support forthewak — — = — = Mass Approx. 36 ton

(Intermediate posts) Partitioning Concrete wall + band plate + wire torus
Composition + intermediate support for the wall, mortar finishing
steel plate.
e of gaps
Air dose rate Approx. 18 mSv/h
Floar load bearing Approx. 4.9 ton/m?
capacity

Western side of R/B (Truck bay door

Carrying-in/out (W4900xH4900mm))

2885 Height at which work

is carried out Approx. 4m or less

Air dose rate on the southwestern side (work area)
of the R/B first floor in Unit 3

&0 . E— &E

Numbers indicate air dose
rate(mSv/h)

e O O EEE S T RS EEE BN O e e S

Foundation bol

S

Band plate,
wire torus

I

-
N

s old Xl v oxo0c -~ 4

Concrete blocks

D : Data collection period: April 1, 2020 to March 31, 2021
*1: The structures and dimensions include those from drawings from ©
used as reference and hence include estimates as well. D : Measured on November 24, 2021
*2 i mbedded into BS
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ Disassembly of shield plug
[Requirements (Unit 3)]

» Safety requirements

Safety Work requirements / functional .
: : Response policy
requirements requirements

The air dose rate should be reduced by
decontaminating the work area to the extent
possible.

The exposure due to work carried out by
humans should be reduced by

DTG OAPESLIE EelEh disassembling the concrete blocks remotely

Prevention of (crane).

excessive and Exposure should be evaluated by studying
internal exposure of disassembling procedures and the required
workers number of workers should be established.

A work room should be set up to contain

Prevention of dust dispersion during the SIS IO,

e L S RS IlE . Dispersion should be contained by sucking

in dust using a ventilation system.

Prevention of

. Shielding of radiation from the BSW After disassembling, a remotely operated
excessive exposure . : :
L opening temporary shield should be installed.
to radiation
|

LSS
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]
@ Disassembly of shield plug

[Study of disassembling method (Unit 3)] Selection of a crane

_ Example of 3to 4 ton class Example of 6 to 8 ton class

Hitachi Construction
Machinery Co. Ltd.
ZAXS35U-5B

Short reach specifications

Hitachi Construction
Machinery Co. Ltd.
ZAXS75US-5B
Short reach

Photograph specifications
K cab

Dimensions W 1650 x D 4050 x H 2540(mm) W 2320 x D 4820 x H 2820(mm)
Mass of machinery: 3840kg Mass of machinery: 7430kg
Mountable attachment mass: 450kg Mountable attachment mass: 1430kg

S OGRS Maximum height at which work is carried out : Maximum height at which work is carried out : 5590mm
4240mm
Average ground contact weight: 3.0ton/m? Average ground contact weight: 3.8ton/m?
To be Disassembling and removing concrete blocks, Disassembling and removing the intermediate support for the
processed band plate, wire torus, mortar wall

*: External dimensions when the crane is set down are assumed.

| LSS
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ Disassembly of shield plug
[Study of disassembling method (Unit 3)] Selection of processing and finishing tools

No. Tools Sample image Generally used for To be processed Outline specifications [Crane used]
Breaker For crushing concrete Concrete blocks [3 t0 4 ton class]
1 |(Product with a model 9 ' To be processed: Concrete, bedrock,
BSW (Floor)
number) hard floor, road work

Grabbing equipment

For grabbing and

Concrete block
debris, band plate,

[3 to 4 ton class]

T ==
—
=

2 |(Product with a model collecting pieces of . wire torus, Weight that can be held (kg)*: 280
number) concrete intermediate support
for the walll
Bucket : :
3 [(Product with a model For collecting pieces, | - ot block debris | 5 © 4 ©O1 lejc’s]
number) etc. of concrete Capacity (m®): 0.11

*: Calculated by subtracting the tool mass from the mountable attachment mass of the crane
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ Disassembly of shield plug

[Study of disassembling method (Unit 3)] Selection of processing and finishing tools

No. Tools Sample image Use To be processed Outline specifications [Crane used]
Target: Iron frame, reinforced concrete
Cutting equipment For cutting, grabbin Wire torus, [3 10 4 ton class*2]
g equip 9.9 Ing reinforcement Major cutting of H type beam: Refer to A
(Guzzilla cutter) and collecting wire .
4 : : (L100x%100x7), in the table below
(Product with a model torus, reinforcement, T
number) partitioning steel plates partitioning steel plate | [6 t_o 8 ton_class]
(PL6) Major cutting of H type beam: Refer to B
in the table below
Circular saw For cutting partitioning | Partitioning steel plate | [6 to 8 ton class]
5 Cutting equioment steel plates, foundation (PL6) Cutting depth (cm): 27
g equip bolts (ceiling) Foundation bolts (¢19) | (Reinforced concrete)
For smoothening BSW
\ (roo_r) It is assumed that regular floor hard-
, (Smoothening after . .
6 Smoothening tools \\ . : Poured mortar packing tools will be attached to the
removing reinforcement crane
\'\‘ (floor), and foundation '
= bolts *1)
o

*1: Floor smoothening for installation of PCV connection sleeve
*2: Assuming wire torus (4.5mm copper wire) is cut.

H type beam (broad)(mm) H type beam (narrow/medium H type beam
width)(mm) dimensional drawing
H B t1 t2 t_:_! ~‘_
A 125 125 65 9 200 100 55 8 ti— - H
B 200 200 8 12 350 175 7 11 l
B
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment?

@ Disassembly of shield plug

[Study of disassembling method (Unit 3)] Study of disassembly procedures (1/2)

1. Work of carrying-in the equipment

2. Disassembly of concrete blocks from the front side

3. Collection of concrete blocks

Concrete blocks

o<Lh
o\

-

Ventilation :
system

Work room

Crane

| By
]

R;E‘c;tely operated ’
Temporary building - temp?r?r¥ ‘Shlejkxj -
Image = !
Additional information: Interfering objects removed,
temporary building set up completed

Concrete blocks

y

Breaker

%:t (depth approx. 800mm)

Additional information: Wire torus cut with the cutting
equipment

’ Receptacle for
disassembled pieces

Ventilation
system
[ workroom ||

L Z'-'1

' N
oqy Wl

o N

A

Truck bay door

Temporary building

Image

Transportation
cart

PN T
Concrete blocks

o —T]

Remotely 6r3é}éted
temporary shield

Additional information: If collecting with the bucket is not possible,
collection is done using the grabbing equipment

4. Installation of preventing member

5. Disassembly of concrete blocks from the back side

6. Removal of reinforcement (front, middle, back)

1 P e
Ventilation system e ﬂ Concrete blocks
= g B Y
e N
AN tysctet, ST
B :ﬁj

—- _| e 1 ‘
| Il Li g
o i —_—e—y Y L
/ > e\ o
. | ' Door R
| Crane
. o
Truck bay door
Temporary buildin <
P Im;,ge 9 i I b k ‘ Remotely operated temporary

shield

Additional information: Being planned for preventing debris from falling inside the
equipment hatch

-mc}efé blocks
Back (depth approx. 800mm)

Ventilation system |\

Ny »
_| Preventing
| member
2

%

Temporary building operated temporary
Image 1 shield

- 1 Remotely

Additional information: Implemented in the same manner as
No. 2 and 3

{3700

Cutting equipment

Receptacle for

disassembled pieces

== : Sjte to be cut

Intermediate support
for the wall
Reinforcement (front)

- Reinforcement

(Front)

Reinforcement

(Middle) (Back)

member

Preventing

Reinforcement member

Additional information: Disassembled and removed in the order of
Reinforcement (front) = Partitioning steel plates = Reinforcement
(middle) = Partitioning steel plates = Reinforcement (back)

Preventing member: Planned to be installed by opening a through hole into the block by means of core boring, etc. The purpose of installing it is to prevent
disassembled pieces from falling in between the PCV and BSW and preventing the equipment hatch from getting damaged, but its necessity needs to be

RIS
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]
@ Disassembly of shield plug

[Study of disassembling method (Unit 3)] Study of disassembly procedures (2/2)

7. Removal of partitioning steel plates 8. Removal of foundation bolts (ceiling) 9. Removal of foundation bolts (floor)
Intermediate support ™= : Site to be cut i i
Circular saw __ for the wall Circular saw Preventing
Cutting equipment Pafllllgg{lg steel Preventing Cutting equipment | Foundation bolt i Foundation bolt member
member Preventing Illustration of [lllegible]
member Breaker for removing
| foundation bolts
S .
f':
X Preventing
member Preventing Preventing
Receptacle for Foundation bolts (ceiling) member member
; itioni u i ili
disassembled Partitioning steel 9 Foundation bolts (floor)
pieces plate
Additional information: Disassembled and removed in the order of Reinforcement
(front) = Partitioning steel plates = Reinforcement (middle) = Partitioning steel Additional information: Reinforcement (ceiling) can be removed along with the Additional information:Foundation bolts (floor) and reinforcement (floor) can be
plates = Reinforcement (back) removal of foundation bolts (ceiling) removed after the floor surface is shaved
10. Pouring of mortar 11. Smoothening 12. Clearing
n Smoothening tools
Mortar pouring e Filling wi
) Filling with mortar, etc. illing with mortar, etc. lati
equipment ALLCRULRUNCR Ventliatlon
" system
Mortar pouring ¥ ——
equipment member
LA/ ¥
= 72
)
4//?
.///
Y .
.44/ ) - Preventing S SV "
., ) Yy Preventing e b —
) I3 1/, member memuer
Traces of disassembly . ]
of BSW (floor) ’ Cart Traces of disassembly S = Remotely operated
of BSW (floor) ® temporary shield
Mortar Mortar ; 1 1 I
Additional information: BSW (floor) is disassembled up to the same depth as No. 9 Temporary building image
and then mortar is poured. Additional information: Mortar poured in No. 10 is leveled and smoothened Additional information: Removing the equipment and moving the remotely
operated temporary shield
- The status (dose / condition) of the target object is verified at every work step (1 to 12), and then work is continued.

TRID
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ Disassembly of shield plug
[Exposure assessment (Unit 3)]

Disassembly Total time required Env_uqnmental Exposure dose Exposure dose
procedures Assumed human work Work place for work radiation dose Number of persons

(hr) (mSv/h) (mSv/person) (mSv)

No.

Carrying-in and assembling the ventilation equipment and work

1 R h Inside R/B 21 11 to 18 350 4t05 1462
room, carrying-in the remotely operated temporary shield

2 Rep_lacmg the processing and finishing tools (Breaker, cutting 1 012 132 2 264
equipment)

3 Replacing the processing and finishing tools (Bucket, grabbing 12 012 144 2 288
equipment)

4 Replacing the processing and finishing tools (Equipment for making 2 012 0.24 2 0.48

holes, grabbing equipment)

Replacing the processing and finishing tools (Breaker, cutting
5 equipment, 20 0.12 2.4 2 4.8
bucket, grabbing equipment)

6 Replacing the processing and finishing tools (Cutting equipment) 3 0.12 0.36 2 0.72

Replacing the processing and finishing tools (Circular saw cutting
7 equipment, grabbing equipment), replacing the disc when it Temporary building 7 0.12 0.84 2 1.68
becomes blunt

Replacing the processing and finishing tools (Circular saw cutting

8 ; 1 0.12 0.12 2 0.24
equipment)

9 Replacmg the processing and finishing tools (Breaker, grabbing 2 012 0.24 2 0.48
equipment)

10 Replacmg the processing and finishing tools (Breaker, grabbing 2 0.12 0.24 2 0.48
equipment)

11 Replacing the processing and finishing tools (Smoothening tool) 1 0.12 0.12 2 0.24

12 Replacmg t_he processing and finishing tools (Grabbing equipment, 2 012 0.24 2 0.48
cutting equipment)

Total 1477.12

Since the dose rate inside the R/B is high, the exposure dose during the disassembling procedure 1 is high, and as a result the overall exposure dose increases.
— If the exposure dose does not reduce even after decontamination, shield needs to be installed at a location such that it does not interfere with removal work.

| S
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipmewt?'156
@ Disassembly of shield plug

[Identification of issues (Unit 3)]

Disassembling

procedures

Work of
carrying-in the
equipment

Disassembly

and removal of

concrete
blocks

Iltem

Work environment

Suction performance conditions of
the ventilation equipment

Structure of cart for moving the air
inlet

Transfer conditions
Work room structure

Work environment

Crane specifications

Transportation cart specifications

Details

Decontamination is required as the work is carried out under high dose environment.
Ventilation equipment that can collect the dust resulting from disassembling of concrete blocks is required.
A structure that enables filter replacement by remote operation needs to be considered.

Structure that enables moving (including handling of the hose) by remote operation needs to be considered.

The conditions for transferring from inside the R/B need to be set and work needs to be carried out in
accordance with the transfer standards.

The structure of the work room (air-tightness, reducing the installation time) needs to be studied.

The method of monitoring the environment (dose, dust, etc.) depending on the progress of work needs to be
studied.

As the air dose rate at the work site is approx. 18mSv/h, crane specifications that enable disassembly by remote
operation need to be studied (including wired and wireless / utility supply).

Collection method when there is a failure, and measures to be taken if the crane becomes an object with high
dose rate, (installation of dust cover) are required.

Feasibility of work with the equipment meeting the following conditions based on the work environment
® Selection of crane depending on the work space

® Floor load bearing capacity 4.9 ton/m?

® Carrying-in/out from the truck bay door (W4900xH4900mm)

® Height at which work is carried out: approx. 4m or less

As the air dose rate at the work site is approx. 18mSv/h, a transportation cart for collecting the remotely
disassembled concrete blocks needs to be considered.

Issues / items that need to be studied

Human work /

Remote
operation

Human work

Remote
operation
Remote
operation
Remote
operation

Human work

Human work

Remote
operation

Remote
operation

Remote
operation

Remote
operation
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ Disassembly of shield plug

[Identification of issues (Unit 3)]

Disassembling

procedures ltems

Processing and finishing
tools
(Processing work)

Disassembly
and removal
of concrete
blocks

Processing and finishing
tools
(Collection work)

Installation of
preventing
member

Preventing member
specifications

Smoothening Smoothening conditions

Details

® Processing and finishing tools (processing) need to be studied considering the working
position and work space (Basically a product with a model number is used).

® Measures against dust generated during processing (Prevention of it adhering to the
crane and processing tools / decontamination efficiency, etc.)

® Exposure reduction during tool replacement

® Processing and finishing tools (collection) need to be studied considering the working
position and work space (Basically a product with a model number is used).

® Collection of disassembled pieces that have scattered (particularly disassembled pieces
that are small / in powdered form)

Being studied along with the need for measures to prevent debris from falling inside the
equipment hatch

Smoothening conditions required for installing the PCV connection sleeve need to be set
and the feasibility of smoothening work by remote operation needs to be verified.

Issues / items that need to be studied

Human

work /

Remote
operation

Remote
operation

Remote
operation

Remote
operation

Remote
operation

Olnternational Research Institute for Nuclear Decommissioning



No.158
6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment(])
@ Disassembly of shield plug
[Element test plan]

Direction of Processing and To be
No. To be processed processing finishing tools tested Verification contents Criteria (Measurement and confirmation items)

@ Verifying whether or not it is possible to smoothen

The mortar should not be significantly stuck on to the

O the mortar stuck on the lining plat wall surface. (Height at which it is stuck, and area over
Concrete blocks In all 3 ety SIS G0 Uil Y (piteLes which it is stuck)
1 L Breaker
directions
o @ Verifying the impact when the breaker collides with ~ There should not be any significant deformation.
the partitioning steel plates or reinforcement (Condition of damage/deformation)
Reinforcement (front, middle,
2 back) Horizontal Cutting equipment - Cutting is believed to be possible. -
(L100x100x7)
Reinforcement (ceiling) . Circular saw ) L . . _
3 (L100x100x7) Horizontal cutting equipment Cutting is believed to be possible.
Reinforcement (floor) Confirming the status after shaving* It is believed that ~ There should not be any remnants (L type beam) and
4 Downwards Breaker O shaving is possible, but it is performed considering shaving should be possible. (Maximum depth,
(L100x100x7) . )
subsequent processes. maximum width)
Cutting equipment - Cutting is believed to be possible. =
Horizontal
5 Partitioning steel plate (PL6) Upwards Circular sa
Downwards Areurar saw - Cutting is believed to be possible. -
cutting equipment
Upwards C_:lrcular saw - Cutting is believed to be possible. =
cutting equipment
6 Foundation bolts (¢19)
Confirming the status after shaving* It is believed that ~ There should not be any remnants (foundation bolts)
Downwards Breaker O shaving is possible, but it is performed considering and shaving should be possible. (Maximum depth,
subsequent processes. maximum width)
7 Poured mortar Downwards ~ Smoothening tools o Verifying the extent of smoothening possible by means There should not be any significant unevenness and

of a crane.

* Considering the installation of the PCV connection sleeve in subsequent processes, the plan is to
implement the test focusing on the lower part (floor).

TRID

dips. (Dip, height)
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equment]

@ Disassembly of shield plug
[Scope of simulation]

Intermediate post Wall
(L100x 100 x 7) (High strength mortar)

Foundation bolts

(19x150)
o o ° © ° o 8 §
Fukushima Daiichi NPS-3
~ Floor Concrete blocks
(High strength mortar) Scope of simulation (section
. Floor slab marked with the red line)
(High strength reinforcing concrete /
i 2000 1 approx. 3000kg
1200 1600 200
Scope of simulation
(section marked with
the red line)
(=
8
[=]
=)
" J el |

400

Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ Disassembly of shield plug

[Development Schedule] B Planned
N : Actual
_ FY2021 FY2022
Study items
4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 8
Major milestones Interim Report Interim Report Interim Report Final report
v v v v
(e
1. Conceptual study [
9 Eleme e ]
planning .
3. Test preparation / R
Test
manufacturing of
test equipment
I —
4. Element tests
N
5. Summary
Remarks
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

@ Disassembly of shield plug: Summary

» The course of study and preconditions pertaining to the method of transferring the Unit 1
shield plug in its entirety, were consolidated, and the removal procedures were studied
briefly. The disassembling procedures were organized.

» The course of study and preconditions pertaining to the method of disassembling the
concrete blocks in Unit 2, 3 were consolidated, and the disassembly and removal
procedures were studied briefly. The disassembling procedures were organized

» Issues in the procedures for disassembling and removing the shield plug in Unit 1 and
the concrete blocks in Units 2 and 3 were identified, and the roughly estimated radiation
dose was assessed. Although either of the disassembly methods are general
disassembly methods, as the concrete blocks have an impact on the installation

accuracy of the PCV connection sleeve, element tests on disassembling the concrete
blocks will be conducted in the future.

> In future, processing tools will be evaluated and the feasibility of the methods will be
verified by element tests.

3
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6. Implementation Items of This Project No.162
1) Development of the side access method

(2) Development of disassembly and removal technology
® HVH disassembly Solicitation items are listed.
Development is being carried out concerning disassembly, removal, etc. of interfering
objects for further increasing the scale of retrieval of fuel debris and reactor internal
structures. Technology for verifying the feasibility of the work of cutting pipes, installing
utilities (hose, etc.), etc. which is carried out outside the pedestal inside the PCV using remote
controlled equipment, was developed so far.

This development will enhance fuel debris retrieval throughput by securing a work area by
removing large HVH from among the equipment installed outside the pedestal, as also will
enhance the work efficiency of removing fuel debris and deposits from the basement floor of
the pedestal. Also, as heavy mortar (several hundred kilos) is placed on top of the HVH,
technology for disassembling while ensuring it does not fall, is required. Upon studying and
organizing the requirements for disassembling and removing HVH, considering the impact of
obstacles such as grating and other equipment, etc. present outside the pedestal, element
tests on disassembly and removal by means of remote disassembly equipment and devices
developed so far will be planned and implemented using simulated test pieces considering
remote operation in limited space, and the feasibility of specific cutting/collection methods will
be verified.

3
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D HVH disassembly

~ 6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

No0.163

Development results related to the side access method achieved so far and correlation with this project are
indicated below.

Fundamental technology upgrade (Implemented in FY2017-18)

[Verification of feasibility of the fundamental work of cutting, collecting, etc.]

>

>

>

Method of removing interfering objects from the basement floor inside PCV (outside
the pedestal)

Method of removing interfering objects from inside the pedestal (Assembly type beam
method)

Method for preventing spread of contamination to the S/C (The method of setting up
dikes was selected)

A 4

Further Increasing the Scale of Retrieval (Implemented in FY2019- 20)

[Study of response measures based on the issues]

>
>

>

Method of establishing the utility line inside PCV

Method of removing interfering objects from inside the pedestal (Small
equipment method)

Method of setting up dikes for preventing spread of contamination (Formwork
and partition carrying-in method)

b 2

Implemented in this project

i Pedestal opening
Flexible task arm *Opening through which
equipment can be carried in
About 700mm opening

Positioning

< & '
e .
Assembly type
beam

- -
L. ‘é(,
Positioning . S

arm 8o/

[Verification of feasibility looking ahead at the actual equipment]

>

>

>

Outsourced to TEOCO HD (Implemented in FY2020-21)

Disassembly of large interfering objects (HVH) outside the
pedestal
Disassembly of large interfering objects inside the pedestal (CRI

changer)

Method of removing interfering objects from inside the pump pit

[Conceptual study of HVH disassembly]

>
>

>

Consolidation of preconditions
Conceptual study of HVH disassembly
methods

Identification of issues

h

Items to be studied in the future

> Study of developmental challenges identified during engineering and
technical development Etc.

TRID
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~ 6. Implementation items of this project [1) (2) Development of disassembly and removal technology] .
@ HVH disassembly No.164

The correlation between the development of HVH disassembly and removal technology outsourced to TEPCO HD and this
project is shown below.

1. Conceptual study

Identification of element test items

«

Detailed study of element test contents

2. Element test planning

Unit test on cutting using existing robots

Designing & manufacturing equipment

3. Test preparation / Test Basic test on cutting
manufacturing of test
equipment Unit test on cutting by one arm of the HVH disassembly robot

Unit test on cutting using HVH disassembly robot

4. Element test

Element test

5. SU mmary : Being started : Completed : Results of outsourced operations

This project will be appropriately implemented based on the results of outsourced operations.

|
l Rl D Olnternational Research Institute for Nuclear Decommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology] = N0.165

@ HVH disassembly
B Equipment limitations and dimensions (1/2)
> The equipment, etc. will be inserted inside the PCV through the access tunnel connection sleeve equipment hatch.
The dimensional conditions that would enable passage through the route mentioned above are provided below.
Note that, the PLR pump is installed in front of the equipment hatch (315°) in Units 2/3. Hence in order to insert large equipment, the
PLR pump terminal box will be removed.
(The PLR pump and motor will not be removed)
> |t was assumed that HVH disassembly and removal will be possible by means of robots and equipment that fit the maximum
dimensions for being able to pass through.

Hence it was decided that the PLR pump will not need to be removed.
2550

1300
_\M PLR pump terminal box | PLR motor | Utilit 1000
Y : 7T, By removing the PLR pump terminal box L y\ //\\
11| equipment of length up to 2,400mm can be rotated.
|£|— - 3,050
| ©
3 2400 ! -
I \‘\‘ T Removal |:|
| E— | r A= i ) |
| &z 'Access tunnel DT NC150
( ! [ Transportation cart (Lift sepﬁerﬁf
" Z ‘ L ‘
mmd s f Equipment hatch; 58 CO&M
Turning around . . 'ﬁ:&— 7 \ : Maximum dimensions for being
(Rotating 90° ) wea L | able to pass through (mm)
A-A

Results of the study on dimensions related to inserting the equipment inside the PCV Width 1000
The dimensional constraints for the equipment to pass through the route (access tunnel connection Length 2400
sleeve equipment hatch) for entering inside the PCV from outside the building are considered to be
according to the table on the right. Height 1500

BIRIID Note: Cited from the results of the studies outsourced to TEOCO HD (Implemented i EYIGDGD ;e for Nuclear becommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.166

@ HVH disassembly
B Equipment limitations and dimensions (2/2)

> On comparing with the access route from the front of the equipment hatch (inside PCV) to the HVH, it was found that HVH-C was the
most cramped in Units 1, 2 as well as 3. The access location of the equipment at the time of HVH disassembly is indicated below.

> The width of the grating in front of the PLR pump in Unit 1 is approx. 1000mm. The grating between the bases in front of the PLR pump ir
Units 2/3 is approx. 860mm. These become the main dimensional constraints in the lateral direction.

> The terminal box of the PLR pump in Unit 1 will be removed as required considering the space for the HVH disassembly work.

> The width of the grating in front of the PLR pump in Units 2/3 is considered to be a constraint. However, as the height of the bases and
grating is almost the same, a crawler unit is expected to be able to cross over, and thus with a width of approx. 860mm the dimensional
constraint is expected to have some margin.

'\‘, y PLR pump terminal box B
\ (Removed in some cases) Base paV ==
\\ ; % (Same height as the grating) : J T
= - — - T ,‘ :
&
® .
BRI - i _1 Access location of the equipment
oy 3
" Maximum dimensions of
ey the equipment (mm)
g S s T L Width 800
Access location of the equipment at the Access location of the equipment at the time
time of disassembling HVH-C in Unit 1 of disassembling HVH-C in Unit 3 Length 2400
Based on the width limitations, the dimensional constraints of the HVH disassembly equipment are -
considered to be according to the table on the right. Height 1500

O|nternational Research Institute for Nuclear Decommissioning

I R' D Note: Cited from the results of the studies outsourced to TEOCO HD (Implemented in FY2020-21).



6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

(D HVH disassembly
B Dimensions of the disassembled pieces and the container in which the pieces are transported

> The container and equipment for transferring the disassembled pieces generated when the HVH is disassembled
outside the PCV are given below.

Carrying-in/out equipment Waste collection container
Width: 800mm Width: 800mm
Length: 2000mm Length: 2000mm
External Height: 1500mm (or less) Height: 800mm
dimensions | The width and height are kept such that the equipment can Dimensions are determined considering the specifications of
access up to the HVH from the front of the equipment hatch the work cell in the additional building and making sure it can
and the length is kept the same as the waste collection be enclosed in the waste storage container.
container.
internal Width: 760mm Width: 760mm
dimensions Ler_lgth: 960mm Ler_lgth: 960mm
Height: 250mm (or more) Height: 780mm
The disassembled pieces generated when the HVH is cut, The pieces will be transported from the additional building to
will be stacked in the disassembly work space, and the equipment hatch by means of the access tunnel
Details transported remotely to the front of the equipment hatch by transportation cart that travels inside the access tunnel. The
means of a crawler, etc. disassembled pieces will be received from the transfer
equipment at the front of the equipment hatch and stored.

Based on this, it was decided to keep the dimensions such that the disassembled pieces can be transported in
760x960x250 (or more) mm containers.

BIR 11D Note: Cited from the results of the studies outsourced to TEOCO HD (Implemented in FY 202015 §2ion! Research Institute for Nuclear Decommissioning
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

@ HVH disassembly

No0.168

B Preconditions [Selecting the HVH to be disassembled] o
> R | f luating HVH-A to E in Units 1. 2. 3 . bel [Legend] Level of difficulty:
esults of evaluating -Ato E in Units 1, 2, 3 are given below. Difficult (x ), Easy (O)
Accessibility up to HVH Work space Viability of transfer work
Comprehensive evaluation
U Number of level Difficulty level: High /
. HVH Number of . . f
No. f ni No. Length of the route | Number of bends | interfering objects Work location Ratio to the 800 work Ratio to the 800 work dlﬁerenges or slopes Medlum_/ Low
t o of the robot : : that will have an (Number of instances
that are difficult to space at the time of space at the time of . %
*) - : . adverse impact on evaluated as x) (*)
remove disassembling HVH removing HVH
transfer
1 HVH-A Approx. 21 m [x] 3 locations [x] 0 location [O] Long [O] 2.2[0] 2.2[0] 0 location [O] Level of dlfflg)ulty: High (x
2 HVH-B Approx. 18m [O] 2 locations [x] 0 location [O] Long [O] 1.8[0O] 1.8[0O] 0 location [O] Level of dnzf)l((_:L:le)ty: Medium
3 | 1| nve-c | Approx. 13m[O] 1 location [x] 0 location [O] Short [X] 15[0] 1.5[0] 0 location [O] Level of (dff_'czl;“y: High
. . . Level of difficulty: Low (x:
4 HVH-D Approx. 4m [O] 0 location [O] 0 location [O] Long [O] 3.0[O] 3.0[0] 0 location [O] 0)
5 HVH-E Approx. 7 m [O] 0 location [O] 0 location [O] Long [O] 2.0[0] 2.0[0O] 0 location [O] Level of dlﬁl(():)ulty: Low (x
. . . Level of difficulty: Low (x:
6 HVH-A Approx. 12 m [O] 0 location [O] 0 location [O] Long [O] 2.6 O] 2.6 [O] 0 location [O] 0)
. . . Level of difficulty: Low (x:
7 HVH-B Approx. 10 m [O] 0 location [O] 0 location [O] Long [O] 1.9[0] 1.9[0] 0 location [O] 0)
2 —
8 - | HVH-C Approx. 5 m [O] 0 location [O] 0 location [O] Long [O] 1.2 [X] 1.2 [x] 0 location [O] Ll dlffl;:)ulty. High (x
3
9 HVH-D | Approx. 15m[O] | 1 location[x] 0 location [O] Long [O] 2.0 [O] 2.0[0] 0 location [O] Level of d'f(f)'(?‘i')ty: Medium
10 HVH-E Approx. 18 m [O] 2 locations [ X] 0 location [O] Long [O] 1.9[0] 1.9[0] 0 location [O] Level of dlf(f)l((,:ull)ty: Medium
Reference value or Approx. 20 m 0.9 location 0 location — 1.5 15 0 location —
average value

Level of difficulty: From the HVH that are difficult to disassemble, those for which the difficulty is related to work space are prioritized, and are highlighted yellow in the table.

As the level of difficulty is evaluated as high for the work of disassembling and removing HVH-C in Units 1, 2/3, HVH-C in Units 1, 2/3 are selected for disassembling.

1RID

Note: Cited from the results of the studies outsourced to TEOCO HD (Implemented in FY2020-21).
(*) The work location of the robot was added to the line items for evaluating the level of difficulty of disassembling HVH in Units 1, 2/3.

Olnternational Research Institute for Nuclear Decommissioning




6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.169

(D HVH disassembly
B |ssues at the time of disassembling HVH
> The structure of HVH and the sites that need to be cut for removal are given below.

Cold air Electrical wire

- ] s Cooling

Motor \F G ‘}/ Blower water pipe

W
NS lllustration of fixing
=1 - Weldlng member
Cooling coil @-’ Filter (Beam) .
~—_ Member for fixing
¢ A to the beam
Cooling water f Hot air

' >

| Q!l : 0 | Drainage pipe

Y Sites that need to be cut for removal

| Beam |/ |Drair;age| \ Grating

(Structures such as fixing members, etc. that are not shown
in the outline drawing are assumed based on Unit 1.)

For disassembling and removing the HVH, in addition to cutting the damper, connecting pipes, electrical wires and fixing members,
heavy weight motors and blowers installed at high altitudes need to be removed, and heavy weight cooling coils that have a complex
structure need to be removed as well.
HVH disassembling work steps are studied based on this.

BEIR I Note: Cited from the results of the studies outsourced to TEOCO HD (Implemented i E2G2G 21 for Nuctear becommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology]  N0.170

@ HVH disassembly
B Status after disassembling HVH
> |t is assumed that the HVH is installed on the grating and is affixed to the radial beam by fastening bolts or
fixing members.
> |t is assumed that the fixing member is welded to the beam. So the fixing member will be cut at the surface
of the grating.
> |t is assumed that the bolt hole made in the shim welded on the beam and the frame are fastened with a
bolt. Hence the bolt head will be cut. Also, the frame will be cut if required to secure work space for cutting
the bolt.
> Since the work of removing the fixing member or the bolt will be carried out after removing the main HVH,
work space can be secured and thus the level of difficulty is low. Hence this work is assumed to be easier as

compared to the work of removing the main HVH.
p
Removed if it interferes
when the bolt is cut

:‘ lllustration before
cutting the HVH

Robot arm
Circular sa

Removed if it interferes
Frame when the bolt is cut

lllustration of the cutting of the bolt [ Shim and bolt hole |
(In the case of fastening with bolts)

Circular saw;

About 32mm

<
I
I

About 10mm

Bolt (M16)

Cutting position

Cutting position

Illustration of the cutting of the clamp
(In the case of fixing member)

After disassembling and removing HVH, there will be remnants of about 10mm on the grating.
The robots and equipment are assumed to have a crawling functionality and are expected to cover the entire distance.

| RI T Note: Cited from the results of the studies outsourced to TEOCO HD (Implemented in FY2020-21)°'nternational Research Institute for Nuclear Decommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology]  N0.171

D HVH disassembly
B Definition of tests

- Unit test Element test

Cut with the arm extended.

Fixing

Test image

N

To be cut Frame

* The cutting test is conducted in a bright
environment without using simulated PCV.
*  Only the HVH disassembly robot is used
Surrounding Cutting is performed under rigid conditions with the
environment arm of the HVH disassembly robot extended.
* The robot is operated while visually confirming.

The cutting test is conducted by affixing members that
are equivalent to the structural components of HVH, on
to the frame.

TRID

Cutting
Target

* The cutting test is conducted in an environment simulating
the surrounding interfering objects or darkness, inside the
simulated PCV where the on-site decommissioning
environment is simulated.

* The HVH disassembly robot, the assist robot, carrying-in/out
equipment and the crane are linked and the operation is
performed.

+ Cameras and lights are placed, and they are operated
remotely.

The cutting test is conducted using simulated HVH in which the
dimensions and material of the main components are simulated.

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

@ HVH disassembly
B Elementtest items (1/3)

No.172

> The test items for the unit tests and the element tests are selected from the work steps in disassembling HVH, which were studied.

The test items selected and the reason for selection are given below.

Unit test Element test
Step Details Necessity Reason Necessity Reason
-lla—gIE;erfmtelasnr;o(t)frzq;gs\flleis;Lilvfrlllg?r:v:ﬁrsm;rpeesct‘ :}c;s This test is not required as traveling is assumed to be by
@ Access for the cutting . Not - ' Not means of a crawler, and the traveling test has been
: Traveling of robot : been conducted during the development of the . .
equipment required . .y required conducted during the development of the robot to be
robot to be used outside the pedestal inside the . L A
PCV in the past. used outside the pedestal inside the PCV in the past.
@ Cutting of connecting . . ) This test is required for verifying the conditions in Not This is similar to ® and @). As it will be verified in ® and
; Cutting the pipes Required which cutting is possible using a circular saw, . ; . -
pipes ; . required @, this test is not required.
reciprocating saw, etc.
This test is required for verifying the conditions in Thls. test is required for venfymg_ the .V'ab'“ty of the .
. . . ) o ) . . cutting work and work of collecting disassembled pieces
@ Cutting of the damper Cutting the damper Required which cutting is possible by means of mechanical Required ) . . ; A
cutting method using a circular saw. wire saw. etc carried out at high altitudes using the HVH disassembly
9 9 ’ T robot, and the access for the cutting tools.
@ Cutting of the panels of This test is required for verifying the conditions in Thls. test is required for venfymg_ the .V'ab'“ty of the .
- . . . . o . . . . cutting work and work of collecting disassembled pieces
the blower unit Cutting the cutting frame Required which cutting is possible using a circular saw, Required ) . . ; )
(1100) of the panel reciprocating saw. etc carried out at high altitudes using the HVH disassembly
P P 9 T robot, and the access for the cutting tools.
Cutting the cutting frame This test is required for verifying the viability of the
g g Not This is similar to the work carried out in @. As it will Required cutting work and work of collecting disassembled pieces
([100) of the panel
P required be verified in @, this test is not required. (Addition) | carried out at high altitudes using the HVH disassembly
robot, and the access for the cutting tools.
® Cutting of the counter top Cutting the eye bolt Not This is similar to the work carried out in @. As it will Not This is similar to the work carried out in @. As it will be
Cutting the terminal box required be verified in @), this test is not required. required verified in @, this test is not required.
Cutting the electrical wire Not This test is not required as there is a proven track Not This test is not required as there is a proven track
9 required record of cutting from tests in the past. required record of cutting from tests in the past.

l R' D Note: Cited from the results of the studies outsourced to TEOCO HD (Implemented in FY2020-21).
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] = No0.173

@ HVH disassembly
B Elementtest items (2/3)

Work Unit test Element test

Step Details Necessity Reason Necessity Reason

This test is required for verifying the viability of slinging
work carried out by combining HVH disassembly robot
and hoisting equipment for the HVH-C in Units 2/3.

® Slinging of heavy objects Slinging using a motor re(l;lu?rte d rTehézrt;itfI:Ii:cg;tir:g(#(l)rrfldteasisﬂ;r?rtiésrgstréven track Required . . . — — —
This test is required for verifying the viability of slinging
work carried out by combining the assist robot and
hoisting equipment for the HVH-C in Unit 1.
This test is required for verifying the viability of cutting
work carried out by combining HVH disassembly robot
and hoisting equipment for the HVH-C in Units 2/3.
This test is required for verifying the viability of access
for the cutting tools.
This test is required for verifying the conditions in
@ Cutting of the base of Cutting the base of the _ which cutting is possible using a circular saw, . This test is required for verifying the viability of cutting
heavy objects motor ([125) Required reciprocating saw, etc. This test is requwed fqr Required work carried out by combining the assist robot and
Cutting the motor shaft making sure that the blade of the cutting equipment hoisting equipment for the HVH-C in Unit 1.
does not get caught while cutting. This test is required for verifying the viability of access

for the cutting tools.

Also, as the structure of the HVH-C in Units 2/3 and the
motor base is different, this test is required for verifying
whether the cutting equipment can access in the same
manner.

This test is required for verifying whether or not the
heavy object can be hoisted by means of the hoisting
equipment without interfering with surrounding
structures in confined spaces.

This test is required for verifying whether or not the
Required heavy object can be hoisted by means of the Required
hoisting equipment.

Hoisting and delivery of Delivering heavy objects to
heavy objects the transfer equipment

This test is required for verifying the viability of the

© Cutting of heavy objects Cutting the blower case This test is required for verifying the conditions in cutting work and work of collecting disassembled pieces
9 Vy 0bl Cutting the impeller shaft Required which cutting is possible using a circular saw, Required ng . . -ting ) P
(blower) ) ] A . carried out at high altitudes using the HVH disassembly
Cutting the shaft bearing reciprocating saw, etc.

robot, and the access for the cutting tools.

I R' D Note: Cited from the results of the studies outsourced to TEOCO HD (Implemented in FY2020-21). Olnternational Research Institute for Nuclear Decommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

@ HVH disassembly
B Element test items (3/3)

No.174

Work Unit test Element test
Step Details Necessity Reason Necessity Reason
Cutting the frame ([150) . Th'.s testIs reqwred f_or verlfylng the conditions in Not This is similar to the work carried out in @. As it will be
. Required which cutting is possible using a circular saw, - e B . .
Cutting and removal of the Cutting the bolt (M12) reciprocating saw, etc required verified in @), this test is not required.
blower unit -
Cutting the panel Not This is similar to @ and . As it will be verified in Not This is similar to @ and . As it will be verified in @ and
Cutting the frame . 3 . : - : - -
required @ and @), this test is not required. required @, this test is not required.
([125,100)
This test is required for verifying the conditions in Th|§ test s required for verlfylng the .Vlab'"ty of the .
. . . . ) . . . . . cutting work and work of collecting disassembled pieces
Cutting the cooling coil Required which cutting is possible using a circular saw, Required . . ) ;
reciprocating saw. etc carried out in confined spaces using the HVH
P 9 T disassembly robot, and the access for the cutting tools.
Cutting the filter and wire . Th'.s test IS requwed f_or verl_fylng the conditions in Not This is similar to the work carried out in @. As it will be
Required which cutting is possible using a circular saw, - I . . .
mesh ) . required verified in @), this test is not required.
reciprocating saw, etc.
i ) : This test is required for verifying the conditions in Not This is similar to @ and @. As it will be verified in @ and
) Cutting the pipes and flange Required which cutting is possible using a circular saw, ired ; - -
@ Cutting and removal of the reciprocating saw, etc. require ©), this test is not required.
coil unit
gﬂ:::gg :E: ]Prz:fé ([150) Not This is similar to @ and @. As it will be verified in Not This is similar to the work carried out in @. As it will be
[100) 9 ' required @ and (@, this test is not required. required verified in @), this test is not required.
. . . Th|_s test IS regwred f_or verl_fylng the conditions in Not This is similar to the work carried out in @. As it will be
Cutting the drain pan Required which cutting is possible using a circular saw, ; e B - .
) . required verified in @, this test is not required.
reciprocating saw, etc.
Cutting the clam Required Ivrrllliirtlesltjtlt?nre?suIrg(sjsfi%rlgirslifzmg Lr}fcﬁf;?(ggsvns " Not This is similar to the work carried out in @. As it will be
9 P q gisp g ! required verified in @), this test is not required.

reciprocating saw, etc.

A test plan will be drafted for the unit tests and element tests that are determined to be required.

l R' D Note: Cited from the results of the studies outsourced to TEOCO HD (Implemented in FY2020-21).
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] = N0.175

@ HVH disassembly
B Scope of simulation in element tests (Test equipment)
> Access for the equipment: It is assumed that the HVH disassembly robot, the crane and the carrying-in/out equipment have already

accessed the HVH from the equipment hatch.
> Structure of the crane: A jib crane that can simulate the scope of movement of the roughter crane that will be used for the actual HVH.

> Environment inside the PCV: From among the structures that lie in the work area, the external form of the PLR motor that cannot be
removed is simulated.
From among the structures that lie in the work area, the MS drain pipes, support, etc. are assumed to

have already been removed.

The area where the grating is laid is simulated, and the placement locations of the robot and equipment
are simulated.

Black-out curtain is used to simulate darkness similar to the actual conditions.

Simulated
PLR motor HVH
PLR motor
(Only external
form is simulated)
HVH
disassembly
robot

HVH

(For the test)

Actual layout of the HVH and PLR pump in Unit 3

- Structures for which external form - HVH
is partially simulated
e

Illustration of the simulation for the element test

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology] = No0.176

@ HVH disassembly
B Scope of simulation in element tests (Simulated HVH)

> Lower surface of the duct: The lower surface of the duct interferes with the work carried out on top of the HVH such as work related to
the damper, upper panel, upper frame, etc. Hence the lower surface of the duct is simulated.

Note that the dimensions of the area between the top of the HVH and the lower surface of the duct is
simulated according to Unit 1 HVH where this area is a confined space.

> Site to be cut: The simulated dimensions and material (including equivalent material) are the same as the actual equipment.

> Motor impeller: It will not be cut, but its external form and mass are simulated as it will be lifted up.

> Cooling coil: The simulated mass (including equivalent material) of the finned tube frame is the same as the actual
equipment.

In order to verify repetitive works, approx. 1/6" of the main body is simulated for verifying typical work.

Lower surface
of the duct
Damper
Upper frame
Blower
Upper panel
Frame Motor
Panel
Cooling caoll
Actual HVH (assumed) ~ Simulated HVH Simulated HVH (without the panels)

E—
l RI D Olnternational Research Institute for Nuclear Decommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology]  N0.177

@ HVH disassembly
B Main robot used: HVH disassembly robot

Overview of HVH disassembly robot Arm being test manufactured (one arm) Parts of the arm that can move

_ Specifications Functions and remarks

Dimensional constraints from the access tunnel to the equipment hatch: Dimensions such that the equipment can pass
through D1000 X H1500 X L2400mm
The scope of movement of the arm is such that it can cut and remove structures installed on top of the HVH (H2500mm).

L1480 x W740 X H1350mm

Equipment dimensions (while moving)

Work arm with 10 shafts x 2 One arm grabs and operates the cutting tools. The other arm grabs the disassembled pieces.
Structure
Driving mechanism: tires During the element test, the equipment is driven simply on tires, but on the actual site it is assumed that a crawler will be used.

Work of disassembling and removing
Use HVH
Incidental work

The work of cutting the HVH, grabbing the disassembled pieces and delivering them will be carried out.
Incidental work such as slinging the hoisting attachment, installing the bird’ s eye camera, etc. will be carried out.

Portable weight of the work

arm Approx. 20kg/arm Weight with which the cutting tools and disassembled pieces can be grabbed, moved and operated.
. . The equipment is equipped with the required functions, and is as light as possible.
O @ T2 Ge e REHTEHE AR Its structure and mass is such that it will not turn over considering the momentum during work.
Power Hydraulic pressure Selected considering radiation resistance.

| =
l Rl D Olnternational Research Institute for Nuclear Decommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

@ HVH disassembly
B Robots and equipment associated with the work of disassembling and removing the HVH

Overview
diagram

Specifications

Explanation

Assist robot

Power: hydraulic pressure
External dimensions: L1503 X W463 X H575mm
Mass: approx. 100kg

A multi-legged assist robot developed in the past is
used. It assists in removing hoisting equipment,
handling the cable hose, etc. with both work arms.

Crane (for element tests)

4 g

- Legs for moving
(detached) :
Power: Electric power

External dimensions: L3750 X W920 X 3148mm
Mass: 490kg

It is installed on the grating or the beam of the
simulated PCV. During the element test, the scope of
movement of the roughter crane that is planned to be
used on the actual site, is simulated and the work of
hoisting and delivering is verified.

No.1/8

Carrying-in/out equipment (For element tests)

Power: None

Internal dimensions: L960 x W760 X H330mm
External dimensions: L1000 X W800 X H732mm
Mass: approx. 90kg

Loaded: 400kg or more

The disassembled pieces of HVH will be received and
transported up to the equipment hatch. As the driving
test is not to be conducted during the element test,
the external form of the portion that will be collected
and the portion that will be driven is simulated and the
work up to collection is verified.

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology] = N0.179

@ HVH disassembly
B Cutting tools associated with the work of disassembling and removing the HVH

Tip saw Centerless tip saw Grindstone grinder

Overview

diagram
£) o
) _ Vertical direction
L Hydraulic - {
; cylinder n
Power: Electric power / hydraulic pressure (stroke) Power: Electric power / hydraulic pressure (stroke) Power: Electric power / hydraulic pressure (stroke)
External dimensions: 323 X 214mm External dimensions: 248 x 144 x 586.5mm External dimensions: 38.2 X 150 X 548mm
AT e Stroke™: Vertical 75, Horizontal 200mm Stroke™: Vertical 200mm Stroke™: Vertical 175mm
Specifications
Mass: 12kg Mass: 14kg Mass: 14kg
Portable Weight: Approx. 20kg/arm
Damper, panel, Frame, cooling coil Motor shaft, blower shaft, motor base
Target .
casing (blower)
The tip saw is operated with 2 strokes, and cutting is The blade of the tip is processed so that there is no It is used to cut shafts made of hardened carbon steel.
performed in a straight line. center shaft, and the distance over which the objectto  And, it is used to cut motor shafts that are suspended
Explanation be cut can be pushed in is increased. It is used to cut using a crane.

[150 channels or block shaped cooling coils that
require a long stroke.

1*: Direction of the stroke with respect to the object to be cut.

The vertical direction is the direction in which the cut is made on the object to be cut. The horizontal direction is the direction in which cutting progresses once the cut is made

_— S e ]
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No0.180

6. Implementation items of this project [1) (2) Development of disassembly and removal technology]
Horizontal stroke

@ HVH disassembly
Cutting Cutting
line 1 line 2

B Cutting procedure of the cutting tool (Tip saw)
> The tip saw cuts with a horizontal and vertical stroke.
As one side of the duct or panel cannot be cut in the 15t round of work, it PAN 7/ —
is cut in the 2nd round of work. _ $ L / ”l;',t;'gg
And, this is repeated for each side to cut one surface of the duct or ?i‘;t;"},g == s
panel. I
> The HVH disassembly robot pushes the cutting tool against the object _Cl_uttirég / R Cutting
. . . . . ne e - o o oy & line 4
to be cut to position it, and object is cut when the cutting tool operates B e
/ \
Cutting Cutting
line 7 line 8

(rotation, stroke).

Alianment Vertical stroke Horizontal stroke Vertical stroke

g (Cutting) (Cutting) (End of cutting)
To be cut 5 N
J/ Blade < i 3

Component for L, - 1 X . . _
Cutlting - = :I_-J ’ [ . Repeating the
| procedure from
alignment

pushing the tool
line 1

x -
- -
against the object
to be cut |
Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] = No0.181

@ HVH disassembly

Vertical stroke

B Cutting procedure of the cutting tool (Centerless tip saw and grindstone grinder)

> The centerless tip saw and the grinstone grinder cut with a vertical stroke.

As the horizontal stroke is not used, and cutting is carried out only with a vertical

stroke, these tools are used for cutting frames, shafts, etc. that are thick.

> The HVH disassembly robot pushes the cutting tool against the object to be cut to

position it, and object is cut when the cutting tool operates (rotation, stroke).

To be cut

' Hw;:?_@rlii

J1apuub suoispulo
mes di ssajIsiua)

Component for F

pushing the tool |1, B e W

against the object
to be cut

Blade

N =

TRID

Width of the cut

Blade

+
L

‘

®

+
&

Handle

Blade
(After the stroke)

Alianment Vertical stroke Horizontal stroke Vertical stroke
g (Cutting) (Cutting) (End of cutting)
—

................................
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.182

@ HVH disassembly
B Jigs associated with the work of disassembling and removing the HVH

- Motor hoisting jig Impeller hoisting jig

Sliding unit

Overview
diagram
Power: None Power: None
External dimensions: (Detailed study External dimensions: (Detailed study
Specifications ~ underway) underway)
Mass: (Detailed study underway) Mass: (Detailed study underway)
Target Motor Impeller

Used for slinging the motor when it cannot be  Used for slinging the impeller.
hung on the hook of the crane or when there
Explanation is no eye bolt on the motor.

|
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.183

@ HVH disassembly
B Dimensional constraints associated with disassembly and removal work

> Dimensional constraints and the movement of the disassembled pieces is shown in the figure below (The figure below illustrates
Unit 3 HVH-C, but work pertaining to other HVH is also the same).

Dimensional constraints

on the access route: _ _
W 800 Dimensions of

H1500 disassembled pieces :
W760 or less

L960 or less

H780 or less

AN

\/

Dimensional constraints of the
equipment hatch and access tunnel:

W1000 R
L2400
| H1500

HVH

_J Bird’s eye camera

Equipment
hatch
~ ;‘\\.
Waste collection container: o
External Internal , 4 . disassembly
W800 W760 T robot
|I:|18%%0 h9768% Carying oot Carrying-infout equipment
equipment dimensions:
315" La . : External Internal
i yout drawing of Unit 3
Access tunnel / Waitct)en(t:z(a)ilﬁcrtlon HVH-C W800 W760
L1000 L960 Unit: mm
H732 H330 '
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] = N0.184

(D HVH disassembly
B Element test plan (Test items)

Cutting the damper

Step
figure

The cutting tool will access the damper, cut the damper, grab the disassembled pieces and deliver them to the carrying-in/out equipment using the

Details HVH disassembly robot.
As cutting and removal will be carried out sequentially starting from right in front of the HVH disassembly robot, the damper will be removed.

The stroke of the tip saw is not sufficient for the length of 1 side of the disassembled pieces. Hence cutting is performed by overlapping cutting lines.

Cutting .
tools Tip saw
. Cutting work at high altitude locations
. Grabbing the disassembled pieces
Issues *  Placement of the lights and camera for monitoring work

| S e ]
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] = N0.185

(D HVH disassembly
B Element test plan (Test items)

Work :
Cutting the panel

m

Step =
figure
The cutting tool will access the panel, cut the panel, grab the disassembled pieces and deliver them to the carrying-in/out equipment
Details using the HVH disassembly robot.
The stroke of the tip saw is not sufficient for the length of 1 side of the disassembled pieces. Hence cutting is performed by overlapping
cutting lines.
Cutting .
tools Tip saw

»  Cutting work at high altitude locations
*  Grabbing the disassembled pieces
Issues . Placement of the lights and camera for monitoring work

|
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.186

(D HVH disassembly
B Element test plan (Test items)

Cutting the frame

Step
figure

Details

Cutting
tools

Issues

Cutting

Centerless tip saw

The cutting tool will access the frame, cut the frame, grab the disassembled pieces and deliver them to the carrying-in/out equipment using the HVH disassembly
robot.

Both ends of the frame will be cut and disassembled with a centerless tip saw.

Centerless tip saw

. Cutting work at high altitude locations
Grabbing the disassembled pieces
Placement of the lights and camera for monitoring work

E— EEEEES
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] = N0.187

(D HVH disassembly
B Element test plan (Test items)

Cutting the upper panel

Upper ” 7 | s
panel —— ' (= S E TN 1 || N

Step o -
figure
The cutting tool will access the upper panel, cut the upper panel, grab the disassembled pieces and deliver them to the carrying-in/out
Details equipment using the HVH disassembly robot.
The stroke of the tip saw is not sufficient for the length of 1 side of the disassembled pieces. Hence cutting is performed by overlapping
cutting lines.
Cutting .
tools Tip saw

»  Cutting work at high altitude locations
*  Grabbing the disassembled pieces
Issues . Placement of the lights and camera for monitoring work

|
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.188

@ HVH disassembly
B Element test plan (Test items)

Cutting the upper frame

Step
figure

Details

Cutting
tools

Issues

TRID

Centerless tip saw

The cutting tool will access the frame, cut the frame, grab the disassembled pieces and deliver them to the carrying-in/out equipment

using the HVH disassembly robot.
Both ends of the frame will be cut and disassembled with a centerless tip saw.

Centerless tip saw

»  Cutting work at high altitude locations
»  Grabbing the disassembled pieces
*  Placement of the lights and camera for monitoring work

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.189

(D HVH disassembly
B Element test plan (Test items)

Work
step

Installing the motor hoisting jig

Simulated PLR
motor

(Only external
form is simulated)

Hoisting

Sliding unit >
iig

Step
figure

“ Crane
(For the test)

)

Details = The motor hoisting jig that is lifted up with the hook of the crane will be slung using the HVH disassembly robot.

Cutting
tools
+ Coordination of the work of the HVH disassembly robot and the crane in a confined space
* Placement of the lights and camera for monitoring work
Issues

|
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.190

(D HVH disassembly
B Element test plan (Test items)

Cutting the motor shaft / base

Grindstone Grindstone Grindstone
arinder arinder arinder

Motor base Motor base | ¥

The cutting tool will access the motor shaft and base and cut them using the HVH disassembly robot.
Details  The motor shaft will be cut before the previous step of “Installing the motor hoisting jig”, but for the sake of explanation it has
been included in this step.

Cutting

Grindstone grinder
tools

+  Cutting work in confined spaces
* Interference in the work of the crane and hoisting jig
Issues * Placement of the lights and camera for monitoring work

|
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] = N0.191

(D HVH disassembly
B Element test plan (Test items)

Lifting up / delivering the motor

£
<
o
—
o
=

Motor focoumguieee ‘ =
. . 2 Travel
delivery location | e ! ;
Ty ,‘ P ‘ [ N ! — B R &:’::,,iju ';gg ‘
Step Motor ' ; / 85 ouf EliEENMPR folr
) delivery f 2 'S E | S
figure . =P !
location B e S N e el
28 |
equipment , 7 I ™ N\J
Hoist - 7> -
1 =e HVH disassembly
(For the test) robot
Details The motor will be lifted up and delivered to the carrying-in/out equipment using a crane, and will be released from the hook of the
hoisting jig using the assist robot.
Cutting .
tools

* Interference with the remnant structures of the HVH

» Interference with the structures in the surrounding (PLR motor)
Issues *  Whether or not the work can be carried out using the assist robot

*  Placement of the lights and camera for monitoring work

|
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.192

(D HVH disassembly
B Element test plan (Test items)

Cutting the casing (blower)

Step
figure

Details

Cutting
tools

Issues

TRID

The cutting tool will access the casing, cut the casing, grab the disassembled pieces and deliver them to the carrying-in/out equipment
using the HVH disassembly robot.

Tip saw

+  Cutting work at high altitude locations
*  Grabbing the disassembled pieces
*  Placement of the lights and camera for monitoring work
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.193

(D HVH disassembly
B Element test plan (Test items)

Cutting of impeller (blower)

Hoisting jig _
(Sling, etc. is assumed) |

[

RAa: 201(7

Step
figure
(For the test)
Details The cutting tool will access the impeller using the HVH disassembly robot, the impeller hoisting jig that is lifted up with the
crane will be slung using the HVH disassembly robot and the impeller shaft will be cut.
Cuitting Grindstone grinder
Tools

+ Coordination of the work of the HVH disassembly robot and the crane in a confined space

+  Cutting work in confined spaces
Issues . placement of the lights and camera for monitoring work

TRID
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology]  N0.194

(D HVH disassembly
B Element test plan (Test items)

Work
step

Step
figure

Details

Cutting
Tools

Issues

Lifting up and delivering the impeller (blower)

» | o - , Impeller
.l Impeller /N Travel t— &

4 delivery location e __route o { 3
. : . i : ,‘ _',.MI,F5> B ,‘ ™" Il 1 . '\“ .. . 4 |
mar T S Y RS = S TR —
/ . ~<] 7‘7“ ‘ : ' !

."" oo (N ~ / ’.“-_-_ / '. 3 & - - HVE-C
/'. ] / & { e | -\\ : ” 1 : = - 3 b
/ s I R AL \ ‘ . 7‘ \1?';)»‘ ] .‘I— 1 r' )
— Hf SR & =l
[T O i e’ 4l L

7 ~ sun ! / A
Carrying-in/out 18, N
equipment 1= Hoist PV
‘ (For the test) |- - HVH disassembly
robot

The impeller will be lifted up and delivered to the carrying-in/out equipment using a crane, and will be released from the hook of the
hoisting jig using the assist robot.

* Interference with the remnant structures of the HVH

» Interference with the structures in the surrounding (PLR motor)

*  Whether or not the work can be carried out using the assist robot
*  Placement of the lights and camera for monitoring work

|
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] = N0.195

(D HVH disassembly
B Element test plan (Test items)

Cutting the cooling coil

Step
figure

Details

Cutting
tools

Issues

TRID

Divided into

blocks Centerless tip saw

The cutting tool will access the cooling coll, cut it, grab the disassembled pieces and deliver them to the carrying-in/out equipment using
the HVH disassembly robot.

Centerless tip saw

»  Cutting of complex structures
»  Grabbing the disassembled pieces
*  Placement of the lights and camera for monitoring work
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.196

(D HVH disassembly
B Element test plan (Test items)

Cutting the motor shaft / base (Unit 1)

Simulated HVH
(Common with

Simulated PLR
motor
(Layout in Unit 1)

Motor
delivery location

Step
figure
Carrying-in/out
equipment
movement
(Area in Unit 1 is simulated)
Details The motor will be lifted up and delivered to the carrying-in/out equipment using a crane, and will be released from the hook of the

hoisting jig using the assist robot.

* Interference with the remnant structures of the HVH

* Interference with the structures in the surrounding (PLR motor)
Issues *  Whether or not the work can be carried out using the assist robot

*  Placement of the lights and camera for monitoring work

|
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

(D HVH disassembly

B Element test plan (Test items)

Work
step

Camera

()’

Step
figure

View
angle
st I

installation location

Camera

HVH
B
M o
- 23
%)
RS
L Nl F 2?
5 - LA 2
- Large M Camera
Carryl_ng 'n/‘:Ut \ robot F installqtion
equipmen location

Extension
pole

View

Arrangement of cameras and lights (example of cutting the damper)

No0.197

Camera

O‘D

—x=—1") 8. 12828

g Nipeees.

'1!_‘!! —

g

It will be verified whether or not the visibility required for work can be secured with the arrangement of cameras and lights considered

Details beforehand, at each work step.
The placement of the cameras will be moved or cameras will be added as required upon consultation with the operator.

»  Capturing of images that can facilitate work

»  Verification of whether or not surrounding structures interfere with the HVH disassembly robot and equipment using a bird's eye

Issues camera

»  Securing of the visibility required for the operator to carry out work by means of the cameras mounted on the HVH disassembly
robot and other local cameras.
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.198

(D HVH disassembly
B Element test plan (Test items)

Arrangement of cameras and lights (example of lifting up and delivering the motor)

Small Camera - - _ v
robot | i i ' A o xtension iew ]
2w i installation location Rt -2us Camera angle . Camora
9 ' il 7 :
/ ‘ ;
/ // \: l) ey ,/ i :E
v -
¥4 l o
- r_-__ ~ ’ 1 T ¥1 "__ L
Step il ;l i Ji 5| ¥
figure : N 8 ce
~ L ~
N Wl 2 o|lle - S
NI - e z
i ~A it | .
= ; 41::1,.\1 ’ ——--ﬂ
T ] . x e i | / 3050 (@8} [/ s
g v 5 \RERR | Jee | e 7 1
Camera Cﬁ:}g'&g' Hoist Large Camera e I / / 3
installation location equipment robot installation location 8t/ 277ay-» OB 1B/

It will be verified whether or not the visibility required for work can be secured with the arrangement of cameras and lights considered
Details beforehand, at each work step.

The placement of the cameras will be moved or cameras will be added as required upon consultation with the operator.

»  Capturing of images that can facilitate work

»  Verification of whether or not surrounding structures interfere with the HVH disassembly robot and equipment using a bird's eye
Issues camera

»  Securing of the visibility required for the operator to carry out work by means of the cameras mounted on the HVH disassembly
robot and other local cameras.

|
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.199

(D HVH disassembly
B Element test items and judgment criteria

No. Test Iltem Test details Judgment criteria

Target cutting work will be performed using the HVH The cutting tools should be able to access the target and perform cutting.

disassembly robot to verify whether or not the work It should be possible to grab and deliver the disassembled pieces to the carrying-in/out
Cutting the damper can be performed remotely. equipment.
The HVH disassembly robot should not get turned over.
Time required for work should be recorded.

Target cutting work will be performed using the HVH The cutting tools should be able to access the target and perform cutting.

disassembly robot to verify whether or not the work It should be possible to grab and deliver the disassembled pieces to the carrying-in/out
Cutting the panel can be performed remotely. equipment.
The HVH disassembly robot should not get turned over.
Time required for work should be recorded.

Target cutting work will be performed using the HVH The cutting tools should be able to access the target and perform cutting.

disassembly robot to verify whether or not the work It should be possible to grab and deliver the disassembled pieces to the carrying-in/out
Cutting the frame can be performed remotely. equipment.
The HVH disassembly robot should not get turned over.
Time required for work should be recorded.

Target cutting work will be performed using the HVH The cutting tools should be able to access the target and perform cutting.

disassembly robot to verify whether or not the work It should be possible to grab and deliver the disassembled pieces to the carrying-in/out
Cutting the upper panel  can be performed remotely. equipment.

) The HVH disassembly robot should not get turned over.
) Time required for work should be recorded.
Target cutting work will be performed using the HVH @ The cutting tools should be able to access the target and perform cutting.
disassembly robot to verify whether or not the work @ It should be possible to grab and deliver the disassembled pieces to the carrying-in/out
can be performed remotely. equipment.
It will be verified whether or not the work of lifting up @ It should be possible to sling the motor to the hoisting jig by means of the HVH disassembly
Motor removal and delivering by means of a crane can be robot.
performed remotely. ® The structures in the surrounding should not come in contact when the motor is lifted up.
® It should be possible to remove the hoisting jig from the hook of the crane using an assist
robot.
) The HVH disassembly robot and assist robot should not get turned over.
) Time required for work should be recorded.
Target cutting work will be performed using the HVH @ The cutting tools should be able to access the target and perform cutting.
disassembly robot to verify whether or not the work @ It should be possible to grab and deliver the disassembled pieces to the carrying-in/out

Removal of the casing

part can be performed remotely. equipment.

) The HVH disassembly robot should not get turned over.
) Time required for work should be recorded.
| e ESS

l ' D Olnternational Research Institute for Nuclear Decommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

(D HVH disassembly
B Element test items and judgment criteria

Test Item Test details Judgment criteria

7 Impeller removal

Removal of cooling
coll

Installation of
cameras and
verification of visibility

Installation of lights
and verification of

SO isibility

TRID

Target cutting work will be performed using the
HVH disassembly robot to verify whether or not
the work can be performed remotely.

It will be verified whether or not the work of
lifting up and delivering by means of a crane
can be performed remotely.

Target cutting work will be performed using the
HVH disassembly robot to verify whether or not
the work can be performed remotely.

Cameras will be installed using the HVH
disassembly robot and the obtained images will
be verified.

Lights will be installed (lights integrated with the
camera are assumed) using the HVH
disassembly robot, and the camera images
captured when the lights are put on will be
verified.

No.200

The cutting tools should be able to access the target and perform cutting.

It should be possible to grab and deliver the disassembled pieces to the carrying-
in/out equipment.

It should be possible to sling the impeller to the hoisting jig by means of the HVH
disassembly robot.

The structures in the surrounding should not come in contact when the impeller is
lifted up.

It should be possible to remove the hoisting jig from the hook of the crane using an
assist robot.

The HVH disassembly robot and assist robot should not get turned over.

Time required for work should be recorded.

The cutting tools should be able to access the target and perform cutting.

It should be possible to grab and deliver the disassembled pieces to the carrying-
in/out equipment.

The HVH disassembly robot should not get turned over.

Time required for work should be recorded.

It should be possible to capture images that can facilitate work.

The bird's eye camera should be able to verify whether or not surrounding
structures interfere with the HVH disassembly robot and equipment.

Cameras mounted on the HVH disassembly robot and other local cameras should
be able to secure the visibility required for the operator to carry out work.

Remote installation should be possible.

Time required for work should be recorded.

It should be possible to capture images that can facilitate work.

Remote installation should be possible.

Time required for work should be recorded.
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6. Implementation items of this project [1) (2) Development of disassembly No.201
and removal technology] |
@ HVH disassembly

[N : Planned
[: Planned (after revision)*
B Development schedule — Actual
: FY2021 FY2022
Study items
4 5 6 7 8 9 10 11 12 1 2 3 4 5| 6 7 8 9 10 11 12 1 2 3
Major milestones Interim Report Interim Report Interim Report Final report
v v v v

|
1. Conceptual study
e
2, |2 St (o )
planing
3. Test preparation / C————
Test

manufacturing of L !
test equipment ]
]
4. Element tests [ ]
N
5. Summary [ 1
Remarks

~ - Olnternational Research Institute for Nuclear Decommissioning
Rl D * The plan was revised to reflect the study progress status and the results of element tests.



6. Implementation items of this project [1) (2) Development of disassembly and No0.202
removal technology]

@ HVH disassembly: Summary

»Results of studies conducted on HVH disassembly concerning the selection
of items to be tested based on the level of difficulty of disassembly, selection
of circular saw and reciprocating saw as the cutting technology, and

identification of element test items based on the disassembly work steps
have been compiled.

»The work steps were examined in detail, and issues in each of the steps were
organized.

» The test equipment such as HVH disassembly robot, crane, etc., and the

cutting tools such as tip saw, etc. were studied, and their specifications were
consolidated.

»Based on the results of above mentioned studies, the element test plan was
developed, and element test items, judgment criteria, etc. were studied. In the
future, the feasibility of the method of disassembling and removing the HVH
will be verified by element tests.

3
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6. Implementation items of this project [1) (2) Development of disassembly  No.203
and removal technology]

@ Disassembly of CRD exchanger Solicitation items are listed.

Development is being carried out concerning disassembly, removal, etc. of interfering
objects for further increasing the scale of retrieval of fuel debris and reactor internal
structures. Technology for verifying the feasibility of the work of cutting and collecting pipes
by accessing the inside of the pedestal within the PCV using remote controlled equipment,
was developed so far.

It is absolutely necessary to remove the CRD exchanger, which is a large structure located at
the center inside the pedestal, in order to ensure accessibility for carrying out the work of
retrieval of fuel debris from the bottom part inside the pedestal. Also, as the pedestal opening
from where the remote controlled disassembling equipment and devices will enter inside the
pedestal is small, the equipment and devices need to be able to operate in a small and
uncertain on-site environment. Moreover, any interference with the CRD housing, etc. which is
found to be damaged based on the results of PCV internal investigation, needs to be avoided,
and the members of the CRD exchanger that will be disassembled need to be prevented from
falling. During the development concerning this, upon studying and consolidating the
requirements for disassembling and removing the CRD exchanger, element tests using
simulated test pieces will be planned and implemented considering remote operation in limited
space, and the feasibility of specific cutting/collection methods will be verified.

l D Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No.204

@ Disassembly of CRD exchanger

M Status of studies conducted up to FY2020

The method of accessing inside the pedestal and the method of removing small interfering objects such as the ICM

(in-core monitor) housing, etc. were studied, and prospects of these methods being feasible were seen through
element tests.

(Implemented as part of “Further increasing the scale of retrieval (Implemented in FY2019- 20): Method of
removing interfering objects from inside the pedestal (Small equipment method)”

\'.\\ ) ¥ f . g
- Interference removal |3 - Interfering
X ﬁ\' A o 1
N ”~
N 9

d e, ".——-—" g
Rl Interferlng
= ‘*,}) object

-

—\ s
’_// ’Q

— Processing tool

» The method of disassembling the CRD exchanger (large structure) that becomes an obstacle in the work of fuel
debris retrieval, within the limited space inside the pedestal is studied,

» The disassembling equipment used in this method of disassembling the CRD exchanger is test manufactured
and verified.

|
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.205
@ Disassembly of CRD exchanger

B On-site conditions (Estimation of the status inside the pedestal)

» The estimated status inside the pedestals in Units 1 - 3 is given below.

Structures at the

Structures
t the top

T N‘Vl N 3 top that have
R il fallen off
) (CR guide tube)
lllustration
showing the
status inside the
pedestal
o e : exchanger
Actual status unknown
(Damage over and above that in Unit 3 '“tefg‘etd'aée A : 3
is estimated) work stan - CRD exchanger
Platform (P/F) (Buried under the deposits)
The following is estimated based on the results The following is estimated based on the results
of investigation of investigation
* The platform (P/F) is remaining, and a part of + The platform (P/F) and the CRD exchanger
Results of The in_side of the pedestal has not been the grating has faIIen.off. . have fallen off. _
estimation investigated. + The CRD exchanger is remaining on the P/F.  + The structures at the top (CR guide tube,
(The above figure shows sound conditions.) * The intermediate work stand is remaining. etc.) have fallen off.
» There are deposits at the bottom of the » There are deposits at the bottom of the
pedestal pedestal
(The status inside the deposits is unknown) (The status inside the deposits is unknown)

* InUnit 2, the CRD exchanger remains on the P/F, and its location and status have been ascertained. Also, the status of the P/F and the
intermediate work stand (places where the grating has fallen off, etc.) has been ascertained.

* In Unit 3, the CRD exchanger has fallen off from the P/F, is buried under the deposits, and its location and status have not been
identified.

* InUnit 1, as damage over and above that in Unit 3 is estimated, it is speculated that the status will be the same as Unit 3.
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.206

@ Disassembly of CRD exchanger

M|ssues

Ensuring that the disassembly and removal equipment is able to access the area around
the CRD exchanger.

Disassembling and removing the CRD exchanger, which is a large structure, using a small
equipment that can be carried in through the CRD opening.

Disassembling and removing the CRD exchanger, which is a large structure, into as large
pieces as possible, in order to improve throughput.

[Specific to Unit 2] Disassembling and removing the CRD exchanger, which is a large
structure that hangs from the platform (P/F), without letting it fall to the bottom of the
pedeStaI- Intermediate
[Specific to Units 1/3] Disassembling and removing the CRD exchanger (including other work stand
structures) that has fallen and gotten entangled.

Platform (P/F)

Figure illustrating the estimated

Bm p|ementation details conditions inside the pedestal (Unit 2)

BEXxpected outcome

Various preconditions including the dimensions, etc. of the structures are
consolidated.

Requirements related to disassembling and removing the CRD exchanger are
studied and compiled.

The method of disassembling and removing the CRD exchanger is studied.

The disassembly and removal equipment will be designed and test manufactured.
Element tests are planned considering remote operation in limited space.

Simulated test pieces and full scale testing equipment is designed and manufactured
for conducting the tests.

Feasibility of specific disassembly and removal are verified by element tests.

3| Structures at the
top that have
fallen off
(CR guide tube)

', Ab‘l

| CRD exchanger
(Buried under
the deposits)

Presentation of the method of disassembling and removing the CRD exchanger Figure illustrating the estimated conditions
inside the pedestal (Units 1/3)

| z
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

@ Disassembly of CRD exchanger

B Implementation details (Flow)

Scope of this report

(Element test)

Test manufacturing of the transportation equipment equipped with a jib, required in common for Units 1 - 3.
Results of verifying whether or not the equipment can be carried in, and the disassembled pieces can be lifted,
loaded and transferred in the simulated Unit 2 environment (Basic test)

Results of verifying viability of “the rail for the equipment to access target object” and “fall prevention by
fastening with the upper CRD exchanger” required for disassembling and removing the Unit 2 CRD exchanger

The flow of the implementation details mentioned on the previous page is indicated below.

Based on Unit 2

Based on Units 1/3

Compilation of various preconditions (including the dimensions etc. of the structures)

Study and compilation of requirements

Study of the method of disassembly and removal

Study and compilation of requirements

Study of the method of disassembly and removal

Identification of common technologies that must be developed

Basic test plan

Designing and test manufacturing of the disassembly and removal equipment (for basic tests), implementation of tests

\/

Designing and test manufacturing of disassembly and removal
equipment (unit specific)

v
Element test planning

Designing and manufacturing of simulated test pieces and full scale
simulated equipment

\/
Conducting of element tests, and feasibility verification

Designing and manufacturing of the disassembly and removal
equipment (unit specific)

\/

Element test planning

Designing and manufacturing of simulated test pieces and full scale
simulated equipment

Conducting of element tests, and feasibility verification

0.207
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.208

@ Disassembly of CRD exchanger

mCompilation of preconditions (1/10)

» The preconditions at the time of studing the method of disassembling have been compiled under
the following 6 items based on the site status and information in the drawings.

Specifications of the CRD exchanger

Specifications of the P/F

Specifications of the intermediate work stand

Specifications of the interfering objects (structures on top of the pedestal) around the CRD
exchanger

Status of the deposits at the pedestal bottom, and scope of removal of the CRD exchanger
Specifications of the access route up to the CRD opening and of the interfering objects

@0 WO
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.209

@ Disassembly of CRD exchanger

B Compilation of preconditions (2/10) [Specifications of the CRD exchanger [1/3]]

Trolley frame

2 Wheels for
traveling

3  Trolley drive unit

4 Chain for the
hoisting carriage

TRID

[Dimensions]

Height: 400 [mm], Width: 117 [mm],
Length: 2,700 [mm]

[Material]: SS400

[Thickness]: 20 [mm]

[Mass]: Approx. about 100 [kg]

[Dimensions]

Diameter: @100 [mm], Thickness: 143
[mm]

[Material]: S45C

[Mass]: Approx. about 18 [kg]

[Dimensions], [Material]

[Thickness], [Mass]

: Acquired at the stage of designing the
actual equipment

[Dimensions],

[Material], [Mass]

: Acquired at the stage of designing the
actual equipment

* The dimensions and plate
thickness are estimates.

» Mass of one side

» Mass is a rough value.

* The dimensions and plate
thickness are estimates.
* Mass is a rough value.

|Platform (P/F) | |CRD support structures|

CRD openlng _ CRD exchanger

Intermediate work stand Buried part of the

pedestal bottom
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

@ Disassembly of CRD exchanger

B Compilation of preconditions (3/10) [Specifications of the CRD exchanger [2/3]]

No0.210

|Platform (P/F)

CRD opening

| |CRD support structures |

CRD exchanger

Specifications

5 Rotating
frame

6 Frame
rotating
equipment

7 Grabbing
arm

8 Hoisting
carriage

[Dimensions]

Height: 4,351 [mm]

Width: 370 [mm]

(With shaft for rotating the hoisting axis: 450 [mm)])
Length: 600 [mm] (estimated)

Diameter of the shaft for rotating the hoisting axis:
®100 [mm] (estimated)

Frame rotating equipment shaft: 75 [mm] (estimated)
[Materiall:

Frame: SS400

Shaft: S45C (estimated)

[Thickness]: 30 [mm]"

[Mass]: Approx. about 800 [kg]

[Dimensions], [Material],
[Thickness], [Mass]: Acquired at the stage of
designing the actual equipment

[Dimensions], [Material],
[Thickness], [Mass]: Acquired at the stage of
designing the actual equipment

[Dimensions] (estimated)

Height: 775 [mm], Width: 370 [mm],
Length: 270 [mm]

[Material] SUS304

[Thickness]: Approx. 5 [mm]
[Mass]: Approx. about 120 [kg]

* The plate thickness is an
estimate. -
* Mass is a rough value. - =

Buried part of the
6 pedestal bottom

» Dimensions and plate
thickness are estimates.
* Mass is a rough value.

* Unit 1: Approx. 10 to 20mm.
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

@ Disassembly of CRD exchanger

B Compilation of preconditions (4/10) [Specifications of the CRD exchanger [3/3] ORD opening

9 Hoisting drive unit

10  Power supply unit
(Cable bear)

11 Other drive units

12 Overall

13 Layout

[Dimensions], [Material],
[Thickness], [Mass]: Acquired at the stage of designing
the actual equipment

[Cable size]: 25 [mm]

[Dimensions of connecting plate]

175 x50 % 10t [mm] (U-shaped steel), Length: 540
[mm]

[Material:

SUS304 (Connecting plate, cable bear)

Aluminum alloy (Cables)

[Thickness]: 10 [mm] (Thickness of the connecting
plate)

[Mass]:

Cable bear (including the connecting plate): Approx.
about 260 [kg]

Cables (on the F/P): Approx. about 20 [kg] per cable

[Dimensions], [Material],
[Thickness], [Mass]: Acquired at the stage of designing
the actual equipment

[Dimensions]

Height: 4,351 [mm)]
Width: 736 [mm]

Length: 2,700 [mm]

Mass: Approx. 2,000 [mm]

[Height from the opening at the center]

Up to the upper end of the exchanger: 1,170 [mm]
(From the upper end of the exchanger to the hanger
rod: 463.2 [mm])

Up to the upper end of the actuator: 979 [mm]
(Upper end of the actuator to the hanger rod: 654.2
[mm])

No.211

|Platform (P/F) | |CRD support structures|

CRD exchanger

 Estimate
* There are 10 cable
(estimated)

Buried part of the
pedestal bottom

9

Intermediate work stand

* Embedded inside the rotating
frame

10
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.212

(2) Disassembly of CRD exchanger [Platform (P/F) | |CRD support structures |

CRD opening CRD changer
1 A » .

B Compilation of preconditions (5/10) [Specifications of the platform (P/F)]

1 Opening G [Dimensions (as per the drawings)]  Estimate
Width: 755 [mm], Depth: 915 [mm]
[Dimensions (when deposits are remaining)]
Width: 682.25 [mm], Depth: 765 [mm]

2 Opening H [Dimensions (as per the drawings)]  Estimate
Width: 598.1 [mm], Depth: 1,093 [mm]
[Dimensions (when deposits are remaining)]
Width: 657.25 [mm], Depth: 893 [mm]

& Opening at the [Dimensions (as per the drawings)]  Estimate
center Width: 596 [mm], Depth: Approx. 2,500 [mm] « It is assumed that the size of the opening
has not reduced due to deposits.

4 Grating [Height]: Maximum 38 [mm]  Estimate _
* Acceptable maximum load of the grating is |Intermediate work stand | Buried part of the
assumed to be pedestal bottom

250 [kg/m?]

(This is 50 [%]" of the general strength
indicator specified by the grating
manufacturer.)

Layout

[Height]
From the pedestal bottom to the top of the
central rail:

3,281 [mm] to damage.
From the pedestal bottom to the P/F grating: » The acceptable maximum load of the P/F is
3,200.8 [mm] assumed to be the same as that of the grating.

From the top of the P/F to the hanger rod:
1,633.2 [mm]

 Estimated from Unit 4

It is assumed that the P/F cannot rotate due

» The P/F and CRD exchanger are assumed
to be fixed. However, the fixation of the P/F is

assumed to be unstable (is likely to get
detached due to impact, etc.).

*There are no grounds for 50%. It will be revised if it
is found to be difficult to work with.

E— =
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No.213

@ Disassembly of CRD exchanger

|Platform (P/F) | |CRD support structures|

B Compilation of preconditions (6/10) [Specifications of the intermediate work stand] ‘_ —

Specifications

1 Opening
G2
2 Opening
H2
3  Grating
4  Layout
|

[Dimensions (as per the
drawings)]

Width: 800 [mm], Depth: 915
[mm]

[Dimensions (as per the
drawings)]

Width: 800 [mm], Depth: 1,090
[mm]

[Height]: Acquired at the stage of
designing the actual equipment

[Height]

From the pedestal bottom to the
intermediate work stand

grating: 2,192 [mm]

*Estimated value

*Estimated value

|Intermediate work stand Buried part of the
pedestal bottom

*The intermediate work stand
and CRD exchanger are
assumed to be fixed. However,
the fixation of the intermediate
work stand is assumed to be
unstable (is likely to get
detached due to impact, etc.).
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No.214

@ Disassembly of CRD exchanger

B Compilation of preconditions (7/10) [Specifications of the interfering objects (structures on top of the pedestal)

around the CRD exchanger]

Interfering objects that need to be removed before removing the CRD exchanger were identified. The identified

items are listed below.

Interfering Specifications Remarks
objects

TIP guide [Outer diameter]: *(Unit 4)
tube ©9.525 [mm]

[Number of tubes]: 31 tubes

[Material]: SUS304-TP

2 TIP guide [Dimensions]: *Used only in Unit 2
tube support Height: 75X 75 X t9 [mm]
(U- shaped steel)
Length: approx. 1,600 [mm]
(From the top of P/F to the bottom
end: 632.2 [mm])
[Mass]: Approx. 25 [kg]
[Number of supports]: 10 - 20
(assumed)
[Material]: SUS304 (estimated)
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Vertical cross section of the CRD exchanger and
other structures inside the pedestal

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

@ Disassembly of CRD exchanger

No.215

B Compilation of preconditions (8/10) [Status of the deposits at the pedestal bottom, and scope of removal of the CRD

exchanger]

» The scope of removal of the CRD exchanger, which is common for units 1 - 3, includes the structures other than the CRD
exchanger and hoisting carriage that are buried under the deposits at the pedestal bottom. (The CRD exchanger and the hoisting
carriage are assumed to be stuck in the deposits.)

» For the CRD exchanger in Unit 2, the hole portion will be cut so that the cross sectional area at the time of cutting becomes small.

Also, in order to secure distance between the cutting position and the deposits for availability of installation of cutting tools, the
CRD exchanger left behind is assumed to be at a height of 360mm” from the surface of the deposits.

» If cutting the said site is difficult with the cutting tool specifications, the cutting position will be reviewed separately. But as far as
possible the height from the deposits will be controlled.

CRD
exchanger

Before removing the CRD

exchanqer (Example of Unit 2)

TRID

Lx

Distance
from the
deposits

After removing the CRD exc}}andér

/rm;__-gr

The CRD exchanger and hoisting
carriage buried under the fuel
debris are left behind.

- S
SIS satsistiaiasrsian e,
. o

Cutting
position

Deposits

Example of Unit 2
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.216
@ Disassembly of CRD exchanger

B Compilation of preconditions (9/10) [Specifications of the access route up to the CRD opening and of the interfering objects [1/2]]

Eguipment o= @ ?9_\ - \ 90 ‘
hatch _— | S 1 ° 1
(X-1) 45° \ A A A

b
— L.
I .
g ___L_z_7 = 270
Access route in Unit 1 Access route in Units 2 and 3

. Various equipment will be installed inside the PCV from the equipment hatch, the outer periphery of the pedestal will be traveled using the shortest route (In the
layout drawing, for Unit 1: anti-clockwise, for Units 2/3: clock-wise), to access the CRD opening. This approach will be common for all units.

. The opposite sequence of the procedures will be followed for transferring disassembled pieces of the CRD exchanger to the outside of the pedestal through the
CRD opening and to the outside of the PCV through the equipment hatch.

| =S
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

@ Disassembly of CRD exchanger

10

11

12

13

14

Interfering
objects
classification

Ladder

Valve

Supports

Support
Support

Operation panel

Piping support

Piping support

Support
Support
Piping support
Support
Support

Railing, handrail

Typical dimensions

[mm]

75X 75

®125.7

150 x 150 X t10 (H steel)

150 %X 150 x t10 (H steel)
150 x 150 X t10 (H steel)

H1, 250 % 900 % 200

200 % 200 x t12 (H steel)

0120

125 % 125 %19 (H steel)
125% 125 x t9 (H steel)
O7s
200 % 200 X t12 (H steel)
150 X 150 X t10 (H steel)

30%30

Evaluation of
level of difficulty
in removal

Easy

Cannot be
removed

Difficult

Difficult
Difficult

Easy

Difficult

Difficult

Difficult
Difficult
Difficult
Difficult
Difficult

Easy

B Compilation of preconditions (10/10) [Specifications of the access route up to the CRD opening and of the interfering objects [2/2]]

Reason for determining that level of difficulty

It is assumed that a ladder is not planned to be used. As the details of the connection structure at the top end of the ladder are
unknown, it needs to be examined whether the ladder can be partially removed or the entire ladder needs to be removed. As the size
is comparatively small, it is determined to be easy to remove.

As it is for RCW piping, based on future usage plan, it is determined that the valve cannot be removed.

As these are supports (legs) for the operation floor, it needs to be examined whether only the supports can be partially removed or the
entire operation floor needs to be removed.

If the entire operation floor needs to be removed, as there is large amount of material, the level of difficulty of removing is determined
to be high.

Same as No. 3.

Same as No. 3.

Although the thickness of the component material, the fixing method and the overall weight of the panel are unknown, it is assumed
that the panel is comparatively thin. If the overall weight is 400 kg or less, it is assumed that the equipment used for disassembling
and removing the HVH can be used as well.

As the thickness is more than the [150 channel steel (t6.5), which is the component material of HVH, whether or not the piping support
can be cut and removed needs to be examined separately.

Details such as whether the piping support is solid or hollow, its thickness, etc, are unknown. If it is solid, it will be difficult to cut and
remove it with a pipe saw, and hence it is determined that equipment exclusively for cutting and removing the piping support will be
required.

Same as No. 3.

Same as No. 3.

Same as No. 8.

Same as No. 7.

Same as No. 3.

As the size is comparatively small, it is determined to be easy to remove.

No.217

The specifications of interfering objects up to the CRD opening are being investigated similarly for Units 1/3 as well.

IRID
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.218

@ Disassembly of CRD exchanger

M Study and compilation of requirements

1)

()

TRID

Requirements with respect to the method

[Specific to Unit 2] The CRD exchanger must be removed with the P/F still left behind.
(As the CRD exchanger remains on the P/F, it would be difficult to remove the P/F and the
intermediate work stand beforehand.)

Platform
(P/F)

CRD support structures

[Specific to Units 1/3] Structures in the vicinity of the CRD opening must be removed |CRD opening

sequentially.

It must be possible to transfer large structures through the CRD opening, and the
structures must be cut into pieces that are as large as possible and then transferred.
(In order to enhance throughput by reducing the number of rounds of cutting.)
Measures must be taken to ensure as much as possible that the cut pieces do not fall to
the bottom of the pedestal.

Measures must be taken to ensure as much as possible that equipment and tools do not
fall to the bottom of the pedestal.

The cut pieces, equipment and tools must not be stored temporarily at the bottom of the
pedestal.

As the integrity of the structures at the top (CRD support structures) inside the pedestal is
unknown, equipment must not be installed on the structures at the top.

As the integrity of the inner wall of the pedestal is unknown, work that requires anchors to
be installed on the inner wall must not be performed.

(The surface of the outer wall of the pedestal may be subjected to load and extended use
of the wall surface on the left, right and upper side inside the CRD transfer outlet is
possible.)

Requirements with respect to the equipment and tools used

The equipment and tools must be usable under the environmental conditions inside the
pedestal (rainfall from the top of the pedestal, darkness, dose rate: 43Gy/h™ or more).
Complicated assembly work must not be required to be performed inside the pedestal.
Cameras and lights must be installed for better visibility during work.

*1) Maximum dose rate outside the pedestal in Unit 2.

CRD exchanger

Intermediate work stand

Buried part of the

pedestal bottom

Illustration showing an overview of the

inside of the pedestal (Example of Unit 2)

(Source: TEPCO website, Results of Internal Investigation of Unit 2 PCV [02/28/2019])
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

@ Disassembly of CRD exchanger

M Study of the method of disassembly and removal (1/6)

No0.219

The method and policy for disassembly and removal of the CRD exchanger in Unit 2 and Units 1 and 3 are indicated below.

v Units 13

Illustration showing
the status inside the
pedestal

Equipment
at the top

CRD
changer

Disassembly
method

Disassembly policy

The CRD exchanger will be removed with the P/F still left behind.
(As the CRD exchanger remains on the P/F, it would be difficult to
remove the P/F and the intermediate work stand beforehand.)

Equipment B ‘?‘, CR guide tube
at the top i 4

Intermediate

work stand CRD exchanger

(Buried under the
deposits)

Deposits

The structures in the vicinity of the CRD opening (P/F,
intermediate work stand, etc.) will be sequentially removed to
secure work space, and then the CRD exchanger will be
removed.

It should be possible to transfer cut pieces of large structures through the CRD opening, and the cut pieces should be as large as possible.

. The disassembly method for Unit 1 and that for Units 2 and 3 are different, but the disassembly policy is the same for all units, in that it should
be possible to transfer cut pieces of large structures through the CRD opening, and the cut pieces should be as large as possible, in order to

enhance the throughput by reducing the number of rounds of cutting.
. The work steps involved in the disassembly method for Unit 2 and that of Units 1 and 3 are described on the following pages.
. In the case of Units 1 and 3, there are many uncertainties (the position and condition of the CRD exchanger, condition of the deposits, etc.). In
the future, the disassembly method will be reviewed at the stage when these uncertainties are eliminated.

TRID
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.220

@ Disassembly of CRD exchanger
B Study of the method of disassembly and removal (2/6) [Unit 2 CRD exchanger disassembly and removal method [1/3])

The work steps (overview) involved in the Unit 2 CRD exchanger disassembly and removal method, which are to be performed inside
the pedestal, are indicated below.

Transportation
equipment

Fall
prevention
tool

3 Fall prevention measures for the lower
CRD exchanger

R a.;'?i [VWIHi S

________

@ Removal of lower CRD exchanger ®) Removal of upper CRD exchanger ® Removal of upper CRD exchanger
(rotating frame, etc.) (trolley drive unit, etc.) (trolley frame, etc.)

N S
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No.221
@ Disassembly of CRD exchanger

B Study of the method of disassembly and removal (3/6) [Unit 2 CRD exchanger disassembly and removal method [2/3])

The work steps (overview) involved in the Unit 2 CRD exchanger disassembly and removal, which are to be performed inside
the pedestal, are indicated below.

< [Removalof | [Removal of |
SNle SIE R | of
upper part] —21< lower part] i [Removal of upper part]

—D

prevention
tool

Transfer
route

[Removal"of
upper part]

a8 B 8 &

The small components (chain, hoisting carriage, etc.) exposed on the surface will be grabbed, cut and removed beforehand by means of a robot, and
thereafter, the remaining components will be cut in large pieces that can be transferred through the CRD opening, and removed.

The procedures shown in the above schematic diagram are an example. Considering removal of the cut pieces, securing work space for installing the fall
prevention tool, and reducing the weight of the components that must be prevented from falling, it is desirable to remove the upper CRD exchanger (in the
order of upper part — lower part — upper part) first.

However, it was verified whether or not work can be performed in a confined space (lower part — upper part) during the basic test described later.

The cutting location and removal procedures will be reviewed once the details of the internal structure of the CRD exchanger (dimensions, weight,
whether or not small components will fall during cutting) are clear.

| e o e e e e e
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.222

@ Disassembly of CRD exchanger
B Study of the method of disassembly and removal (4/6) [Unit 2 CRD exchanger disassembly and removal method [3/3])

The overall work steps (overview) involved in the Unit 2 CRD exchanger disassembly and removal are indicated below.

CRD opening
37°

Equipment

hatch
(X-1) 315° 270°
<Overview of work steps>
Installation of ancillary Interference removal Installation of ancillary Investigation inside
@ | equipment outside the @ tside the pedestal ® | equipment outside the — @ pedestal
pedestal (1/2) outside the pedesta pedestal (2/2) (verification of the status
of damage)
Installation of ancillary equipment Removal and Preparation for upper Upper CRD
inside the pedestal transfer of CRD exchanger exchanger removal
" ® ® interfering objects @ removal and transfer
(camera, lights, rail, etc.) inside the pedestal (272) (2/2)
Preparation for Lower CRD exchanger Preparation for Upper CRD exchanger : : Common to Units
® removal of lower | » @ | (rotating frame) — @ removal of upper CRD | 1 @ | removal and transfer 1to3
CRD exchanger removal and transfer exchanger (2/2) . - -
(rotating frame) "1 @/2) [ ] : Specific to Unit 2

IRID *1) Fall prevention is included in the preparation for removal. Olnternational Research Institute for Nuclear Decommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.223

@ Disassembly of CRD exchanger

B Study of the method of disassembly and removal (5/6) [Units 1/3 CRD exchanger disassembly and removal method [1/2])
The work steps (overview) involved in Units 1/3 CRD exchanger disassembly and removal, which are to be performed inside

Rail
(&
1
i
Suction
‘ equipment
@ Removal of interfering objects and fallen objects @ Suction of deposits and removal of fallen objects ®) Installation of rail for equipment access

around the CRD opening

é‘!—'_ - (g = =
Transportation iR g | e
equipment . L
WMERN N \
> = | ;
= \ (A :
M\ &
S
Fall
prevention
tool
@ Fall prevention measures for the objects to be ® Removal of objects to be removed (P/F, etc.) ® Extension of the rail for equipment access (repeated
removed (P/F, etc.) hereinafter)

|
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No.224

@ Disassembly of CRD exchanger

B Study of the method of disassembly and removal (6/6) [Units 1 and 3 CRD exchanger disassembly and removal method [2/2])

The overall work steps*! (overview) involved in the Units 1 and 3 CRD exchanger disassembly and removal are indicated below.

=5 ¥
Iﬁﬁ'ﬁ- "‘-—‘—w ¥ 1

—-"'/

Equmment hatc

(X-1) 315°

<Overview of work steps> ‘ | o . =

Installation of ancillary Interference Installation of ancillary Investigation inside pedestal
0 equipment outside the @ removal outside the 3 equipment outside the > @ (verification of the status of
pedestal (1/2) pedestal pedestal (2/2) damage)
Installation of ancillary equipment Removal and transfer of interfering Suction of deposits
» 67 inside the pedestal ®’ objects and fallen objects inside the @ and removal of fallen
(camera, lights, rail, etc.) pedestal objects
® Eé?:ggéoggigrr:;?géal of oy Removal of objects to be ® to @' will be [ : commonto Units 1 to 3
* removed (P/F, etc.) repeated hereinafter. - )
(PIF, etc.) [ ] : Specific to Units 1 and 3

E—— P
IRI D *1) The schematic diagram shows Unit 3 as an example Olnternational Research Institute for Nuclear Decommissioning
*2) Fall prevention is included in the preparation for removal.



6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.225
@ Disassembly of CRD exchanger

M |dentification of common technologies that must be developed

Concept of Unit 2 CRD exchanger disassembly and removal

» The interfering objects (structures on top of the pedestal) will be removed using a small robot.

» The rail for equipment access will be installed on the P/F.

» The lower CRD exchanger (rotating frame), which is a hanging structure, will be fastened to the upper CRD exchanger to prevent it from
falling.

» The transportation equipment equipped with a jib will be carried in through the CRD opening, and the CRD exchanger will be
disassembled — lifted up — loaded — transferred.

Concept of Units 1 and 3 CRD exchanger disassembly and removal

» The interfering objects (structures on top of the pedestal) and fallen objects around the CRD opening will be removed using a small robot.

» Deposits around the CRD opening will be sucked and removed, and the objects fallen inside the deposits will be removed using a small
robot.

»  The rail for equipment access will be installed inside the pedestal™.

» The objects to be removed (P/F, etc.) will be fastened to the rail to prevent them from tumbling down.

» The transportation equipment equipped with a jib will be carried in through the CRD opening, and the objects to be removed will be
disassembled — lifted up — loaded — transferred.

» Hereinafter the same procedure will be repeated, and the removal area will be expanded sequentially from around the CRD opening.

*  The transportation equipment equipped with a jib, required in common for Units 1 to 3 will be designed and manufactured in
advance.

* It was decided to first conduct basic tests to verify whether or not it is possible to carry in the equipment through the CRD
opening and to lift up — load — transfer the disassembled pieces, under a test environment simulating Unit 2.

»  Further, it was decided to conduct basic tests to verify the viability of “the rail for the equipment to access target object” and “fall
prevention by fastening with the upper CRD exchanger” required for disassembling and removing the Unit 2 CRD exchanger.

*1) Studies are underway to examine whether the rail for Units 1 and 3 should have a cantilever structure, or the leg portion should
be installed at the bottom of the pedestal. The studies include strength assessment as well.

[
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

@ Disassembly of CRD exchanger

B Element test items (1/3)

Test items for the unit tests and element tests are selected from the work steps that were studied.

N0.226

: Scope of prior
verification by means of

basic tests
Unit test™® Element test™
Details Necessity Reason Necessity Reason
Installation of bird's eve camera / lights Not Not required as this is being implemented as part of the FY2018 Not Not required as this is being implemented as part of the FY2018
) . } 4 9 - Subsidy Project (Interference Removal Outside the Pedestal). X Subsidy Project (Interference Removal Outside the Pedestal).
Comm @ Installation of ancillary (Outside the pedestal) required required
on for equipment outside the pedestal
1103 an) Not Not required as this is being implemented as part of the FY2019 Not Not required as this is being implemented as part of the FY2019
Utility line installation required Subsidy Project (Establishment of Water Circulation System). required Subsidy Project (Establishment of Water Circulation System).
@ Interference removal outside Cutting/grabbing/moving interfering Not Not required as this is being implemented as part of the FY2018 Not Not required as this is being implemented as part of the FY2018
the pedestal objects outside the pedestal required Subsidy Project (Interference Removal Outside the Pedestal). required Subsidy Project (Interference Removal Outside the Pedestal).
Not Not required as this is being implemented as part of the FY2020 Not Not required as this is being implemented as part of the FY2020
Installation of winch unit - Subsidy Project (Interference Removal Inside the Pedestal). X Subsidy Project (Interference Removal Inside the Pedestal).
required required
Installation of cable routing equipment Not Not required as this is being implemented as part of the FY2020 Not Not required as this is being implemented as part of the FY2020
) . 9 equip - Subsidy Project (Interference Removal Inside the Pedestal). X Subsidy Project (Interference Removal Inside the Pedestal).
@ Installation of ancillary required required
equipment outside the pedestal
@) Not Not required as this is being implemented as part of the FY2020 Not Not required as this is being implemented as part of the FY2020
Installation of carrying-in/out rail required Subsidy Project (Interference Removal Inside the Pedestal). required Subsidy Project (Interference Removal Inside the Pedestal).
Installation of equipment for Not Not required as this is being implemented as part of the FY2020 Not Not required as this is being implemented as part of the FY2020
N quipm - Subsidy Project (Interference Removal Inside the Pedestal). X Subsidy Project (Interference Removal Inside the Pedestal).
transferring the cut pieces required required
Not Required in order to verify whether or not it is possible to determine the
@ Investigation inside pedestal Verification of the status of damage required Not required as this must be tested in a simulated environment. Required status of damage when sufficient lights and bird's eye cameras are not
installed.
Installation of bird's eye camera / lights Not ) ) . . . . Required in order to verify whether or not the cameras and lights can
) . (Inside the pedestal) required Not required as this must be tested in a simulated environment. Required be installed remotely at the designated locations inside the pedestal.
® Installation of ancillary
2 equipment inside the pedestal . Required in order to verify that the conditions enable deployment Required in order to verify that the rail can be deployed and extended
Deployment and extension of the ; i ) . ithout interferi ith di
e | Required and extension. Required without interfering with surrounding structures.
(Rail specific to Unit 2) (Rail specific to Unit 2)
@ Removal "?”" trgnsfer of Cutting/grabbing/moving pipes and Not required as this is being implemented as part of the FY2020 Not required as this is being implemented as part of the FY2020
interfering objects inside the Not N ; ) Not ) . N
pedestal support required Subsidy Project (Interference Removal Inside the Pedestal). required Subsidy Project (Interference Removal Inside the Pedestal).

TRID

*1) Unit test: Test conducted with a stand-alone equipment outside the simulated environment.
*2) Element test: Test conducted inside the simulated environment in which the surrounding environment is simulated.

Olnternational Research Institute for Nuclear Decommissioning




6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

@ Disassembly of CRD exchanger

M Element test items (2/3)

Test items for the unit tests and element tests are selected from the work steps that were studied.

(© Preparation for removal of

Details

Carrying-in and installation of cutting

Necessity

Unit test™

[RCER

Necessity

No0.227

: Scope of prior
verification by means of
basic tests

Element test™

Reason

lower CRD exchanger equipment RETTES IREIEE Required in order to verify that the equipment can be carried in and installed without
2 (rotating frame) Required in order to verify that the conditions enable carrying-in and installation. interfering with surrounding structures.
Carrylng-m and installation of fall Required Required
prevention tool
Required in order to verify that cutting is possible by means of the robot and cutting
Cutting of rotating frame Required Required in order to verify that the conditions enable cutting. Required tools.
Lifting up of the cut pieces of the lower Reguired Required in order to verify that the conditions enable lifting of cut pieces from Required Required in order to verify that the cut pieces can be lifted up without interfering with
Removal and transfer of lower part of CRD exchanger by means of the q the pedestal bottom. q surrounding structures (mainly P/F, intermediate work stand).
CRD exchanger (rotating equipment for transferring cut pieces.
frame)
Moving of the equipment for transferring o . . X . .
cut pieces outside the pedestal Required Required in order to verify that the conditions enable moving. Required ﬁﬁﬂfﬁiﬂ‘ﬂggrstt?uvéﬂzsmat (he cut pieces can be ransferred ithoutinterfering
. . Not required as this is being implemented as part of the FY2018 Subsidy Project Not required as this is being implemented as part of the FY2018 Subsidy Project
Transfer of cut pieces outside the pedestal th (Interference Removal Outside the Pedestal). th (Interference Removal Outside the Pedestal).
(up to the equipment hatch) required required
Carrying-in and installation of cutting . .
equipment Required Required Required in order to verify that the equipment can be carried in and installed without
Required in order to verify that the conditions enable carrying-in and installation. interfering with surrounding structures.
@0 ) Carrying-in and installation of fall Required Required
Preparation for removal of prevention tool
upper CRD exchanger
(lz/llj(:vTegc:Lttl';etﬁgulg:inehn;fo‘r]ftrtar:r;s(f:eéréng Required in order to verify that the equipment can be moved without interfering with
excﬁanger periphery Required Required in order to verify that the conditions enable moving. Required surrounding structures.
Cutting of the upper part of the CRD Not Not required as this will be verified in (0. (Not required as this will be verified for Not Not required as this will be verified in (0. (Not required as this will be verified for the
exchanger required the lower part of the CRD exchanger (rotating frame), which is thick.) required lower part of the CRD exchanger (rotating frame), which is thick.
Lifting up of the cut pieces of the upper
pan_of CRD exchange( by means of the Required Required in order to verify that the conditions enable lifting up. Required Reqmred‘ in ordevr to verify that the cut pieces can be lifted up without interfering with
®n equipment for transferring cut pieces. surrounding (mainly top) structures.
Upper CRD exchanger
removal and transfer . . . R . . 5 5 3
Movmg of the egwpment for transferring Not This is similar to the work carried outin @. As it will be verified in @, this test is _ R_eqwred in order to verify that the cut pieces can be transferred without interfering
cut pieces outside the pedestal . . Required with surrounding structures.
required not required.
. . Not required as this is being implemented as part of the FY2018 Subsidy Project Not required as this is being implemented as part of the FY2018 Subsidy Project
Transfer of cu_t pieces outside the pedestal th (Interference Removal Outside the Pedestal). th (Interference Removal Outside the Pedestal).
(up to the equipment hatch) required required

l Rl D *1) Unit test: Test conducted with a stand-alone equipment outside the simulated environment. *2) Element test: Test

~randiintad incidaoa tha cimiilatad amvzircanmant

in whicrh tha crirrntindina amviaranmant ic cirmiilatad
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

@ Disassembly of CRD exchanger

B Element test items (3/3)

Test items for the unit tests and element tests are selected from the work steps that were studied.

Details

Necessity

Unit test'

Reason

Necessity

No0.228

: Scope of prior
verification by means of
basic tests

L]

Element test™

Reason

land3

Installation of bird's eye camera/ lights Not . . . . . . Required in order to verify whether or not the cameras and lights can be installed
. . N X Not required as this must be tested in a simulated environment. Required . X L
Installation of ancillary (Inside the pedestal) required remotely at the designated locations inside the pedestal.
equipmentinside the
pedestal Deployment and extension of the carrying- Required Required in order to verify that the conditions enable deployment and extension. Required Required in order to verify that the rail can be deployed and extended without
in/out rail a (Rail specific to Units 1/3) a interfering with surrounding structures. (Rail specific to Units 1/3)
©. Remo.val an.d tra'js@r . . . . Not required as this is being implemented as part of the FY2020 Subsidy Not required as this is being implemented as part of the FY2020 Subsidy Project
of interfering objects inside Cutting/grabbing/moving pipes and support Not . f Not N
X Project (Interference Removal Inside the Pedestal). X (Interference Removal Inside the Pedestal).
the pedestal required required
@ Set up of deposit suction equipment Not Not required as the properties of the deposits and whether or not the deposits Not Not required as the properties of the deposits and whether or not the deposits can
Suction of deposits and P p quip required can be sucked and collected, have not been determined. required be sucked and collected, have not been determined.
removal of fallen objects
Sucking of deposits Not Not required as the properties of the deposits and whether or not the deposits Not Not required as the properties of the deposits and whether or not the deposits can
9 P required can be sucked and collected have not been determined. required be sucked and collected, have not been determined.
Preparation for removal of fallen objects, Not This is similar to the work carried outin ®’ @’ . As it will be verified in ®’ @', Not This is similar to the work carried outin ®’ @’ . As it will be verified in ®’ @', this
and their removal required this test is not required. required testis not required.
® Carrying-in and installation of cutting . .
Objects to be removed equipment Required Required
(Preparation for removal of Required in order to verify that the conditions enable carrying-in and installation. Required in order to verify that the conditions enable carrying-in and installation.
P/IF, etc. ing-i i i . .
) Carrymg in and installation of fall Required Required
prevention tool
Moving of the tool for transferring cut N N N . . .
pieces to the periphery of the objects to be Required Required in order to verify that the conditions enable moving. Required Reqmred_ln order to verify that the tool can be moved without interfering with
cut surrounding structures.
@ . Cutting of objects to be removed th Not required as this is similar to Unit 2 Step @ Nl?t Not required as this is similar to Unit 2 Step @0
Removal of objects to be required ! required :
removed (PF, etc.)
Lifting up of the cut pieces of the objects to
be cut by means of the equipment for . Required in order to verify that the conditions enable lifting of cut pieces from . Required in order to verify that the cut pieces can be lifted up without interfering with
A h Required Required . .
transferring cut pieces. the pedestal bottom. surrounding structures (fallen objects that have gotten entangled).
Moving of the equipment for transferring Not . s . Not . e .
cut pieces outside the pedestal required Not required as this is similar to Unit 2 Step @. required Not required as this is similar to Unit 2 Step ®10.
Transfer of cut pieces outside the pedestal Not Not required as this is being implemented as part of the FY2018 Subsidy Not Not required as this is being implemented as part of the FY2018 Subsidy Project
(up to the equipment hatch) required Project (Interference Removal Outside the Pedestal). required (Interference Removal Outside the Pedestal).

TRID

Unit tests and element tests that are determined to be required will be conducted.

*1) Unit test: Test conducted with a stand-alone equipment outside the simulated environment. *2) Element test: Test
conducted inside the simulated environment in which the surrounding environment is simulated.
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.229

@ Disassembly of CRD exchanger

M Basic test plan (1/3) Cut piece C | | Cut piece D

An overview of the basic tests is described below. \ j

@ Access for the equipment
for transferring the cut pieces |

® Pulling out the upper
portion of the CRD exchanger, lifting it up,
loading and transferring it

Cut piece B

Cut piece A

)

4 selected cut pieces

Reason for selection of the cut pieces

@ Installgtlon and extension A As the cut piece is highly likely to get stuck while it is being pulled out, due to the interfering objects above and
of the rail for carrying-in/out .
_ below it.
B As work of installing the tool on to the cut piece needs to be carried out in a confined space (intermediate work

stand) by means of a robot.

® Fall prevention measures
for the lower CRD exchanger
by means of a tool

C As this is the maximum height and the clearance up to the structures at the top while pulling out and lifting up
@ Pulling out the lower portion the cut piece is the least.
of the CRD exchanger, lifting it up,

loading and transferring it

D As this is the maximum width at the time of loading on the carrier and the clearance up to the CRD opening is
the least.

* 4 cut pieces (each weighing approx. 100kg) have been narrowed down from the CRD exchanger to be cut. The viability of a
series of operations including pulling out, lifting up, loading and transferring these cut pieces will be verified.
«  Cutting and making holes for installing the hoisting accessories will be verified during the element tests next year.

| =
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

@ Disassembly of CRD exchanger

M Basic test plan (2/3)
The items to be verified by means of basic tests are indicated below.

No. Test
classificati
on
1 Internal
investigation
2 Installation
of the rail
3 Fall
prevention

4 Lower CRD
exchanger
removal

Overview of tests

With the ancillary equipment inside the pedestal (camera, lights)
installed only in the periphery of the CRD opening, a robot will be
introduced inside the pedestal and will be moved to predetermined
locations on the P/F, the intermediate work stand and at th bottom of
the pedestal.

An equipment with the rail mounted on the carrier will be installed
inside the pedestal, the rail will be installed at a predetermined
location on the P/F using the equipment, and the rail will be
extended up to the vicinity of the side opposite to the CRD opening.

An equipment with the fall prevention tool loaded on the carrier will
be installed inside the pedestal, and the fall prevention tool will be
installed on the upper CRD exchanger (trolley frame) using the
equipment.

The fall prevention chain attached to the fall prevention tool will be
fastened to the lower CRD exchanger using a robot.

The retaining chain attached to the fall prevention tool will be
fastened to the lower CRD exchanger using a robot.

The cut pieces will be pulled out, lifted up, loaded and transferred
outside the pedestal using the equipment while extending the
retaining chain with a robot.

Items to be verified

It will be verified whether or not the status of damage around the robot
can be investigated using the camera, etc. installed on the robot hand.
It will be verified whether or not the robot can grab the CRD exchanger,
intermediate work stand with its hands and push it back and forth
(fixation status).

It will be verified whether or not the work from carrying-in the rail to
installing it can be performed without interfering with the structures
inside the pedestal.

It will be verified whether or not the equipment can travel on the
extended rail up to the periphery of the CRD exchanger to be cut.

It will be verified whether or not the work from carrying-in the fall
prevention tool to installing it can be performed without interfering with
the structures inside the pedestal.

It will be verified whether or not the robot is able to perform the
operation of fastening the fall prevention chain to the lower CRD
exchanger in a confined space such as the intermediate work stand.
It will be verified whether or not the fall prevention tool and the fall
prevention chain would hinder the subsequent work of removing the
CRD exchanger.

It will be verified whether or not the robot is able to perform the
operation of fastening the retaining chain to the lower CRD exchanger
in a confined space such as the intermediate work stand.

It will be verified whether or not a 100[kg] cut piece can be pulled out,
lifted up, loaded and transferred outside the pedestal without
interfering with the structures inside the pedestal.

Olnternational Research Institute for Nuclear Decommissioning

No0.230



6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No.231

@ Disassembly of CRD exchanger

MBasic test plan (3/3)
The items to be verified by means of basic tests are indicated below.

Test Overview of tests Items to be verified
classification

Removal of » The cut pieces will be pulled out, lifted up, loaded and It will be verified whether or not a 100[kg] cut piece can be
upper CRD transferred outside the pedestal using the equipment. pulled out, lifted up, loaded and transferred outside the pedestal
exchanger without interfering with the structures inside the pedestal.
6 Removal of » The rail and tools used for disassembling and removing + It will be verified whether or not the rail and tools can be
rails and tools the CRD exchanger will be removed using the equipment, removed following the procedures opposite to those followed for
loaded on to the carrier of the equipment and transferred installation.

outside the pedestal.
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.232

@ Disassembly of CRD exchanger

B Designing and test manufacturing of the disassembly and removal equipment (for basic tests)

The equipment and tools used for the basic tests are indicated below.

No.

1 CRD exchanger
removal robot

2 Equipment for
transferring cut
pieces

Approximate
dimensions
[mm]

L1,503 X W463
X H575

[Dimensions when the jib
is raised with a derrick]
L2,137.2 x W528.8

x H1,448

[Dimensions when the jib
is lowered]

L2,679.2 x W528.8

x H966.3

Approximate
(ESS

(ka]

Approx. 100

295

Outer appearance (schematic

drawing)

(10) Universal joint
(11) Flexion axis 2| (9) Flexion axis ]

(12) Lateral |
rotating shaft

(6) Lateral S
rotating shaft

25

" [ (®) Torsion
: axis

Outer appearance (picture) Overview

» Performs the work of transportation and
installation by holding cutting equipment,
tools, etc. in its arms.

* Moves inside the pedestal by remote
operation of the equipment and verifies
the status using built-in cameras.

+ Attaches and releases the hoisting
accessories with its arms.

(Note) This is a product developed as part

of the government R&D project from the

previous year. It is not a new product from
this year.

» Installed on the CRD rail, and travels
inside the pedestal by remote operation.

» Lifts objects that are approx. 100 [kg].

» Swivels to load on to the carrier.

* Moves outside the pedestal by remote
operation

» Loads tools on to the carrier.

» Upon attaching the hoisting accessory
to the tool, moves to the installation
location.
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.233
@ Disassembly of CRD exchanger

M Designing and test manufacturing of the disassembly and removal equipment (for basic tests)
The equipment and tools used for the basic tests are indicated below.

Approximate Approximate
. . Outer appearance (schematic
Name dimensions mass Outer appearance (picture) Overview
drawing)
[mm] (k]
480

Rail for carrying-

[Dimensions when

Acceptable maximum load 400[kg]

in/out retracted] Weight reducing spring mechanism when
W1,000 x B2,000 the rail is spread out
%X H1,500 With cable routing guide roller
[Dimensions when With guide for preventing the equipment
spread out] from overturning
W1,000 X B3,574 With stopper for preventing the main unit
X H1,643 from getting lifted
With carrying-in/out rail folding mechanism

4 Extension rail A W700 % B1,100 100 With guide for preventing the equipment
X H492 from overturning

© Extension rail B W700 x B1,050 100 With guide for preventing the equipment
X H462 from overturning

6 Extension rail C W605 x B835 B5) Corner part of extension rail
x H285

=
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No.234
@ Disassembly of CRD exchanger

M Designing and test manufacturing of the disassembly and removal equipment (for basic tests)
The equipment and tools used for the basic tests are indicated below.

Approximate Approximate
» : Outer appearance (schematic
Name dimensions mass Outer appearance (picture) Overview
[mm] kg] drawing)

Fall prevention W807 x B231 11.3 With rotating frame stopper and tool offset
and anti-rotation X H522 prevention mechanism
tool Prevention of overturning of trolley frame
Rotating frame fall prevention chain
8 Fall prevention W807 xB181.7 13.3 With rotating frame stopper and tool offset
partitioning tool x H639 prevention mechanism
Prevention of overturning of trolley frame
Rotating frame fall prevention chain, cut piece
retaining chain
9 Hoisting jig W135 x B201 3.3 Inserted into the @25 hole made by a separate
(Projection lock x H217 tool, and is held in place.
type A) Furnished with a suspension length adjustment
tool, and hook for the equipment for transferring
cut pieces
Target thickness: Maximum 40 [mm]
Removal by remote operation using a robot
Offset from the cutting line
I

NS
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.235
@ Disassembly of CRD exchanger

M Designing and test manufacturing of the disassembly and removal equipment (for basic tests)
The equipment and tools used for the basic tests are indicated below.

GRS G U Outer appearance (schematic
Name dimensions e mass PP . Outer appearance (picture) Overview
drawing)
[mm] [kg]
3.3

Hoisting jig

W166 x B100

Inserted into the @25 hole made by a

(Projection lock X H201 separate tool, and is held in place.
type B) Furnished with a suspension length
adjustment tool, and hook for the
equipment for transferring cut pieces
Target thickness: Maximum 40 [mm]
Removal by remote operation using a
robot
11 Hoisting jig W212 x B108 1.3 Inserted into the ®25 hole made by a
(Use and throw X H60 separate tool, and is held in place.
type (leaf For fall prevention, for hoisting the cut
spring)) pieces
Target thickness: Maximum 40 [mm]
12 Hoisting jig W212 x B108 1.3 Inserted into the ¢25 hole made by a
(Use and throw X H60 separate tool, and is held in place.
type For fall prevention, for hoisting the cut
(projection)) pieces
Target thickness: Maximum 40 [mm]
|

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.236
@ Disassembly of CRD exchanger

M Designing and test manufacturing of the disassembly and removal equipment (for basic tests)
The equipment and tools used for the basic tests are indicated below.

Approximate Approximat Outer appearance
Name dimensions e mass PP . Outer appearance (picture) Overview
[mm] [kg] (schematic drawing)
34 .

13  Suspension w87.2 Acceptable maximum load: 150[kg]
length %X B88 Lifting height: 2,500 [mm]
adjustment tool X H558.5 Breakdown of the weight:

(1) Chain pulley block 2.4[kg] x 1

(2) Mini hook 0.45[kg] x 2

(2) Shackle 0.04[kg] x 2

Usage:

(1) Carrying-in/out rail deploying portion

(2) Fall prevention of the lower part of CRD

exchanger
(3) Cut piece retainer

14 2 point W377.5 1.5
suspension tool xB51.4
X H251.5

Acceptable maximum load: 150[kg]

Breakdown of the weight:

(1) Jump ring 0.32[kg] x 1

(2) Mini hook 0.45[kg] x 2

(2) Double shackle 0.16[kg] x 2

Usage:

(1) Hoisting of cut pieces

(2) Cut piece retainer
(Mounted on equipment for transferring cut pieces
and the suspension length adjustment tool)

15 Mini W50 0.45
hook X B15
X H150

Acceptable maximum load: 150[kg] (Safety

factor: 4.6)

Usage:

(1) Carrying-in/out rail deploying portion

(2) Fall prevention of the lower part of CRD

exchanger

(3) Cut piece retainer
(Mounted on equipment for transferring cut pieces
and the suspension length adjustment tool)

e e e e p
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@ Disassembly of CRD exchanger

M Designing and test manufacturing of the simulated body

Pedestal inner
wall surface

Rotating
equipment
housing

Structures at
the top
%, ) 5 Equipment for
R, - Ere Ly transferring cut pieces
........ VoA, W o O ' Simulated CRD
N T exchanger

Intermediate |l
work stand

ey
PIF
Intermediate [~
work stand : - Pedestal
= 2 ; bottom

Rail for :
carrying-infout

Rotating
frame

Facility for mock-up test of the inside of the Unit 2 pedestal (lllustration of overall view) Simulated CRD exchanger (lower part)

Robot for exchanger / 5
o i D
- = lights

Basic test was conducted using the facility simulating the inside of Unit 2 pedestal and the simulated CRD exchanger.

E—
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@ Disassembly of CRD exchanger

M Installation location of the bird's eye cameras and lights (1/2) Camera for internal
180° investigation
|

Camera D
[Installation height: 1000mm above the P/F]

Simulated CRD

exchanger
Camera specifications
®32 CMOS+LED lights
Camera specifications
CANON VB-M44
90° - e 270°
AR |
Camera @ J | Camera @
[Installation height: 600mm above the P/F] . i [Installation height: 1200mm above the P/F]
PIF
Rail for ) P ;
Camera specifications carrying- : gzmgs SSECGZTO”S
®55 CMOS +40W LED lights injout 0° )

Camera installation location (Floor plan on the P/F)

Basic test was conducted by installing bird's eye cameras and lights on the P/F in the facility simulating the inside of Unit 2 pedestal.

E— S
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@ Disassembly of CRD exchanger

M Installation location of the bird's eye cameras and lights (2/2)
180° Camera ®

Camera @ | [Installation height: 1800mm above the
[Installation height: 1000mm above the pedestal bottom] ! pedestal bottom]

Camera specifications

Cameré sjoecifications :
Panasonic WV-56110

CANON VB-M44

‘‘‘‘‘‘

270°

Camera ®
[Installation height: 1500mm above the
pedestal bottom]

90°

Camera @
[Installation height: 1900mm above the
pedestal bottom

(Above the intermediate work stand)]

N\

Intermediate
work stand »

: Camera specifications
0° Panasonic WV-S6110

Camera specificatins
Panasonic WV-S6110

Camera installation location (Floor plan from the intermediate work stand to the pedestal bottom)

Basic test was conducted by installing bird's eye cameras and lights on the intermediate work stand and pedestal bottom in the facility simulating the inside
of Unit 2 pedestal.

. e
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@ Disassembly of CRD exchanger @: Front camera
@: Right hand camera
M Installation location of the equipment cameras (1/2) %;;g?;:‘;:cgﬁggggﬁ& For vehicular installation]

Robot for CRD exchanger removal (in the vicinity of the CRD rail) ©) 4 - » R ; N

3

Z N Y Y
Camera image (Monochrome setting during the test)

Basic test was conducted by installing cameras on the CRD exchanger removal robot.

|
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@ Disassembly of CRD exchanger

@: Front camera

2: Camera at the tip of the jib

®: Rear camera

[Camera specifications: For vehicular installation]

Camera image (Monochrome setting during the test)

Basic test was conducted by installing cameras on the equipment for transferring cut pieces.

|
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@ Disassembly of CRD exchanger

M Basic test results (1/10) [Internal investigation [1/2]]

Robot for
exchanger
removal

4L

Intermediate work stand

X - T

Robot for exchanger N Movement®
removal

A robot was introduced with the ancillary equipment (bird's eye cameras and lights) inside the pedestal installed only in the periphery of the CRD opening.

*1) The robot used in the basic test was developed during the government R&D project last year. It can catch hold of a beam, etc. and walk but there are issues in its movement
on level ground.
During the basic test the robot was moved manually. In this government R&D project, a robot with enhanced moving performance is planned to be developed,

E—
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@ Disassembly of CRD exchanger

M Basic test results (2/10) [Internal investigation [2/2]]

Confirming the status of damage of the intermediate work stand Confirming the status of damage at the pedestal bottom

The test results showed that it could be verified the status of damage of the P/F and the intermediate work stand, as well as the status of damage of the CRD exchanger.
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@ Disassembly of CRD exchanger

M Basic test results (3/10) [Installation of the rail]

'
Equipment for transferring cut pieces g

—

-~ "

sirsietta
P Robot for exchanger
P Sty removal
Neg. et L
7 _.\,'/.( )
AN \ et y

—~—

Carrying-in and lifting

- -~ ~
Delivery of the winch and entry
of the equipment for
transferring cut

pieces inside the pedestal by
remote operation

| Installation of the
extension rail of the carrier
on to the P/F, with
positioning assisted by a
! robot

Installation

The test results showed that it would be possible to enable the equipment to access cut pieces located farthest from the CRD opening, by installing the rail on the
P/F and extending it.

[
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@ Disassembly of CRD exchanger
M Basic test results (4/10) [Fall prevention [1/2]]

L , 88 Equipment for transferring cut pieces
: : 5\#
SRS Fall prevention t‘@
tool B &
Fall preventlon ;
tool A ﬂ TOR

-

Fall prevention tool A installation

@ Fixing by operating the flxmg lever by
means of the robot for exchanger removal

N

’.'h
Fixing lever

Fall prevention tool B installation

It was verified that the fall prevention jig can be installed on the trolley to fix it by a robot operating a jig.
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@ Disassembly of CRD exchanger

o Ry

|/Hoisting accessory Hoisting accessory
! @ Installing the hoisting accessories

(For fall prevention) (For holding in place)

[A-A cross-section] on the rotating frame by means of the
& T —— robot for exchanger removal lllustration when installing hoisting accessories

The test results showed that it would be possible to fasten the upper CRD exchanger (trolley frame) and the lower CRD exchanger (rotating frame) by
connecting the hoisting accessory with the chain pulley block hanging from the fall prevention tool to the rotating frame by using a robot.

|
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@ Disassembly of CRD exchanger

M Basic test results (6/10) [Lower CRD exchanger removal [1/2]]

i

Equipment for transferring
cut pieces

¥ \ S

@ Removing the
retaining tool by means
of the robot for
exchanger removal

- K | >

means of the slewing movement
of the jib of the equipment for
transferring cut pieces.

Robot for exchanger removal While pulling out the cut piece

The cut piece can be prevented from colliding with the structures in the periphery while it is being pulled out by means of the retaining jig.

E—
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@ Disassembly of CRD exchanger

M Basic test results (7/10) [Lower CRD exchanger removal [2/2]]

Lifting

Loading Transfer

Robot for exchanger removal

The test results showed that it would be possible to pull out, lift up, load and transfer the lower CRD exchanger (rotating frame) cut piece.

|
l RI D Olnternational Research Institute for Nuclear Decommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.249
@ Disassembly of CRD exchanger
M Basic test results (8/10) [Upper CRD exchanger removal [1/2]]

@ Transfer [

Equipment for transferring cut pieces

A

Robot for
exchanger removal

Cut piece of the upper CRD
exchanger

Transfer

The test results showed that it would be possible to pull out, lift up, load and transfer cut pieces located in areas with extremely tight clearance up to the upper
interfering objects (CRD support).

|
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@ Disassembly of CRD exchanger
M Basic test results (9/10) [Upper CRD exchanger removal [2/2]]

) 2.7 4 Equipment for transferring cut pieces

»

e . Y
. 2 1
]

K i
B,

@ Pulling out, lifting up, loading ==
’ : 4 ':_ _
@ Transfer @rl‘:‘\ i ~’\

eg‘\\~ : T;_.__:»A_' ,_-'f'-';—»*' "‘_—_...-ff: “;A;' 5 i : Llftln(]
R o, O I"‘ I, Cut piece o the upper CRD exchanger

‘ Robot for exchanger | N N
removal

-3

i

Transfer

The test results showed that it would be possible to pull out, lift up, load and transfer cut pieces located farthest from the CRD
opening.
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@ Disassembly of CRD exchanger

M Basic test results (10/10) [Summary of basic test results]
Results of the basic tests are summarized below.

Test Test results
classificatio
n
1 Internal » It was projected that it will be possible to verify the status of damage of the P/F and the intermediate work stand, as well as the status of damage of the
investigation CRD exchanger, with the help of the images captured by the camera and the push operation of the robot.
2 Installation of < It was verified that the work from carrying-in the rail to installing it can be performed without interfering with the structures inside the pedestal.
the rail » It was verified that the equipment can travel on the extended rail up to the periphery of the CRD exchanger to be cut.
3 Fall » It was verified that the work from carrying-in the fall prevention tool to installing it can be performed without interfering with the structures inside the
prevention pedestal.
» It was verified that the fall prevention chain can be fastened to the lower CRD exchanger by means of a robot in a confined space such as the intermediate
work stand.
4 Lower CRD + It was verified that the retaining chain can be fastened to the lower CRD exchanger by means of a robot in a confined space such as the intermediate work
exchanger stand.
removal + It was verified that cutting tool can be positioned without interfering with the structures inside the pedestal.

» It was verified that a 100[kg] cut piece can be pulled out, lifted up, loaded and transferred outside the pedestal without interfering with the structures inside
the pedestal.

5 Removal of » It was verified that cutting tool can be positioned without interfering with the structures inside the pedestal.
upper CRD » It was verified that a 100[kg] cut piece can be pulled out, lifted up, loaded and transferred outside the pedestal without interfering with the structures inside
exchanger the pedestal.

6 Removal of + It was verified that the rail and tools can be removed following the procedures opposite to those followed for installation.
rail and tools

The basic test was conducted in a simulated Unit 2 environment. The test results showed that it will be possible to carry-in the equipment
through the CRD opening, and lift up, load and transfer the cut pieces.
Studies on the method for disassembly and removal for Units 1 and 3 will be continued based on the results of the basic tests.

|
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@ Disassembly of CRD exchanger

mmm : Planned

B Development process =3 Planned (after revision)*
I : Actual

FY2021 FY2022

4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3

Study items

Interim Interim Interim Final
Major milestones Report Report Report report
v v v v

1. Conceptual study L Y N

2. Element test planning ]
3. Test preparation / e —

Test manufacturing

of test equipment Basic tests related to fall prevention and transfer of cut pieces

cC— —— 1
4. Element tests [ ]
—————1
5. Summary
Remarks

l I D ) ) Olnternational Research Institute for Nuclear Decommissioning
R * The plan was revised to reflect the progress status of the studies and the results of element tests.



6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.253

@ Disassembly of CRD exchanger: Summary

» The preconditions pertaining to disassembling the CRD exchanger were compiled.

» Technologies that must be developed in common for Units 1 to 3 were identified upon studying
the method of disassembly and removal of CRD exchangers in Units 1/3 and the work steps
involved.

» Basic tests were conducted to verify the viability of carrying-in the equipment through the CRD
opening and lifting up — loading — transferring the disassembled pieces, under a test
environment simulating Unit 2, and prospects of actual equipment applicability were seen.

> In the future, work steps specific to each unit will be studied in detail, the equipment for
disassembly and removal will be designed and test manufactured, an element test plan will be
drafted, and the feasibility of the method of disassembly and removal of CRD exchanger will be
verifid through element tests.

S
l R' D Olnternational Research Institute for Nuclear Decommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No.254

Solicitation items are listed.

@ Interference removal from pump pit

A submersible pump needs to be installed in the pump pit inside the PCV as one of the methods for
circulating water inside the PCV while increasing the scale of retrieval of fuel debris and reactor
internal structures. Element tests have been conducted based on development carried out in the past
and it has been projected that the pump can be suspended, lowered and installed (fixed) inside the
pit, however, interfering objects such as existing pump, etc. present inside the pit need to be
removed.

For removing interfering objects from inside the pump pit, removal equipment, etc. will need to be
installed in the limited space inside PCV, and the interfering objects such as existing pump, etc.
present inside the pump pit will need to be removed remotely from the basement floor. The gap
between the inner surface of the pit and the pump is small, and it is not easy to access with tools, etc.
Hence, the method of confirming the status of the target objects by means of images captured by the
camera, and then cutting, etc. and transferring will be studied in detail, and its feasibility will be
verified by element tests.

3
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® Interference removal from pump pit

[Status of studies conducted up to FY2020]

® Prospects of feasibility of accessing the pump pit and of the method of installing the submersible pump were seen based on
the element tests.
(Implemented as part of the “Development of technology for the establishment of water circulation systems inside PCV”)

L type gantry crane
/ - .

- N

Robot
arm D/W water
Stand for intake piping

installing piping

Submersible pump suspension test

= The above-mentioned study was conducted on the pre-condition that interfering objects present inside the pump pit have
already been removed. The method for removing interfering objects from inside the pump pit, which is a pre-condition, will be
specified and feasibility will be verified by element tests.

| .
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® Interference removal from pump pit

Coolin
[Issues] equipm(-?nt
* The plan is to install a submersible pump inside the pump pit 1\
located at the lowest location inside PCV in order to control
contaminated water at a still lower location by means of the water Insojuble Soluble nuclide
circulation system, however, there are interfering objects such as removal removal system
existing pump, etc. inside the pump pit, which makes it difficult to Syeem (Newlexisting)

install the submersible pump. Hence technology needs to be
developed for removing interfering objects from inside the pump
pit. Installation of

submersible
[Implementation details] pump in the _ _
«  Actual equipment information, results of the analyses and pump pit lllustration after making the
D/W water intake lines

investigations carried out so far on the status of interfering objects in
the periphery of the pump pit for each unit are consolidated, and the
preconditions at the time of interference removal are studied.

* The method of remotely removing interfering objects such as existing
pump, etc. present inside the pump pit from the basement floor is Existing
studied. pump

*  The remote controlled equipment, cutting equipment required for
implementing the removal method considered, are studied.

* Element tests are planned and implemented to verify the feasibility of
the considered technology for removing interfering objects from inside
the pump pit.

Pump pit

[Expected outcome]
* Presentation of the method of removing interfering objects such as existing
pump, etc. from inside the pump pit

Cross section of pump pit (Unit 1)

|
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® Interference removal from pump pit

[FY2021 Implementation Details]
B Compilation of information on the actual site
a. Compilation of the locations of the pump pit
> The locations of the pump pits installed in Units 1 to 3 were identified.
b. Consolidation of the status of fuel debris investigation
> The status of fuel debris on the basement floor of the PCV in Units 1 to 3 was consolidated.
B Compilation of preconditions
a. Consolidation of the status in the pump pits and above them, and scope of removal of the existing pumps
> The status of inflow of fuel debris in the pump pit and above it was consolidated, and the scope of removal of existing pumps
depending on that status was studied.
b. Consolidation of the specifications for the equipment and floor sump pumps, and the pump pits
> Specifications of the existing equipment and floor sump pumps, as well as the pump pits was consolidated.
c. Selection of target pump pit location
> The pump pit from which interfering objects will be removed and in which a new pump will be installed was selected.
d. Summary of preconditions
> The preconditions pertaining to the studies conducted during this subsidy project were consolidated.
B Study of work steps
a. Overview of work steps
> An overview of the work steps involved in removing interfering objects from inside the pump pit was studied.
b. lllustrations of the work
> |llustrations of the work mentioned in a. above were studied.
B Selection of element test items
a. Selection of test items for the unit tests and element tests
> The test items for the unit tests and element tests to be conducted during this subsidy project were selected.
B Study of equipment used
a. Study of hoisting equipment
> The hoisting equipment used for lifting up the existing pump from the pump pit was studied.

|
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® Interference removal from pump pit

B Compilation of information on the actual site a. Compilation of the locations of the pump pits
> Locations of the pump pits inside the PCV in Unit 1 and in Units 2, 3 are indicated below.
As the locations in Units 2 and 3 are the same, they are listed together, (Same applies in the following pages

as well.)
90°

Jet deflector

Inside the
I pedestal

) dJ
:]Personnel |

Oo ‘l air'l?ck #

Connecting
pipes

Inside the

Pump pit

Pump pits inside
PCV

pedestal 270°

|
X-6 penetration

Layout drawing of PCV basement first floor in Unit 1

Locations of the pump pits inside PCV in Unit 1
PCV basement first floor

the PCV basement first floor

: At the outer wall surface of the pedestal in the vicinity of 45° on the

: At the outer wall surface of the pedestal in the vicinity of 225° on

TRID

No0.258

°© Jet deflector
Inside the Work floor 90 T
v t 1 PLR pump
I .
pedes':a ) ‘ A system Equipment hatch
X-6 penetration 1 :

Work floor : = ‘,»
P MG L _f160°
Personnel ~ = T , 3 \ 2 —é——
air lock J L TR, < ¥ ‘?‘1:'
0° If 7}1— ‘ 2 ————= 180°
T |
= Pump pits inside
PCV
" P~
= 202.5°
< “._Work floor
b PLR pump -L
i B system
Inside the Equipment hatch- ‘ Connectin
pedestal 270° pipes ¢ *: Drawn based on the
Pump pit drawings of Unit 4

Layout drawing of PCV basement first floor in Units 2, 3*

Locations of the pump pits inside PCV in Unit 2, 3

: At the outer wall surface of the pedestal in the vicinity of 160° on the PCV basement first floor
: At the outer wall surface of the pedestal in the vicinity of 180° on the PCV basement first floor
At the outer wall surface of the pedestal in the vicinity of 202.5° on the PCV basement first floor
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® Interference removal from pump pit

B Compilation of information on the actual site b. Consolidation of the status of fuel debris investigation
> The status of fuel debris on the basement floor of the PCV in Units 1 to 3 is given below.
It is assumed that there are deposits on the fuel debris in all of Units 1 to 3. It has not been determined whether or not the deposits
outside the pedestal should be handled as fuel debris, but in this subsidy project the deposits have been handled as fuel debris similar
to the approach adopted for deposits inside the pedestal.

] Unit1

P itinside PCV
ump p(|4|5r15|) € 4 Pump pit inside pedestal I

Unit 3

Connecting

pipes Connecting

Illustration
showing the 3
expanse of '

fuel debris on
the PCV
basement

floor ‘, > 4 >
- y ) - 7
= —1 . ' P I Pump pit inside pedestal l) . 4 ’'s
Connecting pipes . " / I Pump pit inside pedestal I’ 4
e 2y —
/ Pump pitinside PCV (225° ) I ? — Pump pits inside rr I Pump pits inside PCV I
— = Ko —

N

PCV

Spread of fuel debris :

Spread of fuel debris : Approx.

Spread of fuel debris :
110°(estimated) Unknown P Unknown
-It is assumed that the fuel debris has spread
_ Status of - The fuel debris is likely to have spread up to outside the pedestal through the pedestal
investigation -Unknown.

the D/W floor through the pedestal opening. opening, but has not led to a shell attack (has

and es}ilmation not reached the containment vessel).

* 1: Cited from “Subsidy Project of Decommissioning and Contaminated Water Management in the
FY2017 Supplementary Budget” - Upgrading of the Comprehensive Identification of Conditions
inside Reactor.

The fuel debris in the pump pits inside the PCV in Units 1 to 3 other than the pump pits (160° ) inside PCV in Units 2, 3, is likely to have passed
through the connecting pipes from the pump pits inside the pedestal and entered into the pump pits inside the PCV.

Fuel debris is likely to have deposited above the pump pit (225° ) inside PCV in Unit 1.
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® Interference removal from pump pit

B Compilation of preconditions a. Consolidation of the status in the pump pits and above them, and scope of removal of the existing pumps
The condition of the pump pits assuming inflow of fuel debris in the pump pits and above them, and the scope of removal of existing pumps depending on that was

No0.260

studied.
The results of the study are given below.
Case no. Case 1" Case 2 Case 3" Case 4
Unit Units 1 - 3 Units 1 - 3 Unit 2, 3 Unit 2, 3
assumed W
Existin { D/W water =
Somp. |_DW water level [ 0y \uater level . Scope of level I
D/W water level | emo Fuel debris remo : For Case 1/Case 3
- val
: : FTTTTITTI T T I IE I I T T I TTTTIT I A [Proposal for
consideration]
@ Installation of
intake pump outside
the pump pit (at the
base of D/W)
lllustration
!
@ Establishment of
water circulation
A X system
Cutting | )
location @ Fuel debris
| Pump pit | | Fuel debris | Pump pit | Fuel debris Pump pit Pump pit retrieval N
Status of Fuel debris present above the pump Fuel debris present in some part Fuel debris present above the pump Fuel debris absent above the pump Removal of existing
fuel debris pits / inside the pump pits inside the pump pits pits pits / inside the pump pits pump
Scopeof ( X e e
rem_ov_al of _ Removal of existing pump in parts _ Removal of entire existing pump
existing (removal in its entirety)
pump

TRID

In the method considered at present, it is assumed that fuel debris will be retrieved (processed) after the water circulation system is
established.
Hence, Case 2 and Case 4, in which securing space to install a new pump inside the pump pit without retrieving fuel debris seems possible,
were studied.
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® Interference removal from pump pit

No0.261

B Compilation of preconditions b. Consolidation of the specifications for the equipment and floor sump pumps and the

pump pits

> The specifications for the equipment and floor sump pumps, as well as the pump pits in Units 1 - 3 were consolidated.

The results of consolidation are given below.

Pump specifications
(Manufactured: Kansui

Unit 1

Equipment sump pump /
Floor sump pump
Same model

H: 2,112[mm]

H ®: 305[mm]
Mass: 293 [kg]
Number of pumps:
Equipment sump pumps: 2
Floor sump pumps: 2
(2 pumps installed in a pit)

Pump pit specifications
(Outside the pedestal)

Unit 2

Equipment sump pump /
Floor sump pump
Same model

H: 2,247[mm]

@: 305[mm]

Mass: Unknown

Number of pumps:
Equipment sump pumps: 2
Floor sump pumps: 2

Oil sump: 2

(2 pumps installed in a pit)

Unit 3

Equipment sump pump /
Floor sump pump
Same model

H: 2,235[mm]

®: 305[mm]

Mass: Unknown

Number of pumps:
Equipment sump pumps: 2
Floor sump pumps: 2

Oil sump: 2

(2 pumps installed in a pit)

*. As the mass of the sump pumps in

W: 1,400[mm] W L Zei0f i W 1,250[mm] Units 2, 3 was unknown, it was

D: 700[mm] Bj ZOZO?Egm] Lt 700 | calculated by means of ratio

H: 1,230[mm] + 1,230[mm] H: 1,230[mm] calculation using the specifications of
O el 0 the Unit 1 pump and the Unit 2 pump

45°  Floor pump pit 160° Oil pit 160" Oil pit which has the most H.

180° Floor pump pit
202.5° Equipment pump pit
Same dimensions

180° Floor pump pit
202.5° Equipment pump pit
Same dimensions

225° Equipment pump pit
Same dimensions

Assumed as 2,112:293=2,247:xX
=312kg=320kg (rounded up to the
nearest whole number).

It was decided that during this subsidy project, studies would be conducted using the following values for the height and mass of the
equipment and floor sump pumps, and the specifications of the pump pit.
Height of the equipment and floor sump pumps: 2,247 [mm] (Unit 2) = As it is the highest.

Mass: 320[kg] (Unit 2 assumed*) = As it is the heaviest. Diameter: ®305[mm] (Same for all units).

[Reference: Unit 4 sump pump
specifications]

H: 2,187[mm]

Mass: 3,05[kg]

Specifications of the pump pit: 1,250(W) X 700(D) X 1,230(H)[mm] (Units 2, 3) = As it is the most confined.

Olnternational Research Institute for Nuclear Decommissioning
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® Interference removal from pump pit

B Compilation of preconditions c. Selection of target pump pit location (1/5)

N0.262

> In order to select the target pump pit, the interfering objects on the grating near the top of the pump pit inside PCV on the first floor of the PCV,

and the interfering objects on the route used for lifting up the pump were consolidated for the pump pits (45° , 225° ) inside the PCV in Unit 1

and the pump pit (202.5° ) inside the PCV in Units 2, 3, and a comparative study of the level of difficulty of the work was conducted.
Note that the interfering objects on the access route from the equipment hatch up to the top of the pump pit on PCV first floor were assumed to

have been already removed.

In the case of the pump pits (160° ,180° ) inside PCV in Units 2 ,3, as the work area is small the PLR piping within close proximity is likely to

get damaged.

Following is a layout drawing of the pump pits (160° ,180° ) inside PCV in Unit 2, 3.
As it is difficult to perform the work without damaging the surrounding PLR piping,
it was decided to study pump pit (202.5° )inside PCV for Units 2, 3.

¥

Pump pits inside -
PCV

zﬁ%’, 1 PLR pipes (System

v FeE

MS pipes (10B)

Floor plan of first floor in Unit 2 (180°: D-D)

PLR piping

suonrt

=

L

D-D View
* Drawn based on the drawings of Unit 4.

PLR pipes
(System B)

Grating

Pump pits inside
PCV
(160° ,180° )
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® Interference removal from pump pit

B Compilation of preconditions c. Selection of target pump pit location (2/5)

> The interfering objects on the grating near the top of the pump pit inside PCV on the first floor of the PCV, and the

interfering objects on the route used for lifting up the pump for the pump pit (45° ) inside the PCV in Unit 1 are given

below.
I
i

‘7 ' l/ “\“
! i \/ SUTLE-LR
\ /

90

“ it

IL-F IR

f
[ HVH- D (Planned

\A~ \:z(mﬁ .::’ il -

o3
!
4 ]
e :
1RED 6 2HEE ;
-4 ]
TED CHTRA :
& (LP-124) J2
——————— (3 W S Luvaiap (4
I Installation of pump pit (45° ) inside \‘:‘\“""‘"!‘t—\é
1 PCV on the basement floor i X @)
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Layout drawing of Unit 1 PCV first floor

Installation location 45°

Interfering objects on PCV first floor *HVH- D (Planned to be removed)

-Concrete brackets
Interfering objects on the lifting route
removed)

TRID

-Pipes and supports (Planned to be

Although it is not shown in this
figure, it is assumed that there
are several pipes and supports
between the pump pit inside
PCV on the PCYV first floor and
on the PCV basement floor.
(Planned to be removed.)

m———————

Pipes and supports
(Planned to be

e

removed.) o
:

.

PCYV first floor grating

Concrete
Brackets

I
I
I
I
(
I
I
I
I

Pump pit inside PCV
5% )

Layout drawing of Unit 1 PCV basement floor

As there are concr

difficult to lift up directly above.

ete brackets right on top of the interfering object, it is

Olnternational Research Institute for Nuclear Decommissioning

N0.263



6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.264

® Interference removal from pump pit

B Compilation of preconditions c. Selection of target pump pit location (3/5)
> The interfering objects on the grating near the top of the pump pit inside PCV on the first floor of the PCV, and the interfering
objects on the route used for lifting up the pump for the pump pit (225° ) inside the PCV in Unit 1 are given below.

o ——————— - T e e s s e s e T T Y /O . (A N
: Installation of pump pit (225° ) inside -
I PCV on the basement flgor > MS pipe rack L ) ) [ e e
__________ ki YR PCYV first floor grating 1 Although it is not shown in this figure, |
2 \7 @ P I itis assumed that there are several 1
AN : *  Concrete ‘| pipes and supports between the pump |
i R Brackets | Pitinside PCV on the PCV first floor :
T N f Ssssmmssssssanns | and on the PCV basement floor. I
\ 1 (Planned to be removed.) 1
Shield P ME (VRS
(Planned i
to be
removed) i ETTTIr PP .
Y A
ki 0)
= \ HVH12A
" | ' HVH-A (Planned
| to be removed)
\ Pump pit inside PCV
270° ____,L (225° ) :
Layout drawing of Unit 1
Installation location 225° ..

+MS pipe rack

Pipes and supports (Planned to :
*HVH-A (Planned to be removed) i

Interfering objects on PCV first be removed)

[ - Shield (Planned to be removed)

.Concrete brackets Layout drawing of Unit 1 PCV basement floor
Interfering objects on the lifting -Pipes and supports (Planned to be
route removed)

-Shield (Planned to be removed) A_s 'there are conc'rete brackets right on top of the interfering object, it is
difficult to lift up directly above.

[ EEEEEEES
l Rl D Olnternational Research Institute for Nuclear Decommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.265

® Interference removal from pump pit

B Compilation of preconditions c. Selection of target pump pit location (4/5)
> The interfering objects on the grating near the top of the pump pit inside PCV on the first floor of the PCV, and the
interfering objects on the route used for lifting up the pump for the pump pit (202.5° ) inside the PCV in Units 2, 3 are

given below.
]l NN

.‘,—‘ , PCV first floor grating o ————— S
_____________________ | va, & A = - j Although itis not shown in this I
i : - - = Sy == : C ) L4 TR | figure, itis assumed that there are
! _Ins_tallat|on of pump pit (202.5° ) L z,-—V; I \\ 1 several pipes and supports 1
1 inside PCV on the basement floor | ° . = N between the pump pit inside PCV 1
i ==l — %5 - Pump I' on the PCV first floor and on the |
% 2 S oo B : PCV basement floor. :
; 7 I (Planned to be removed.) I

9 MS pi : y

pipes
e e —
HVH4-1¢

10B-M2

Pump pit inside PCV
HVH-A (Planned (202.5° )

to be removed)

Layout drawing of Units 2, 3 PCV first floor \

. P ' | asssEssmEsaEas Yesssmmsmmanns a
Units 2’ 3 E Pipes and supports E

Installation location 202.5° (Planned to be removed) :
Interfering objects on PCV first - MS pipes

floor -HVH-A (Planned to be removed)

Interfering objects on the lifting -Pipes and supports (Planned to be Layout drawing of Units

route removed) 2, 3 PCV basement floor
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

®@ Interference removal from pump pit
B Compilation of preconditions c. Selection of target pump pit location (5/5)

N0.266

> The interfering objects on the grating near the top of the pump pit inside PCV on the first floor of the PCV, and the interfering

objects on the route used for lifting up the pump for the pump pits (45° , 225° ) inside the PCV in Unit 1 and the pump pit (202.5° )

inside the PCV in Units 2, 3, which were studied in the previous section, were consolidated and the level of difficulty of the work was

evaluated.

The results of evaluation are given below.

Installation location

Interfering objects

PCYV first

floor Evaluation
Difficulty level"
Interfering objects

On the lifting

route .
Evaluation
Difficulty level”

Comprehen

sive Difficulty level”

evaluation

45°

* HVH- D (Planned to be removed)

- It was determined that space that would
enable installation of the hoisting equipment
on the first floor of PCV can be secured.

Low

- Concrete brackets
- Pipes and supports (Planned to be removed)

= There are concrete brackets on the lifting
route due to which the pump cannot be lifted
directly up and removed. Hence the lifting
method needs to be studied.

High

Medium

225°

= MS pipe rack
* HVH-A (Planned to be removed)
+ Shield (Planned to be removed)

= It would be difficult to secure space that
would enable installation of the hoisting
equipment because of the MS pipe rack on
the first floor of PCV. Hence the location for
installing the hoisting equipment needs to be
studied.

High

- Concrete brackets

- Pipes and supports (Planned to be
removed)

= Shield (Planned to be removed)

= There are concrete brackets on the lifting
route due to which the pump cannot be lifted
directly up and removed. Hence the lifting
method needs to be studied.

High

High

202.5°

- MS pipes
» HVH-A (Planned to be removed)

= It would be difficult to secure space that
would enable installation of the hoisting
equipment because of the MS pipes on the
first floor of PCV. Hence the location for
installing the hoisting equipment needs to be
studied.

High

- Pipes and supports (Planned to be
removed)

- There are no interfering objects on the
lifting route and hence it was determined
that the pump can be lifted directly up.

Low

Medium

[Legend]
Difficult S Easy
*2 Difficulty level
(High— Medium— Low)

It was decided that the pump pits (202.5° )inside PCV in Units 2, 3 would be studied based on the study of applicability to
pump pit (225° )inside PCV in Unit 1, for which the level of difficulty was rated “High” in the comprehensive evaluation.

1RID
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.267

® Interference removal from pump pit

B Compilation of preconditions d. Summary of preconditions
> The preconditions pertaining to the studies conducted during this subsidy project were consolidated. The
results of consolidation are given below.

Status of fuel debris present above the pump - Units 1 to 3 (Case 2: Removal in parts) As locations where fuel debris will not be .
. . . ) . 2 patterns will be
1 pits and inside them - Units 2 and 3 (Case 4: Complete removal retrieved are selected .
i . studied
(Scope of removal of existing pump) [unitized removal])
As it was determined that objects that are the
Height Unit 2 (2,247[mm]) tallest (longest) will be difficult to remove
2 Pump specifications As it was determined that objects that are the
Mass Unit 2 assumed (320[kg]) heaviest will be difficult to remove
Diameter All units (®305[mm]) As the dimensions are the same for all units
. As it was determined that work will be difficult
3 Pump pit specifications e in the most confined space
PLAEEE (1,250(W) X 700(D) X 1,230(H)[mm]) P
= Pump pit (225°) inside PCV in Unit 1 . : . .
4 Pump pit location = Pump pit (202.5°) inside PCV in Units 2 T't;ft.a OTeS n wh||ch PERTETHAIY Bor.S eel 2 2 pa'tterns ill 22
and 3 difficult were selected. studied

<Selection of No. 4 pump pit location>

+ The pump pit (225° ) inside PCV in Unit 1 is likely to be buried under fuel debris. However, the status of fuel debris is just an estimation. Hence,
the approach that by verifying the viability of work that has a higher level of difficulty, the viability of work with a lower level of difficult stands
verified, was adopted for selecting the location to be tested this time.

*  While selecting the target pump pit, the kerf (level difference), etc. is believed to be a condition that must be considered, but as detailed
information on the kerf, etc. has not been obtained, the level of difficulty was considered as the guideline for selecting the target pump pit.

LSS
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.268

® Interference removal from pump pit

B Study of work steps a. Overview of work steps
> An overview of the work steps involved in removing interfering objects from inside the pump pit was studied. The work steps
studied are given below.
[Preconditions]

* The interfering objects on the access route from the equipment hatch up to the top of the pump pit on PCV first floor
are assumed to have been removed.

* The equipment used for the work is assumed to have been moved to the top of the pump pit on PCV first floor.

1
. . . . y *: Case?2
<Overview of work steps> Same for Unit 1, Unit 2, Unit 3 ! Fuel debris is present in some
1

part inside the pump pits

Installation of ancillary
@ | equipment for cuttingan @
opening in the grating

Removal of interfering
objects under the @
grating

Removal of interfering
objects present above ®
the pump pit

Removal of interfering
objects present
around the pump pit

Removal of grating ®

Investigation of
deposits/fuel debris
around the pump pit

Measures for
ensuring visibility
inside the pump pit

Building of dikes
around the pump pit

Cutting an opening in
the pump pit cover

v
Q
\ 4
®

\4
©

Investigation of Cutting of the pum Cutting of the bolts
@ | deposits/fuel debris in g [0) 9 *p P » (| used for installing the »| @ | Lifting up the pump
. (Only Case 2*)
the pump pit pump
Cutting/removal of the . . .
@ | bolts used for installing | @® Installation of /W — (| Dike removal » @ Transfer of interfering
. water intake pump objects
the pump pit cover
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

® Interference removal from pump pit

M Study of work steps b. lllustrations of the work (1/3)
lllustrations of the removal of existing pump from pump pit (225° ) inside PCV in Unit 1 are shown below.

N0.269

Installation of ancillary equipment for cutting an

pit

pump pit

@ opening in the grating @ Removal of grating ©) Removal of interfering objects under the grating
| Cutting equipment Portable hoisting equipment Cutting/removal
\ of grating
/} - CA
Floor plan
o ~
Above the PCYV first floor grating
@ Removal of interfering objects present above the pump ® Removal of interfering objects present around the ® Investigation of deposits/fuel debris around the pump

pit

Cutting/removal
of pipes, etc.

Camera for
investigation

Deposits/fuel
debris

Status around the pump
pit is unknown
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

® Interference removal from pump pit

M Study of work steps b. lllustrations of the work (2/3)
lllustrations of the removal of existing pump from pump pit (225° ) inside PCV in Unit 1 are shown below; Fuel debris is present in some

No0.270

*. Case 2

| part inside the pump pits

Confirming
the status
inside the
pump pit

Cutting
position

Fuel debris

@ Building of dikes around the pump pit Measures for ensuring visibility inside the pump pit ©) Cutting an opening in the pump pit cover
Filtered water supply hose Cutting
equipment
Sludge pump (inside
the dike)
J Pump pit cover
¥ l'
] |
(Pipes around the pump pit have been removed) Drainage of mucdy water
b pamp P ! (outside the dike) Floor plan
Investigation of deposits/fuel debris in the pump pit (@) Cutting of the pump (Only Case 2%) @ Cutting of the bolts used for installing the pump
Cutting Cl_Jtting
Lights equipment i equipment
Camera for l )
investigation 2 k
T s

WUl

Bolts used for
installing the pump

5
Se—_7

(Pipes around the pump pit have been removed)
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No.271

® Interference removal from pump pit

M Study of work steps b. lllustrations of the work (3/3)
lllustrations of the removal of existing pump from pump pit (225° ) inside PCV in Unit 1 are shown below.

Cutting of the bolts used for installing the pump ®

® Lifting up the pump pit cover

Installation of D/W water intake pump

Coupler

Pump pit
cover

brackets floor grating . ) - <
Té Layout I I _
3 I drawing ) Basement
|
|
|
|
|
|
|

Concrete Lifting PCYV first D/W water intake pipe

/ ¢ foorhoe

Cutting
equipment

Bolts used for
installing the
pump pit cover

D/W water intake pump

Pump specifications

. . Dimensions:
Grating opening ®280 X H750[mm]
space Lateral Mass: 80[kg]
view Diameter: 50[ A]

(@) Transfer of interfering objects

Equipment hatch
Portable hoisting @

equipment
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

®@ Interference removal from pump pit

M Selection of element test items a. Selection of test items for the unit tests and element tests (1/2)
> Test items for the unit tests and element tests were selected from the work steps that were studied.
The test items selected and the reason for selection are given below.

Details

Necessity

No0.272

Unit test: Test conducted with a stand-alone equipment outside the simulated environment.
Element test: Test conducted by combining all equipment in a simulated environment.

Unit test

Reason

Necessity

Element test

Reason

@ Installation of ancillary equipment for

Installation of bird's eye camera / lights /

Not required as viability has been verified as part of the FY2018 Subsidy

Not required as viability has been verified as part of the FY2018 Subsidy

cutting an opening in the grating equipment th Project (Interference Removal Outside the Pedestal). N(.)t Project (Interference Removal Outside the Pedestal).
. required required
(On the grating)
Cuttina/grabbina/moving the gratin Not Not required as viability has been verified as part of the FY2019 Subsidy Not Not required as viability has been verified as part of the FY2019 Subsidy
(@ Removal of grating 99 9 9 9 9 required Project (Establishment of Water Circulation System). required Project (Establishment of Water Circulation System).
Cutting/grabbing/moving dikes, vertical
® Rempval of interfering objects under p|pes,‘horlzontal pipes, supports, Not Not required as viability has been verified during the installation of actual Not Not required as viability has been verified during the installation of actual
the grating conduits, cables X S ; S
required facility in FY2019. required facility in FY2019.
Cutting/grabbing/moving vertical pipes,
@;smzﬁ\g er:t:rfﬁ:;ng c?tbjects :glr)llzec;ntal pipes, supports, conduits, Not Not required as viability has been verified during the installation of actual Not Not required as viability has been verified during the installation of actual
P pump p required facility in FY2019. required facility in FY2019.
Cutting/grabbing/moving vertical pipes,
@;smz‘gﬁu?ﬁzﬁimg o?tjects :glr)llzec;ntal pipes, supports, conduits, Not Not required as viability has been verified during the installation of actual Not Not required as viability has been verified during the installation of actual
P pump p required facility in FY2019. required facility in FY2019.
® Investigation of (_1eposns/fuel debris . . o Not Not required as viability of work has been verified during the PCV Internal Not Not required as viability of work has been verified during the PCV Internal
around the pump pit Introduction of camera for investigation N A X B
required Investigation required Investigation
?t Building of dikes around the pump Building dikes (sand bags, water bags) Not Not required as viability has been verified during the installation of actual Not Not required as viability has been verified during the installation of actual
P 9 0. 9 required facility in FY2019. required facility in FY2019.
Remote high pressure cleaning,
installation/removal of sludge pump,
Measures for ensuring visibility mst_allauon/removal of diaphragm pump, Not Not required as viability has been verified during the installation of actual Not Not required as viability has been verified during the installation of actual
inside the pump pit drainage of muddy water, N I X e
. " required facility in FY2019. required facility in FY2019.
supply/drainage of filtered water
® Cutting an opening in the pump pit Cutting/grabbing/moving of insertion
cover 9 P 9 pump p port for introduction of camera for Not Not required as this work is similar to @, @ and has been determined to Not Not required as this work is similar to @, @ and has been determined to be
investigation, lights required be highly viable. required highly viable.

TRID
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

® Interference removal from pump pit

B Selection of element test items a. Selection of test items for the unit tests and element tests (2/2)
> Test items for the unit tests and element tests were selected from the work steps that were studied.

The test items selected and the reason for selection are given below.

@ Investigation of deposits/fuel debris

Details

Handling of cameral/lights for investigation

Necessity

No0.273

: *: Case 2
I Fuel debris is present in some
: part inside the pump pits

Unit test: Test conducted with a stand-alone equipment outside the simulated environment.
Element test: Test conducted by combining all equipment in a simulated environment.

Unit test

[REER]

Necessity

Element test

Reason

in the pump pit inside the pump pit Required Required for confirming the conditions necessary for verifying work by Not Not required as property of handling will be verified in @ because handling
pump p pump p a confirming the visibility in muddy water environment. required is determined to be difficult in the case of work performed in @.
. Cutting/grabbing the pump iln the pump pit Required for verifying the conditions in which cutting is possible in water Required for verifying the conditions for handling of the cutting equipment
@ Cutting of the pump ’ f . f } ) . A . N .
(Only Case 2) (Case 2) Required using a tip saw or reciprocating saw. Required and_pen‘ormlng cutting work in a confined space using a remote controlled
equipment
(@ Cutting of the bolts used for Cutting of t_he bolts used fpr mstal_llng the Not Not required as viability has been verified during the installation of actual Not Not required as viability has been verified during the installation of actual
installing the pump pump, cutting the pump pit cover in the required | facility in FY2019 required facility in FY2019
periphery of the bolts for installing the ! :
pump
Slinging the pum Not Not required as viability has been verified during the installation of actual Required Required for verifying the conditions for slinging work carried out by
9ing pump required facility in FY2019. a combining the remote controlled equipment and hoisting equipment.
Lifting up the pump (Case 4) Required Required
@ Lifting up the pum Required for verifying the conditions for the work of lifting up. Required for verifying the conditions for the work of lifting up without
9up pump Lifting up the upper part of the pump (Case . . interfering with surrounding structures.
2% Required Required
. . ; Required for verifying the conditions for the work of transferring long and ) Required for verifying the conditions for the work of moving without
Moving the pump (D/W first floor) Required heavy objects (320[kg]). Required interfering with surrounding structures.
Sl?ecit;ng/rs?g\\;‘i of bolts for installing Cutting of the bolts for installing the pump Not Not required as viability has been verified during the installation of actual Not Not required as viability has been verified during the installation of actual
pump p pit cover, cutting the pump pit cover required facility in FY2019. required facility in FY2019.
® Installation of D/W water intake ) Not Not_requwed as viability has been _venfle_d as part of the FY2019 Subsidy Not Not_reqmred as viability has been _venfle_d as part of the FY2019 Subsidy
Installation of pump X Project (Establishment of Water Circulation System). X Project (Establishment of Water Circulation System).
pump required required
. . Not Not required as viability has been verified during the installation of actual Not Not required as viability has been verified during the installation of actual
® Dike removal Dike removal (sand bags, water bags) required facility in FY2019. required facility in FY2019.
. . . Not required as viability has been verified as part of the FY2020 Subsidy Not required as viability has been verified as part of the FY2020 Subsidy
. . . Transfer of interfering objects up to the Not . - Not . .
@ Transfer of interfering objects X X Project (Removal of Interferences from Inside the Pedestal). X Project (Removal of Interferences from Inside the Pedestal).
equipment hatch required required

Unit tests and element tests that are determined to be “required” will be conducted to verify viability of work.
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.274

® Interference removal from pump pit

B Study of equipment used a. Study of hoisting equipment
> The hoisting equipment used at the site, and the hoisting equipment used in the element test were studied.
Further, using the hoisting equipment used in the element test, for the HVH disassembly element test as well, is being

considered.
Outline specifications of the hoisting equipment

Dummy
simulated body External 12,400 X W800 X H1,500[mn] o less
Simulated dimensions (Dimensions that enable passage through the access
pump route)
Pump pit cover Lifting Approx. 6.5 [m] or more
opening height

Simulated (Outside the scope of )
UMD oit element test) Hoisting Conveyable 340 [kg] or more L .
pump p equipment weight (Assuming the Unit 2 pump which is the heaviest +
cover hoisting accessories)

| Grating cutting .e.qument (Qutside the sco;)e

Example image showing the use of the
hoisting equipment on the site

l< Up to 2.300 | ]
— ) - Chain pulley block

with trolley

Cutting

position

» Using the same hoisting equipment for the element
test on removal of interfering objects from inside the
pump pit, and the HVH disassembly element test, is
being considered.

» Figure on the left (Height 3,050 [mm]) shows the
status during the HVH disassembly element test.

3,050

4

PUMD Dit Interferi bi t. f The height of the hoisting equipment (crane) for HVH
“ump p _Intertering objects for with the jib extended was simulated.
simulation simulating the dimensions Detachable/retractable - Changing the height of the hoisting equipment during

inside the pump pit support pole

the element test on removal of interfering objects
inside the pump pit by removing the support pole or
Simulated pump and pump pit (Conceptual drawing) Hoisting equipment for the element test making it retractable, is being planned.

|
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.275

® Interference removal from pump pit

[N : Planned
[: Planned (after revision)*

B Development Process Al

FY2021 FY2022

4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3

Study items

Final
Major milestones Interim Report Interim Report Interim Report report
v v v v
(e
1. Conceptual study ..
]
2. Element test planning I
3. Test preparation / e
Test manufacturing | ]
of test equipment
.
4. Element tests | ]
— 1
5. Summary
Remarks

l I D ) Olnternational Research Institute for Nuclear Decommissioning
R * The plan was revised to reflect the study progress status and the results of element tests.



6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.276

@ Removal of interfering objects from inside the pump pit: Summary

» The status of fuel debris inside the pump pit, specifications of pump to be removed,
specifications of pump pit, and its location were studied and consolidated as
preconditions for removing interfering objects from inside the pump pit.

» The work steps involved in removing interfering objects from inside the pump pit were
studied, and test items were selected.

» Detailed study of the work steps is underway. lllustrations of the work of removing the
existing pump from pump pit (225° ) inside PCV in Unit 1 were consolidated.

» The simulated pump, pump pit and hoisting equipment to be used for the element test
are being studied. In the future, element test plan including the study on disassembly
equipment, etc. will be developed, and the feasibility of the method for removing
interfering objects from inside the pump pit will be verified by element tests.

' D Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project No.277

1) Development of the side access method

(3) Advancement and development of retrieval methods Solicitation items are listed.
@ Remote controlled tip tool for retrieval

In parallel with the study of prospective methods for further increasing the scale of retrieval of fuel debris
and reactor internal structures, evaluation of the throughput is being carried out as well. For enhancing the
throughput of the side access method, it has become necessary to consider optimization of the positioning
of the tip tools, grabbing of the target object, replacement of the tip tools, etc. during fuel debris processing
and collection work, and carry out related development.

Various techniques have been studied during the development carried out in the past related to the tip
tools of the remote controlled equipment used for fuel debris retrieval and disassembly/removal of reactor
internal structures, however, tip tools suitable for optimization including the technologies available on the
market will be investigated and consolidated.

In addition, typical techniques pertaining to the tip tools and operation systems (interference avoidance
and control system, etc.) that can be used for works that need to be optimized and improved, will be selected
based on the requirements for on-site application, and tip tools and operation systems will be test
manufactured for on-site use by making improvements in technologies available on the market or by
developing new technologies. With the help of these test manufactured tip tools and operation systems, the
procedures for processing fuel debris and collecting it in unit cans, operability of the tip tools, efficiency, etc.
will be verified by tests using mock-ups (appropriate partial models or scale models are permissible as well)
considering the mechanical properties, etc. of the items to be processed such as fuel debris, etc., interfering
objects such as structures, etc. inside PCV, and the viability of a series of operations will be verified. Also,
the actual data on the work procedures will be acquired and organized, to create data for evaluating the
throughput.

l D Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project [1) (3) Advancement and Development of Retrieval Methods
D Remote controlled tip tool for retrieval

5\!0.278

(1) Development results achieved so far and correlation with this project

[Advancement of fundamental technology (Implemented in
FY2017-18)]

Development of access equipment

» Combination test of access route and robot arm
v Installation of access route
v" Guiding the robot arm inside the pedestal

4

Combination test of rail
and arm and arm

20)]

[Further increasing the scale of retrieval (Implemented in FY2019-

Review of side access method for on-site application
> Study of fixed rail system

(Downsizing of access equipment = Reduction in cell height)
Development of suction and collection system for granular fuel

debris

[Implemented in this project]

Study and element tests on tip tools, operation systems
Acquisition of data for throughput evaluation

TRID

Study of fixed rail system

Suction and
collection of
granular fuel debris
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6. Implementation Items of This Project [1) (3) Advancement and Development of No0.279
Retrieval Methods] '
@ Remote controlled tip tool for retrieval

(1) Development results achieved so far and correlation with this project

[Status of development carried out so far]
* Processing methods suitable for items to be collected from inside the PCV were investigated.
* Processing element tests were implemented on the processing technology believed to have good prospects, from among
the processing methods investigated.
* Procedures for collecting structures, fuel debris were studied.
* The fuel debris retrieval throughput was estimated based on the results of the processing element tests, results of the
accessibility test, results of the desk study, etc.

Examples of the processing methods investigated in the
past (excerpts from FY2019-20 reports)

Handling of & | processing | Accessibility | Heat input Fume Quantity of scraps | Downsizing of | Need for Past pI‘OCGSSIng element tests
variety of fuel speed (small head) emission produced utilities supply
debris (dispersion in air) (dispersion in water)
o A (o} (o} A O Q

Core boring o FY2014: FY2017-18

Circular saw o] (o] A (o] o o) o] (o) »Core boring *Chisel
S T = 5 o o o o 6 Laser gouging -Ultrasonic core boring
—— = = . = > s s 3 *Plasma AWJ

(reciprocating saw) *AWJ ~Laser

Ultrasonic core drill A A (o) Q O A (o] Q -Laser (Shaving) «Circular cutter

Cutter (shears) A O o O O A o} O FY2015-16: *Wire saw
Chisel A 0 o 0 fo! o) o o) Core boring FY2019-20:

o " i 3 = o @ % 5 Laser gouging -Hy_draulic cutter

Laser e} A o A A A % o ?urcl) nsdasvtvone

Plasma arc X X o) o X o » o -Wedge and shim
Plasmajet o A o) A x A x x - Ultrasonic core boring
Gas x A o) A x A A o

Milling X (o] x o (o] o] o

O: Good

A Satisfactory
X : Unacceptable
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6. Implementation Items of This Project [1)'(3) Advancement and Development of N0.280
Retrieval Methods] '

@ Remote controlled tip tool for retrieval
(1) Development results achieved so far and correlation with this project

[Status of development carried out so far]

Past processing element tests (Example)

Status of test (Installed in the machine tool, etc.) Processing speed
method

FY2015- Core boring - SUS304 2.86[mm/min]

16 = Alumina = Outer diameter of cutter:
d66mMm
2.5[kg/h]
= FY2017-18 Estimation
S results
FY2017- Chisel - Simulated 36.7[kg/h]
18 MCCI
FY2017- Circular cutter - SUS304 % 750[mm?/min]
18 - Zirconia * Depth: 1.5mm
* Length: 200mm
* Time: 0.2min

[
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6. Implementation Items of This Project [1) (3) Advancement and Development of No.281
Retrieval Methods] '
@ Remote controlled tip tool for retrieval

(1) Development results achieved so far and correlation with this project
[Issues]

»  With the current processing speed, the target retrieval period of 10 years is exceeded.

» The throughput is estimated based on the processing time obtained through the processing test using mainly machine
tools, but the processing time is likely to extend when processing work is carried out using tip tools mounted on remote
controlled equipment that lack rigidity.

* The throughput for a lot of work (positioning the tip tools, etc.) other than processing work is estimated assuming the time
required for work, and hence its accuracy needs to be improved.

[Implementation details]

»  Study of throughput improvement measures.
» Study of procedures for collecting structures, fuel debris inside PCV
» Study of processing methods
» Enhancement of equipment operability

» Obtaining processing time considering the specifications of the access equipment
» Manufacturing and processing tests of the tip tools that meet the specifications of the access equipment
» Acquisition of data for throughput evaluation such as processing time, life of cutting tool, etc.

« Enhancement of safety and work efficiency by developing a remote operation support system for reducing the operator
load while operating the manipulator
» Development of a remote operation support system that creates the route for avoiding interfering objects
» Verification of the feasibility of work by means of simulation, scale model mock-ups
» Acquisition of data for throughput evaluation (obtaining improvement effects resulting from accuracy improvement

and optimization)

[Expected outcome]
« Verification of the method for disassembly and removal of structures inside PCV, and
procedures for processing and collecting fuel debris
* Acquisition of data for throughput evaluation

| EEEEES
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— 6. Implementation Items of This Project [1) (3) Advancement and Development of Retrieval Methods]

@ Remote controlled tip tool for retrieval No.282
(1) Development results achieved so far and correlation with this project
[Flow of studies]
[ Study of throughput improvement measures ] Operation system
Tip tools i ‘ (Intecrfr:terg::: z\t/g:gance
( Technical research on tip tools Conceptual study of the operation system ]

\ J

3 , ,

-

r 2 Operation system software development
Conceptual study of the method of { )
retrieving structures and fuel debris ‘
\ from inside PCV ) p .
‘ Operation system simulation verification
f Tip tools element tests planning ‘
) ‘ ’ Operation system element tests planning
Designing and manufacturing of ‘
tip tools and test equipment for the Designing and manufacturing of operation system
element tests L test equipment )
Tip tools element tests Operation system element tests
(Processing tests for throughput evaluation) (Series of operations for throughput evaluation
using the scale model mock-up)
Interferlr.lg O_bJeCtS and fuel debris l ‘ Time required for manipulator work
processing time (Time required for moving and
Acquisition of data for throughput evaluation positioning)

|
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— 6. Implementation Items of This Project [1) (3) Advancement and Developmentof
Retrieval Methods] No0.283

(D Remote controlled tip tool for retrieval

(2) Background and purpose of this research (Tip tools)
v Reasons for this research

« So far, the processing methods suitable for the items to be
collected from inside the PCV have been investigated, processing
tests have been implemented, and the throughput has been
estimated based on the results.

» The throughput is estimated based on the processing time
obtained through the processing tests using mainly machine tools,
but the processing time is likely to extend when remote controlled
equipment that lack rigidity are used.

Alumina] I SUS 304 I

Circular cutter

« Therefore, tip tools with specifications suitable for the current
remote controlled equipment (access equipment) will be Test piece
manufactured, processing tests will be conducted to improve the
accuracy of the processing time. Status of past processing tests

Interference removal equipment
(Dual motor-operated arms)

Fixed rail type dual motor-operated arms Fixed rail type hydraulic arm

Remote controlled equipment (access equipment) assumed at present

|
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6. Implementation Items of This Project [1) (3) Advancement and Development of No0.284
Retrieval Methods]

@ Remote controlled tip tool for retrieval

(2) Background and purpose of this research (Tip tools)
v Expected outcome of this research, reflection destination, and contribution of the outcome

[Expected outcome]
* Applicability of the tip tools to the actual equipment, issues and response measures
« Data for throughput evaluation
» Processibility
» Processing time
» Lifetime of the cutting tools
* Required specifications of remote controlled equipment (access equipment)
» Processing reaction force (required tip tool pressing force), etc.

[Reflection destination]

« Designing of remote controlled equipment
+ Evaluation of throughput

[Contribution]

* Enhancement of specificity of the fuel debris retrieval method
» Evaluation of the fuel debris retrieval period

3
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6. Implementation ltems of This Project [1) (3) Advancement and Development of
Retrieval Methods] N0.285

@ Remote controlled tip tool for retrieval

(2) Background and purpose of this research (Operation system)
v Reasons for this research

« The work of removing interfering objects and retrieving fuel debris will
be carried out while avoiding obstacles in a confined space such as
that of the PCV. A manipulator with a redundant degree of freedom
(having multiple joints with 7 shafts or more) is effective for the work.

« However, remotely operating the manipulator with a redundant degree
of freedom while avoiding obstacles under conditions with limited
visibility puts too much load on the operator, and the manipulator is
likely to collide with obstacles.

» Hence, the load on the operator is planned to be reduced by means of
an “operating system that supports remote operation” thereby
enhancing work efficiency.

lllustration of the work of removing interfering
objects in Unit 3

v Expected outcome of this research, reflection destination, and contribution of the outcome
[Expected outcome]: Automation of obstacle avoidance by the manipulator
[Reflection destination]: Development will be carried out assuming the outcome will be used in the remote controlled
robot for fuel debris retrieval, but application to various other works and robots in the future will
be aimed for.
(The environment model and robot model will be changeable.)
[Contribution]: Enhancement of work safety and efficiency can be expected.*

 With the operational support resulting from the previous research “Development of remote operation support method in environments with low visibility and narrow spaces”
implemented in FY2019-20, there has been a reduction of approx. 90% in the time required for manual operation by veteran operators, and a reduction of approx. 80% in
the time required for creating teaching data. With the current development, this will be implemented and enhanced further.

=S
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~— 6. Implementation Items of This Project [1) (3) Advancement and Development of
Retrieval Methods] No0.286

@ Remote controlled tip tool for retrieval

(3) Goals (Tip tools)
v Requirements from the reflection destinations
* Processing tests with the processing conditions extensively considered as parameters
Processing tests will be conducted by extensively considering the processing conditions such as
pressing force, etc. as parameters, so as to be able to apply the outcome to various equipment
without limiting it to the specific access equipment.
* Throughput improvement
Tests for throughput improvement will be conducted during the process tests as well.

v Goals based on the above-mentioned requirements

* Processing tests will be conducted not only for testing the pressing force (motor-operated arms 150kg,
hydraulic arm 2ton) of the access equipment currently being assumed, but also for testing the low
pressing force assuming smaller access equipment. The processibility will be verified and data for
throughput evaluation will be acquired.

« Tests will be conducted by increasing the current core boring size of ®66mm in order to reduce the
processing time for block fuel debris (fuel debris accumulated at the pedestal bottom) which comprises a
major portion of the throughput.

T e e e e ]
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~ 6. Implementation Items of This Project [1) (3) Advancement and Development of

Retrieval Methods] No0.287

@ Remote controlled tip tool for retrieval

(3) Goals (Operation system)
v Requirements from the reflection destinations
* Reducing the load on the operator
While determination of status or adjustment of the movement speed will be performed by the operator,
complex selections, procedure studies and Wide range monitoring will be left to the system as far as
possible so as to reduce the load on the operator.
+ Expandability
The application will not be limited to specific equipment. The tools will be deployed to various other
works and equipment in the future. Also, they will be linked to the integrated management system that
Is responsible for planning, management and keeping records during decommissioning.

v Goals based on the above-mentioned requirements

» Tests will be conducted with mock-ups simulating the inside of the pedestal in Unit 3 using the test
manufactured operation system, the procedures involved in grabbing, cutting and transferring interfering
objects and collecting fuel debris in unit cans will be verified, and viability of a series of operations will be
confirmed. Also, the actual data on the work procedures will be acquired and organized, to create data
for evaluating the throughput.

» Case studies on the operation system application conditions, assumed issues, etc. will be consolidated
as an input for planning the procedures for disassembly and removal.

T e e e e ]
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6. Implementation Items of This Project [1) (3) Advancement and Development of No0.288
Retrieval Methods]

D Remote controlled tip tool for retrieval

(4) Implementation items, their mutual correlation, and correlation with other research (Tip tools)
v Implementation items of this research
» Study of throughput improvement measures
» Analysis of past throughput estimations
» Study of the contents to be implemented in element tests
» Technical research on tip tools
» Consolidation of results of past investigations on processing methods
> Investigation of new processing methods
» Conceptual study of the method of retrieving structures and fuel debris from inside PCV
» Study of procedures for collecting structures, fuel debris
» Study of methods for processing structures and fuel debris
« Element test planning
» Conceptual designing of tip tools for the actual equipment
» Study of test items and test method
» Designing and manufacturing of tip tools and test equipment for the element tests
» Designing and manufacturing of tip tools and test equipment for the tests
« Tip tools element tests
» Processing tests using tip tools
» Evaluation of processing test results (including evaluation of throughput improvement
measures)

3
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6. Implementation Items of This Project [1) (3) Advancement and Development of

Retrieval Methods]
@ Remote controlled tip tool for

retrieval

(4) Implementation items, their mutual correlation, and correlation with other research (Tip tools)
v' Correlation between implementation items

Study of throughput improvement
measures

Conceptual study of the method of
retrieving structures and fuel debris

][ Technical research on tip tools ]

from inside PCV

\

y

Element te

st planning

\

4

4 )
Designing and manufacturing of tip

N0.289

tools and test equipment for the
\ element test J

\ 4

Tip tools element tests

Operation system ]

~—

A4

[ Data for throughput evaluation ]

v Correlation with other research (Input and output information)
« The processing limit will be studied while controlling criticality and sharing information.
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6. Implementation Items of This Project [1) (3) Advancement and Development of N0.290
Retrieval Methods] '

@ Remote controlled tip tool for retrieval

(4) Implementation items, their mutual correlation, and correlation with other research (Operation system)
v Implementation items of this research
+ Test manufacturing of the operation system, verification of viability of a series of works by means of mock-up
tests
* Acquisition of actual data on the work procedures, creation of data for throughput evaluation

v Correlation between implementation items, correlation with other research (Input and output information)
+ Conceptual study on utilization of data is underway together with the Fuel debris retrieval
monitoring/support/integrated management WG.
+ The model has been manufactured based on the 3D damage model of the inside of the Unit 3 pedestal.

; (2) Remote operation | (3) Decommissioning
mgrggéitrlﬁgnt support system for work history recording
s e R ___system

Development of
work plan

7, 'y

(1) Environmental
model

Integrated

Work history| Virtual 3D of the inside
management support RS g Pedestal
B This research of the PCV .
Operation Zoiar. opening
Wiaii history  — :

authorization T

Processing
Designing of information .
equvrvr;erﬂt and Equipment Modification of the CRD rail

information actual time in the ] T\
Risk management Sensor environmental model

history information

) |

. h
Continuous monitoring of the ‘ . |
environmental parameters (temperature, Changesonthesitt s wwwwm ® ‘;,"
|

pressure, dose rate, etc‘.') . \
\
— /
Detailed investigation, y

h Implementation of Ellea\surementdandf | Hewqtg:)i*’ﬁ sta
analysis and * work on the site eeping records of Leaend for the arrows J
evaluation of design the retrieved items g

)
: ; % — - I .
information ’f,' 'I‘\V ww Solid line  Main flow of data
)
)

Activities insid d ide the PCV d = = » »Dashed line Flow of data due to impact
c €s inside and outside the PC /4 === Double line Coordination between systems

)

)

3D damage model of the inside of the pedestal reproduced based on
the images from the Unit 3 Internal Investigation conducted in July 2017

Data utilization proposal by the Fuel debris retrieval monitoring/support/integrated management WG

|
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6. Implementation Items of This Project [1) (3)Advancement and Development of
Retrieval Methods]
@ Remote controlled tip tool for retrieval

(4) Implementation items, their mutual correlation, and correlation with other research (Operation system)
v' Development results achieved so far and correlation with this project

No0.291

While carrying out research on obstacle avoidance by the multi-jointed (articulated) manipulator, its versatality and
practicality are being enhanced as well.

Development of technology for remote decontamination inside
R/B
(FY2013 - FY2014)

Upgrading of fundamental technology for retrieval of fuel debris
and internal structures (FY2017-FY2018)

“Development of a technique for planning the motion of a multi-
degree of freedom robot considering avoidance of interference

with the environment”

Development of Technology for Further Increasing the Scale of
Retrieval of Debris and Reactor Internal Structures (FY2019-
FY2020)

“Development of technique for remote operation support in
environments with low visibility and confined spaces”

This Project (FY2021-FY2022)
“Remote controlled tip tool for retrieval”

A technique for generating self motion was developed as a method for remote intuitive maneuvering of the
manipulator with a redundant degree of freedom and its effect was verified.

During the work of welding the cell adapter to the PCV wall surface in “one stroke”, a route following the
welding line while avoiding interfering objects was created and the effectiveness was verified by mock-up
welding tests.

The trajectory for reaching the goal while avoiding obstacles was created automatically using a computer, the
technology (trajectory planning) for setting the replay speed through joystick operation by the operator was
developed, comparative verification with past operating techniques (manual operation, teaching) was carried
out and the effectiveness was verified, for the purpose of interference removal work by means of a dual arm
type manipulator.

(The details of the research have been posted under Advanced Robotics in the Journal of the
Robotics Society of Japan, and is undergoing peer review.)

A technology will be developed for making it possible to carry out fuel debris retrieval work safely and in a
short time, wherein when the dual arm type manipulator is being positioned for “grabbing”, “cutting”, etc., or
if there is a gap between the 3D model and the actual condition, the gap will be corrected then and there and
the route for avoiding obstacles will be regenerated.

4'\"‘. .

| Self motion (FY2013-FY2014)

Planning for movement over the welding route (FY2017-FY2018)

Dual arm type manipulator route planning (FY2019-FY2020)

TRID
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6. Implementation Items of This Project [1) (3) Advancement and Development of No0.292
Retrieval Methods]

(D Remote controlled tip tool for retrieval

(5) Implementation items (Tip tools)
v Objective
* Processing tests will be conducted using tip tools with specifications suitable for the current remote
controlled equipment (access equipment), data for evaluating the throughput such as processing time,
etc. will be acquired, and the accuracy of the data for throughput evaluation will be improved.

v Project Goals

* Processing tests will be conducted using tip tools with specifications suitable for the current remote
controlled equipment (access equipment), whether or not processing is possible will be verified,
processing time will be measured, and issues will be identified.

* Processing tests will be conducted not only for testing the pressing force (motor-operated arms 150kg,
hydraulic arm 2ton) of the access equipment currently being assumed, but also for testing the low
pressing force assuming smaller access equipment. The processibility will be verified and data for
throughput evaluation will be acquired.

» Tests will be conducted by increasing the current core boring diameter of ®66mm in order to reduce the
processing time for block fuel debris (fuel debris accumulated at the pedestal bottom) which comprises
a major portion of the throughput.
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6. Implementation Items of This Project [1) (3) Advancement and Development of NO0.293
Retrieval Methods] '

D Remote controlled tip tool for retrieval

(5) Implementation items (Tip tools)
v Implementation items
(a) Study of throughput improvement measures
* The throughput estimations from the FY2017-2018 Subsidy Project were analyzed.

Removal of interferences outside the pedestal: 1.731Hr (73 days)

Removal of CRD exchanger: 5,543Hr (231 days)

Removal of CRD housing: 11,970Hr (499 days)

Collection of granular fuel debris: 2,506Hr (105 days)

Collection of pebble-shaped fuel debris: 3,560Hr (149 days)

Collection of block fuel debris: 44,652Hr (1,861 days)- - - Of which the processing time was 31,764Hr (1,324

days)

* In this development, studies and processing tests will be conducted aiming for reduction in processing time for
block fuel debris (fuel debris accumulated at the pedestal bottom) which comprises a major portion of the above-
mentioned throughput.

» Technical study of new processing methods that have the potential of enhancing processing speed
» Increasing the current core boring diameter of P66mm.
(Example) Throughput of interference removal outside the pedestal

VVYVYVYYY

Removal duration
Carrying- Tool Cc;lle_cuon 9; ReO[]:IE\I(;edrzsent LLW basket
infoutof | positioning | Processing | €Ut PI€ceSIN. e transfer Total
equipment LLW within the
baskets cell

hx Lengglf]t_to be mﬁggfkjgf;eg Processing

number of | 260,750mm / 0.2h x 2.5 X 64112 Wa!t time

1hx2 cut blocks: éutting number of (Craci’rt%itngr-mlglrj‘t)of while the _

641 ' speed: cut blocks: (Replacement of LL,W bfaSKet

86mm/min/6 641 circular cutter: is being

Omin/h 0.5 carried-in

2h 641h 50.5h 128.2h 801.3h 107.8h 1,730.8h
|
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6. Implementation Items of This Project [1) (3) Advancement and Development of 29
Retrieval Methods] No0.294

(D Remote controlled tip tool for retrieval
(5) Implementation items (Tip tools)

v Implementation items

(b) Technical research on tip tools
* So far, many processing methods suitable for the material and shape of items to be collected were investigated, and their
applicability was studied.
* SUS and ceramic is assumed to be mixed in fuel debris.
+ The processing method for fuel debris accumulated at the bottom of the pedestal, which comprises a major portion of the duration
for fuel debris retrieval at present, was studied once again. Chisel and core boring were identified as applicable processing methods.

Processing method for fuel debris accumulated at the bottom of the pedestal

Processing method Applicability SVED]
ation

Processing everything with a blade to form swarf = Can be processed. A
= Will require time

Processing everything with a chisel to form gravel = Whether or not processing is possible depends on the properties of the items to be processed. O
- If the conditions are met, processing is fast.

Core boring = Can be processed. O
- A method of cutting out the reactor core horizontally is required.

Cutting out by making intersecting cuts with a circular = Can be processed. A

cutter - As work progresses to the second and third stage, the shape of the surface becomes complex and hence
processing becomes difficult.

AWJ (Abrasive Water Jet) = Can be processed from the viewpoint of material. A
= Processibility of shapes that cannot be penetrated, management of large quantity of abrasive are issues.

Laser = Can be processed from the viewpoint of material. A
- Processibility of shapes that cannot be penetrated, management of dross are issues.

Plasma = Non-conducting ceramic cannot be processed. X

Gas = SUS, ceramic cannot be processed as oxidation reaction is used. X

| -
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~— 6. Implementation Items of This Project [1) (3) Advancement and Development of
Retrieval Methods]

(D Remote controlled tip tool for retrieval

No0.295

(5) Implementation items (Tip tools)
v Implementation items

(b) Technical research on tip tools
« It will be investigated whether or not there is a processing method that has the potential of increasing processing

time for the fuel debris accumulated at the bottom of the pedestal, which comprises a major portion of the duration
for fuel debris retrieval at present.

* While investigations in a wide range of domains such as machine processing, thermal processing, AWJ, etc. are
underway, the focus here will be on the rock excavation method which is yet to be investigated, and information
will be collected from rock excavation tool manufacturers.

» Rock excavation handles material that is brittle up to a certain extent. Hence it is not an effective processing
method for material with metallic properties originating from SUS components of the reactor internal structures

in the fuel debris.

» Different tools are used for brittle material depending on its hardness. A chisel is recommended for material
with reduced hardness such as MCCI (Molten Core Concrete Interaction) in which concrete is mixed.
Soft: Rock excavation tools
Hard: Breaker (Chisel)

Harder: Blasting
» For using the rock excavation tools, the material to be processed needs to be “brittle”.

- Not suitable for material with metallic properties such as SUS, etc.
- A chisel is used for material which is “brittle” and is mixed with concrete.

* Rock excavation tools are not suitable for fuel debris in which SUS and ceramic are mixed.

Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project [1) (3) Advancement and Development of
Retrieval Methods] No0.296
@ Remote controlled tip tool for retrieval

(5) Implementation items (Tip tools)

v Implementation items
(c) Conceptual study of the method of retrieving structures and fuel debris from inside PCV

[Tip tools development procedure]

Procedures for collecting structures = Study of collection procedures and collection method depending on the position,
and fuel debris shape and properties of the structures and fuel debris

= Study of collection method

‘ Identification of required functions, and conceptual designing of tip tools
- Dimensions and mass that will enable the remote access equipment to guide
> Identification of the functions required of = Function for recognizing the surrounding environment, visibility function for
the tip tools =) POsitioning the tool on the object to be processed
- Operation system for reducing the load on the operator
= Function for processing structures and fuel debris
- Dust measures during processing

- Conceptual designing

4

Identification of items that need
technical development from among the —
required functions

4

Identification of items that need technical development

= Technology concerning the method (Cutting method, positioning, processing time, etc.)
= Control technology (Automatic, semi-automatic, support, etc.)

- Safety measures (Dust, fire, overall system, etc.)

Technical development through testing and analysis . Scope of
Technical development (Element tests) —p | Processing teChn0|09y I:I element tests
Operation system for reducing the load on the operator]
‘ - Dust measures during processing

Verification of viability of a series of operations using equipment anticipating the
. . actual equipment
T.Ip togls for.the actual eqUIpmgnt —)p * Ability to access and be positioned on the object to be processed
- Verification using the access equipment - Processing performance

- Impact of the rigidity of the access equipment

|
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= 6. Implementation ltems of This Project[1)(3)Ad 'vancement and Developmen
Retrieval Methods] No0.297

@ Remote controlled tip tool for retrieval
(5) Implementation items (Tip tools)

v Implementation items
(c) Conceptual study of the method of retrieving structures and fuel debris from inside PCV

[Study of procedures for collecting structures and fuel debris] 7 S _ LIRE o f s (P
*  Overview of the current proposal D : '

Interference removal using a telescopic
interference removal equipment (Outside the
\ pedestal) J

A 4

. . ) i i
Interference removal using a telescopic (Outside the pedestal) (Inside the pedestal)
interference removal equipment (Inside the Interference removal using a telescopic interference removal equipment
\ pedestal) ) " :

\ 4

Changing to a fixed rail

\ 4

Interference removal using dual arms

‘ Interference removal using Suction of granular fuel  Block fuel debris processing
dual arms debris using dual arms using dual arms

Suction of granular fuel debris using dual arms

A 4

Block fuel debris processing using dual arms

s 4

Current core boring dimensions: ®66mm x H100mm (342cm3)
Processing limit of 1 round: 16 cubic cm (4096cm?3)

.-

Block fuel debris processing using hydraulic arm Maling aholeat  Coreboring  Core cutting
e center
Block fuel ris pr in ing hydraulic arm
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6. Implementation Items of This Project [1) (3) Advancement and Development of No0.298
Retrieval Methods] '

(D Remote controlled tip tool for retrieval
(5) Implementation items (Tip tools)
v Implementation items

(c) Conceptual study of the method of retrieving structures and fuel debris from inside PCV

[Processing method depending on the items to be collected]
* Processing method depending on the location and material of the items to be collected were studied and the following
processing methods were selected.

Processing method depending on the items to be collected

Items to be collected Processing method Reason for selection

. As the interfering object needs to be held and cut while making sure it does not fall,
it is assumed that one of the dual motor-operated arms will hold the piece and the
Interfering objects : other will cut.
Circular cutter : . . . .
(Structure) . The circular cutter that is compatible with various shapes was selected as the
method for cutting the interfering objects, from among the processing methods

studied in the element tests.

. Granular fuel debris does not need to be processed, and as it is difficult to hold

el el eeas Suction such small debris, suction was selected from the perspective of collection speed.

. The chisel which has a faster processing speed was selected for the brittle portion
of fuel debris accumulated at the pedestal bottom, from among the processing
Chisel methods studied in the element tests. It is assumed that one fo the dual motor-
operated arms will process the debris with the chisel and the other will collect the
processed pieces.

Block fuel debris
(Brittle portion)

. Core boring was selected for the hard debris from the fuel debris accumulated at
the pedestal bottom, which cannot be processed with a chisel, based on the results
of the aforementioned studies on processing methods. As this debris is hard and is
expected to require great force, it is assumed that the processing will be carried out
with a single hydraulic arm.

Block fuel debris Core boring
(Hard portion) (Including core cutting)

S T e e e e e ]
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6. Implementation Items of This Project [1) (3) Advancement and Development of N0.299
Retrieval Methods] '

@ Remote controlled tip tool for retrieval
(5) Implementation items (Tip tools)
v Implementation items

(c) Conceptual study of the method of retrieving structures and fuel debris from inside PCV
[Study of methods for processing structures and fuel debris]

« Study of methods for collecting the reactor core at the time of core boring O: Merits  x: Demerits

Core collection method Characteristics
O: The reactor core does not need to be cut (Only 1 type of tool is required)
Core borina from 2 directions x: The reactor core remains inside the tool and is difficult to retrieve.
9 x: As work progresses to the second and third stage, the shape of the surface becomes complex and hence
processing becomes difficult.
Ll h.ole o t.he cen = 37 means O: Good processibility at the second and third stage
of core boring for inserting the circular : :
. O: The reactor core can be easily removed.
cutter, and then cutting the reactor core . . . .
. . x: Core cutting and core collection tools other than the core boring tools are required.
with the circular cutter ‘A
Stroke @ Stroke @ ‘I—r

Adopted based on the processibility at the
second and third stage

r )
Stroke @ —— /Stloke )

Top Stroke ) Pt
view \
Making a hole by f Top Stroke @
means of core boring view
¢ cCutting by sliding slightly offset———
: blade —
\ “~ Bulk to be
\ removed
".. Lateral view
; Bulk to be removed
Lateral view Making a hole at the center for inserting the circular cutter = cutting the reactor
Core boring from 2 directions core

IRID
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- 6.7Implementation Iltems of This Project [1) (3) Advancement and Development of N0.300
Retrieval Methods] 0.

D Remote controlled tip tool for retrieval

(5) Implementation items (Tip tools)
v Implementation items

(d) Element test plan

[Purpose]
»  Verification of processing capability as a tip tool
» Tip tools with specifications suitable for the current remote controlled equipment (access equipment) will be arranged
and processing tests will be conducted using those tip tools for verifying whether or not processing is possible,
measuring the processing time, and identifying issues.
» Dual arms
v' Payload: 150[kg]
v" Tip tool dimensions: W600 X D500 x H550[mm]
» Hydraulic arms
v' Payload: 2[ton]
v" Tip tool dimensions: W650 x D900 x H750[mm]

Dual arms Hydraulic arm

Study of tip tool accessibility

=S
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~ 6. Implementation Items of This Project [1) (3) Advancement and development of
retrieval methods] No0.301

D Remote controlled tip tools for retrieval
(5) Implementation items (Tip tools)
v Implementation items
(d) Element test plan

[Selection of items to be tested]
* The items to be tested in the element tests to be conducted in this project were selected, based on the results of the
studies on methods for processing structures and fuel debris, and on the status of implementation of element tests so far.

Tip tools that will be tested during the element tests in this project

Status of element tests conducted so far Implementation of e:e_mept tests during this
Items to be tested in this projec

iect Processing method
projec Combination with the

Machine tools™ Tools™ Tools™ P
arm
Structure . ) .
(Interfering objects) Circular cutter Dual arms (0} - (@] (Track r_ecord using
arms is present)

Granular fuel debris Suction Dual arms - O

Block fuel debris .

(Brittle portion) Chisel Dual arms - 0]

ElDE Uzl CEas (S [2eriie Hydraulic arm O = (@] (Combingtion with

(Hard portion) (Including core cutting) Y

hydraulic arm)

*1: Processing test using machine tools that do not consider specifications such as payload, etc. of the access equipment being studied.
The processing time is likely to extend when processing work is carried out using tip tools mounted on remote controlled access
equipment, which are inferior in terms of rigidity or rotational torque of the blade.

*2: Processing test using tip tools that consider specifications of the access equipment being studied.
*3: Combination test with the test manufactured hydraulic arm and tip tools that consider specifications of the access equipment being
studied.
The impact of the rigidity and vibration resistance of the arms will be verified.

|
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6. Implementation Items of This Project [1) (3) Advancement and development of retrieval methods] NO.302

(D Remote controlled tip tools for retrieval
(5) Implementation items (Tip tools)
Implementation items

(d) Element test plan

[Conceptual designing of the tip tools for the actual equipment]
*  The functions required of the tip tools will be identified based on the requirements of each work step, and the conceptual design will
be developed.

v

Functions required of the tip tools and verification items (1/2)

From among the functions required of the processing tools, those related to workability will be verified during the element tests.

Content in red : The functions required of the
processing tools

Work step

Requirements

Required functions

Items to be verified during the element
tests

Advanced preparations

Verification of workability by means
of a simulator

A series of operations must be verified at the site by
means of the simulator.

=Showing the work environment and robot in the form of a 3D
model.

*Being able to operate the 3D model of the robot just like the
actual robot.

On-site work

Moving from cell — processing
location

The cells must be transferred to the predetermined
location while avoiding obstacles by remote operation.
-The dimensions and mass must be such that the robot
arm can be guided.

= The surrounding environment must be visually
observed or confirmed by 3D scanning when the robot
arm is being guided.

-The dimensions and mass equal to or lower than that which
enables the robot arm to be guided.

= Visual inspection function

-3D scanning function

-Operation system (Function of assisting the operator)

(Tip tools designed with dimensions
and mass equal to or lower than that
which enables the robot arm to be
guided.)

2-2

Environment verification

The condition of the work environment must be

confirmed by remote operation.

= Visual inspection function
=3D scanning function

Circular cutter

2-3

Gabbing the items to be removed

Remote operation must be conducted to position the tip
tool and grab the items to be removed.

=Grabbing function

*Function of following the same pattern for the items to be
grabbed

= Visual inspection function

2-4

Processing the items to be grabbed

Remote operation must be conducted to position the tip
tool and process the items to be removed.

=The blade must be cool.

=Dispersion of machining dust must be reduced.

1RID

-Processing function

-Function of verifying the processing status (Speed of the
motor, etc.)

=Visual inspection function (Verification of surrounding
environment and processing status)

=Blade cooling function

=Dust reduction function

=Measures to prevent getting jammed in the cutter

=Operation assistance (Function of assisting the operator)

Olnternational Research Institute for Nuclear Decommissioning

*Whether or not processing is
possible (including cooling of blade)
*Processing conditions (speed, torque,
pressing force) and processing time
+Life of blade

*Processing reaction force (required
pressing force)




6. Implementation Items of This Project [1) (3) Advancement and development of retrieval methods] No0.303
(D Remote controlled tip tools for retrieval
(5) Implementation items (Tip tools)
v Implementation items

(d) Element test plan
[Conceptual designing of the tip tools for the actual equipment]

Functions required of the tip tools and verification items (2/2)  content in red : The functions
required of the processing tools

No. Work step Requirements Required functions Items to be verified during the element
tests
suction
2-5 Suction of granular fuel debris Remote operation must be conducted to position the tip | *Suction function
tool and suck granular fuel debris. =Function of verifying suction status (Status of pump operation,
etc.)

*Visual inspection function (Verification of surrounding
environment and suction status)
=Operation system (Function of assisting the operator)

Chisel

2-6 Processing the items to be grabbed | Remote operation must be conducted to position the tip | -Processing function
tool and process the items to be removed. -Visual inspection function (Verification of surrounding
-Dispersion of dust must be reduced. environment and processing status)

-Dust reduction function (Water supply, etc.)
-Operation system (Function of assisting the operator)

Core boring (Including core cutting)

2-7 Processing the items to be grabbed | Remote operation must be conducted to position the tip | =Processing function ] ]
tool and process the items to be removed. “Function of verifying the processing status (Speed of the |*Whether or not processing is
The blade must be cool. motor, etc.) possible (including cooling of blade)
=Dispersion of machining dust must be reduced. -Visual inspection function (Verification of surrounding | *Processing conditions (speed, torque,
environment and processing status) pressing force) and processing time
=Blade cooling function *Life of blade
«Dust reduction function *Processing reaction force (required
*Operation system (Function of assisting the operator) pressing force) )
*Work in combination with the arms
(Stand-alone tool for core cutting)
2-8 Leaving behind the items to be|Remote operation must be conducted to transfer the|-Same as 2-1
removed / storing in container items to be removed.

=Same as 2-1

S T e e e e e ]
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6. Implementation Items of This Project [1) (3) Advancement and development of retrieval methods] No.304
@ Remote controlled tip tools for retrieval
(5) Implementation items (Tip tools)
v Implementation items

(d) Element test plan

[Simulated bodies for the element tests]
» The simulated bodies used in element tests so far were not changed. The following were selected based on the properties and
availability of material derived from fuel debris.
> Interfering objects: SUS, SUS + Alumina
» Fuel debris: SUS + Alumina
+ SUS simulates the material of reactor internal structures.
+ Alumina is selected as material which is highly hard and easily obtainable, from among the ceramic material that is
considered to be similar to fuel components.
* In the case of SUS+Alumina, since both materials are processed under the same conditions, the shape of the blade
will be improvised so that it can work on both the materials.
[Reference] Vickers hardness of ceramic material ~ Alumina: 15.2GPa, Zirconia: 12.3GPa

[Acquired data]

* Processing tests (Refer to the next page onwards) will be conducted for each tip tool (circular cutter, core boring) to
obtain the following data.

» Applicability of the tip tools to actual equipment, issues and response measures
» Workability
» Processing time
» Life of the blade
» Requirements of the remote controlled equipment (Access equipment)
v' Processing reaction force (Required tip tool pressing force)
» Workability in combination with the arms (Core boring)
ﬁ' D Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project [1) (3) Advancement and development of retrieval methods] No0.305

@ Remote controlled tip tools for retrieval
(5) Implementation items (Tip tools)
v Implementation items

(d) Element test plan
[Study of test items and testing methods]

Circular cutter (Only the stand-alone tool)

* The specifications required of the actual equipment will be identified for designing the equipment for the element test.
» The mass is set at 100kg considering the mass of cables and hoses since the payload of the dual motor-operated arms is

150kg.
- - - : It is assumed that the grating,
> The size that can be cut is set at 150mm based on the dimensions of the structure to be cut. beam, and CRD exchanger wil
Specifications required of the circular cutter for the dual motor-operated arms be cut.
Dimensions About W600 x D500 x H550mm: Determined based on the accessibility of the tool
Mass Maximum 150kg (Target 100kg): Determined based on the payload of the arm
Processing Circular cutter: Size that can be cut 150mm (Cutter size About ®400 to 500mm)
Rotational torque of cutter: Motor that can be mounted on the tool is selected
Cutter speed: Motor that can be mounted on the tool is selected
Cooling of the blade Cooling water supply for cutter
Dust control Installation of cover for preventing dispersion of machining dust
Supply of machining water to the portion to be cut
Visual inspection of Installation of cameras and lights
part to be processed
_—
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6. Implementation Items of This Project [1) (3) Advancement and development of retrieval methods] No0.306
D Remote controlled tip tools for retrieval
(5) Implementation items (Tip tools)
v Implementation items

(d) Element test plan

[Study of test items and testing methods]

Circular cutter (Only the stand-alone tool)

» Conceptual planning of the actual equipment based on the specifications required of the actual equipment

* Study of test equipment and test items for verifying the functions related to processing from among the functions of the
actual equipment

Circular cutter

\

_ Direction of
rotation

LT W )
Feed direction

Tools

-SUS
-SUS +
Alumina

ylinde

=

¥ Cooling water
nozzle

Motor for rotating
the cutter

) Material being processed
Circular cutter —_—

lllustration of lllustration of test Sample image of
R actual equipment testing
O equipment
- * Processing test will be conducted with the type of blade, speed, torque, pressing
8 (@) force as the parameters.
7 e - Workability, processing time, life of the blade will be verified.
=}
(o]
g (@) It is assumed that the grating,
® O beam, and CRD exchanger will be
O oo cut
Load g
—

=S
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6. Implementation Items of This Project [1) (3) Advancement and development of retrieval methods]

D Remote controlled tip tools for retrieval
(5) Implementation items (Tip tools)
v Implementation items

(d) Element test plan
[Study of test items and testing methods]

Core boring (Stand-alone tool + combination with arm)

The specifications required of the actual equipment (next page) will be identified for designing the equipment for the element test.
» The payload of the hydraulic arm is 1 ton, but the target mass will be set at 500kg.
> If the cutter is pressed with the arm, the arm bends, but the bend changes depending on the processing reaction force that depends on

the hardness of the object to be processed.
Since the cutter cannot be sent straight ahead if the bend of the arm changes, the tool will be pressed in with the arm, its reaction force

will be received by outriggers at 4 locations, the cutter will be sent in with the cylinder inside the tool under such conditions and

processing (pressing force: Maximum 2ton) will be carried out.
»  Colling water will be supplied to the inner side of the blade, and the machining dust will be pushed up from the outer side of the blade.

Conceptual planning of the actual equipment based on the specifications required of the actual equipment

Motor for
rotating the
cutter

Cylinder for
sending in the
cutter

Outrigger

Boring cutter

lllustration of actual equipment

Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project [1) (3) Advancement and development of retrieval methods] No0.308
(D Remote controlled tip tools for retrieval
(5) Implementation items (Tip tools)
v Implementation items

(d) Element test plan

[Study of test items and testing methods]

Core boring (Stand-alone tool + combination with arm) It is assumed that a hard layer of
block fuel debris will be cut.

Specifications required of the core boring for hydraulic arm

Required functions Specifications, etc.

Dimensions About W650 X D900 x H750mm: Determined based on the accessibility of the tool
Mass Maximum 1000kg (Target 500kg) : Determined based on the payload of the arm
Processing Core boring cutter: With ®66mm which was used in the element tests in the past as reference, it is

assumed that the size will be increased (about ®100mm) in order to shorten the schedule.

Rotational torque of cutter: Motor that can be mounted on the tool will be selected
Cutter speed: Motor that can be mounted on the tool will be selected

Cutter pressing force: Maximum 2 ton (Pressing force of the arm)

Receiving of the cutter pressing force reaction force: Installation of outrigger

Discharge of cutting swarf: Water will be supplied inside the cutter

Cooling of the blade Cooling water supply for cutter
Dust control Supply of machining water to the portion to be cut
Visual inspection of Installation of cameras and lights

part to be processed

' D OIlnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project [1) (3) Advancement and development of retrieval methods] No0.309
@ Remote controlled tip tools for retrieval
(5) Implementation items (Tip tools)
v Implementation items

(d) Element test plan [Study of test items and testing methods]

Core boring (Stand-alone tool + combination with arm)

«  Study of test equipment and test items for verifying the functions related to
processing from among the functions of the actual equipment

O Pressing force
= Arm load
CyIinderI .
Motor
‘\‘_
\ - Core boring . —
ylinder lllustration of the arm combination test
outrigger "SUS + - Workability using the arm will be verified under
(cylinden) Alumina conditions determined during the unit test.
Material being processed (The impact of the rigidity and vibration resistance of
(t10mm) the arms will be verified)
lllustration showing the tool unit test
4 A equipment |
° | * Processing test will be conducted with the type of
§ o blade, speed, torque, pressing force as the parameters. \
7] « Workability, processing time, life of the blade will be ’
a verified.
3 O o N | .
o (@) OO It is assumed that a hard layer of o : <
block fuel debris will be cut. ) _
Load > | Sample image of testing I

Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project [1) (3) Advancement and development of retrieval methods] No0.310
@ Remote controlled tip tools for retrieval
(5) Implementation items (Tip tools)
v Implementation items

(d) Element test plan [Study of test items and testing methods]

Core cutting (Only tool)

» The specifications required of the actual equipment will be identified for designing the equipment for the element test.
» The target mass will be set at 100kg similar to the circular cutter so that either one of the dual motor-operated arms or
hydraulic arm can be handled.
» Cutting will be performed while holding the reactor core so as to make it easier to remove the reactor core after cutting.

Specifications required of the circular cutter for core cutting

Required functions Specifications, etc.

Dimensions About W650 x D500 x H750mm: Determined based on the accessibility of the tool
Mass Maximum 150kg (Target 100kg) : Determined based on the payload of the arm
Processing Circular cutter: Determined based on the core boring size

Rotational torque of cutter: Motor that can be mounted on the tool is selected
Cutter speed: Motor that can be mounted on the tool is selected
Cutter pressing force: Being examined

Receiving of the cutter pressing force reaction force: Installation of core clamp

Cooling of the blade Cooling water supply for cutter
Dust control Supply of machining water to the portion to be cut
Visual inspection of Installation of cameras and lights

part to be processed

S T e e e e e ]
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6. Implementation Items of This Project [1) (3) Advancement and development of retrieval
methods] No.311
(D Remote controlled tip tools for retrieval
(5) Implementation items (Tip tools)

v Implementation items
(d) Element test plan [Study of test items and testing methods]

Core cutting (Only stand-alone tool)

»  Conceptual planning of the actual equipment based on the specifications required of the actual equipment
» The reactor core will be held with the clamp mechanism, the blade will be sent in with the cylinder inside the tool and
processing will be performed.
«  Study of test equipment and test items for verifying the functions related to processing from among the functions of the actual

equipment _
Motor for Cireular cutter — Direction of

rotating the A direction o a2tion
@nder

cutter
Motor

Cylinder for
sending in the
cutter

¢ - Since preparation for halving the
round bars (Alumina) of the size of
the outer diameter of the reactor
core is not an easy task, it will be
replaced with square shaped blocks
Sample image of testing of the size of the outer diameter of
the reactor core.

SUS + Alumina
Core clamp

Material being processed

Circular cutter Illustration of test Step 1: For setting the processing conditions |

lllustration of actual equipment Motor N\ | Core is clamped
equipment . (Can be retrieved)
A
(@) * Processing test will be conducted with the type of blade, speed, Circular cutter I Q
torque, pressing force as the parameters. \ ® / *SUS
O - Workability, processing time, life of the blade will be verified. [

o T 777

- 7 7 7
Illustration of the actual

awin Buissadoid

(@) equipment test Step2: For simulating the
O actual equipment
O O O * Whether or not processing will be possible with the tool will be verified.
(Whether or not the processing reaction force can be endured when the
> reactor core is clamped.)
Load - Performance of the reactor core clamp will be verified.

LSS
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6. Implementation Items of This Project [1) (3) Advancement and development of No.312
retrieval methods]

@ Remote controlled tip tools for retrieval

(5) Implementation items (Tip tools)

v Outcome (FY2021)
» Procedure for collecting and method of processing the structures and fuel debris inside PCV.
« Concept of tip tools for actual equipment that consider specifications of the access equipment
» Processing element test items and testing methods

v' Contributions of the outcomes to the reflection destinations (FY2021)
« Concreteness of the fuel debris retrieval methods was enhanced through conceptual studies on
tip tools for the actual equipment.

v Analysis from the viewpoint of applicability to the site

« The accessibility of the tip tools inside the pedestal was studied, and the dimensions of the tip
tools were determined. (Reference: No. 300)

« The properties of fuel debris are unknown, but SUS is selected for simulating reactor internal
structures and Alumina is selected for simulating fuel components, and assuming that these are
mixed at the site, processing SUS and Alumina simultaneously will be tested. (Reference: No.
304)

3
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6. Implementation Items of This Project [1) (3) Advancement and development of No.313
retrieval methods]

@ Remote controlled tip tools for retrieval

(5) Implementation items (Tip tools)
v' Level of achievement compared to the goal
« Test manufacturing of tip tools with specifications suitable for the remote controlled equipment
(access equipment) that is currently assumed
= + Conceptual study of the tip tools for the actual equipment is almost complete.
- Equipment for testing is being planned based on the results of the conceptual study of tip
tools for the actual equipment.
* Processing tests with the processing conditions extensively considered as parameters
= - Test parameters and test cases are being studied.

v Future plans
« Designing and manufacturing of the element test equipment (up to September 2022)
« Verification of whether or not processing is possible by element tests, measurement of
processing time (up to December 2022)
« Development of data for throughput evaluation, identification of issues (up to February 2023)

' D Olnternational Research Institute for Nuclear Decommissioning

3



6. Implementation Items of This Project [1) (3) Advancement and development of retrieval No.314
methods] '

@ Remote controlled tip tools for retrieval

(5) Implementation items (Operation system)

v' Objective
The load on the operator will be reduced and work efficiency will be enhanced by means of the
operation system that supports remote operation.

v' Project Goals

« Tests will be conducted with mock-ups simulating the inside of the Unit 3 pedestal using the test
manufactured operation system, to verify the procedures for grabbing/cutting/transferring interfering
objects and collecting the fuel debris in unit cans, and the viability of the series of operations will be
verified. Also, data will be created for throughput evaluation by acquiring and consolidating actual
results of work procedures.

« Case studies on the operation system application conditions, assumed issues, etc. will be
consolidated as an input for planning the procedures for disassembly and removal.

v' Implementation items
« Test manufacturing of the operation system, verification of viability of the series of operations by
means of mock-up tests
« Acquisition of actual data on the work procedures, creation of data for throughput evaluation

v' Outcome (FY2021)
« Study of work procedures for interference removal, requirement definitions of the operation system
and test manufacturing

|
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6. Implementation Items of This Project [1) (3) Advancement and development of retrieval methods] ~ N0.315
@ Remote controlled tip tools for retrieval —

(5) Implementation items (Operation system)
v Implementation items

® Background of development
The work of removing interfering objects and retrieving fuel debris will be carried out while
avoiding obstacles in a confined space such as that of the PCV. (Figure 1)
= A manipulator with a redundant degree of freedom will be effective: As it has 7 or
more joints, and its elbows can be evasively maneuvered while retaining the posture and
position of the arm tip. (Figure 2)

® [ssues that must be resolved
Remotely operating the manipulator with a redundant degree of freedom while avoiding
obstacles under conditions with limited visibility puts too much load on the operator, and
the manipulator could collide with obstacles.

® Purpose of development
The load on the operator will be reduced and work efficiency will be enhanced by means
of the operation system that supports remote operation. (Supports the manipulator in

avoiding obstacles)
Figure 1 lllustration of the
® Course of development interference removal work in Unit 3
» Study of operation system _
> Development of operation system\|J> FY2021 Implementation Items
» Verification of effectiveness by

means of element tests =

e e ebuitr vt
® Expected outcome :
Automation of operation of the manipulator to avoid obstacles, enhancement of safety and Base i
efficiency of work

(Application to various other work and robots in the future will be aimed for.) Figure 2 Evasive maneuvering of the
manipulator with redundant degree of freedom

|
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6. Implementation Items oﬁ'his Project [1) (3) Advancement and development of No.316
retrieval methods] '
@ Remote controlled tip tools for retrieval

(5) Implementation items (Operation system)
v Implementation items

® Work flow of fuel debris retrieval using the operation system (Example)

Work plan

(0 Prior verification of
work
L (Using the simulator)

S sy
;

7

\

@ Moving inside the
pedestal

v

@ Grabbing and
cutting the items to be

removed
\ J

L ]

®@ Transferring of
items to be removed
outside the pedestal

1] . J L

The structures (damaged) just inside the
opening will be set as the primary items to
be removed

Pedestal opening (As these hinder manipulator work)

) @ The items to be removed will be determined using the simulator, and the viability of manipulator work will be verified.

©)
>
e
—
@D
=
o
=
=~

+ It is assumed that the interfering objects outside the pedestal have been removed.

A 3D model of the inside of the pedestal has been developed up to a certain extent with a certain accuracy based on the
internal investigation.

* Viability of the series of removal work will be verified by means of a simulator.

(~ @ Leaving behind the )
transferred items to be
removed / storing in

\ \. container J
-’

+ The procedures for removing collapsed structures using physical simulation, etc. will need to be studied separately.

+ There are two kinds of removal procedures, namely, “Removing sequentially from the front” and “Removing while avoiding
obstacles”. The level of difficulty of the latter is high.
(Issues that have a higher level of difficulty will be set)

_— - . - - - - O - O O O .

= = o = =

N

\_________

|
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6. Implementation Items of This Project [1) (3)'Advancement and development of No.317
retrieval methods] '

D Remote controlled tip tools for retrieval

(5) Implementation items (Operation system)
v Implementation items

® Work flow of fuel debris retrieval using the operation system (Example)

Work plan . . . . -
- .p- - @ Moving the hand cutter to the area around the items to be removed (10 to 20 cm in front) while avoiding obstacles
(0) Prior verification of
) worl_< « 2 manipulators and their bases (access rail) are interlinked and together avoid obstacles and move objects
L (Using the simulator) » The trajectory plan has been developed during the “Development of techniques for remote operation support in
environments with low visibility and narrow spaces” in FY2020.
Y S
/ e

@ Moving inside the
pedestal Interference removal equipment

Interference removal equipment [Preparation site]

* [Preparation site]
/

— = oy
7

N
@ Grabbing and

cutting the items to be

removed
\ J

(@ Transferring of )

items to be removed
outside the pedestal
\ J

¥

[ @ Leaving behind the
transferred items to be
removed / storing in
\ \. container J /

e
Inside the pedestal

O
2
0,
—+
®
=
o)
)
=

Items to be removed BS
Pedestal == BN
opening 3

m s s e s e e e e e e e .
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6. Implementation Items of This Project [1) (3) Advancement and development of retrieval methodil0.318
D Remote controlled tip tools for retrieval

(5) Implementation items (Operation system)
v Implementation items

® Work flow of fuel debris retrieval @ Grabbing the items to be removed with the hand and cutting the items to be removed with a cutter

using the operation system [Grabbing] The operator slightly moves the hand manually while confirming the camera images, etc.
(Bottom left figure: Movement from A — B)
Work plan [Cutting] The operator slightly moves the cutter manually while confirming the camera images, etc.

(@ Prior verification of (Bottom right figure: Movement from C — D)

work

(Using the simulator) After cutting, the arm tips (hand and cutter) are moved back to spots A and C respectively.

 Work space (space) in which the manipulator can move slightly will be secured in advance (©)
— — — = _‘_ —_—— - - Verification of gripping force, method of determining the cutting location, method of adjusting the cutting speed, etc.
- r : \ will be studied separately.

/
@ Moving inside the
pedestal

v

@ Grabbing and
cutting the items to be
removed J

v

@ Transferring of
items to be removed
outside the pedestal

rr

A:Movement end point
| in the trajectory plan

— = =
r
J \\
_—— O . - .

| C:Movement end point
in the trajectory plan

N

©)
>
L
—
@D
=
o
=
=

(@ Leaving behind the
transferred items to be
removed / storing in
\ \ container J v/

s/
)y 7
[t %Q D:Cutting end point

— o - - -
- e s s s . -

:
i

lllustration of lvorkf cutting with cutter 2

"Iliiuls_'tFation ofwork'cﬁrab'bi'n by hand

|
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6 mplementation Items of This Project [1) (3) Advancement and development of retrieval methods] N 319

@ Remote controlled tip tools for retrieval
(5) Implementation items (Operation system)
v Implementation items

® \Work flow of fuel debris retrieval @ Grabbing the item to be removed and moving it outside the pedestal while avoiding obstacles [Same procedure as aforementioned @]
. . + The route for avoiding obstacles is automatically generated using the trajectory plan, including the items to be removed that are grabbed by the
using the operation system hand.

(Measures for preventing the grabbed object from falling will be studied separately)

Work plan I ITEREH T R
(© Prior verification of Inside the pedestal
work
(Usmg the S|mulator) . .
Separate trajectory plans will be made
———— 4_ —_—— \ for the onward route and the return
/ \ , % route.
I @ Moving inside the 1 = ; = » As part of the environment changes
| pedestal I ) » As the robot model changes
| \ J 1
! L 2 : N | N
| I @ Leaving behind the items to be removed (structures/fuel debris) at the PCV bottom / storing in unit cans
@ Grabbing and - “Structures to which fuel debris is not adhered” are left behind in the PCV (Bottom left figure)
cutting the items to be * The “fuel debris” is placed in the unit can, the unit can trolley travels over the rail and is transferred outside the ottom right
g | The “fuel debris” is placed in th i h i Il I h iland i ferred ide the PCV (B igh
9 removed [ figure) . o -
7 \. J/ I (The method of determining whether or not fuel debris is adhered needs to be established separately.)
5 v .
= . ) AL
S @ Transferring of | f RN g vl S BT
~ item§ to be removed r"?' ST
I outside the pedestal il arars ratay: A
! L 4
I (" @ Leaving behind the )
| transferred items to be
| removed / storing in
\ \ container y
~ -

E— =
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retrieval methods]

(D Remote controlled tip tools for retrieval
(5) Implementation items (Operation system)
Implementation items

v

Overview of the trajectory plan developed until last year

The flow of handling the trajectory plan is indicated with a block diagram.
This function has made it possible to move the manipulator such that it does

not collide with obstacles.

Information on the robot and

6. Implementation Items of This Project [1) (3) Advancement and development of

Trajectory plan algorithm

Route computation up to the

Determination of collision
with the robot model and the

Computation of position so
that both do not interfere

environment
» 3D model of the robot destination
S
« 3D model of the environment *
. environment model —
Registered | Goal is .
in advance etermined. s,
with eachother
Route up to the
S goal is output
-
N
Operator

A

Robot
[ Motor for each joint j

A

[ Servo controllerj

Target angle of
each joint is
output

:Order to each jo

Operator manipulates the replay speed

>

N [ Integrated controllerj

(Note) Joint research with Kobe University

Camera images, etc.

Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project [1) (3) Advancement and development of No.321
retrieval methods] '

D Remote controlled tip tools for retrieval

(5) Implementation items (Operation system)
v Implementation items

Issues with the trajectory plan

® As the work of high accuracy positioning such as for grabbing, cutting, etc. is
switched over to manual operation, the risk of collision increases.
When the hand or cutter is slightly moved towards the target object, minor
adjustments in millimeters are made based on the camera images. As such minute
movements are not included in the trajectory plan, the operation needs to be
switched to manual operation.
= As manual operation heavily relies on the skills of the operator, the risk of
collision is high particularly in the case of beginners.

As the focus remains completely on the arm tip, the risk of collision by the elbow,
etc. is high.

® There is a risk of missing obstacles.
The route from the start to the goal is divided into smaller segments,
and the obstacles are determined for each moment in the divided
segments.
= If the number of segments is less (roughly), the obstacles in
between them get missed.

If the number of segments is increased, the computation time
increases as a trade off.

Obstacles

® Point of division
|
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6. Implementation Items of This Project [1) (3) Advancement and development of retrieval methods] No.322
D Remote controlled tip tools for retrieval

(5) Implementation items (Operation system)
v Implementation items

Measures to resolve the issues with the trajectory plan

A “Local trajectory plan” will be added to the system as a measure for resolving the issues.
To differentiate the plans, the trajectory plan that was referred to until now will be called “Wide range trajectory plan”.

Local trajectory plan

(Example of 4 segments ) Current location

Position after
0.1 seconds

Conceptual drawing

Route computation A series of movements from start to the goal (rough) Only the position after 0.1 seconds

Computation of position so that both do not interfere with each other by determining collision with the robot model and the environment

Determination of collision
model.

Computation time Long (Number of segments: 20 to 30 segments of 1 to 2 minutes) Short (Target: 0.1 seconds or less)

Computed in advance and verified by operator using the simulator
Timing of computation
- (Not real time) Real time (Sequential computation as the robot moves)

(Note) Joint research with Kobe University Meticulous interference avoidance is possible by repeating the “Local trajectory plan”.

| S
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6. Implementation Items of This Project [1) (3) Advancement and development of retrieval methods] No0.323
(D Remote controlled tip tools for retrieval

(5) Implementation items (Operation system)
v Implementation items

Example of using the Local trajectory plan @
The risk of collision increases with manual operation = Collision is avoided by means of the “Local trajectory plan”

Position in which the robot and the

Information on the robot environment do not interfere with each
and environment other (Each axis value is arranged)
3D model of the robot .
o el ot th J» > Local trajectory plan /§ Robot
model of the
environment N /l\
[Past operating method] Arbitrary moverment 1
There are times when the manipulator elbow moved in a direction not (Issuing e tetone for the !
intended by the operator. position of the arm tip) !
[Control of breakup rate] :
[Local trajectory plan] et il
As positions can constantly be changed in real time for avoiding Past operating
interference, the operator can focus on operating the arm tip. Operator method

Simulated
movement

The elbow collides with
the obstacles

The elbow automatically
avoids obstacles

Obstacles

|
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6. Implementation Items of This Project [1) (3) Advancement and development of retrieval methods] No0.324
D Remote controlled tip tools for retrieval

(5) Implementation items (Operation system)
v Implementation items

Example of using the Local trajectory plan @

Obstacles are likely to be missed = Obstacles will not be missed by means of the “Local trajectory plan”

Information on the robot and
environment \l/

3D model of the robot T \ _ ) ] : - | Rob
3D model of the J > Wide range trajectory plan ocal trajectory plan ﬁ,@ obot
environment
Rough trajectory
Consists of 2 stages comprising creation of a \l/ ROUtle. up to the Detailed ”
series of events from start to the goal (rough goalls output trajectory
trajectory) based on the Wide range Movement in accordance with the
trajectory plan, and then interpolation of the _ trajectory
gaps by the Local trajectory plan. GO&'_ IS (Speed can be adjusted)
determined. Operator

_ Only Wide range trajectory plan Wide range + Local trajectory plan

@ Rough trajectory based
on the Wide range trajectory

Simulated Obstacles plan

movement

o : .
Detailed trajectory based
on the Local trajectory plan

Obstacles are missed

|
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6. Implementation Items of This Project [1) (3) Advancement and development of retrieval methods] No0.325
(D Remote controlled tip tools for retrieval

(5) Implementation items (Operation system)
v Implementation items

Element test plan (Simulation tests + mock-up tests)

Work plan Simulation tests
(© Prior verification of . T_he effect of the Local trajectory plan will be verified using the
work simulator.
(Usmg the simulator) . Whether or not “Prior verification of work” is possible will be verified.
(Verification in an ideal environment where there are no errors, delays, etc.)
/ \
I (D Moving inside the |
| pedestal [ Mock-up tests
| L J - (Verification of validity in real environment where there are errors, delays,
* etc.)

: e _ ) N\ : . The real time performance, remote operability of the Local trajectory

@ Grabbing, cutting” plan will be verified.
o the items to be | «  Handling of errors in the environmental model and site (mock-up) will
= L removed R be verified.
2. * I ' Status on site
4 ~ | (The operator does not see)
§ @ Transferring of | ] “‘
=~ items to be removed | y “ X
I outside the pedestal I }-“‘:
I L 7 I
I (@ Leaving behind the ) |
[ transferred items to be [
| removed / storing in ]
\ \. container J v/

S e e e e e e - -~
Fuel debris retrieval work flow
« As “cutting” is performed during the processing tests on the tip tools, Operator console (Sample image) Test equipment (dual arm-type robot) and mock-up
only minute movements by the manipulator are simulated here. (Sample image)

TRID
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N0.326

6. Implementation Items of This Project [1) (3) Advancement and development of retrieval methods]
@ Remote controlled tip tools for retrieval

(5) Implementation items (Operation system)
v Implementation items

Mock-up test plan

Test equipment with an axial configuration close to that of the interference removal equipment will be used. (The linear motion of the access rail is substituted by the forward

movement of the trolley)

A scaled down m9_ck-up will be prepared in accordance with the ratio of the test equipment, as the workability of the interference removal equipment will be simulated.
‘\ (LLLRLRRLREL LR R ARERIR L)

Inside the pedestal

+ As “Performing work while avoiding obstacles with the help of the multi-jointed (articulated)
manipulator” will be verified, interference removal with the help of the dual arm type robot will be
simulated as one of its example.

However, the system to be developed is intended for used in various robots and its
application is not limited to interference removal.

Pedestal

I"teﬁer;e,nce opening

removal equipmest .

Items to be removed

'E'«ﬂ
o

»

Pedestal
opening

Manipulator x 2

External Rotation and inclination mechapaisp

appearance
of equipment

Access rail

Manipulator: 8 axes X 2 types
Rotation and inclination mechanism: 2
Access rail: 2 (Extension and inclination)

Main
specifications

TRID

Interference removal equipment [Under examination]

Mock-up test equipment (Upper floor decontainination

equipment) As the movement of the
access rail that approaches
from diagonally above will be
simulated, the mock-up will
be installed tilted 15 degrees.

(The trolley moves forward
on the ground)

Manipulator: 8 axes X 2 types
Inclination mechanism: 1, Rotation mechanism: 1
(Additionally installed)

Trolley: 2 (Forward motion and rotation)

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project [1) (3) Advancement and development of retrieval methods] No.327
@ Remote controlled tip tools for retrieval

(5) Implementation items (Operation system)
v Implementation items
Details of verification by means of mock-up tests
“Removal while avoiding obstacles” which has a higher level of difficulty will be set as the issue.

) Pedestal
opening

Location where

The work of removing interferences from outside the pedestal will be simulated. interfering objects
(Interfering objects will be left behind at the PCV bottom) are left behind

Items

Passina throuah the pedestal openin -Onward route: With only the tool mounted at the arm tip
9 9 P P 9 -Return route: With the interfering object held in the hand tool

Details of verification

Interfering

- Scanning the environment with the laser scanner mounted at the arm tip objects

Recognition of the environment -Responding to errors by comparing the point cloud data and the 3D
model

-Placing them at the disposal area outside the mock-up (interfering
Disposing of collected items objects)

i 7
~ 2
Y%

= Storing in simulated unit cans (pebble like simulated fuel debris)

Holding of interfering objects and scanning (lllustration)

| S
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6. Implementation Items of This Project [1) (3) Advancement and development of

retrieval methods] No.328

@ Remote controlled tip tools for retrieval

(5) Implementation items (Operation system)

v' Contribution of the outcomes to the reflection destinations
[Outcome]: Automation of interference avoidance by the manipulator
[Reflection destination]: Development is carried out for application to the remotely operated robot used for fuel
debris retrieval, but application to various other work and robots in the future will be aimed for.

(The environment model and the robot model will be modifiable)
[Contribution]: Enhancement of safety and efficiency of work can be expected.*

* With the operational support resulting from the previous research “Development of techniques for supporting remote
operation in environments with low visibility and narrow spaces” implemented in FY2019-20, there has been a
reduction of approx. 90% in the time required for manual operation by veteran operators, and a reduction of approx.

80% in the time required for creating teaching data. The previous project will be implemented and advanced further in
the current project.

v" Analysis from the viewpoint of applicability to the site
« Site applicability is verified by confirming the viability of the series of operations using the remote controlled
system including the mock-up simulating the actual site and the element test equipment, and points of
improvement are identified. (Reference: No. 325, 326, 327)
« Asystem which is highly applicable to the site is developed in cooperation with the fuel debris retrieval
monitoring/support/integrated management WG, while incorporating the comments from site operators
participating in the mock-up tests and experts in manipulator technology. (Reference: No. 290, 325, 326, 327)

3
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6. Implementation Items of This Project [1) (3) Advancement and development of N0.329
retrieval methods] '

@ Remote controlled tip tools for retrieval

(5) Implementation items (Operation system)

v' Level of achievement compared to the goal

« Test manufacturing of the operation system — Simulation verification underway

« Study of grabbing/cutting/transfer of interfering objects — Implemented

« Verification of a series of operations — Will be implemented through mock-up tests

» Acquisition and consolidation of actual data on work procedures — Will be implemented through mock-up
tests

» Creation of data for throughput evaluation — Will be implemented through mock-up tests

» Consolidation of case studies on the operation system application conditions, assumed issues, etc. —
Being implemented

v' Future plans
* Mounting of operation system on the element test equipment (Up to September 2022)
* Manufacturing of the mock-up (Up to September 2022)
» Verification of viability of a series of operations by means of mock-up tests (Up to December 2022)
» Acquisition of actual data on the work procedures, creation of data for throughput evaluation (Up to
February 2023)

' D Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project [1) (3) Advancement and development of
retrieval methods]

No0.330

@ Remote controlled tip tools for retrieval
(6) Summary

Tip tool

» Throughput computations from the past were analyzed, and processing tests for
reducing the time required for processing block fuel debris accumulated at the
pedestal bottom were selected as element tests.

» Circular cutter for interfering objects, core boring for block fuel debris, which have
not undergone processing tests as a tool, were identified as element test items
based on the status of implementation of past desk studies and processing tests.

» The specifications required of the above-mentioned tools have been consolidated
and conceptual studies and element test planning are underway.

Operation system
» The fuel debris retrieval work flow was studied, and the functions required of the
operation system were consolidated.

» An operation system that supports remote operation by the operator was developed,
and simulation verification was carried out.

» In the future, the effect of the operation system is planned to be verified by means of
mock-up tests.

EEEEES
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6. Implementation Items of This Project [1) (3) Advancement and development No.331
of retrieval methods] '

D Remote controlled tip tools for retrieval

(7) Development schedule

Study items

Major milestones

Study of throughput
improvement measures

Tip tool element test
planning and preparation

Element tests (Processing
tests for throughput
evaluation)

Study of operation system

Development of the
operation system and
simulation verification

Element tests (Series of
operations using the
operation system)

Throughput evaluation

Creation of report

Remarks

TRID

[Legend] Planned: B Actual; I

FY2021 FY2022

4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 © 10 11 12 1 2 S

Interim Report Interim Report Interim Report Final Report
v v v v

Time required for processing inteffering
objects and fuel debris

Time required for manipulator work
(Time required for moving, positioning, etc.

A panel of experts met on July 13, 2021 and February 8, 2022 in connection with the operation system. A meeting of the panel of experts is planned to be held again as
required depending on the progress.
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6. Implementation Items of This Project No.332

2) Development for the top access method

Solicitation items are listed.

(1) Development of technology for realizing the concept of retrieving large structures
@ Method of cutting into large structures

With respect to retrieving fuel debris and reactor internal structures, in order to enhance the
throughput using the top access method, the method of transferring unitized large structures
Is being studied as part of the development being undertaken since FY2019. For establishing
that method, structures need to be cut out and transferred. However,during the work of cutting
out, reactor internal structures that comprise a variety of equipment from steam dryer to
sparger, shroud, jet pump, etc. need to be cut in a high-dose radiation environment and in a
confined space inside the reactor, and transferred. Also, the method of cutting and transferring
large structures other than the reactor internal structures such as PCV head, RPV head, etc.
under a high-dose radiation environment, in order to access the inside of the reactor, needs to
be studied.

As it is presumed that the fuel has melted and is present inside the RPV, a method of cutting
and separating while taking into consideration metallic reactor internal structures and ceramic
fuel debris, will be studied, and element tests will be conducted using simulated test pieces.
Also, the method of transferring structures after they have been cut, including the PCV head,
etc. until the structures are loaded on to the large transportation equipment, will be studied,
and its site applicability will be evaluated.

l D Olnternational Research Institute for Nuclear Decommissioning
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— 6. Implementation Items of
retrieving large structures]

(D Method of cutting large structures

N0.333

Development results related to the top access method achieved so far and correlation with this project are indicated below.

(Implemented in FY2017-18)

Project of Development of Upgrading of Fundamental technology

[Study of the method for finely cutting inside PCV]

» Implementation of element tests using simulated reactor
bottom structures
»  Estimation of throughput, identification of issues

31

Removal of large structures at the
r ttom

Method of fine cutting

AWJnozzle

h 2

Movable flange

Upper lid

Being developed under
“ the Ensuring Safety PJ

(Implemented in FY2019- 20)

Project of Further Increasing the Retrieval Scale of Fuel Debris

{Lower lid

To be developed as

[Study of the method of transferring the unitized structures]

> Implementation of element tests related to disassembling
the reactor bottom

> Conceptual study related to the large transfer containers

> Study of the method of criticality control until storage in

containers

This project ‘

[Development of technology for realizing the concept of
retrieval]

>  Study of the method of cutting large structures
>  Study of large transfer containers (Main body)
»  Study of large transportation equipment

Large transfer
container

" part of this project

1

Ensuring safety project (Implemented in FY2020-21)

Ll
=] =
Al Transportation
Shleldln‘g cart cart
\
=
Work
X - container
-
l ! " . Large transfer Fd
Container i
4 ‘dual lid container
-
¥ =3

7.

7 <

Method of transferring unitized large

structures

[Feasibility verification of the large transfer container lid]

> Development of the air tight mechanism for the container lid and element
tests
> Study of the method of criticality control after storage in containers (during

transfer)

EN

Isolation technology project (Implemented in FY2021-22)

[Development of isolation technology to prevent the

spread of contamination]

> Development of isolation technology and
element tests

=

Tt

Items to be studied in future

> Study of developmental issues identified during engineering and

technical development. etc

TRID

sheet

Scope of studies
conducted in this project

L Fy2010-20

Connection sleeve
(Connecting the PCV
and the passageway)

2

Structures other
than the reactor
internal structures
(PCV head, RPV

head, etc.

Reactor internal
structures (Dryer,
separator, shroud,

fuel debris, etc.)

Study on cutting the reactor bottom part
and implementation of element tests




—6. Implementation Items ©

retrieving large structures]

@ Method of cutting large structures

Development of technology pertaining to items in red will
be carried out in this project

Development results related to the top access method achieved so far and items to be developed in this project are indicated below.

Method of cutting large structures

Implemen ation of conceptuél'st LS
Further Increasing The Scale of Retrieval PJ (FY2019 20)

Method of cutting structures other than reactor
internal structures

Method of cutting the reactor internal
strictures

lllustration of filling and

Cutting
@

Simulation of collapsed Filled with geopolymer

Implementation of element tests pertaining to the
Further Increasing The Scale of Retrieval PJ (FY2019- 20)

CRGT (Inner diameter of container 300

mm)

Isolation sheet

% isolation techn&ldgy to leevent

the spread of contamination (FY2021-22)

Guide
Drive motor (outside Trapezoidal
the passageway) screw

Endless roller system Trapezoidal screw drive

. s¥stem
Implementation of conceptual study of the Further
Increasing The Scale of Retrieval PJ (FY2019- 20)

Isolation sheet

Large transportation equipment

S lrﬁﬂ/ o

Shielding cart Transpartation
\ \
\ \ \

Air tight mechanism with dual lids

workconainer [0

lid_Zcontainer

Il 13 | /
g[ Cé)n(alner Lage transfer

d =

Cutting structures of the reactor bottom

TET

Element tests for the Ensuring Safety PJ
(FY2020-21) are being planned

Large transfer container

hemispherical
dome opening

Implementatlon of element tests pertaining to the
Further Increasing The Scale of Retrieval PJ (FY2019- 20)

m

Implementation of conceptual study of the
Further Increasing The Scale of Retrieval PJ (FY2019- 20)

TRID
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the No.335
concept of retrieving large structures] '

(D Method of cutting large structures

[Issues]
+  Structures need to be cut and transferred in a high-dose radiation environment and in a Crane (passageway)

confined space. | ﬁ) CE/

_Passageway

* The methods for cutting and removing structures other than the structures at the reactor
bottom (reactor internal structures in the reactor core, PCV/RPV head, etc.) need to be

studied and their feasibility needs to be verified. | | IW o | [ ki
+  The feasibility of the methods for lifting up the cut structures up to the passageway Scope of studies conducted in this project
needs to be verified. | | , v
. . Connection sleeve
[Implementation details] = s (Connecting the PCV and
-Preconditions for the studies will be consolidated. -1 the passageway)

-Method and procedures for cutting and transferring reactor internal structures and structures

other than the reactor internal structures will be studied. v Structures other than the

‘ —— reactor internal
. - e . . . g : CV head,
-With the method of filling and solidification of fuel debris in mind, the methods for cutting and I B, I s““;;“vre.fei,,ﬁmﬁa

separating structures that are a mixture of metallic and ceramic material including the filler

material will be studied for retrieving reactor internal structures, element tests will be planned | = | : Tl
and implemented, and feasibility will be verified. I = 1 lli
| o |
- The methods of cutting large structures such as the PCV head, etc. will be studied basedon  _ = ™ ¢ | —
the studies on the connection sleeve to which structures other than the reactor internal I ' = Siiiﬁj?és'n(tgmg
structures are joined inside the reactor well, element tests will be planned and implemented, . separator, shml%, fuel
and feasibility will be verified. - - debris, etc.)
i
- The methods for transferring structures after they have been cut, including the PCV head, - - LINEET r_}
|

U FY2019-20
Study of methods for cutting the
. reactor bottom and
s implementation of element tests

etc. until the structures are loaded on to the large transportation equipment, will be studied,
and their site applicability will be evaluated. m

[Expected outcome]
* Presentation of methods for cutting reactor internal structures.
* Presentation of the methods for loading structures after they have been cut on to the
large transportation equipment

|
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of N0.336
retrieving large structures] '

(D Method of cutting large structures

[Implementation details]

Implementation items Implementation details

Preconditions pertaining to the methods for transferring unitized large structures will be

Consolidation of preconditions consolidated.

Methods and procedures for cutting and transferring reactor internal structures and structures
other than the reactor internal structures will be studied.

- The methods for transferring structures after they have been cut, including the PCV head, etc.
until the structures are loaded on to the large transportation equipment, will be studied, and their
site applicability will be evaluated.

Study of the methods for transferring
unitized large structures

Structures other The methods of cutting the PCV head, RPV head, etc. inside the reactor well such that unitized
than reactor internal large structures can be transferred will be studied, and conceptual study of the equipment will be

Study of the structures conducted.

methods for » _ - - _ —

cutting large *The methods of filling that consider the conditions of the actual equipment will be studied in
structures SeEE el connection with the method of filling and solidifying fuel debris and then transferring it to prevent

the reactor internal structures from falling.
*The methods of cutting including the shroud structures and filling material after filling material is
filled, will be studied.

structures

- Element tests will be planned and implemented pertaining to the method of cutting RPV head
which is assumed to have a higher level of technical difficulty, from among the methods of
cutting large structures for the structures other than the reactor internal structures, and the

Structures other
than reactor internal

Element tests structures feasibility will be verified.
planning and . ) . . -
implementation -Element tests will be planned and implemented for ascertaining the properties of the filling and

solidification material through large scale filling tests, with an increased scale as compared to
previous basic tests, and feasibility will be verified.

-Element tests will be planned and implemented pertaining to the cutting method including
shroud structures and filling material, and feasibility will be verified.

Reactor internal
structures

| :
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of

retrieving large structures]
(D Method of cutting large structures

[Preconditions for the methods for transferring unitized large structures]
* Pre-conditions pertaining to the methods for transferring unitized large structures are indicated below.

S0 | precondtons | e | Remaks

1

3

An additional building for the top access method
should be installed in addition to the additional
building for the side access method.

A frame structure should be installed so that the
load of the passageway in which retrieval
equipment, etc. will be installed is supported by
the ground surface.

After transferring the unitized RPV head, the load
should be applied for retrieval equipment the
surface of the RPV head flange.

A method for transferring the largest size as
much as possible should be considered.

Cutting policy of the connecting parts such as
bolts should be considered.

Large transfer containers should be used for
transferring structures.

1D

In the case of the top access fuel debris
retrieval method, transferring the unitized
structures is being considered. Hence it would
be difficult to use the delivery equipment in
common with the side access fuel debris
retrieval method.

Considering the acceptable maximum load of
the operation floor, it will be difficult to support
the load of the passageway.

At the current stage, since the RPV head is
being supported, it is assumed that load can be
placed after the RPV head is retrieved.

As the status of damage has not been verified,
the study should be conducted with a large
size which is the most difficult to handle.

The cutting policy should be studied
considering the possibility that connecting parts
such as bolts, etc. may not turn due to
deformation, galling, etc.

The policy of preventing spread of
contamination should be maintained by using
large transfer containers.

No0.337

Revision of the transfer
dimensions are depending on the
status inside the reactor.

Whether the bolts should be cut
or loosened needs to be
evaluated depending on the
actual conditions.
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of

retrieving large structures]
(D Method of cutting large structures

The development for the method of cutting large structures is bieng carried out by dividing it into the
following 3 items.
The status of current studies and the cotents of the report this time are indicated below.

- Implementation details Status of study Contents of report

(@)

(b)

(€)

Study of the methods for
transferring unitized large
structures

Study of the methods for cutting
large structures other than
reactor internal structures,
planning and implementation of
element tests

Study of the methods for cutting
reactor internal structures into
large pieces, planning and
implementation of element tests

The methods for transferring unitized large
structures are being studied including the
method of application of the isolation sheet that
is currently being implemented in another
subsidy project (Isolation Technology PJ").

The methods for cutting the stud bolts of the
RPV head from among the structures inside the
reactor well were studied, and element tests
were implemented.

Conceptual study pertaining to the methods for
cutting reactor internal structures will be
conducted, element tests will be planned in the
future.

Tests for ascertaining the properties of the filling
and solidification material have been planned,
and are being implemented.

Overall steps are being
studied.

Details will be reported in
the future.

Test results

Status of study

*Isolation Technology PJ: “Development of fuel debris retrieval method (Development of
isolation technology to prevent the spread of contamination during retrieval and
transportation of large structures)” PJ

1RID
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of N0.339
retrieving large structures] '

(D Method of cutting large structures (b) Other than reactor internal structures
[Study of the methods for cutting the RPV head into large pieces]

It is assumed that it would be difficult to loosen the RPV head bolts due to corrosion, deformation, etc. of
the screws, hence the bolts would need to be cut. The locations where the bolts would be cut were

studied.
- Proposal 2 Making acut in Proposal 3 Cutting the bolts
<RPV upper lid> Proposal 1 Cutting the flange ;
PP he bolt head . from thewpperlid flange gap
the bolt heads (As deep as the bolt location)

\»=j7 — Cutting Making a The structure is

A ____ Making a cut present at the
i same level and

1 hence it is
\ e e difficult for the
L r_‘l y equipment to
| == ; access it
p140mm
Stud bolt

AWJ cutting

Pulling up Galling i Pulling u \
Stud bolt ~ating Is
* |t is anticipated that it would I = Iclalt(:?:grtgue L Minimization

be difficult to loosen due to ¢ Tosion of the scope
deformatio, corrosion, etc. of 0 COITosIo of the joint

the screws of the bolt +
. joints . ﬁg‘-ﬁ_
@ Even if the cutting is performed where the nut is positioned, pulling it up would be difficult as it is a stud bolt.

Proposal 3 in which galling of the bolts does not occur while lifting up RPV upper lid was selected as the primary proposal, and it was decided to verify the viability of AWJ
cutting.

Cutting such that the flange sheet
surface does not get perforated.

[
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6. Implementation Items of ﬁis Project [2) (1) Development of technology for realizing the concept of
retrieving large structures]

(D Method of cutting large structures (b) Other than reactor internal structures
[Steps involved in RPV head bolt cutting in the actual equipment]

No0.340

: Scope of simulation
in element tests

Work steps involved in RPB head bolt cutting in the actual equipment, and the items to be verified by
corresponding element tests are studied.

1. Carrying-in the work container, instailing a
polar crane

]

3. Cutting the bolts

2. Positioning the cutting tool

Installation of work :
container A A
5 RPV flange
-
", surface
= |
Cutting tool
(With line laser)
=
lllustration
of work
e [T
p C( j
! / -
S Polar crane - 1ansportation
cart
» It should be possible to safely transport the work container A » It should be possible to launch the cutting tool into the target spot » It should be possible to adjust the AWJ nozzle in the gap with
up to the opening. while avoiding interfering objects. the RPV flange.
It should be possible to prevent outflow of radioactive materials It should be possible to position the cutting tool on the RPV flange » It should be possible to cut the bolts along the flange surface
Required from inside the reactor and inside the work container into the surface. undergoing AWJ cultting.
functions cell. » It should be possible to implement the above-mentioned operations » It should be possible to verify that cutting has been completed.
remotely and in the dark. » It should be possible to implement the above-mentioned
operations remotely and in the dark.
@ Measures against overturning of work container @ Avoiding of interfering objects during remote operation @ Adjustment of the position of the AWJ nozzle while monitoring
@ Development of transportation technology that does not @ Positioning of the cutting tool while monitoring with cameras with cameras
Main interfere with the gate between the cells @ Cable routing for equipment inside work container A @ Setting of a scanning route suitable for the object to the cut
. @ Ensuring air-tightness from inside of the reactor, inside of the @ Verification of completion of cutting by means of cameras
Issues work container to outside the work container @ Selection of processing conditions for enabling cutting of bolts
@ The transportation method is being studied using large @ Verification of suitable placement of cameras through element tests @ Verification of whether or not the position of the AWJ nozzle
transportation equipment. @ Verification of whether or not the position can be confirmed by means can be adjusted by means of the cameras, line laser, through
@ Ensuring air-tightness by means of the isolation sheet is being of line laser, through element tests element tests
Pr0p059d studied under another subsidy project. ® Study of equipment configuration that would enable cable routing @ Verification of whether or not the scanning route of the nozzle
counterm inside the work container in accordance with downward movement of can be confirmed before processing, through element tests
easures the cutting tool/auxiliary arm @ Verification of whether or not completion of cutting can be
confirmed, through element tests
@ Verification of processing conditions for cutting the bolts,
] through preliminary tests

OTTTCT A tOTIaT RESTaTCIT ISUTUte TOT Teueiedr Decorssonmmg.
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6. Implementation Items of Tﬁis Project [2) (1)iDeveIopment of technology for realizing the concept of No.341
retrieving large structures] '

(D Method of cutting large structures (b) Other than reactor internal structures
[Steps involved in RPV head bolt cutting in the actual equipment]
Work steps involved in RPB head bolt cutting in the actual equipment, and the

items to be verified by corresponding element tests are studied. ] : Scope of simulation in element tests
4. Collecting the cutting tool 5. Replacing the work contain ferring RPV head
Installation Work
of work RPV head container B
container B ' :
-
Nl
lllustration — Cuttlng tool
of work Polar crane
steps disassembly Fuel Installation Retreating of polar
equipment, work exchange of isolation crane disgsseenbl
container A bellows sheet B eqUibment. work y
—— cover quipment,
- | container A
» It should be possible to collect the cutting tool while avoiding » It should be possible to safely transport the work container B up to the » Itshould be possible to transfer the unitized RPV head.
interfering objects. opening after temporarily retracting work container A. » Itshould be possible to safely transport the work container B up to
Required » It should be possible to wind the cables as the cutting tool is raised. » It should be possible to prevent outflow of radioactive materials from inside the additional building.
q X » Itshould be possible to implement the above-mentioned operations the reactor and inside the work containers A, B into the cell. » Itshould be possible to prevent outflow of radioactive materials
functions remotely and in the dark. from inside the reactor and inside work container B to the outside
of work container B.
@ Avoiding of interfering objects during remote operation @ Measures against overturning of work containers A, B @ Measures against overturning of work container B
(Whether the cutting tool can be collected without interfering with @ Development of transportation technology that does not interfere with the @ Development of transportation technology that does not interfere
Main interfering objects around the fuel exchange bellows cover, etc.) gate between the cells with the gate between the cells
SIS ® Ensuring air-tightness from inside of the reactor, inside of the work ® Ensuring air-tightness from inside of the reactor, inside of the work
@  Cable routing for equipment inside work container A containers A, B to outside the work containers A, B container B to outside the work container B
@ Verifying suitable placement of cameras through element tests @ The measures against overturning are being studied using large @ The measures against overturning are being studied using large
Proposed @ Studying the equipment configuration that would enable cable transportation equipment. transportation equipment.
colnterme routing inside the work container in accordance with upward @ The transportation technology is being studied using large transportation @ The transportation technology is being studied using large
movement of the cutting tool/auxiliary arm equipment. transportation equipment.
asures ® Ensuring air-tightness by means of the isolation sheet is being studied ® Ensuring air-tightness by means of the isolation sheet is being
under another subsidy project. studied under another subsidy project (Isolation Technology PJ).
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6. Implementation Items of Tﬁis Project [2) (1) Development of technology for realizing the concept of
retrieving large structures]

(D Method of cutting large structures (b) Other than reactor internal structures
[RPV head bolt cutting test: Details of the preliminary tests and element tests]

No0.342

The items that need to be verified by preliminary tests and element tests, and the framework required for verifying those items are consolidated in

the table below. . .
In the preliminary tests, basic (unit) tests on AWJ/equipment are conducted, and the element tests are conducted in bright light/in the dark. E 4 Contents being explained

Preliminary test Element test

Test details i ;
AWJ basic test Basic (:g;tlpment In bright light In the dark

AWJ performance Selecting AWJ processing conditions O
verification

Verifying whether or not cutting is possible (Verifying the impact on other structures) O O (No. 354) O (No. 354)

Verifying the impact of axial tension during cutting O
Collection Verifying whether abrasive can be collected O(No.361)
performance O
verification
Equipment Verifying basic operation of equipment o O (Prior verification O (Prior verification
performance completed) completed)
verification

Verifying the installation of equipment, and cable hose routing performance O O(No0.352-355) O(No.352-355)

Verifying emergency collection performance O O(No.355)
Remote equipment Verifying placement of cameras/lights and installing them remotely O(No.358) O(No.358)
verification .
Combination test One through test (Measurement of time for each work) O(N0.352-355) O(N0.352-355)

Low pressure water jetting
(tap water pressure)

ok i Low pressure water
\'"  jetting angle

Y]

“Stud bolt 'f’r‘m'f"“f" std.off - 80mm - R AR - . - - Iﬂ
r < AP Jet flow cover «— Polar crane ‘
Nl High
"r —"r e Flow of water

“wems water jetting
sl |ocation

| AW
! nozzle

o - SONG - - - - - - - Water container

. Rotating cable bear
Low pressure water jetting (tap water pressure)

q Cutting unit

lllustration of AWJ cutting lllustration of AWJ cutting and abrasive collection Illustration of eﬂuigmet 10r element test

|
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6. Implementation Items of Tﬁis Project [2) (1)iDeveIopment of technology for realizing the concept of
retrieving large structures]

(D Method of cutting large structures (b) Other than reactor internal structures
[RPV head bolt cutting test: lllustration of the element test equipment]

No0.343

The images of the equipment used in the element tests based on the results of the study on the overview of the
equipment, the reactor bottom retrieval steps, and the required functions, are given below.

7
w

- Ve -
-
"

Auxiliary arm unit -
Y Winding drum

- A

Cutting unit L - Housing frame

5
|

\"TR'TR'R'A.

— 11728

TR

Motor operated
winch

Traverse base

pr—_— -
'l-lgl' | &

__[

‘AN AW AW

Y

Winding drum .
Auxiliary arm

Test rack Cultting tool
Rotating cable bear

AWJ nozzle

Big-picture view of the RPV disassembly equipment (Polar crane) petailed drawing of the cutting unit Detailed drawing of auxiliary arm unit
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6. Implementation Items of This Project [2) (1) 'Development of technology for realizing the concept of retrieving Iﬂ[ge344
structures] '

(D Method of cutting large structures (b) Other than reactor internal structures
Connection with the utility by
[Element test: Test equipment (RPV disassembly equipment (Polar crane))] ;"qﬁgfngmgigmi controlled
passageway

Cable bear

Connecting

™
et~ Al Q| Traversing (moving sideways) |
0 " part

s
T il |-

\4 . lllustration of actual equipment (inside the container)
¢12570 - (The work container is not simulated, but the equipment is
C < rd configured considering cable routing inside the work
Rotating cable bear Traverse cable bear container)

Test rack RPV disassembly equipment

ltems Specifications Requirements and remarks
Equipment dimensions 12570 x H8383 i
[mm]
Test rack Tactical diameter: ®10300mm Range of movement: £180°
Rotating cable bear Cable can be routed inside the work container
Composition Polar crane Load to be lifted: 29_60kg Acceptable maximum load of girder: 9000kg Scope of
traverse movement: £3500mm
Cutting unit Mentioned later in No. 345
Auxiliary arm unit Mentioned later in No. 347
Use Cutting the bolts -
Equipment weight (kg) 25900 -
Driving source Motor operated -

= L—
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Winding drum

6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of
retrieving large structures]

(D Method of cutting large structures (b) Other than reactor internal structures

[Element test: Test equipment (Cutting unit)] 4

Motor operated
chain pulley block

/
7/  Clamp unit

!
|
1
1
1

1 Up and down
I movement
I'by means of I l
Housing jthe chain
frame : pulley block

axis

AWJ nozzle

Cutting tool
cover

Up and down movement: 10m
X axis ST*:160mm

Y axis ST:35mm

Z axis ST:130mm

Clamp mechanism ST:20mm

Guard opening and closing ST
:75mm

——— -

I
: l, —+ *ST: Stroke
" y
( \ Enlarged , | I P
1 I I | Enlarged 1 1
Cutting tool : ! : I P
I — I
I : : 1 Seating frame 1 |
: I \ \ ’| [ Low pressure water nozzle
N /] “ DA J \
Cutiing unit N e cutingtool _.-*" N _ _ Cutingiool nearthe nozzle _ ./
Items Specifications Requirements and remarks
Equipment dimensions [mm] L2608 x W1505 x H4133 Cutting tool dimensions: L125xW1134xH1900
Winding drum Cables of the cutting tool can be wound and fed

Motor operated chain pulley

The cutting tools can be raised and lowered

Composition block
Housing frame Houses the cutting tool
Cultting tool Can cut the bolts by means of high pressure water / abrasive jetting
Use Cutting the bolts Jetting of high pressure water and abrasive from the AWJ nozzle

Equipment weight (kg)

2350

Cutting tool weight: 350kg

Driving source

TRID

Motor operated

Olnternational Research Institute for Nuclear Decommissioning

Scope of movement of each / \



6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of No.346
retrieving large structures] '
(D Method of cutting large structures (b) Other than reactor internal structures

[Element test: Method of verifying cutting]

* When the actual equipment is assumed, cutting of the bolts needs to be verified remotely.

* When an attempt was made to verify the status of bolt cutting by means of preliminary tests using only
cameras and LED lights, the simulated bolts could not be recognized visually. However, when a line laser
was used, the bolts could be visually recognized.

- Similarly in the case of element tests as well, a line laser is used in the gap with the flange sheet, and the
status of bolt cutting are verified by means of the camera ancillary to the cutting tool.

Simulated stud bolts could not be verified

)

Cutting tool 2

" Cutting tool

.

Cutting tool

Simulated bolts

\

View from camera

Only with camera LED lights

State of verifying the simulated bolts (after they are cut)
by means of cameras during the preliminary tests

Line laser
irradiation
area

Simulated bolts

Simulated stud bolts

Cutting surface
View from camera

Enlarge AWJ nozzle

Traces of cutting the simulated flange seal

Only line laser

Camera Line laser Camera A-A crogs-section State of irradiating the line laser on the simulated
Structure around the cutting tool nozzle Line laser irradiation image bolts (after they are cut) during the preliminary tests
E— T e
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of No.347
retrieving large structures] '

(D Method of cutting large structures (b) Other than reactor internal

Auxiliary arm

N
\ "
" \ The auxiliary arm
I : assists in monitoring
i | 1 the cutting unit by
— : : means of cameras
fi 1 Extension and positioning it
- I i
o { I I
Winding drum s 1 I
! - I
. otation - . 1
Auxiliary arm : Rotation + :
| 1 Cutting tool
- 1
N Enlarge 1 :
_ | | M |
Traversing base 1 1 Movement 1|
1 1
I I of thearm |
| 1 1
| 1 1
1 ’l ‘\ II
Vot | LS. —— =“State of assisting in positioning the cutting equipment
Auxiliary arm unit
Items Specifications Requirements and Remarks
L2700 x W2600 x H10235

Equipment dimensions [mm] Auxiliary arm extension: 0 to 4500mm

(H14735 when extended fully)

Auxiliary arm Payload 80kg (Maximum 150kg)

Drum diameter: ®350mm  Number of windings: Approx. 4.5 Rotating speed: Maximum

Composition Winding drum 3min-t

Traversing base

Assisting in positioning the cutting

Use tool Holds the cutting tool and assists in positioning it on the RPV flange surface
Equipment weight (kg) 3950 (Except the traversing base) Auxiliary arm: 2500kg Winding drum: 1450kg
Driving source Motor operated and hydraulic

| S
l RI D Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of Ng 348
retrieving large structures]

(D Method of cutting large structures (b) Other than reactor internal structures
[Element test: Camera installation]

Placement of cameras for remote monitoring during the
element test is given below.

Monitoring target of each camera

Installation Camera
Camera Monitoring target
location specifications

Assumed to be used for +Clamp part

camera inside the
work container)

the actual equipment

*PTZ: Pan tilt zoom

|
|
|
|
|
|
i
i
i
i
i
i
i ey the actual equipment
! Cutting tool @ Fixed Assumed to be used for -Nozzle position and cutting completion
! 9 the actual equipment
|
! ® Fixed Assumed to be used for -Nozzle position and cutting completion
| the actual equipment
|
i @ Fixed Assumed to be used for -Hand and cutting tool
i the actual equipment
i .
- . Assumed to be used for -Manipulator
: AUEC ©® e the actual equipment
! . Assumed to be used for +Expansion pipe
! ® B the actual equipment
|
| " Assumed to be used for -Cable hose drum
i @ PTZ the actual equipment
|
i On the traversing PTZ Assumed to be used for +Cutting tool and auxiliary arm
i trolley the actual equipment
! ) PTZ Assumed to be used for +Cutting tool storage and cable hose
! the actual equipment
|
Big-picture view of the equipment/device Cutting tool ~ Auxiliary i gids eye view Overall and polar crane

arm | (Assuming a PTZ Assumed to be used for

— |
|
|
|

|
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of N0.349
retrieving large structures] '

(D Method of cutting large structures (b) Other than reactor internal structures
[Element test: Items to be verified]

The items to be verified by element tests, and their verification method are consolidated in the table below.

Work step Items to be verified Verification method

Equipment @ Issues when manufacturing equipment @ lIdentification of issues when large equipment are manufactured

manufacturing

Equipment installation @ Issues at the time of equipment installation @ Manual verification of installation work

(Manual work) @ Issues at the time of laying cables (Identification of issues at the time of remote operation, if the
@ Work area image actual site has been considered)

(@ Manual verification of installation work (Identification of issues if the
actual site has been considered)
@ Manual verification of installation work (Recording of the area used

for work)
ch.-I Common @ Camera installation @ Implementation of test with placement of cameras anticipating
CBD @ Cable routing actual equipment
=] @ Visual verification of the movement of cables with the help of
@ cameras
@
Equipment @ Being able to align the cutting tool (flat) @ Visual verification with the help of cameras
insertion @ Being able to lower the cutting tool / auxiliary arm while avoiding @ Visual verification of interfering objects with cameras, avoiding of
interfering objects the interfering objects during polar crane operation
Cutting tool @ Being able to align the cutting tool (height) @ Visual verification with the help of cameras
positioning @ Being able to remotely clamp the cutting tool @ Visual verification of the clamped state with the help of cameras
@ Being able to adjust the cutting position of the AWJ nozzle @ Visual verification with the help of cameras
AWJ cutting @ Being able to cut the bolts @ Cutting the bolts under cutting conditions verified by preliminary
@ The cutting tool not moving while the bolts are cut tests
@ Cable hose not getting ripped @ Verifying the images from the cameras
@ Being able to collect abrasive @ Visually verifying with the help of cameras
® Being able to verify that cutting has been completed @ Verifying the amount of abrasive collected
® Visually verifying with the help of cameras and lifting up
Equipment @ Being able to release the clamp on the cutting tool @ Visually verifying with the help of cameras
retrieval @ Being able to retrieve the cutting tool / auxiliary arm @ Visually verifying interfering objects with cameras, avoiding the

interfering objects during polar crane operation
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6. Implementation Items of ﬁis Project [2) (1) Development of technology for realizing the concept of No.350
retrieving large structures] '

(D Method of cutting large structures (b) Other than reactor internal structures_
[Element test: Test results]

Cutting tool
Auxiliary arm |\ ©

Test equipment and stud bolts to be cut during the

element tests are indicated. Polar crane
3 test pieces [Target bolt (D)] 5 test pieces [Target bolt (A, B, C
from below)]
RPV head
Stud bolt
Test piec
A
ensured by means of the equipment lights)
o, -~ -l K g !__‘F-V'—"':
Polar crane . 3

Stud bolt test piece

Bolt Use details
ID.

A Trial test

B Trial test

© Element test (in the

darl)
== b Trial test Light intensity inside the
| .
3 test pieces [Target bolt (E)] — pit (measured value)
E Element test (in bright 0.07[Ix]
Test equipment (Starting point) [_]: Scope of the report Test equipment (In the dark: Only equipment lights)

|
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Implementation Items of This Project [2) (1) Development of technology for realizing the

. No.351
concept of retrieving large structures]

@ Method of cutting large structures (b) Other than reactor internal structures
[Element tests: Test results]

The AWJ jetting conditions and scope of operation of the AWJ nozzle at the time of cutting during the element tests are indicated.
Nozzle delivery, etc. at the time of cutting was set based on the results of preliminary tests.

AWJ jetting conditions Automatic operation pattern
X i target [ Spocd [mmimin
Ultra high pressure AJP-35050G2(SUGINO)
water pump 1. Initial position
Pumping pressure 350MPa 2. Target value for “Onward” +72 12
; cutting movement
Flow rate 4.8L/min
] 3. Target value for “Return”
Abrasive Garnet #80 cutting movement -72 10
Abrasive feed rate 600g/min
Nozzle size ®1.2mm
140 (Stud bolt diameter)
Stand-off 80mm <>
Nozzle movement Onward: 12mm/min
speed Return: 10mm/min @) O

(Optimum value based _i |_
on the fundamental | |

test) Ié&'

- - -+72

0 (Initial position)

[llustration indicating the scope of operation of AWJ nozzle during cutting

|
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Implementation Items of This Project [2) (1) Development of technology for realizing the concept No.352

of retrieving large structures]

(D Method of cutting large structures (b) Other than reactor internal structures

[Element tests: Test results]
Results of element tests are indicated for each step.

Item o
In bright light
Cutting tool Polar crane
4
|72}
e PPTPRT
o) Polar crane p03|t|on|ng
<
R
Y—
o
Q
=
b Auxiliary arm
(%))
Cutting tool
Lowering the cutting tool Lowering the auxiliary arm

Time 9[min]

Results It was confirmed that the polar crane can be positioned at the setting values: Rotation: -83.7[° ]/
Traversing: +2485[mm] as indicated in the drawing by remote operation, and the cutting tool and
auxiliary arm can be lowered on to the target stud bolt without any interference. It was also
confirmed that the cable hose can be fed by means of the drum rotation interlinked with lowering.

Remarks

TRID

1. Equipment insertion

In the dark

@ Camera image for the record

(@ Camera image for the record

Lowering the auxiliary arm
8[min]

It was confirmed that the polar crane can be positioned at the setting value: Rotation: +151.6[° ]/
Traversing: +2485[mm] as indicated in the drawing by remote operation, and the cutting tool and auxiliary
arm can be lowered on to the target stud bolt without any interference. It was also confirmed that the
cable hose can be fed by means of the drum rotation interlinked with lowering.

Polar crane positioning was carried out in a bright environment from the viewpoint of convenience related
to equipment.

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Iltems of This Projectﬁﬂl) Development of technology for realizing the

concept of retrieving large structures]

No0.353

@ Method of cutting large structures (b) Other than reactor internal structures

[Element tests: Test results]
Results of element tests are indicated for each step.

In bright light

—
|73}
(&)
-
()
<
+—
Y—
o
[}
Pt
©
—
n .
Test piece
Cutting tool
Seating the cutting tool

Time 8[min]

Results It was confirmed that the cutting tool can be lowered remotely while pressing against the RPV flange
surface, under surveillance by means of the camera on the auxiliary arm, its seating can be
determined with the seating sensor and camera image, and it can be clamped.

Remarks

TRID

2. Positioning of cutting tool

In the dark

(oo [y
4’:’

Clampmg of cuttlng tool

Test piece

Cultting tool

Seatlng the cutting tool

14[min]

It was confirmed that the cutting tool can be lowered remotely while pressing against the RPV flange
surface, under surveillance by means of the camera on the auxiliary arm, its seating can be determined
with the seating sensor and camera image, and it can be clamped.
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Implementation Items of This Project [2) (1) Development of technology for realizing the concept No.354
of retrieving large structures] '
@ Method of cutting large structures (b) Other than reactor internal structures
[Element tests: Test results]

Results of element tests are indicated for each stei.

Iltem
In bright light In the dark

@) Camera image for the record [ ud

Photo taken from hand-held camera

Cutting tool

P y
/
Photo taken from hand-held camera

- -
17} .
9 AWJ Cutt|ng Stud bolt
Q -
=
-
Y—
o
[J) R —
I = S o~
z
Adjustment of nozzle position Verification after cutting Adjustment of nozzle position Verification after cutting

Time 49[min] 38[min]

Results It was confirmed that the nozzle position can be adjusted by remote operation by determining that It was confirmed that the nozzle position can be adjusted by remote operation by determining that the
the nozzle has entered the 6[mm] gap with the flange where the laser is positioned, based on the nozzle has entered the 6[mm] gap with the flange where the laser is positioned, based on the camera
camera image. image.

It was also confirmed that completion of cutting can be determined from the camera image by It was also confirmed that completion of cutting can be determined from the camera image by means of
means of the laser and low pressure water spray. the laser and low pressure water spray.

It was confirmed that there was no shifting, vibrations, etc. by monitoring the state of the cutting tool It was confirmed that there was no shifting, vibrations, etc. by monitoring the state of the cutting tool
during cutting with the camera on the auxiliary arm. during cutting with the camera on the auxiliary arm.

Remarks Time required for AWJ cutting only: 26[min] Time required for AWJ cutting only: 26[min]

| =
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Implementation Items of This Project [2) (1) Development of technology for realizing the concept No.355
of retrieving large structures] '

@ Method of cutting large structures (b) Other than reactor internal structures

[Element tests: Test results]
Results of element tests are indicated for each step.

4. Equipment retrieval
Item

In bright light In the dark

State of the test

@ Camera image for the record

Raising the cutting tool

Auxiliary arm

(@ Camera image for the record

Raising the auxiliary arm Raising the auxiliary arm
Time 16[min] 13[min]
Results It was confirmed that the cutting tool clamp can be released and the cutting tool and auxiliary arm can be raised It was confirmed that the cutting tool clamp can be released and the cutting tool and auxiliary arm can be raised without
without any interference, by remote operation. any interference, by remote operation.
There were concerns that the cable hose would get caught in the housing part of the cutting tool, however, it was There were concerns that the cable hose would get caught in the housing part of the cutting tool, however, it was
confirmed that this can be avoided by remote operation by monitoring with the cameras. confirmed that this can be avoided by remote operation by monitoring with the cameras.
It was confirmed that the cable hose can be wound by means of the drum rotation that is interlinked with the raising. It was confirmed that the cable hose can be wound by means of the drum rotation that is interlinked with the raising.

(The time required for the polar crane to return to the starting point in bright light is considered from the viewpoint of
convenience related to the equipment.)

Remarks It was confirmed that emergency retrieval of the equipment is possible, as long as the equipment has not failed, in 2
cases namely, D When the X axis and Y axis of the cutting tool are still in the cutting position and @ When the motor
operated mechanisms are not in operation.

| S
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of retrieving large structures]
@ Method of cutting large structures (b) Other than reactor internal structures
[Element tests: Test results]

Results of the element tests conducted in bright light are summarized.

Test item

Result

Time required

(Element test: 1 unit)

Implementation Items of This Project [2) (1) Development of technology for realizing the concept No.356

*: Has been calculated based on the time required for a series of operations
during the element tests. The time required for maintenance, etc. in the case of
actual equipment is not included.

Volume of abrasive supplied: 0.6kg/min

Assumed time required”
(Converted for actual Fukushima Daiichi NPS-4:76

Assumed volume of waste
(Converted for actual Fukushima

1 Equipment
insertion

2 Positioning of
cutting
equipment

3 AWJ cutting

4 Equipment
retrieval

Good

Good

Good

Good

Total work time: 9min

@ Positioning of polar crane: 3min
@ Lowering of cutting tool : 2min
® Lowering of auxiliary arm: 4min

Total work time: 8min

@ Paositioning of cutting tool : 3min
@ Seating of cutting tool: 4min

@ Clamping the cutting tool: 1min
Total work time: 49min

@ Adjusting the nozzle position: 13min
@ Preparing for AWJ cutting: 7min
@ AWJ cutting: 26min

@ Verifying after cutting: 3min
Total work time: 16min

@ Raising the cutting tool : 9min

@ Raising the auxiliary arm: 4min

® Returning of polar crane to starting point:

3min

units)

Total work time: 684min

@ Positioning of polar crane: 3min X 76units =228min
@ Lowering of cutting tool: 2min X 76units =152min
® Lowering of auxiliary arm: 4min X 76units=304min

Total work time: 608min

@ Positioning of cutting tool : 3min X 76units=228min
@ Seating of cutting tool: 4min X 76units=304min

@ Clamping the cutting tool: 1min x 76units=76min
Total work time: 3,724min

@ Adjusting the nozzle position: 13min X 76units=988min
@ Preparing for AWJ cutting: 7min X 76units=532min
@ AWJ cutting: 26min X 76units=1,976min

@ Verifying after cutting: 3min x 76units=228min
Total work time: 991min

@ Raising the cutting tool: 9min x 76units=684min
(@ Raising the auxiliary arm: 4min X 76units=304min

® Returning of polar crane to starting point:
3min X 1unit=3min

Daiichi NPS-4:76 units)
Total volume of waste: Okg
No waste
No waste
No waste

Total volume of waste: Okg
No waste

No waste

No waste

Total volume of waste: 1,186kg
No waste

No waste

1,976min % 0.6kg=1,186kg
No waste

Total volume of waste: Okg
No waste

No waste

No waste

It was confirmed that a series of operations in bright light can be performed remotely with the cameras used this time.

TRID
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~ Implementation Items of This Project [2) (1) Development of technology for realizing the

concept of retrieving large structures]
@ Method of cutting large structures (b) Other than reactor internal structures

[Element tests: Test results]

Results of the element tests conducted in the dark are summarized.

Test item

Results

Time required

(Element test: 1 unit)

No0.357

*: Has been calculated based on the time required for a series of
operations during the element tests. The time required for
maintenance, etc. in the case of actual equipment is not included.

Volume of abrasive supplied: 0.6kg/min

Assumed time required”
(Converted for actual Fukushima Daiichi NPS-4:
76units)

Assumed volume of waste
(Converted for actual
Fukushima Daiichi NPS-4:

1 Equipment
insertion

2 Positioning
the cutting
tool

3 AW J cutting

4 Equipment
retrieval

Good

Good

Good

Good

Total work time: 8min

@ Positioning of polar crane: 4min
@ Lowering of cutting tool: 1min
@ Lowering of auxiliary arm: 3min
Total work time: 14min

@ Positioning of cutting tool: 6min
(@ Seating of cutting tool: 1min

@ Clamping of cutting tool: 7min
Total work time: 38min

@ Adjusting the nozzle position: 4min
@ Preparing for AWJ cutting: 5min
@ AWJ cutting: 26min

@ Verifying after cutting: 3min
Total work time: 13min

@ Raising the cutting tool: 8min

(@ Raising the auxiliary arm: 2min

® Returning of polar crane to starting point:

3min

Total work time: 608min

@ Positioning of polar crane: 4min X 76units=304min
(@ Lowering of cutting tool: 1min X 76units=76min

® Lowering of auxiliary arm: 3min X 76units=228min
Total work time: 1,064min

@ Positioning of cutting tool: 6min X 76units=456min
(@ Seating of cutting tool: 1min X 76units=76min

@ Clamping of cutting tool: 7min X 76units=532min
Total work time: 2,888min

@ Adjusting the nozzle position:4min X 76units=304min
@ Preparing for AWJ cutting: 5min X 76units=380min
@ AWJ cutting: 26min x 76units=1,976min

@ Verifying after cutting: 3min X 76units=228min
Total work time: 763min

@ Raising the cutting tool: 8min X 76units=608min
@ Raising the auxiliary arm: 2min x 76units=152min

® Returning of polar crane to starting point:
3min X Lunits=3min

76units)

Total volume of waste: Okg
No waste
No waste
No waste

Total volume of waste: Okg
No waste

No waste

No waste

Total volume of waste: 1,186kg
No waste

No waste

1,976min % 0.6kg=1,186kg
No waste

Total volume of waste: Okg
No waste

No waste

No waste

It was confirmed that a series of operations in the dark can be performed remotely with the cameras used this time and with lights mounted on the equipment.

TRID
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Implementation Items of This Project [2) (1) Development of technology for realizing the concept No.358
of retrieving large structures] '

@ Method of cutting large structures (b) Other than reactor internal structures Element tests List of cameras
Element tests: Test results =l ST Lights Use application items to be monitored
. n location specifications
. . . . Radiation . = Clamp part
The use applications of the camera and items to be monitored @  resistantsplash  LED (am?ﬂi";a’gﬁg ;Qg:f‘;%i‘gﬂem)
are consolidated based on the element test results. proof (Fixed)
Radiation Mounted on cutting tool (anticipating actual - Nozzle position
. - equipment) - Cutting site
C;J;t(')?g 2 repsrlzgafuztéisgzih LED (Cover is installed while cutting to protect the
lens)
Radiation Mounted on cutting tool (anticipating actual - Nozzle position
® resistant/splash LED M—— equ;]plment)_ . - Cutting site
proof (Fixed) (Cover is instal edwI ile )cuttlng to protect the
ens
Provid - - + Auxiliary arm hand
Water proof - Mounted on auxﬂlary_ arm (anticipating actual - Work of cutting tool
@ (Fixed) separa T
tely
Provid = Auxiliary arm
Auxiliary ® Water proof ed Mounted on auxiliary arm (anticipating actual
arm (Fixed) separa equipment)
tely
Provid + Long shot (from above)
® Water proof ed Mounted on auxiliary arm (anticipating actual + Expansion tube
(Fixed) seplara equipment)
tely
@ Splash proof LED Mounted on auxiliary arm unit (anticipating actual - Cable hose drum
(PTZ) equipment)
trz(a)\/l;:Q;] Splash proof LED Mounted on traversing trolley Ié?;&?:hg to(lfrom gbore)
- Il 9 (PTZ) (anticipating actual equipment) . il 9
[ | TRAF trolley Auxiliary arm
® Splash proof LED Mounted on cutting tool unit (anticipating actual = Cutting tool housing part
. (PTZ) equipment) - Cable hose
Big picture view of equipment/device Cutting tool Auxiliary arm
PTZ _ Mounted inside the work container (anticipating - Overall long shot
Long shot (Pan tilt zoom) actual equipment) + Polar crane
PTZ = For test records + Overall long shot

It was confirmed with regards to operations performed in bright light and in the dark, that a series of operations can be performed using cameras @ to (0 that are cameras assumed
to be used in actual conditions by the operator performing remote operations.

(In the case of operations performed in the dark, while using camera ® it was effective to illuminate the cutting tool and auxiliary arm from above, thereby making the movements of
the equipment visible.

It was confirmed that in addition to the above-mentioned lights, by providing localized illumination by means of the equipment lights, a series of operations can be performed without
much change from when they are performed in bright light.)

| .
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Implementation Items of This Project [Z)Tlf Development of technology for realizing the No.359
concept of retrieving large structures] '
@ Method of cutting large structures (b) Other than reactor internal structures Upper surface to be cut

[Element tests: Test results] e
The results of cutting the bolts during the element tests are indicated below

Lower surface to be cut

A, »

Perforation Perforation
TN Upper surface to be cut : Lower surface to be cut
Simulated
flange sheet
\¢ « surface

State of surface to be cut during preliminary tests

[Results of cutting]
It was confirmed that the stud bolt can be cut by means of
AWJ.

5 bolts were cut in all during the element test, and there was
no failure or performance degradation in the equipment on
the whole.

[Issues]

It was found that there was a perforation in the flange sheet
surface as shown in the figure on the left (penetration).

During the preliminary test, the conditions under which the
flange sheet surface would not get perforated were identified
and the element test was conducted under those conditions,
however, a slight perforation was found at the distal end of
the stud bolt.

This time cutting was performed by moving the nozzle back
’ and forth in the radial direction, but measures in accordance
_ ‘ """-{6' “ with the surface to be worked on such as reducing the
I?Al\rlsgtls(:)r:a(;lf o o e processing time for the distal end where less cutting is

. required, and cutting the middle portion of the stud bolt that is
PNozzle (Onward) thick by means of back and forth movement, etc., and review
Nozzle (Return) < of the AWJ spray conditions will be studied.

State of surface to be cut during element tests (Bolt D)

|
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the No.360
concept of retrieving large structures] '
@ Method of cutting large structures (b) Other than reactor internal structures
[Element tests: Test results]
The generation of secondary waste as a result of AWJ cutting will be controlled to the extent possible by following the policy given below.
* Reducing the inflow of abrasive inside the RPV by making sure the flange sheet surface does not get perforated (Preventing the secondary water
from turning into fuel debris)
- Capturing the water and abrasive returning towards the AWJ nozzle by means of a low pressure water jet, and collecting it to the extent possible
using the cutting tool cover = Refer to the following pages

- The water and abrasive that do not get collected using the cutting tool cover accumulate in the sealed portion of the alternative combustion bellows
and the basin seal skirt. A method of collecting these after cutting will be studied for application to the actual equipment.

RPV head bolt

Upper hemispherical
dome flange

Cutting tool cover ‘ U5 water jet angle
. ' B Jet flow cover

Cutting tool
cover

Low pressure water jet
-

High pressure
WJ position

Scraps, water, ‘ o
abrasive accumulate - E - = = - = \Water tank

N

Low pressure water jet

Basin seal skirt

«

|
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of

retrieving large structures]

No0.361

(D Method of cutting large structures (b) Other than reactor internal structures

[Element test: Test results]

The rate of collection of abrasive verified during the element test is given below.

L pressure water jet

-

Flow of water

Low pressure
water jet angle

| |— Cutting tool cover
(T
o

-

High pressure
WJ position

- - = \Water tank

The abrasive was removed
by means of the low
pressure water jet between
the flange sheet surfaces,

= SN and was collected in the
ressure water Jet | ¢y ting tool cover

Concept of abrasive collection

Quantity of abrasive supplied Time for which abrasive was supplied per stud bolt
0.6kg/min 26min

=

Quantity of abrasive supplied per stud bolt
15.6kg

Design value of the guantity of abrasive supplied

IRID

Collection of abrasive after cutting 1 stud bolt

The abrasive collected using the filter was dried and its

guantity was measured.

Abrasive Quantity of abrasive collected per stud bolt
collecting 4.53kg
tank i

Quantity of abrasive used in the element test
Rate of collection of abrasive per stud 4.53/15.6 x 100 = 29%

The specific gravity of AWJ is about 4. Typically the plan was to accumulate
the abrasive at the bottom of the abrasive collection tank, but after cutting
the bolt, the particle size of the abrasive reduced, due to which lot of it
started floating on water. Hence it is assumed that lot of abrasive overflowed
without accumulating at the bottom of the tank.

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of NO.362
retrieving large structures] '

(D Method of cutting large structures (b) Other than reactor internal structures
[Element test: Test results]
Verification results for each test item of the element test are given below.

Work step Items to be verified Result of verification

Equipment manufacturing

Equipment installation
(Manual work)

Common

1S9) Juswa|3

Equipment insertion

Cultting tool
positioning

AWJ cutting

Equipment retrieval

1RID

@
0)
@
®

OPe 008 O

P00 O0®eeO

Issues when manufacturing equipment

Issues at the time of equipment installation
Issues at the time of laying cables
lllustration of work area

Camera placement
Cable routing

Being able to align the cutting tool (flat)
Being able to lower the cutting tool/auxiliary arm while avoiding
interfering objects.

Being able to align the cutting tool (height)

Being able to remotely clamp the cutting tool.

Being able to adjust the position of the cutting tool in accordance
with the cutting position of AWJ nozzle

Being able to cut the bolt

The cutting tool not moving while the bolt is being cut

The cable hose not getting ripped

Being able to collect the abrasive

Being able to remotely verify that cutting has been completed

Being able to release the cutting tool clamp
Being able to retrieve the cutting tool/auxiliary arm

There are issues related to connection (Refer to ID.1 on the next
slide)

There are issues related to the connecting parts (Refer to ID.2 on the
next slide)
None in particular
Work area approx. 720m?2: (Approx. 45 X 16m)
(Simulated area inside the well: Approx. 133m?2,
Including the ancillary equipment, operating area, truck yard, etc.)

O @

A series of operations are possible with cameras placed anticipating
the actual equipment.
There are no issues in moving the cables.

It was possible to align the cutting tool.
It was possible to lower the cutting tool/auxiliary arm while avoiding
interfering objects.

It was possible to align the cutting tool.

It was possible to remotely clamp the cutting tool.

It possible to adjust the position of the cutting tool in accordance with
the cutting position of AWJ nozzle.

(It was possible to set the center of the nozzle in the 6mm flange

gap.)

It was possible to cut the bolt.

It was verified that the cutting tool does not move while the bolt is
being cut.

The cable hose did not get ripped.

The rate of collection of abrasive was low. Hence the issue is pending.
It was possible to remotely verify that cutting has been completed.

PP ©00 ® O

It was possible to release the cutting tool clamp.
It was possible to retrieve the cutting tool/auxiliary arm.

OO 0O O
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of
retrieving large structures]

(D Method of cutting large structures (b) Other than reactor internal structures

[Element test: Test results]
The issues identified during the element test, and the action plan directed towards actual equipment are given below.

Event Cause Measur_es VeI Action plan directed towards actual equipment
during the test

N0.363

At the time of equipment installation, there was
misalignment of about several mm in the leveling
block fixing holes at several locations, in which the
polar crane is fixed, due to which the equipment
could not be installed into the facility. (There was no
issue in the drawings.)

At the time of verifying operation, when the polar
crane was turned anti-clock-wise, there was a sound
of scraping of metal.

At the time of the trial test, when an attempt was
made to raise the cutting tool, the cutting tool frame
got caught in the bushing stopper bolt and hence the
cutting tool could not be raised.

At the time of the trial test, the cutting tool was
seated on the RPV flange, but the seating sensor did
not sense it.

An abrasive collection tank is mounted on the cutting
tool to prevent abrasive from getting deposited due
to the jet flow or flowing to the outside, but when the
rate of collection was actually measured, it was
about 29%.

During the preliminary test, cutting was performed
without perforating the flange sheet surface, but the
flange sheet surface was found to have been
perforated after cutting.

1RID

Since large equipment are connected in the
facility, it was inferred that this was due to
manufacturing error.

There was a slight difference in level at the
guide frame connecting part. When the
polar crane was being turned, the
connecting parts of the rotating cable bear
got misaligned and made a sound.

The part that comes in contact with the
structures has been chamfered, but the
chamfering was insufficient and hence the
cutting tool frame could slip off.

As the sensitivity of the seating sensor was
increased, it did not sense due to the impact
of about 1mm manufacturing error in the
test piece.

It is inferred that flowing of the abrasive to
the outside could not be completely
prevented by the guard formed by the jet
flow.

Element test was conducted under the
same conditions as the preliminary test, but
it was inferred that the perforation was a
result of the difference in environment such
as the hardness of the material, etc.

As an emergency
response, the fixing hole
on the equipment side was
drilled further and the
equipment was installed.

The guide frame was
repaired and it was
confirmed that the polar
crane can be turned
without any scraping.

Additional chamfering was
performed, and it was
confirmed that the frame
does not get caught any
more.

The seating was confirmed
using a camera.

The equipment will be designed to have some margin
considering manufacturing errors of large equipment,
etc.

-Inspection of all connecting parts before carrying-in
will be included in the procedures.

- The operation will be thoroughly verified before

carrying-in.

The amount of chamfering of the part that comes in
contact with the structures will be taken into account
while designing.

-The damage, tolerance of the actual equipment will
be taken into consideration while designing.
- A mechanical verification method will be considered.

Equipment configuration that would enable collection
of abrasive in real-time while preventing its outflow
will be studied.

The method of collecting the abrasive accumulated
on the sealed portion of the fuel exchange bellows
and the basin seal skirt, which is too much to be
collected, will be studied.

This time the nozzle was moved forward and
backward, but measures pertaining to the operation
such as starting to cut from the center of the stud bolt
where it is thick, etc. and review of the AWJ
conditions will be considered.
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of

retrieving large structures]

(D Method of cutting large structures (b) Other than reactor internal structures

[Status of equipment installation (Manual work)]

No0.364

It is assumed that the equipment will be installed in its entirety at the actual site, but this time parts of the equipment were manually assembled and installed.

- 1. Installation of runway girder 1 2. Installation of runway girder 2 to 6 3. Installation of traveling rail 4. Installation of traversing crane girder

Leveling block Runway girder 1

g
2
2
=
=]
0 . .
15 Status if installation of
g runway girder
=3
=
2
),
)
=2
=]
=3
=]
=
Leveling block
The runway girder was assembled in 6 parts.
% g Height was adjusted with the leveling block.
e = (Target: Difference in height of the girders:
2mm or less)
R

TRID

Runway girder

Status after installation of runway girder

Hole position on the leveling
block side

Fixing of bolts after
further drilling

Hole position on the
runway girder

a—

The leveling block and the fixing hole on the
equipment side were misaligned. The fixing
hole was drilled further and the equipment
was installed.

Status after installation of traveling rail

Verifying that there is no difference in
level in the rail that was assembled in
parts

-~

The traveling rail was assembled in 4 parts.
The rail installation position was adjusted in
accordance with the guide line marking and
the rail was fixed.

Traversmg crane

Installation of traversing crane girder

Traversing crane girder

- Traveling rail
-

A traversing crane girder was installed on
the traveling rail.
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of
retrieving large structures]
(@ Method of cutting large structures (b) Other than reactor internal structures

No0.365

[Status of equipment installation (Manual work)]

. 5. Installation of traversing cart e InSta”aé'Strt]ir?; iﬁylary Sl - I EEom @if elEe) CEInlE 8. Installation completion

Auxiliary arm Rotating cable bear

=
@)
=
2
=
=
- : Traversing cart
. § 1 Auxiliary arm
Y i
) Traversing cart
=
c
2 Rotating cable
= ; Cutting unit bear
%) : .
& Status of installation of
> traversing cart
=2 ~- -
5 . ] ! |
=) Traversing
s cart | “
S
=
=
. External appearance after
. Traversing . . .
Traversing cart completing the installation of the
crane Status of installation of polar crane
girder rotating cable bear
= The traversing cart was installed on  The auxiliary arm, cutting unit were The rotating cable bear was Installation completion
@ © the rail of the traversing crane installed on the traversing trolley. installed around the runway girder.
= .
girder.

As setting the levelness of the runway girder that forms the base is important, the method of installing the equipment needs to be studied anticipating application to the actual site.
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retrieving large structures]
(D Method of cutting large structures (b) Other than reactor internal structures
[Illustration of improvement in abrasive collection]

- Approx. 1.2ton abrasive is planned to be used if all 76 bolts in Unit 4 are to

be cut under the current cutting conditions.

- With the current collection rate of 29%, 855kg of abrasive is likely to spread

inside the PCV or inside the RPV thus increasing secondary waste.
— In order to reduce the quantity of secondary waste anticipating application
to actual site, it is believed that equipment configuration that would enable

real-time collection of abrasive will need to be studied.

Flows inside the
RPV when the <
sheet surface is
perforated

Flange sheet surfag

The overflown water accumulates
inside the reactor well when the
structures are in sound condition.

’IIIII*

| Fuel exchange
—_bellows

conditions

Scraps, water, abrasive
accumulate when the
structures are in sound

Connecting the hose to the tank

Flows into the PCV

Basin seal skirt ‘4
when structures are

damaged

lllustration of the area where abrasive spreads

6. Implementation Items of ﬁis Project [2) (1) Development of technology for realizing the concept of

N0.366

Usage of AW, etc.

ltems Usage while Usage while

cutting 1 unit cutting 76

units

Duration of cutting 26.4 minutes 33.5 hours
Total quantity of water used 126.72L 9,631L
Quantity of abrasive supplied 15.84kg 1,204kg
Quantity of abrasive outside 11.25kg 855kg

the tank
(71% of the quantity supplied
mentioned above)

Pump (Vacuum pump, etc.)

i
AWJ nozzle

| Abrasive
collection

tank |

n I I
Illustration of revisions to the equipment

configuration anticipating application to actual site
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of No.367
retrieving large structures] '

(D Method of cutting large structures (b) Other than reactor internal structures
[RPV head bolt cutting step at the actual site]

Measures against impact of distortion of the RPV head at the actual site and issues to be studied in the future are given below.

There are concerns that due to the impact of distortion, as the cutting of the bolt progresses, the axial tension of the bolts that fix the RPV head
will gradually get released, and the RPV head will get deformed, due to which the flange gap of 6mm used for AWJ cutting will get blocked.

Therefore, the following physical and operational measures have been proposed.
Wedge (45° pitch at 8 location)

Fall prevention
wire

Bolt head n

Fall prevention wire

Wedge

he numbers in the drawing
indicate cutting sequence.
Cutting is performed up to the
76t bolt following the same
procedures.

Wedges with fall prevention wire will be inserted in the circumferential direction at equal intervals for Proposed operatlonal distortion countermeasure (I Ilustratlon)
preventing the flange gap from getting blocked due to RPV head distortion.

The fall prevention wire will be hooked on to the bolt head part and the wedge will be inserted with the help
of the work equipment such as the auxiliary arm.

Issues: Position and structure of the wedge such that the wedge does not interfere with the cutting tool
when the cutting is performed, and such that the wedge itself does not get cut, need to be studied.

Proposed physical distortion countermeasure (lllustration)

Cutting will be performed diagonally so that axial tension remains uniform.

Issue: The work will require a longer time.

As a countermeasure, considering a few adjacent bolts as a block and moving diagonally for
each block need to be studied.

E— B
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of No.368
retrieving large structures] '
(D Method of cutting large structures (b) Reactor internal structures

[Method of cutting reactor internal structures into large pieces: Development policy]

Element test on the filling and solidification

<Separator example> Method of cutting

material f_or theT reactor internal str_uctures belqw the off fastened parts assumed to be euingie 2 removrgihe 3 poming .
shroud will be implemented focusing on studying the damaged and deformed Shroud head bolt = nut O™ the separaior  sgseenbin |
method of cutting structures into large pieces and Separator ¢ /N Tobe cut i SR
the concept of the equipment. , J;“J,"T%,&.—'J.‘.""""‘,J,._; e y ,
5 { / N
I r
&, ! -
L JI PCV head '% | ;r)\lzoud head
/ . t ) - Shroud head
= ~a RPV head L | iy <
c ’ Heat insulating “. L & 1 "Luppershroud o™ .
material ® It may not be possible to loosen the Shroud head:z; Lug 1] 0} W) l \  pon

nut due to corrosion. Hence the nut o

will be cut and removed, the shaft of -
] Dryer é 7 :Eg ;’tgslr];\ﬁll be rotated to remove Upper shn;ud »T bar % 5
Studies will be conducted on the method of cutting structures and the g,xample g{,the concept ?f
| Separator ] concept of the equipment. sassembiing equipmen

<Example of shroud> Fuel debris retrieval by means of filling and solidification for

preventing fuel debris from falling when unitized large structures arg
| Shroud studied. g
" =
ek ~ Stump-shaped Some of the
iy fuel fuel in the outer
TN \ue |: > periphery N
~ CR guide tube remains

—
! Fuel debris
\ deposited in the

~ CRD housing reactor core
A

=

CRD platform

\l
\

Fuel debris 3 H
MCCI dePOtSItid :’ te -~ ¢ v Cutting of reactor internal structures
reactor bottom Estimated Fall prevention by injecting filler (Example of cutting with wire saw)

current status material

will be conducted related to the filling and solidification material for the reactor core.

Y

| Studies will be conducted on the method of cutting structures and the concept of the equipment, and element tests




6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of

retrieving large structures]

(D Method of cutting large structures (b) Reactor internal structures

[Scope of application of filling and solidification]
In order to prevent the structures in the reactor core and at the reactor bottom from falling, the structures inside the shroud will be filled and

solidified.

N0.369

Whether or not filling needs to be performed at the actual site, and the scope of filling is planned to be determined by investigating the status

inside the reactor core.

In this project, the steps involved in this method and element tests will be studied focusing on Case A which includes working on heavy weight

objects.
A. Damage progression Small scale B. Damage progression Medium scale C. Damage progression Large scale
a L
. - P ]
Some of the Major part of Major part of Many of the Major part of
fuel remains support the fuel has support Sl Bt
in the reactor structures flown to the structures have - rs]tructurels
o core have ) lower melted and aveﬂme =i
e retained their hemispherical have gotten and flown out
2 form dome damaged -
=4
S s Few
<R Fuel debris is SIS 16 Fuel debris is Mai i P} Structures in
[=% present at : - ajor pal he |
) the reactor present in the (S & Many openings of e i the lower
£ bottom lower the reactor are present in e e hemispherical
= ) i i bottom dome have
Q Little has hemispherical the I_ower ) on to the
flown to the dome A lot has hemispherical pedestal melted and
Al flown to the dome fallen on to the
pedestal pedestal - pedestal
Pa—|
Filling and | i Localized filling bal
solidification 1 | | and solidification L5
L ] | —
P » Filling and solidification of fuel debris inside the reactor + Localized filling and solidification of the remaining fuel + Filling and solidification not required
4 core and at the reactor bottom debris = Cutting into portions as large as can be transferred
S + Cutting and transferring as large structures - Reducing the scope to the part where fuel debris remains,
& cutting large structures and transferring
=z = Transferring in large pieces (Small number of pieces) Small quantity of filling (Small quantity of secondary Reduction in abundance of fuel debris
@ waste) Reduction in quantity of structures to be transferred
@ Reduction in weight of the objects to be transferred
g Heavy weight of the objects to be transferred Increase is number of pieces (Increase in amount of work Increase in handling of objects with indeterminate form
3 Large quantity of filling (Large quantity of secondary as well) (Complication of work)
e waste) Increase in handling of objects with indeterminate form
Z Reduction in cooling performance (Complication of work)

TRID
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of
retrieving large structures]

No0.370

(D Method of cutting large structures (b) Reactor internal structures

[Method of cutting reactor internal structures into large pieces Study conditions]
« Study conditions of the method of transferring unitized Iarge structures are given below.

The method of filling and solidification, and cutting will Work will be performed under the condition wherein the
be studied under the conditions wherein the interfering  structures other than reactor internal structures such as
objects from the reactor well to the separator are dryer and separator are already removed.

removed.

First, as the viability, etc. of large scale filling will be
verified, study will be conducted under the condition

2 The outflow when geopolymer is filled inside the
shroud is comparatively less. A condition wherein the

geopolymer continues to pile up is assumed.

3 The cutting method will be studied under the

conditions wherein filler material is filled inside the

shroud without any gaps.

4 The jet pump must be removed at the time of cutting

the shroud.

5 The shroud, etc. must not be significantly tilted.

3

1D

wherein the filler material can be filled.

If the reactor bottom is significantly damaged and filling is
difficult, the method of localized filling around the fuel
debris will be selected.

As cutting including the shroud as well as the filler
material is assumed to be most difficult.

As it is assumed that at the time of cutting the shroud the
jet pump will have already been removed and the tool will
have been set in the gap between the shroud and the
RPV inner surface

The conditions of the shroud is uncertain, but it was
tentatively installed for the study.

A configuration that would make it possible to modify the
method of fixing the tools depending on the actual site
conditions will be studied.

It was evaluated that the priority level
of the development for the jet pump
retrieval work is lower than the other
structures.

Results of the estimation of shroud
condition carried out during the
Understanding the Status Inside the
Reactor Core PJ

Unit 1: Likely to have been damaged

Unit 2: It is assumed that there is no
large scale damage
Unit 3: Likelihood of being sound and
likelihood of being damaged,
both are conceivable.

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of

retrieving large structures]
(D Method of cutting large structures (b) Reactor internal structures

No.371

[Method of cutting reactor internal structures into large pieces Study on the course of cutting]
* In order to cut the reactor core after filling and solidification, methods of cutting the shroud structures and the filler

material were studied.

» As multiple structures (materials) need to be cut, it was assumed that the bulk cutting method indicated in Cutting
Example 1 has a higher level of technical difficulty, and hence the cutting tool was selected considering the method of
cutting in parts indicated in Cutting Example 2 as the main proposed method.

Jet pump has

been removed

in advance
Cutting
location

Lower portion
of shroud

CR guide tube |

Filling and
solidification

N

@ Structure: + Outer periphery: Sheet thickness approx. 38mm, Material SUS
« Interior: Inner diameter approx. 4.4m, Material Filler material + CR guide tube (SUS) + Fuel debris

(ceramic material)
@ Prospective filler material: Geopolymer

—

Lower portion
of shroud :

Filler
material

Cutting position (Cutting the fuel debris, filler material, CR

Cuttlng & guide tube)
Example 1; (lllustration of cutting of the shroud and filler material
Bulk cut horizontally in bulk with a wire saw, etc.)

Illustration of steps
involved in cutting Area that has
°€€

Shift in
cutting

lacation

Fuel debris +

CR guide tube filler material

Cross section of cutting location
(Conceptual drawing)

* The cutting characteristics of
the metal plate, filler material and
the ceramic material are different. —

Cutter Cutting location

Cutting
Example 2:
Cutting in
parts

* Shiftin
cutting
location
Cutting the remaining filler
material / ceramic material

Lower portion
of shroud

Cutting the outer periphery of the shroud
(The metal plate is cut first.)

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of N0.372
retrieving large structures] '

(D Method of cutting large structures (b) Reactor internal structures

[Method of cutting reactor internal structures into large pieces Study on the course of cutting]

* |twas decided to carry out development related to the method of cutting the outer periphery of the shroud for the method of
cutting in parts, on a priority basis.

Study conditions Cutting the outer periphery of the shroud Cutting the remaining filler material / ceramic
material

lllustration of cutting Cutting location

{ Shiftin cutting
location

Lower portion of

shroud
Steps involved in The metal plate will be cut first. Filler material, reactor internal structures including
cutting fuel debris will be cut.
Portion to be cut Outer periphery: Sheet thickness approx. 38mm, Interior: Inner diameter approx. 4.4m, Material
Material Stainless steel Filler material + CR guide tube (SUS) + Fuel
debris (ceramic material)
Cutting method AW, laser, etc. Wire saw, etc.
Development policy | Will be studied in this subsidy project Will be studied in the future upon verifying the

status after cutting the outer periphery of the
shroud during this subsidy project

|
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of No.373
retrieving large structures] PT— '
: High applicability

(D Method of cutting large structures (b) Reactor internal structures O: There are prospects of application

A: Countermeasures are required

[Method of cutting reactor internal structures into large pieces Selection of cutting method]

The cutting tools applicable to cutting the outer periphery of the shroud will be evaluated, and an appropriate cutting method will be selected.

Fire el Accessibility Stz Compact utility ol

_ . generation of dust dispersion
Cutting tool prevention Shroud Dross removal (Emel Feen)

secondary waste
AWJ O © = © A A
Laser cutting A O A O @)
Laser + WJ O O @) @) O A A
Gas cutting A X - O O A A
Plasma arc A O A O @) A A

Machine cutting (Band saw,

circular saw, etc.) & A - A O ) @)

Wire saw A A - A @) A O

* In the case of AWJ cutting, abrasive enters the reactor core which leads to an increase in secondary waste.
= Gas cutting cannot be used as the shroud is made of stainless steel.

* In the case of laser cutting and plasma arc cutting, removal of dross is an issue.

= Cutting performance is an issue in the case of machine cutting.

The method of combining laser cutting and WJ cutting so that the dross in the molten metal generated during laser cutting can be removed,
has the best prospects as the cutting method.

(As laser cutting is performed while simultaneously removing dross by means of intermittent WJ spray, the heat input to parts other than those
that are being cut reduces due to the cooling effect of WJ. And even if the fuel debris gets exposed to laser and gets cut, the risk of criticality
is assumed to be low.)

l RI D Olnternational Research Institute for Nuclear Decommissioning



6 Implementation Items of This Project [2) (1) Development of technology for realizing the concept of No.374
retrieving large structures] '

(D Method of cutting large structures (b) Reactor internal structures

[Method of cutting reactor internal structures into large pieces Study of the cutting method]

* The results of conceptual study of the equipment for cutting the shroud with laser and WJ are given below.

* The method of installing a rotating base on the upper portion of the shroud, inserting the cutting tool into the
gap between the RPV and the shroud, and cutting the shroud from the outside by means of laser and WJ with
1 rotation, was studied.

Cutting is performed by
irradiating the laser beam
c ; and at the same time WJ (intermittent
Rotating intermittently spraying WJ in spray)

base [ | the oblique direction to
remove the dross in the
molten metal.
Laser
/ +WJ
/ nozzle
Laser
. _ +WJ
T 7 1T T Cutting nozzle
—_— :
] ol by Cutting is
— — performed by
- feeding the laser
along the side of
il | the shroud
Illustration of the cutting equipment for reactor internal structures (shroud) lllustration of cutting by means of laser + WJ

|
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of No.375
retrieving large structures] '

(D Method of cutting large structures (b) Reactor internal structures
[Method for cutting reactor internal structures Element test plan (Status of progress)]

» Verification of the viability of whether or not the shroud can be cut by means of laser + WJ
through element tests by test manufacturing focusing on the laser + WJ head, is being studied.

Rotating c =
base
XYZ
Actuator
Laser /_\
+WJ
/ nozzle :
T T T = J
7 _ Simulated
o Clitting flat plate \
' -
I | Il — Tank / /
. Laser + WJ
head
]

Illustration of the element test

[llustration of actual equipment

| S
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of N0.376
retrieving large structures] '

(D Method of cutting large structures (b) Reactor internal structures

[Filling and solidification material development policy]

® Based on the results of past studies, issues that became evident through past studies and items that are yet to be studied, which are mentioned in the
table below, are being studied.

® As the characteristics of geopolymer, which is a prospective filler material, need to be ascertained in order to study the method of controlling outflow
from the through hole and for studying the method of filling and solidifications taking the actual equipment into consideration, the characterization
tests mentioned in ID. 4 are being implemented.

Issues Study items Details Im_plemented
in (year)

Upon evaluating the temperature assumed inside RPV, its
impact on the solidification function will be evaluated (Time
required for solidification, change in strength, etc. under
high temperatures will be verified).

Evaluation of the impact on solidification
1 function assuming environmental condition
inside RPV

Study related to FY2021

maintaining the function of
the filled and solidified

units Study related to maintaining the function The status of maintaining the required functions (impact on

2 . the change in strength when a rays are irradiated) offered FY2021
under harsh environment : . o
by geopolymer under harsh environment will be verified.
S I The method by which filler material ought to be injected into
3 SWEY eIl il e eten st e 2 RPV (how it ought to be filled at the point of injection and FY2021
reactor . :
thereafter) will be studied.
Characterization of geopolymer (verifying whether or not it
Study of filling filler 4 Characterization through injection test can be filled, its strength, etc.) will be carried out through FY2021
material inside the RPV conducted using a barrel an injection test conducted on a scale larger than the
anticipating the actual previous basic test, by using a barrel.
equipment ; ; ;
Study of the method of controlling outflow The size of the opening that WIll enable control of outflow
5 with an appropriate combination of temperature and FY2022
from the through hole " . :
additives will be studied.
6 Study of the filling procedures and methods The type of equipment required will be studied considering FY2022
anticipating filling at the actual site the results of the studies in ID.3 and ID.4.
Evaluation of impact of . The impact on treatment and disposal of the filled and
- 7 Impact on treatment and disposal o - ) . —
filling solidified units will be studied.
The observations of cross sections of the solidified units, etc. are being evaluated and the results are being consolidated.
| ==
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of No.377
retrieving large structures] '

(D Method of cutting large structures (b) Reactor internal structures

[Overview of characterization test]

® The test conditions and the image illustrating the verification tests (barrel injection test) for
characterization are given below.

I T T

Once at room temperature and

1 AN ACERIES once by heating at 80°C
2 Barrel heating temperature Assumed to be 80°C Assuming that heat will be generated by fuel debris, the bottom part will be heated.
3 Water level 100mm - Although details are not yet verified, it is assumed that the water level inside RPV is not as high.

- Current sub-criticality is taken into consideration

+ About 80% (700mm) geopolymer will be injected in a 200L barrel of height 900mm.

Temperature measurement Measured at the bottom, - The internal temperature at the time of geopolymer solidification will be monitored at the bottom, and
4 ositlioon 175mm, 350mm, 525mm + at 1/4, 2/4, 3/4 the height of the barrel.
P water surface + The temperature of water will be measured by floating a thermocouple on the surface of water using a
floating tube.
5 _Tempgrature e LT Cooled to 10°C or less Each basic ingredient will be cooled to 10°C or less, and will be mixed at room temperature.
ingredient of geopolymer
6 Geopolymer injection speed Natural course (about 30 min) The reduction in weight of the barrel on the supply side will be measured with a weight scale and the

injection speed will be calculated from the time required and the change in weight.

eight scale)

Thermocouple|

[Evaluation items (planned)]
- Verification of the condition after filling and
Geopolymer ’ solidification
(The solidified unit will be cut into half and the
cross section will be observed)
Barrel ’ + Strength evaluation, component analysis
(Whether or not core boring can be performed is
being coordinated.)

Mortar
pump

‘ Heater I

=S
l Rl D Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of No.378
retrieving large structures] '

(D Method of cutting large structures

I : Planned

[1: Planned (after revision)*
B Development Process — Actual

FY2021 FY2022
Study items

4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3

Final
Major milestones Interim Report Interim Report Interim Report report
v v v v
2 Element test planning I
3. Test preparation/  —
Test manufacturing of I
test equipment
4-1. Element tests (Moved up from the original plan of
: | I—
(Cutting of RPV head _ October 2022 onwards)
bolt)
42 el —
(Cutting of reactor
internal structures)
5. Summary
Remarks

Olnternational Research Institute for Nuclear Decommissioning
l Rl D * The plan was revised to reflect the study progress status and the results of element tests.



6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of N0.379
retrieving large structures] '

(D Method of cutting large structures: Summary

» Pre-conditions pertaining to the method of transferring unitized large structures
have been consolidated.

» Conceptual study was conducted on the method of disassembling the RPV head,
method of filling and solidification of the reactor core, etc. and the method of
cutting reactor internal structures.

» The element test plan related to cutting of RPV head bolts was created. Test pieces
(RPV head, bolts) simulated to the actual equipment scale were manufactured, and
element tests on cutting the bolts with AWJ were conducted. The feasibility of the
method of cutting the RPV head bolts was verified, and issues are being
consolidated.

» Element test plan for cutting the reactor internal structures is being created. In the
future, the feasibility of the method of cutting of reactor internal structures will be
verified by element tests.

l D Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of N0.380
retrieving large structures] '

Solicitation items are listed

@ Large transfer containers

With respect to retrieving fuel debris and reactor internal structures, in order to enhance the
throughput using the top access method, the method of transferring unitized large structures is being
studied as part of the development being undertaken since FY2019. To make this possible, the
structures need to be separated from the reactor and these large structures need to be transferred.
Large transfer containers used for transferring the large structures, which will have a contamination
spread prevention function and a shielding function for the high radiation items stored in them, need
to be developed.

From FY2020, the preconditions and the required development items for the large transfer
containers are being studied and consolidated, the site applicability of the large transfer containers is
being evaluated through development of the air-tight and shielding structure for the lid portion of the
large transfer containers, conceptual studies on the transfer systems and element tests related to the
viability of the air-tight structure of the lid portion, and the issues are being consolidated.

The diameter of the large transfer containers will be about the same as the RPV with a height of
nearly 10m as the structures separated from the reactor core will be unitized and stored in the
containers. Hence further substantiation of the large transfer containers is required based on the
iIssues consolidated. Therefore detailed studies will be conducted related to the establishment of the
concept of the transfer system including the storage method, the air-tight and shielding structure of
the overall large transfer container including the lid part, the manufacturing procedures, etc. Also, the
structure of the large transfer container will be such that the inside can be decontaminated so that the
container can be reused. Thereafter, a full scale transfer container will be test manufactured, its
performance will be verified by element tests, its viability will be verified and issues in site
applicability will be identified.

3
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of No.381
retrieving large structures] '

@ Large transfer containers

[Status of studies up to FY2020]

® Conceptual study on the large transfer containers was conducted.

® The element tests related to air-tightness of the lid part of large transfer container were conducted during the
Ensuring Safety PJ.

Movable flange Upper lid

«— Developed during the
Lower lid Ensuring Safety PJ

«— To be developed
during this PJ

Large transfer
container

= The structure of the main body of the large transfer container will be substantiated and the viability of the
structure including the manufacturing capability will be studied. Air-tightness of the container body will be verified
by test manufacturing the container.

*Ensuring Safety PJ: “Development of Technology for Further Increasing the Scale of Retrieval of Fuel Debris and Reactor
Internal Structures (Development of technology related to ensuring safety during fuel debris retrieval)”

l Rl D Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of

retrieving large structures]
@ Large transfer containers

[Issues]
In order to transfer unitized large structures, large transfer containers with a function for preventing the spread of

contamination need to be developed.

N0.382

[Notes]

Colors indicate the following contamination levels*

R: Red (high contamination) zone

Y: Yellow (moderate contamination) zone

G: Green (low contamination) zone

*Besides color, the main zones are marked as R, Y and G.

Study on the confinement performance including when the large transfer container is opened and closed, and

verification of feasibility

Study on manufacturing capability including processing and assembly, and verification of feasibility
Method of remotely connecting the large transfer container and the lid, etc., handling

[Implementation details]

Preconditions related to the study will be consolidated.

Studies will be conducted on establishment of the concept of the
transfer system including the method of storing into the large transfer
container and the detailed procedures for transferring the entire large
transfer container, based also on issues studied during the Ensuring
Safety PJ.

Structural designing of the large transfer containers will be carried
out. Studies will be conducted considering decontamination of the
inside of the container assuming that the transfer container will be
reused.

Element tests will be planned, the large transfer container will be test
manufactured, their feasibility will be verified and issues will be
consolidated.

[Expected outcome]
Presentation of a detailed process diagram of the transfer system using large transfer

containers
Presentation of a structural drawing considering manufacturing capability

property

L

0 )

et

Shielding cart  Transportation cart Y
: J

=,

Presentation of results of verification of air-tightness by element tests, feasibility evaluation

and issues.

TRID

-]

+“container

.
Container L arge transfer container
I dual lid
- |

L

|

Reference: lllustration of the
main body of the container

O8m

d7m

Main dimensions

i

.Approx 390t

IIIustratlon of the containe

A' 1 Fuel debrls atthe | |

lllustration of collection at the reactor

Weight:

il
il

24

-~
Additional shielding will
be installed if required

Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of No.383
retrieving large structures] '

@ Large transfer containers

[Implementation details]

Implementation items Implementation details

Consolidation of preconditions  The preconditions while using large transfer container will be consolidated.

- Studies will be conducted on establishment of the concept of the transfer
system including the method of storing into the large transfer containers and
the detailed procedures for transferring the entire large transfer container,
based also on issues studied during a different subsidy project (Ensuring
Safety PJ).

- Structural designing of the large transfer containers will be carried out.
- Studies will be conducted considering decontamination of the inside of the
container assuming that the large transfer containers will be reused.

Study on large transfer
containers

Structural designing of the
large transfer containers

- Element tests will be planned, the large transfer container will be test
manufactured, their feasibility will be verified and issues will be consolidated.

- The dual lid that was test manufactured during the Ensuring Safety PJ will be
combined with the large transfer container test manufactured during this
project and tests will be conducted.

Element test planning and
implementation

S T e e e e e ]
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of

retrieving large structures]
@ Large transfer containers

[Preconditions]
* Preconditions for the method of transferring unitized large structures are given below.

| Precondions | Basis

1

3

The structure of the container must enable storage
of the structures cut into large pieces.
(The container must be able to store structures that
are about @5.5m, H5.5m.)

The large transfer container must serve as an on-site
transportation container for moving objects from the
additional building to another building such as the
storage building, etc.

The structure of the large transfer container must be
such that it can be repeatedly used as an on-site
transportation container.

The results of studies conducted during the Ensuring
Safety PJ must be reflected as appropriate for other
basic specifications of the large transfer container.

1D

The structure of the container must enable storage
of units that have been cut and transferred for
every structure using the method of transferring
unitized large structures.

First, it will be verified if the container is viable as
an on-site transportation container, and its
applicability to storage will be evaluated in future
subsidy projects.

As repeated use of the large transfer container
would be economical.

Will be continued in coordination with the Ensuring
Safety PJ.

Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of

retrieving large structures]
@ Large transfer containers

[Preconditions]

A rough outline of the steps involved in using the large transfer container are given below.

No0.385

[Notes]

Colors indicate the following
contamination levels*

R: Red (high contamination) zone

Y: Yellow (moderate contamination) zone
G: Green (low contamination) zone
*Besides color, the main zones are
marked as R, Y and G.

(A) Unitized structures transferred from the PCV will be transported to the additional building and stored in large transfer

containers.

(B) The structures stored in the large transfer containers will be transported on site to the new building.
(C) The structures will be removed from the large transfer containers inside the new building, they will be finely cut and

stored in canisters and transport casks.

Scope of use of large transfer containers

A

Lo .. L.
= Additional building

Shielding Ca:‘t Transportation cart Y
\ \

Work
44 container

= " ™

COntamer Large transfer container
dual lid

/S

T
/1
—

s

" e

b4 A
i
|

I(A) Operations in the additional building I

[Details of the operations]

= The connecting parts of the structures will be cut, the structures will
be hoisted using a crane and unitized large structures will be
transferred from the PCV.

= After the structures are moved over the operation floor using the
transportation cart, they will be lowered with the help of the crane in
the additional building, stored in large transfer containers and
delivered.

TRID

Newl building

' —
LA A LA o
Fine cutting cell 3
<23
.-'*.-""l O
0
Q
[0
—
)
-1 Q.
/ 2
Fine cutting  Canister 1ransport

Receiving cell cask

I(C) Operations in the new building

[Details of the operations]
7 The structures stored in the large
1 transfer containers will be
1 transported on site to the new
| building.

[Details of the operations]
* The structures will be removed from the large transfer
containers.
* The structures will be finely cut and stored in canisters
and transportation casks.
= The transportation casks will be delivered and stored at
the storage facility.
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of
retrieving large structures]

@ Large transfer containers

N0.386

[Functions required of the large transfer containers]
 The functions required of the large transfer containers and their current specifications are given below.

Dryer, separator, upper grid plate, reactor core,

It is assumed that reactor internal structures are stored as

1 Items to be transported tor bott " itized struct
It must be possible to store and transport WISLy |l (s, SIS S,
i stfruc}ures rgtnzvled o ey AFPFATITEE EEISHIS 6 e Shape of the container is such that typical structures can be
2 (IS TET) U= (S STUEIEs: containers with common Inner diameter #6000 X H7500[mm] storgd yp
specifications :
The structure must have a dual lid for . . . -
3 Function of maintaining boundaries maintaining the boundaries through a series of gggrsealed e el o Gl Cons st i (i s € 2 EpultE
procedures. ’
It must be possible to store structures A . ) .
4 inside the cell in the additional building Pressure within the cell -400 [PaG] Uizl WIII b closgd V.Vh”e oAz i Ui 200 T
. . o PCV (high contamination).
while preventing spread of contamination.
Target leakage rate . .
5 (During the operation inside the cell 0.1[vol%/h] ij:ir\:VhltlﬁereEfﬁ;E:% tOSt:fo clgiptable CEER R D CE]
in the additional building) 9 g Satety 7.
6 Maximum dose rate of contents 1000[Sv/h]
— . A 130mm separate additional shield will be installed beforehand
! o . . Shielding thickness (v rays) 280 [mm] for structures with a high radiation dose.
Shielding must be possible during
8 transportation of the structures. Shielding thickness (neutron rays) 100 [mm] Evaluated based on the radiation source of fuel debris
Approximate weight of the
9 containers with common 520 [ton] Only container body and lids (not including the structures)
specifications
The main material of the container and the material of the sealed
portion have been studied during the Ensuring Safety PJ
10 Number of times it will be used Using it multiple times is being considered assuming the container will be used multiple times.
Specific number of times it will be used will be studied in the
Repeated use of the container must be future.
possible.
11 Main material of the container Low alloy steel
12 Material of the sealed portion Rubber O ring C_on5|der|ng vibrations during tr_ansportatlon, and that the dual lids
will be opened and closed multiple times.
The design must consider generation of Container surface design g The amount of heat generated by fuel debris is set tentatively
13 : 130 [*C] o
heat by fuel debris. temperature based on estimation.

1RID
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retrieving large structures]
@ Large transfer containers

6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of

[Steps involved in operating the dual lids in connection with transferring structures by the
method of transferring unitized large structures (1/7)]

The steps involved in operating the dual lids while transferring structures and the primary boundaries are given below.

(1) Preparing for carrying-in the container: Removing the safety lid

A}iditional building

Enlarged view of Part A

No0.387

[Notes]

Colors indicate the following
contamination levels*

R: Red (high contamination) zone

Y: Yellow (moderate contamination) zone
G: Green (low contamination) zone
*Besides color, the main zones are
marked as R, Y and G.

Building cover : = T4 Movable flange Upper lid Primary boundary
G| [/ Primary boundary
\ e 2 SR i fange
7 ar | Yl ,{ Primary boundary (area enclosed by red line) | (Fixed to the
shielding.car Sealed additional building)
/ ' —r part D Primary boundary
Passageway *‘”’ﬁ]—]‘” T ; I
K TN Since air-tightness is ensured by means of the
Upper lid upper lid (and safety lid), this zone is assumed to
l | T | - _b_e_ “Y” which is extremely near “G”.
v R T —— Ik R G ‘ Sealed
. Il . ‘sgf‘lety ” Part A Safety lid
*kk ar
=& -400Pa { -150Pa -64P , — , - -
Safety lid (1) Preparing for carrying-in the container: Removing the safety lid I
i R § L 7

(2) Carrying-in the container: Carrying-in the large transfer container

— ]

T
=1

Shieldi‘ng cart

[

]

Enlarged view of Part A

R

an

Work container ]
!
| Y Transpq Since air-tightness is ensured by means of

¢ the upper lid, this zone is assumed to be
“Y” which is extremely near “G”

p—y __ ety |
il
] Upper lid ‘_/
3 == R[]
R rtiA |

Large transfer container
(Lower lid)

Large transfer container

Sealed
part @
Sealed part Y(G) Sealed
@ part ®
= Large transfer

W CR)"

container is carried in

(2)-1: Raising the movable flange
(2)-2: Carrying-in the large transfer container
(The large transfer container moves only in the horizontal direction)

* Assumed to be “Y” which is extremely near “G” ** When the large transfer container is reused, the inside of the container may not be “G”. *** Value of pressure is assumed

TRID
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Since the classification of contaminated areas is under examination, it could change in the future.



retrieving large structures]
@ Large transfer containers

[Steps involved in operating the dual lids in connection with transferring structures by the method of transferring
unitized large structures (2/7)]

6. Implementation Items of Tﬁis Project [2) (1) Development of technology for realizing the concept of

The steps involved in operating the dual lids while transferring structures and the primary boundaries are given below.

(3) Connecting the container: Connecting the upper lid and

lower lid (Large transfer container)

Shielding cart
\
\

2

-

3

Enlarged view of Part A

Work container

(area enclosed by red line) |

N0.388
[Notes]

Colors indicate the following
contamination levels*

R: Red (high contamination) zone
Y: Yellow (moderate contamination)
zone

G: Green (low contamination) zone
*Besides color, the main zones are
marked as R, Y and G.

The boundaries need to be maintained by
means of 4 sealed portions @ to ®.

R

/Transportation cart

/{ Primary boundary
T

Large transfer
container

777 PIRTPTT27 7%~

Sealed part @

Sealed part @

Sealed part ®

U |Movab|e flange is lowered

M©)

(3) -1: Lowering the movable flange

(3)-2: Connecting the upper lid and lower lid (Large transfer container)

Shielding cart
\
\

Transportation cart

[

E [r—
* Assumed to be “Y” which is extremely near “G”

If the space between the upper lid and lower lid is not completely
air-tight, the upper surface of the lower lid gets contaminated.
Hence it needs to be air-tight to some extent.

raised

—
Work container
§ I
Container dual lid
S
| —

~ Large transfer
container

** \When the large transfer container is reused, the inside of the container may not be “G”.

l RI D Since the classification of contaminated areas is under examination, it could change in the future.

Sealed part @

Attached to the lower
lid by means of a hook

The boundaries need to be
maintained by sealed

portion @ alone.

(4): Lifting the dual lid and opening the large transfer container

Olnternational Research Institute for Nuclear Decommissioning




6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of N0.389

retrieving large structures]
@ Large transfer containers

[Steps involved in operating the dual lids in connection with transferring structures by the method of
transferring unitized large structures (3/7)]

The steps involved in operating the dual lids while transferring structures and the primary boundaries are given below.

[Notes]

Colors indicate the following contamination
levels*

R: Red (high contamination) zone

Y: Yellow (moderate contamination) zone

G: Green (low contamination) zone

*Besides color, the main zones are marked as R,
Y and G.

(5) Completely opening the container Enlarged view of Part A
Lo
— ] =
| [ e WY 2 B 5 = §
i | 1
Primary boundary (area enclosed by red line
Shielding cart Trans(;:);rttatlon v /{ ” y ‘Y( y ) |
I
—] - /' ; Sealed part @ |
A Work container
- ) R 1L
Container dual lid
DD Ul = ! 11
( t[R1] i
Y(G
R I—‘ Ry t H (©)]
~—— Part A
v Large transfer Sealed part @
-J - container
Eh — b rro (5): Completing opening the large transfer container
(6) Placing the structures in the container Enlarged view of Part A
The structure is lowered|
Lo
) - WY on O
1|
Shielding cart Transportatio
ll cart
~ [ro~ : !
1 Work container Sealed part D |
e I
Container dual lid T =
DD R L
- il
R i ‘
(]
| Y(G)
b mr | Carge transfer —— PartA
- " container Sealed part @
Ar aa—

* Assumed to be “Y” which is extremely near “G”

(6): Lowering and placing the structures in the large transfer container

l RI D Since the classification of contaminated areas is under examination, it could change in the future. ©lnternational Research Institute for Nuclear Decommissioning




6. Implementation Items of Tﬁis Project [2) (1)iDeveIopment of technology for realizing the concept of N0.390

retrieving large structures]
. [Notes]
@ Large tranSfer Contalners Colors indicate the following contamination

levels*
R: Red (high contamination) zone
Y: Yellow (moderate contamination) zone

[Steps involved in operating the dual lids in connection with transferring structures by the method of G: Green (low contamination) zone
transferring unitized large structures (4/7)] Besides color, the main zones are marked as R,

The steps involved in operating the dual lids while transferring structures and the primary boundaries are given below.

Enlarged view of Part A

Sealed part ®

(7) Lowering the dual lid

Lo

I :ll

e WY 2 B 5 3
)i Il il

e, ) Primary boundary (area enclosed by red line) | G
Shielding cart Transporttanon Y
car
\ ” | Upper and lower lid are | |
T lowered

Tk

R H Y@y

— Part A
R ) Large transfer
- - container . . .
(7)-1: Inspection and cleaning the sealed surface (removing trash, etc.)
17 T (7)-2: Lowering the dual lid
(8) Closing the dual lid of the container Enlarged view of Part A
%]
e |
) - 1.0

_— Ly ]
Shielding cart Transportatlon-
\ cart

118 i 4
D Work containe"

D[] ! i R I ~ Container du;e;tl lid
| 1

Sealed part D

Sealed part @

R \ Y(G)
i Sealed part ® R
b ; Large transfer —  PartA
- container
P (8): Closing the lid of the large transfer container

* Assumed to be “Y” which is extremely near “G”

| =
l Rl D Since the classification of contaminated areas is under examination, it could change in the future. ©lnternational Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of No.391

retrieving large structures]
@ Large transfer containers

[Steps involved in operating the dual lids in connection with transferring structures by the method of
transferring unitized large structures (5/7)]

The steps involved in operating the dual lids while transferring structures and the primary boundaries are given below.

(9) Separating the container: Decoupling the upper
lid and lower lid

Enlarged view of Part A

[Notes]

Colors indicate the following contamination
levels*

R: Red (high contamination) zone

Y: Yellow (moderate contamination) zone

G: Green (low contamination) zone

*Besides color, the main zones are marked as R,
Y and G.

Lo
@ Movable flange is raised R
) wm) . m
1| /l Primary boundary (area enclosed by red line) | G
Shielding cart Transportation Y
'.l cart J |
Upper lid
T —, 1 7 pH :
L E Work container | gince ajr-tightness is ensured by means of
the upper lid, this zone is assumed to be “Y”
/ which is extremely near “G”
R {7 Z
L : Container dual lid ‘
R Part All i
1
) L
-
Sealed part{® w
E N

The lower lid of the large transfer container presses down the O ring
with its own body weight and secures it in place.

v (9)-1: Raising the movable flange
(9)-2: Decoupling the upper lid and lower lid

* Assumed to be “Y” which is extremely near “G”

|
l RI D Since the classification of contaminated areas is under examination, it could change in the future. ©lnternational Research Institute for Nuclear Decommissioning




6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of N0.392

retrieving large structures]
@ Large transfer containers

[Steps involved in operating the dual lids in connection with transferring structures by the method of
transferring unitized large structures (6/7)]

The steps involved in operating the dual lids while transferring structures and the primary boundaries are given below.

(10) Transferring the container: Transferring the Enlarged view of Part A
large transfer container

Sealed part @

If the space between the lower lid and the container is not completely air-tight, the outer
surface of the container gets contaminated. Hence it needs to be air-tight to some extent.

[

[Notes]

Colors indicate the following contamination
levels*

R: Red (high contamination) zone

Y: Yellow (moderate contamination) zone

G: Green (low contamination) zone

*Besides color, the main zones are marked as R,
Y and G.

Large transfer container is moved)|

~

uA
Im t::l
- WD o § |
T U ]_'[ | Primary boundary (area enclosed by red line) |
Shielding cart  ""a"sPotation [y ]
1
1
=y
118 Work
container

—..—— Large tyansfer container

27" | Latge transfer Bontainer (with lower i) | (10)-1: Moving the large transfer container
1 . . . .
! | S— to the next cell which is the lid closing cell

9 ontainer
R ( Ll oy dual Iid.

J

Structure Lid closing cell Delivery cell
collection cell

Sealed part ®

(10)-2: Moving the large transfer container to the lid closing cell

* Assumed to be “Y” which is extremely near “G”

|
l RI D Since the classification of contaminated areas is under examination, it could change in the future. ©lnternational Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of

retrieving large structures]
@ Large transfer containers

[Steps involved in operating the dual lids in connection with transferring structures by the method of
transferring unitized large structures (7/7)]

The steps involved in operating the dual lids while transferring structures and the primary boundaries are given below.

(11) Installing the secondary lid: Installing the transportation lid for on-site transportation Enlarged view of Part A

| Primary boundary (area enclosed by red line)

L]
— ] -
| Vet IR 2
uu I |
Shielding cart  Transportation
[¢] \ cart / /
\
| — o | =
o
‘/ Workcontalnelr
|l Transportation lid |
l DD Contzingy Large transfer
dual lid
. ,E S .~/ container
R M
L

Structure collection cell

"

Panﬂ'
y,

Lid closing cell

Sealed part @

Sealed part ®

N0.393

[Notes]

Colors indicate the following contamination
levels*

R: Red (high contamination) zone

Y: Yellow (moderate contamination) zone

G: Green (low contamination) zone

*Besides color, the main zones are marked as R,
Y and G.

Transportation lid

G The bolt is fastened

Y(G)
T Y(G)
| .

The large transfer container
is transported after
contamination inspection
and pressure resistance test

(11)-1: Installing a lid for on-site transportation
(11)-2: Moving to the delivery cell after contamination inspection and pressure resistance test

(12) Transporting to a separate building: Transporting the large transfer containers to a separate building

New building

I\

LI

i

Safety lid

i 1

Isolation sheet

Container
dual lid

ficaall == |
| | -._..l_’ T 1 |
Work container Transportation ” "

Shielding cart cart Primary boundary (area enclosed by red line)

! -Large transfer containers are
transported to a separate building with
| the transportation lid installed.

S (Transportation method is being studied.)

23S T8 ]

|__

\

~

7

i
|
l RI D Since the classification of contaminated areas is under examination, it could change in the future.

I

Receiving cell

A

Fine cutting gell
i | A
=

Fine cutting-anister

LA

‘ Ajioey abelols ayy o |

g
/

Transport cask
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of
retrieving large structures]

@ Large transfer containers

[Study on large transfer containers]

® Conceptual study of the method of using the large transfer container
at the actual site was conducted based on the rough outline of steps
involved mentioned earlier.

® Moving the dual lid to the temporary storage cell using an overhead
crane when it is removed before storing structures in the large
transfer container, is being considered.

® Raising and lowering the movable flange supporting frame with a
motor operated jack for raising and lowering the movable flange is

being considered.

Travelling rail
Waste 77 73 ~ O\ Temporary
/2% 2N \, storage platform
T A R
{! 4 Crane Upper lid ol |
|“:‘\ 17} “’\ f
: O Ay

Part A (Waste transfer route)

V- I
17 / \ O\
! . \ )
. :‘[:1 Upper lid al
\ S/
] b ~

__Movable flange

:—_ Fixed flange

Part B (Mechanism for raising movable flange)

[llustration of the structure of each part

1RID

__ Motor operated jack x 4

:}r Movable flange supporting frame

No0.394

A Maintenance cell 5
N — - __—]
. 5 o) € O] 0]
L]
T T

(T B Temporary P
i Jstlzir"a?elplatform (s
ﬂ J [ Temporary placement of || Hoisting accessories/crane
~7 upper and lower lid maintenance
ez
/ o /.'/j-'/'.' \
/ Sl
| o //// ']
| IH | | nl |
Waste receptacle

Illustration of the use of large transfer containers
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of No.395
retrieving large structures] '

@ Large transfer containers

® Moving the safety lid laterally with a link mechanism when the lid is removed is being

considered.
® Study of the method of using the large transfer containers at the actual site will be
continued.
— ——, "Worm speed reducer
Ball screw Interlocking shaft
E’L .]'I: Raising the movable flange Safety lid | [if
A A arf] Siide base ,
gy | PR WY | | — //
e ! —T Link — — =
e . .
C Moving the safety lid Ball screw )’

— Drive motor with brakes

f \ Cam follower = 1]
/| | P -
/ \ N S

L Link -73 == —
' —7 ] Guide ral / \ \ Worm speed reducer
:E_(_T’—':'_fﬂﬁ_':'_ﬂru il Slide base / P,%S:ts"’crg"rxg‘féteef;‘iéiféy Position where '[1;6 safety
lid is completely open
lllustration of the structure of Part C (Safety lid opening/closing mechanism)
each part

Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of N0.396
retrieving large structures] '

@ Large transfer containers

[Structural designing of the large transfer containers]

Structural designing of the actual large transfer containers was studied.
Upon studying the manufacturing procedures based on this structure, the items for which
manufacturing capability must be verified were identified, and the container for the element test was

manufactured.
. | Transportation lid |
A E : !_'Lr‘ — - ,‘(“11r P g

73 =2
V< B AN

)

/ |
¢ 3) '
| e |
————

|
|

™

4
]
|

! .
|

2 L T /

i~ 5 o B6S6C N f \

[_: l .: ¢ 4 PRO rr.hn)l :.:,.‘ }‘ \I

|
|
. "

e S— o X

X

2090

3 N | Container flange |
. L HN W) _
A £ : == J.-%;;-‘.A o~ pmmmmem —i Resin
26816 NG S \ \,
Proposed structure of the actual Details of Part A

large transfer container

S T e e e e e ]
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of N0.397
retrieving large structures] '

@ Large transfer containers
[Structural designing of the large transfer container]

The manufacturing procedures were studied based on the structural design of the actual large transfer container.

» Also, for the thickness of the container, bending plates with a thickness that enables cold bending, assembling them to form a
cylinder, and pasting the bent plates until the desired plate thickness is achieved, or fabricating forging material to the desired
thickness are being considered.

» While fabricating the container body, fabricating it in 3 parts split in the vertical direction and then welding those parts is being
considered.

Portion welded Temporary assembly Welding the middle
i i of upper body and

while assembling
i ; lower
in the form of a _ middle body body and
F cylinder m , bofy

—— o

Arranging for forging material

of the desired thickness or ] » »
< <> @ Upper body || Middle body || Lower body |

Bending the plates Assembling to Pasting bent plates Components before assembling Connecting the upper Connecting the middle
form a cylinder the large transfer container body and middle body body and lower body

\

Study of the procedures for fabricating large transfer containers
|
l R' D Olnternational Research Institute for Nuclear Decommissioning



retrieving large structures]
@ Large transfer containers

[Structural designing of the large transfer container]

® Considering the operation of the container flange in the
actual large transfer container, manufacturing would be
easier if the structure is such that air tightness of the
movable flange and the transportation lid is ensured
respectively with the same sealed portion.
— The structure of the container flange is an important
component in achieving air tightness.

Upper lid

v

L

6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of N0.398

*

Movable flange

.

x|

O ring
(Sealed part @)

.

~

| Container flange |

Detailed drawing of container

flange (with the upper lid installed)

lllustration of a large transfer container

1D

3

Transportation lid }\A

'\\

Fastening the
transportation lid

W

with bolts

(Se

Oring
aled part @)

Detailed drawing of container flange (with

the transportation lid installed

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of
retrieving large structures]

@ Large transfer containers

N0.399

[Items to be verified by element tests (Scope of simulation of actual equipment)] For development and test manufacturing

“ Equipment A equmen’;isnﬁgﬁlsfilgitsl;ms CRER Mock-up specifications (approximate dimensions) Simulation method for the test

1) Movable flange » Diameter 9300, height 1600, weight 150ton » Diameter 8000, height 1100, weight 30ton » Actual equipment-shaped is simulated.
2) Fixed flange » Diameter 11100, thickness 375, weight 170ton = » Not simulated this time.
: . . > S the actual equi t (Unit factured duri . o
3) Upper lid » Diameter 6800, height 800, weight 50 ton the Er?srzfinZSSa(feeEtl; gji:(liz?)en (U TN EE TR Eihg) » Actual equipment-shaped is simulated.
' ' . > S the actual equi t (Unit factured duri . o
4) Lawer d » Diameter 6800, thickness 280, weight 80 ton chmEen:jrin; Z(;fluje?y T%u;grﬂsg d.g nit manutactured during » Actual equipment-shaped is simulated.
5 » Inner diameter 6000, thickness 280, height 7500, weight » Inner diameter 6000, thickness 50, height 3635, weight 85 _
) Container 390 ton ton
6) Lifting hook » Diameter 500, height 1500 » Diameter 500, height 1500 » Shape of the hook is simulated.
Differences with the mock-up structure for the dual lid test that is being studied and tested as part of the Ensuring Safety PJ are given below.
- The height of the container body was determined considering the procedures for fabricating the actual equipment. (Bare minimum structure with which a
manufacturing capability, etc. of the container can be verified)
= A structure_with which the flange part of the movable flange can be raised and lowered. (Adjustment of position can be verified with a shape that is similar
to the actual equipment)

3) Upper lid

4) Lower lid

5) Container

‘/{ 6) Lifting hook |

2) Fixed flange

1) Movable flange |

| 3) Upper lid

4) Lower lid

3) Upper lid

L‘/| 6) Lifting hook |

I.

6) Lifting hook

1) Movable
flange

1 ; (Can be raised

and lowered)

1) Movable flange
(Fixed this time)

5) Simple container

for the test

5) Container

lllustration of the mock-up structure for the

for the test

Illustration of actual

equipment

TIRID

Ensuring Safety PJ

s
lllustration of the mock-up structure for this project

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of

M N0.400
retrieving large structures]
@ Large transfer containers
[Element test plan (Large transfer container for the element test Rough specifications)]
It was decided to fabricate the container flange with a structure Large transfer container for the element test Component table

equivalent to the actual equipment based on the results of the studies

on the structure of the actual large transfer container and Z{ﬁjgg:
manufacturing procedures. cont SF440A Carbon steel forded
. . . ontainer arpon steel forge
The height of the main body of the container for the element test g

: i flange component
was kept at approx. 4m whlc_h was about half o_f the height c_)f_the ) Body 1 set <5400 SR
actual container (7.5m) considering that the height was sufficient as .

3 Bottom plate 1 set SS400 Steel plate in parts
long as the plate can be bent and welded.

4 Side support 1 set SS400

5 Bottom support 1 set SS400

@ Container flange

[ = A\
m —
— -
Inner diameter|of the container
for-the-test- 6666 )
£ n
Outer diameter|of the container & %
: forthe test: ¢R1nﬂ g o™
@ Side support The upper body of the'container is manufactured in parts by é § @ §
(MOId steel) \ bending a 50t steel plate. = ; a1
o c
S o
2 0
o
@ Bottom plate
® Bottom support P
Mold steel
( ) N
\\4
s
Large transfer container for the element test Cross section Bottom structure
_—

LSS
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of
retrieving large structures]

@ Large transfer containers

No0.401

[Element test plan (Sealed parts to be verified by the test)]
Considering the operational steps at the actual site, the air-tightness of the following 4 sealed portions will be verified

during the element tests.
Method of ensuring air-tightness CEELIEIE! ;teps UG T Remarks
tightness

» (3) Before being connected to the

Sealed part

Air tight joint

® Between the upper lid

» The upper lid presses down the O ring with . » Studied and tested during the Ensuring Safety PJ

and the movable . . } container . = - .
1 Sealed part @ its own weight to secure the prescribed ] » The impact of raising and lowering the movable flange will

flange . . > (9) After being separated from the SRR A

flattening of the O ring. " be verified in this project.
container
® Between the movable » The movable flange presses down the O » (3)-2 Connecting the upper and lower

2 Sealed part @ flange and the ring with its own weight to secure the lids (container) » Wil be tested in this project.

container flange prescribed flattening of the O ring. » (8) Closing the lid of the large container

B (0 WDy The upper lid presses down the O ring with » (4) Lifting up the dual lids, opening the » Studied and tested during the Ensuring Safety PJ
Sealed part ® et lerer ek pp its own weight to secure the prescribed container » The impact of raising and lowering the movable flange will
flattening of the O ring. » (7) Lowering the dual lids be verified in this project.
" The lower lid presses down the O ring with G . » Studied and tested during the Ensuring Safety PJ
Sealed part ® Between t.h @ lgep e its own weight to secure the prescribed > () Camig in Lz contame_r » Wil be verified using the container flange manufactured in
and container » (10) Transferring the container

flattening of the O ring.

this project.

}L @)
f, O/0O

Sealed part @ I—

| Sealed part @

I Sealed part @ I'

Sealed part @

| Sealed part ® I 5
Sealed part

| Sealed part ®

TRID
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of NO.402
retrieving large structures] '

@ Large transfer container

[Element test plan (conceptual image of the test)]

The dual lid manufactured during the Project of Ensuring Safety will be used, the large
transfer container will be test manufactured and element tests will be conducted to verify
feasibility and identity issues.

[Items to be verified by means of the element tests (proposed)]
- Method of remotely monitoring the raising and lowering movement of the movable flange
* Verification of the impact of misalignment of the movable flange and the large transfer
container
— Air-tightness of the sealed portions will be verified.
(In particular, the impact on air-tightness between the movable flange and the
container flange will be verified,)

L'q' :.'
ViE )

Raising and lowering the movable flange Raising and lowering the dual lids
lllustration of the large transfer container element test

LSS
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of N0.403
retrieving large structures] '
@ Large transfer container

[ : Planned

B Development Process —

FY2021 FY2022

Study items

4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3
Major milestones Interim Report Interim Report Interim Report Final
v v v report

e —————— v
|
2. Element test )
|
-
|

1. Conceptual study

planning

3. Test preparation /

Test
manufacturing of [ |
—— 1

test equipment

4. Element tests

5. Summary

Remarks

Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Projec?t [2) (1) Development of technology for realizing the concept of N0 .404
retrieving large structures] '

@ Large transfer container: Summary

» Preconditions pertaining to large transfer containers were consolidated and the
development policy was studied.

» The aspects to be covered by the simulation during the test were studied considering
the procedure of fabricating large transfer containers.

» Structural designing of large transfer containers is underway. As the structure of the
container flange is important for ensuring air-tightness, the plan is to fabricate the
container for the element test considering the structure of the actual equipment and
verify air-tightness through element tests.

» The plan for the element tests mentioned above is being developed. In the future, the
feasibility of the large transfer container will be verified by element tests.

S
l R' D Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of

M N0.405
retrieving large structures]

Solicitation items are listed.

® Large transportation equipment

With respect to retrieving fuel debris and reactor internal structures, in order to enhance the throughput
using the top access method, the method of transferring unitized large structures is being studied as part of
the development being undertaken since FY2019. To make this method possible, large structures need to be
separated from the reactor and transferred, however, the large transportation equipment inside the R/B that
will be used for transferring those structures needs to be developed so that the structures separated from
the reactor can be loaded on it as unitized structures, and it can distinguish the transportation route that
requires containment and shielding at the air-tight gate.

The large transportation equipment needs to be small and light in order to reduce the load on the operating
floor of the R/B, and its traveling function should not be affected by deformation, etc. caused when heavy
structures are mounted on it. Also, if the transportation equipment will be like a cart, generally one that is
towed with a wire can have a lower floor as compared to the automated one, and is suitable for reducing the
size as well. However, if an air-tight gate will be installed for compartmentalizing contaminated areas, such
transportation equipment will be difficult to use. Such preconditions for the large transportation equipment
and items that need to be developed for its use will be studied and consolidated, the methods for properly
transporting large and heavy contaminated structures including their applicability when there is an air-tight
gate will be investigated and studied, the structure of the transportation equipment including the drive
mechanism will be studied and element tests will be conducted for evaluating the on-site applicability of the
large transportation equipment, and consolidating related issues.

3
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of

retrieving large structures]
@ Large transportation equipment

[Status of studies up to FY2020]
® Conceptual study of the method for reducing the high contamination areas inside the passageways was

No0.406

[Notes]

Colors indicate the following
contamination levels*

R: Red (high contamination) zone

Y: Yellow (moderate contamination) zone
G: Green (low contamination) zone
*Besides color, the main zones are
marked as R, Y and G, and the red zone
is marked with a red border.

conducted.
® The method of transporting structures using carts was studied.
(Passageway method) (Passageway method) Revision 1 (Passageway method) Revision 2
Setting up partitions using gates Setting up partitions using work containers
Secondary boundary Secondary boundary Retrieval equipment Gate opening/closing Work
™MT 7 quip Second\ary boundary thrieval equipment Passageway L:l;] container
Retrieval equipment M
(@) Passageway Additional building e Ry D 1 a/tel
% =1 y - ) |/ Additional building ;’ﬂm?n";' r
nin in 1 of ———
Z I "eaupment © | = = Ml °°;Ig§§g°n Hansporizion
— . o Dual lid
E_J Cosrllgs\t;::on % * Dedicated // Dual “dd' ’ Connection Transportation | , Duallid While transferring
= ; “igf]‘f;;:fn ‘r;es';{gre::euon sleeve work™ ! ‘ /f Dedicated the container
= ntainer ] tai ) transpovnalion
%’ jj‘ #i / containers ul ; container | 4 ansportati
2 = —]
r = 7 s m— r—-—- oo
- Simple retrieval procedure Reduction in dispersion of radioactive dust Reduction in dispersion of radioactive dust generated
-Equipment made up of few components, generated during cutting into the during cutting into the passageways by means of work
% small quantity of waste passageways by closing the gates containers
= * Reduction in dispersion of radioactive dust into the
passageways while transporting structures, by using
work containers for transportation
- Radioactive dust generated during cutting When the gate is closed, it causes = Quantity of secondary waste increases due to addition
g gets dispersed directly into the interference for the rail and travel drive part of work containers.
] pa;sag;a_wa;(;s (It_arge accumulation of . Iz_admactlv_e tdutsr': adhered to the sdtru_ctures et s e Tl o i s T O
73 radioactive dust) Beisss g s [pEseERiiEys Lty closed, it remains open momentarily at the time of

transportation

transferring on to the transportation cart.

= In order to reduce accumulation of radioactive dust into the passageways, the method described in (Revision 2) was
studied as the main proposal. Specific studies will be continued.
e
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of N0.407
retrieving large structures] '

@ Large transportation equipment

[Issues]
+ If shielding will be accomplished by means of the passageways, the weight will increase depending on the shielding method, and the
equipment scale will also increase.
« If air-tightness will be ensured by means of the passageways, contamination is likely to spread throughout the passageways.
* Since the items to be transported are heavy, the impact of loading heavy items on the transportation equipment needs to be
considered.

[Implementation details]
« The method of reducing contamination inside the passageways when large
structures are transported will be studied, and the preconditions and the items
that need to be developed pertaining to the large transportation equipment
(shielding cart and transportation cart) considering that method will be —— i Crane

consolidated. \L (Passageway)

«  Existing technology and track record, etc. related to the method of properly
transporting large and heavy structures will be investigated and studied.

Passageway

«  The configuration of the large transportation equipment including the drive
mechanism will be studied. Also,
the impact of loading heavy items on traveling will be studied.
*  Viability of the placement of the large transportation equipment and its drive
mechanism inside the passageways will be studied.

Transportation cart
(Localized shielding)

« Element tests will be planned and implemented, on-site applicability of the

large transportation equipment will be evaluated and issues will be
consolidated. (Note) “Large transportation equipment” refers to
[Expected outcome] “Shielding cart” and “Transportation cart”.

* Presentation of a method of properly transporting large and heavy contaminated structures.

l Rl D Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of N0.408
retrieving large structures] '

@ Large transportation equipment

[Implementation details]

Implementation items Implementation details

The method of reducing contamination inside the passageways when large
structures are transported will be studied, and the preconditions when the
large transportation equipment is used considering that method will be
consolidated.

Consolidation of preconditions

Investigation and study of
existing technology and track
record, etc.

Existing technology and track record, etc. related to the method of properly
transporting large and heavy structures will be investigated and studied.

- The configuration of the large transportation equipment including the drive
mechanism will be studied.

- The impact of loading heavy items on traveling will be studied.

Study of large transportation
equipment

Study of the availability of
placement of large
transportation equipment

- Viability of the placement of the large transportation equipment and its
drive mechanism inside the passageways will be studied.

- Element tests will be planned and implemented, on-site applicability of the
large transportation equipment will be evaluated and issues will be
consolidated.

Element tests planning and
implementation

| S T e e e e e ]
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of N0.409
retrieving large structures] '

@ Large transportation equipment

[Preconditions]
* Preconditions pertaining to the large transportation equipment are indicated below.

| Precondions | Basis

1  An additional building for the top access method In the case of the top access method, transferring
should be set up in addition to the additional building unitized structures is being considered. Hence it
for the side access method. would be difficult to use the delivery equipment in

common with the side access method.

2 A frame should be installed so that the load of the Considering the acceptable maximum load of the
passageway in which retrieval equipment, etc. will be operation floor, it will be difficult to support the load
installed is supported by the ground surface. The of the passageway.
transportation cart travels on the frame.

3 The transportable weight should be studied The study should be conducted while reflecting
considering that structures and work containers will the status of the study of retrieval methods such
be transported. that structures and work containers can be

transported.
|

LSS
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of
retrieving large structures]

@ Large transportation equipment

[Study of transportation methods and equipment]

No.410

Issues with the transportation cart having a low floor and an overview of the study are given below. Element tests will be conducted as

required to verify feasibility.

* [ssues with using a generic cart (Remotely

operated transportation cart) and response measures

Rail
Remotely operated

transportation cart

Issues in the remotely operated

transportation cart

In the case of a remotely operated
transportation cart, as its height is

approx. 2m or more due to the

a larger passageway is required
(increases the load on R/B).

remotely operated wheels and rail,

1RID

Transportation cart

Remotely operated wheels
(With drive motor)

Results of the
investigation and
study of existing
technology and
track record, etc.
will be reflected.

0 Example of investigation of traveling systems

Proposal 1: Wheeled system

Proposal 2: Endless roller system

Proposal 3: Air caster system

]
Zo i1 1g
B wah,
] EAS X2 TLR A 288 T2 TR
5§35
® Remotely operated wheels
£ |+ The drive motor can be connected to the axle
5 . A
2 (Can have a remote operation functionality)
» | * Requires a higher floor height due to
% | remotely operated wheels and rail (assumed to
£ | be approx. 2m or more)
o

Roller  Pin Plate

Frame body

GIOUNd COMACT  Cener plate. Endiess ralr
arca

- Can have a low floor

- As it does not have a remote operation
functionality, it requires an external towing or
drive mechanism

- Load distribution needs to be considered

+ Can have a low floor

- As it does not have a remote operation
functionality, it requires an external towing or
drive mechanism

+ As air is constantly blown against the floor,
quantity of gaseous waste to be treated
increases

€ Example of investigation of drive systems

Proposal 1: Wire towing system

Proposal 2: Jack towing system

Proposal 3: Underground drive

Proposal 4: Trapezoidal screw thread

mechanism system drive system
Wire (connected to Travel Drive motor Drive motor (inside AT/Cell)
Travel the winch) (Outside the Sgrocket
. passageway)
E.é "
@ '
E i //. Pin rack
S e
Wire Endless  cyjlinder uide (wire, Drive motor (Outside  Trapezoidal screw
Endless roller connection roller )J/ack rail, etc.) Endless roller _the passageway) thread
- The cart structure can be « The cart structure can be + The cart structure can be The cart structure can be 5|mpI|f|ed
simplified. simplified. simplified. = The drive motor and the cable can

Merits

Demerits

1

Maintenance |

+ Highly flexible in terms of
placement of the drive member
(winch, etc.)

+ If there is a gate in the area
where this system will move,
interference avoidance is required.

+ The drive member (winch, etc.)
gets contaminated due to winding
of wire, and hence requires special
attention.

- If there is a gate in the area where
|this system will move, interference
avoidance is required.

+ The hose of the cylinder jack needs
to be routed in accordance with the
movement of the cart.

* The drive member (cylinder jack)
gets contaminated as it is
integrated with the cart, and hence
requires special attention.

+ The drive motor and the cable can
be placed outside the passageway.

* There are issues in the method of
re-engaging the rack and sprocket in
accordance with the movement of

the cart. Re-engagement

Sprocket

. .

Transportation

e Travel

+ The impact of contamination is less as the
drive member (motor) is placed outside the
passageway.

* However, measures to prevent dirt from
getting stuck on the rack surface will continue

to be studied as an issue.

be placed outside the passageway.
- High positioning accuracy

- If there is a gate in the area where
this system will move, interference
avoidance is required.

The impact of contamination is less as the
drive member (motor) is placed outside the
passageway.

+ However, measures to prevent dirt from
getting stuck into the trapezoidal thread

screw will continue to be studied as an issue.

e ESS
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6. Implementation Items of ﬁis Project [2) (1) Development of technology for realizing the concept of No 411

retrieving large structures] INotes]
®@ Large transportation equipment e e (high contammatior) soner T on 1oVe”

Y: Yellow (moderate contamination) zone

G: Green (low contamination) zone

*Besides color, the main zones are marked as R, Y and
G, and the red zone is marked with a red border.

[Study of transportation methods and equipment]

A shielding cart for shielding the radiation dose from the PCV and a transportation cart for
transporting work containers will be used as large transportation equipment which travel the ALA |
same route inside the passageways. = ‘

While studying the large transportation equipment, the engagement between the isolation
sheet and the work container being studied as a method for reducing contamination inside
the passageways will be considered.

Isolation sheet |

i %

Iltems Overview _ _
lllustration of confinement by means of

Shielding cart Cart for shielding radiation dose from the PCV. isolation sheet

Transportation Cart used between the well and the additional building.

I

cart Transports work containers.

% Shielding cart Carrying-in work container A
— .

Isolation sheet

|| Transportation cart
| I | |

lllustration of carrying-in of work container (After the transportation
cart retreats

lllustration of carrying-in of work container (Before the transportation cart retreats)

TRID
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of
retrieving large structures]

® Large transportation equipment

No0.412

[Functions required of large transportation equipment]
Functions required of the large transportation equipment are indicated below.
Details are being studied along with the overall steps involved in the method of transferring unitized large structure,

but it was decided to study the structure of large transportation equipment viable based on the current assumed
values.

m Required functions Course of study in this project

1 Shielding Should be able move up to the top of the reactor well and shield the radiation The structure will be studied considering the engagement between
performance dose from inside the reactor the work container and the isolation sheet.
Results of the conceptual study conducted in FY2020: External appearance
L14 xW14 X H0.18m
2 Transportation Should be able to transport work containers containing structures (Tentative Will be revised as needed based on the results of the study on the
weight weight: Approx. 600 ton) structure of the work container
(Weight of work container shielding approx. 330ton, structures (reactor bottom)
approx. 250ton, +a)
3 Transportability Should be able to move between multiple cells Conceptual study will be conducted including the study on
between cells placement inside the passageways and additional building.
4 Air-tightness Considering movement between multiple cells, structures such as rails, etc. are Same as above
likely to be laid across multiple cells.
In that case as well, it should be possible to secure air-tightness between the cells.
5 Maintainability It should be possible to remotely perform maintenance inside the passageways or Same as above
in the additional building.
6 Positioning Should be able to be positioned at the prescribed position even when the above- Conceptual study will be conducted on a movement mechanism
capability mentioned transportation weight is loaded which provides positioning considering the procedures for the
method of transferring unitized large structures.
7 Seismic Should not get overturned in the event of an earthquake, when loaded with work Seismic resistance will not be evaluated, but conceptual study will
resistance containers containing structures. be conducted considering seismic resistance.
8 Impact resistance  The integrity of the structures should be ensured even if the work container falls Impact resistance will not be evaluated, but conceptual study will
on the large transportation equipment. be conducted considering impact resistance.
9 Corrosion The structure should prevent corrosion or should be able to withstand corrosion. Corrosion resistance will not be evaluated, but conceptual study
resistance will be conducted considering corrosion resistance.

1RID
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of
retrieving large structures]

@ Large transportation equipment

No0.413

[Overview of the course of development of large transportation equipment]

While using the method of transferring unitized large structures, work containers are loaded on the large
transportation equipment and transported from the passageways to the additional building.

In order to reduce the contamination of the passageways and the additional building, the method of installing gates
and dividing the area into several cells to prevent extensive spread of radioactive materials can be considered.

As part of that, large transportation equipment will be necessary to be transported between several cells, and in the
case of the aforementioned wire towing system or trapezoidal screw drive system, or when the equipment is
remotely controlled, since the cables, hose, etc. interfere with the gates, securing the boundaries is a challenge. A
brief study of the transportation system will be conducted considering these aspects.

Air-tight gate

\\

| Processing area crane |

Crane

| Crane |

Maintenance cell

N|||

Interference with Power cable for
Transportation cart .
Shielding cart P the gate and cable driving the cart

lllustration of the large transportation equipment (The layout of the additional building is being examined. This drawing is based on FY2020 results.)

| EEEEES
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6. Implementation Items of This Prbject [2) (1) Development of technology for realizing the concept of No.414
retrieving large structures] '

@ Large transportation equipment

[Implementation details (Overview): Study of the placement of the large transportation equipment and its drive mechanism inside the

passageways]
The placement of the large transportation equipment and its drive mechanism will be studied based on the results of studies conducted
until Fy2020. Additional building
<Results of studies conducted until FY2020> (Example image of the location)
74 R/B
PN
AN I Crane
Shielding ¥ " Transport Transfer Maintenance cell
cart ' o ation cart outlet
Drive mechanism chamber o
(An example) Carg;?tg-m

» Study of a drive system that assumes that individual Processing area crane

carts will travel independently and study of the placement

. ] ) Carrying-in crane
of the drive mechanism part will be conducted.

Processing area equipment

Service entrance .
Maintenance cell

E— S
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Implementation Items of This Project [2) (1) Development of technology for realizing the concept of

retrieving large structures]
@ Large transportation equipment

[Overview of the results of the study of large transportation equipment]

No0.415

[Legend]
O: Few issues in application
A Issues in application
A: Many issues in application

Results of the brief study conducted considering movement between multiple cells are given below. Details are provided later.
In this project, elements that pose issues will be test manufactured and the viability of the large transportation equipment will

be verified.

(1) Motor operated (2) Wire transportation system (3) Screw shaft type (4) Shuttle transportation system (5) Wire towing system
transportation system transportation system

Conceptual
drawing

Transportability
between cells

Air-tightness

Maintenance
capability

Positioning
capability

Seismic
resistance

Manufacturing
capability

Evaluation

a '3 2
@S Piron: S KGR N ou
R —— S
N s . Very ]

e "
— Bl LG, | —-
— e il G
v

T “ Q. /T Py S

O: No interference with the gate
(Cable bear installed for each cell)

A: Maintenance of the connector and
the cables

A Repairs need to be performed inside
the cell

A: Depends on motor performance

O: Planned to move along the rail and
hence the risk of overturning is small

O: Proven track record of remotely
performed small air-tight connection

TRID

U‘-r - Ny ot

O: No interference with the gate
(Drive mechanism installed for each cell)

A: Wire passes through to the outside of
the cell

— Improvement by means of secondary
containment

A: Contamination is likely to spread via
the wire

A: Depends on the performance of the wire
mechanism that activates the hook

A: Fixed with a hook

QO: Proven track record of fabricating a
small unit and thus transporting heavy
items is feasible

O: No interference with the gates
(Trapezoidal screw installed for each cell)

A: Screw shaft interferes with the gate
— Improvement by means of secondary
containment

A: Maintenance can be performed outside
the cell

(Contamination accumulates on the screw
itself)

O: Enhanced stop system can be expected
by controlling the screw shaft

A: Fixed with a screw shaft

A Issues in manufacturing capability of
large screw shafts

———r——

A: No interference with the gate, but not
suitable for moving between multiple cells
due to the mechanism

A: Motor operated cylinder installed
outside the cell

— Improvement by means of secondary
containment

O: Maintenance can be performed outside
the cell

A Positioning accuracy is low due to the

nature of the mechanism

A: The cart cannot be fixed

O: Comparatively simple structure

o= i B o
7
i -3
N
=

A: Measures are required as there is
interference with the gates

A: Wire interferes with the gate

A: Contamination is likely to spread via
the wire

A: Depends on the performance of the
mechanism that activates the wire

A: Planned to move along the rail and
hence the risk of overturning is small

O: Comparatively simple structure
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6. Implementation Items of ﬁis Project [2) (1) Development of technology for realizing the concept of No.416
retrieving large structures] '

@ Large transportation equipment

[Conceptual study of the structure of the large transportation equipment]

(1) Motor operated transportation system
* A cable bear and connector positioning unit is installed in each cell.
* A connector socket is provided on the front and rear end of the cart. The connectors are switched remotely while the cart
moves between cells.

: B 1 A-1033 098 CU-REBLEE AbieSv el
Connector l “I_ b by shai| MbREH A LA s ; - WAk 8 | A ] L= TR
I e .
Connector positioning unit
1 1 = 1 1 i 1 | 1
B-1: Cable bear B-2: Cable bear C-1: Cable bear C-2: Cable bear
Cable bear
2. B-29333300N-FIRELLM A-1033 3 ¢lK-Rocne
CH-R- M9ag22 79840 N-F WEANI275840 BracssygaTners
) 1
A-1: Cable bear B-1: Cable bear B-2: Cable bear C-1: Cable bear C-2: Cable bear ' '
A -18=9 3 ¥4 CN-RIEBLAS, O =2 ©
HEACERODEEES THEY &
J 1) | 1 i) | 1 L
A-1: Cable bear B-1: Cable bear B-2: Cable bear C-1: Cable bear C-2: Cable bear
OVerV|eW B | 1 ;»:.':s l'Q(".~r.‘" Ua, B=10ar09eCH-Rpae
.. . . Craddit N Y
Cable bear and connector positioning unit are 1 R, O F DN 63952 8L M YOI,
installed in each cell. n-R:emadIvosman | | _Gh-Fesn®iasyss0
A connector socket is provided on the front ; C2Cablebear
and rear end of the cart. The connectors are 3
switched remotely while the cart moves T ) T =]
between cells. B-1: Cable bear B-2: Cable bear C-1: Cable bear T —

| =
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of No.417
retrieving large structures] '

@ Large transportation equipment

[Conceptual study of the structure of the large transportation equipment]

(2) Wire transportation system
- The wire that is passed through the cell wall is powered up to move the cart.
- The cart is moved by powering up the wire after the towing dock installed on the cart side is tucked on to
the towing hook which opens when a predetermined tension is applied.

| Transportation unit |

o mem s e .
El—1 ] I — e e Inside the cell
m o= m om om || = - m m o m o= om
P2 — | R_iﬁt
Drive unit g
\ o
e Outside the cell
- - wm o= - - = wm o=
tﬁgsmﬁ_l Towing hook
t T T — T T Y 1 T 1 T | 1 Tension unit Transportation unit
#a -_ H = = h.‘. o L  Driveunit p/4l
AA{11100) —= e - WA *a WA e
Lc-u‘__ e ), - '_..'~ “. E~
. =l N e Towing dock
A ' t = ! Towing dock (cart side) (cart side)
/, Towing hook

. . /' /' Transportation unit
Guide rail L P

Rail for the cart \

Portion enlarged

|
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retrieving large structures]
@ Large transportation equipment

[Conceptual study of the structure of the large transportation equipment]

(3) Screw shaft type transportation system
* The screw shaft of the trapezoidal screw is rotated from outside the cell.
(In the figure below, the screw shatft is rotated from the end of the passageway, but in the case of multiple cells it needs to
be driven from the cell wall side (side).)

= The cart moves by means of the driving force obtained when the half nut installed on the cart engages with the trapezoidal

Screw.

Transportation cart drive unit
\

N

\

S

"~ Lf‘
-

16450

— - |
& =

=

L\ I | |

Transpor{ation
cart drive unit

\ Transportation cart

Shielding wall

/
/

Shielding wall drive unit

6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of

No0.418

Shielding wall

Shielding wall drive unit

-—

-

L
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6. implementation Items of This Project [2) (1) Development of technology for realizing the concept of N0.419
retrieving large structures] '

® Large transportation equipment

[Conceptual study of the structure of the large transportation equipment]

(4) Shuttle transportation system
The cart is moved by pressing the dock installed on the cart by moving the rudder (frame with a hook roller)
back and forth by means of the cylinder installed at the end of the tunnel.
- The structure is simple, but there are many issues such as difficulty in accurate positioning, etc.

| Cylinder for the shuttle

Towin k
drive system owing doc

(cart side)

Towing dock
(cart side)

=S
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of N0.420
retrieving large structures] '

@ Large transportation equipment

[Conceptual study of the structure of the large transportation equipment]

(5) Wire towing system
* In this system, the structure is such that the cart of the large transportation equipment moves by means of
rollers, and the cart is towed by means of a drive mechanism such as wire, etc. from outside the cell.
- After the cart has moved up to another cell, when the gate is being closed, the wire interferes with the
gate and thus there is an issue in terms of air-tightness.

Wire
Drive
Mechanism

in

LSS
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of No.421
retrieving large structures] '

@ Large transportation equipment
[Element tests planning and implementation]

Items to be test manufactured and verified by element tests are being examined based on the aforementioned
issues in the large transportation equipment.

Prospective large transportation equipment will be selected based on the results of those element tests.

Studies will continue to be conducted and element tests will be planned considering the following items as
prospective options.

(1) Whether or not the large connector can be remotely connected in the motor operated transportation system

(2) Viability of transporting heavy items with the wire transportation system

(3) Air-tightness between the drive part such as the wire, etc.

EEESS
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6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of NO.422
retrieving large structures] '

@ Large transportation equipment

I Planned
[ : Planned

(after revision)*
: Actual

B Development Process

FY2021 FY2022

4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3

Study items

Major milestones

Interim Report Interim Report Interim Report Final report
v v v v
(e
e
|

1. Conceptual study

2. Element test planning T 1
3. Test preparation / - —
Test manufacturing of

test equipment

4. Element tests

5. Summary
As the items to be tested in the element tests will be identified based on the details on compiled issues, the element test plan will be created
after the issues have been compiled.
Remarks The steps involved in carrying-in/out including the work container and the isolation sheet are being studied. The study of large transportation

equipment will be continued in accordance with those steps. As the study of the steps involved in carrying-in/out requires time, consolidation
of the issues pertaining to the large transportation equipment and development of the elemental plan based on those issues is planned to be
implemented in FY2022 (Development is expected to pick up speed from FY2022 and is expected to be completed in FY2022.)

l l D ) Olnternational Research Institute for Nuclear Decommissioning
R * The plan was revised to reflect the study progress status and the results of element tests.



6. Implementation Items of This Project [2) (1) Development of technology for realizing the concept of NO.423
retrieving large structures] '

® Large transportation equipment: Summary

» Preconditions pertaining to the structure of the large transfer equipment were
consolidated and the development policy was studied.

» The motor operated transportation system, wire transportation system, screw shaft
transportation system and shuttle transportation system were studied with respect to
the structure of the large transportation equipment, and issues were consolidated.

» Element test plan related to the large transportation equipment will be created and the
feasibility will be verified by element tests.

EEESS
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/. Summary No0.424

1) Development for the side access method
(1) Development of the method of installing access equipment

@ Installation of large heavy structures
» The structure was studied focusing on connected parts, assembled parts and installed part
related to the cell adapter of the access equipment, shielding door, and fuel debris retrieval
cell.

» The access equipment and other fuel debris retrieval equipment cells need to be installed
accurately in a straight line between the pedestal opening and the X-6 penetration opening, in
order to establish the shortest access route. Hence, the installation procedures and structure
were studied, and further feasible proposals were developed considering the installation
accuracy.

» The work steps involved in installing large heavy structures were detailed and revised, and
issues in each step were identified,

» The measures for responding to the issues identified in the steps involved in installation work
were clearly specified.

» Since the work of installation would be carried out under high radiation dose environment, the
cell adapter would need to be installed by remote operations. Hence the detailed steps
involved in the installation procedure were consolidated and related isuues were compiled.
Also, atest plan for clarifying the required conditions for the remotely controlled equipment is
being created along with substantiating the structure.

» As a part of the study for enhancing throughput, the work carried out inside the cells was

detailed for improving the accuracy of the results of calculating throughgut.

|
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/. Summary No0.425

1) Development for the side access method
(1) Development of the method of installing access equipment (Continued)

@ PCV connection sleeve remote installation and welding

> Pre-conditions pertaining to remote installation of the sleeve were compiled, and the delivery method and
results of the study of the equipment were consolidated. “The method of delivering the whole unit” which is
the same as the method used for delivering the main access tunnel was selected, and the issues and items
that need to be verified by tests, etc. were consolidated. Details of 3D measurement, camera placement, etc.
are being examined.

» The target height while delivering the PCV connection sleeve was set to 4000mm which is the same as the
height while delivering the access tunnel. Prospects of being able to achieve a height of 4000mm or lower by
modifying the remote installation equipment were seen.

» The methods of responding to the issues pertaining to remote welding of the sleeve consolidated during the
FY2019-20 subsidy project were studied, and issues as well as items that need to be verified by tests, etc.
were consolidated. Details such as study of test equipment including the welding torch, inspection method,
etc. are being examined.

» Element test plan is being studied along with remote installation, remote welding of the sleeve, and the test
equipment and facility are being arranged for. In the future, the feasibility of remote installation of the sleeve,
the welding procedures and the equipment will be verified by element tests.

® Installation of shield

» The course of study and preconditions for studying the method of providing additional shield were
consolidated. Shielding was evaluated and it was found that as the radiation dose from neutron beams is
high, neutron shielding needs to be installed to reduce the shielding thickness.

» For shielding that will be installed later, iron plate delivery, filling of iron balls, casting, mortar filling are being
studied considering shielding performance and workability, and comparative evaluation is being carried out.
In the future, comparative evaluation will be carried out with the schematic view, and the proposal for
additional installation will be selected.

> In the future, the feasibility of installation of additional shielding will be verified by tests.
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/. Summary No0.426

1) Development for the side access method
(1) Development of the method of installing access equipment (Continued)

@ Disassembly of shield plug

» The course of study and the preconditions pertaining to the method of transferring
unitized structures for the shield plug in Unit 1 were consolidated, and a brief
study of the removal procedures was conducted. The disassembly procedures
were consolidated.

» The course of study and preconditions pertaining to the method of disassembling
the concrete blocks in Unit 2, 3 were consolidated, and the disassembly and
removal procedures were studied briefly. The disassembly procedures were
consolidated.

> Issues in the procedures for disassembling and removing the shield plug in Unit 1
and the concrete blocks in Units 2 and 3 were identified, and the roughly estimated
radiation dose was assessed. Although either of the disassembly methods are
general disassembly methods, as the concrete blocks have an impact on the
installation accuracy of the PCV connection sleeve, element tests on
disassembling the concrete blocks will be conducted in the future.

> In future, processing tools will be evaluated and the feasibility of the methods will
be verified by element tests.
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/. Summary No.427

1) Development for the side access method (Continued)
(2) Development of disassembly and removal technology

@ HVH disassembly

» Pre-conditions pertaining to HVH disassembly were consolidated. Results of studies concerning the
selection of items to be tested based on the level of difficulty of disassembly, selection of circular
saw and reciprocating saw as the cutting technology, and identification of element test items based
on the disassembly work steps have been compiled.

» The work steps were examined in detail, and issues in each of the steps were identified.

» The test equipment such as HVH disassembling robot, crane, etc., and the cutting tools such as tip
saw, etc. were studied, and their specifications were consolidated.

» Based on the results of above mentioned studies, the element test plan was created, and element test
items, judgment criteria, etc. were studied. In the future, the feasibility of the method of
disassembling and removing the HVH will be verified by element tests.

@ Disassembly of CRD exchanger

» Pre-conditions pertaining to CRD exchanger disassembly were consolidated.

» Technologies that must be developed in common for Units 1/3 were identified upon studying the
method of disassembly and removal of CRD exchangers in Units 1/3 and the work steps involved.

» Basic tests were conducted to verify the viability of carrying-in the equipment through the CRD
opening and lifting up — loading — transferring the disassembled pieces, under a test environment
simulating Unit 2, and prospects of actual equipment applicability were seen.

> In the future, work steps specific to each unit will be studied in detail, the disassembly and removal
equipment will be designed and test manufactured, an element test plan will be drafted, and the
feasibility of the method of disassembly and removal of CRD exchanger will be verified by element
tests.
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/. Summary No.428

1) Development for the side access method (Continued)
(2) Development of disassembly and removal technology (continued)

@ Removal of interfering objects from inside the pump pit

» The status of fuel debris inside the pump pit, specifications of pump to be
removed, specifications of pump pit, and its location were studied and
consolidated as preconditions for removing interfering objects from inside the
pump pit.

» The work steps involved in removing interfering objects from inside the pump pit
were studied, and test items were selected.

» Detailed study of the work steps is underway. lllustrations of the work of removing
the existing pump from pump pit (225° ) inside PCV in Unit 1 were consolidated.

» The simulated pump and pump pit, and the hoisting equipment to be used for the
element test are being studied. In the future, element test plan including the study
on disassembly equipment, etc. will be created, and the feasibility of the method
for removing interfering objects from inside the pump pit will be verified by
element tests.
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/. Summary No0.429

1) Development for the side access method (Continued)
(3) Advancement and development of retrieval methods

@ Remote controlled tip tools for retrieval
Tip tool
» Throughput computations from the past were analyzed, and processing tests for reducing the time required
for processing block fuel debris accumulated at the pedestal bottom were selected as element tests.

» Circular cutter for interfering objects, core boring for block fuel debris, which have not undergone processing
tests as atool, were identified as element test items based on the status of implementation of past desk
studies and processing tests.

» The specifications required of the above-mentioned tools have been consolidated and conceptual studies and
element test planning are underway.

Operation system
> The work flow for fuel debris retrieval was studied.

» Details of manipulator work and remote operation method during each phase of the work flow were
consolidated.

» For works wherein the operator focuses on the arm tips such as “grabbing”, “cutting”, etc., measures were
studied to automate obstacle avoidance by the elbow of the manipulator. The method of implementing the
system is being examined.

» The function of sounding an alarm or initiating interlock shutdown when the distance between the obstacle
and manipulator goes below a certain value was studied. The method of implementing the system is being
examined.

» A 3D model is used for determination of collision. Hence, there is the risk of interference if there is any
deviation on site. A mechanism for correcting deviations using point cloud data acquired by scanning the site
with a laser scanner, etc. in response to this issue was studied.

|
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/. Summary No0.430

2) Development for the top access method
(1) Development of technology for realizing the concept of retrieving large structures

@ Method of cutting large structures

» Pre-conditions pertaining to the method of transferring unitized large structures were consolidated.

» Conceptual study was conducted on the method of disassembling the RPV head, method of filling
and solidification of the reactor core, etc. and the method of cutting reactor internal structures.

» The element test plan related to cutting of RPV head bolts was created. Test pieces (RPV head, bolts)
simulated to the actual equipment scale were manufactured, and element tests on cutting the bolts
with AWJ were conducted. The feasibility of the method of cutting the RPV head bolts was verified,
and issues are being consolidated.

» The element test plan for cutting the reactor internal structures is being created. In the future, the
feasibility of the method of cutting of reactor internal structures will be verified by element tests.

@ Large transfer container

» Preconditions pertaining to large transfer containers were consolidated and the development policy
was studied.

» The aspects to be covered by the simulation during the test were studied considering the procedure
of fabricating large transfer containers.

» Structural designing of large transfer containers is underway. As the structure of the container flange
is important for ensuring air-tightness, the plan is to fabricate the container for the element test
considering the structure of the actual equipment and verify air-tightness through element tests.

» The plan for the element tests mentioned above is being created. In the future, the feasibility of the
large transfer container will be verified by element tests.
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2) Development for the top access method (Continued)

(1) Development of technology for realizing the concept of retrieving large structures
(Continued)

@ Large transportation equipment

» Preconditions pertaining to the structure of the large transfer equipment were
consolidated and the development policy was studied.

» The motor operated transportation system, wire transportation system, screw
shaft transportation system and shuttle transportation system were studied with
respect to the structure of the large transportation equipment, and issues were
consolidated.

» Element test plan related to the large transportation equipment will be created and
the feasibility will be verified by element tests.
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8. Specific goals for achieving the purpose of the project No0.432

1) Development for the side access method @ Installation of large heavy structures
(1) Development of the method of installing The structure and installation method for installing the cell adapter, shielding
access equipment door and cell that build the access route that is connected to the PCV should be

detailed, and its feasibility should be shown through element tests.

(Target TRL at completion: Level 4)
@ PCV connection sleeve remote installation and welding

The method of remotely installing the access tunnel sleeve connected to the
PCV should be studied, the requirements should be consolidated, and feasibility
should be shown through element tests. Also, feasibility of the method of welding
by remote operations should be shown through element tests.

(Target TRL at completion: Level 4)
@ Installation of shield

Feasibility such as manufacturing capability, etc. of the access tunnel shield
should be shown through element tests.

(Target TRL at completion: Level 3)
@ Disassembly of shield plug

Feasibility of the cutting/disassembly methods with regards to the method of
removing the shield plug, etc. (shield plug, blockout) located in front of the
equipment hatch when the side access method is used, should be shown through
element tests.

(Target TRL at completion: Level 3)
(2) Development of disassembly and removal | @ HVH disassembly

technology Feasibility of specific cutting/collection methods with regards to the method of

removing HVH, which are large systems among the equipment installed outside
the pedestal, should be shown through element tests.

(Target TRL at completion: Level 3)
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8. Specific goals for achieving the purpose of the project No0.433

1) Development for the side access method 2 Disassembly of CRD exchanger
(Continued) Feasibility of specific cutting/collection methods with regards to the method of

(2) Development of disassembly and removal | removing the CRD exchanger, which is a large structure located at the center of

technology (continued) the pedestal, should be shown through element tests.

(Target TRL at completion: Level 3)
@ Removal of interfering objects from inside the pump pit

Feasibility of the method of cutting, etc. and transferring with regards to the
method of removing interfering objects from inside the pump pit, which is required
for installing the submersible pump into the pump pit inside the PCV, should be
shown through element tests.

(Target TRL at completion: Level 3)
(3) Advancement and development of (@ Remote controlled tip tools for retrieval

retrieval methods The viability of a series of operations from processing interfering objects and
fuel debris from inside the PCV to collecting the cut pieces in unit cans should be
shown through element tests, etc., and data for evaluating the throughput should

be acquired.
(Target TRL at completion: Level 3)
2) Development for the top access method @ Method of cutting large structures
(1) Development of technology for realizing Feasibility of the cutting and separating with regards to the method of cutting

the concept of retrieving large structures | siryctures when the top access method is used, should be shown through
element tests. Also, the method of transferring structures after they have been cut
until the structures are loaded on to the large transportation equipment, should be
studied, and its site applicability should be evaluated.

(Target TRL at completion: Level 3)
@ Large transfer container

The performance of the container in which unitized structures are stored and
transferred when the top access method is used, should be verified by element
tests, and the issues in site applicability should be indicated.

(Target TRL at completion: Level 3)
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8. Specific goals for achieving the purpose of the project No.434
2) Development for the top access method | ® Large transportation equipment
(Continued) The site applicability of the large transfer equipment including its drive
(1) Development of technology for mechanism, which is used for transferring structures retrieved by means of
realizing the concept of retrieving the top access method within the R/B should be verified by element tests,

large structures (Continued) and the issues should be consolidated.
(Target TRL at completion: Level 3)

TRL level Explanation

TRL7 Stage at which implementation is complete.
TRL6 Stage at which field verification is conducted.

Stage at which a prototype is manufactured based on the actual equipment and verified

TRLS in a simulated environment at the factory, etc.

Stage at which functional tests are implemented at the test manufacturing level as a

TRL4 : .
development and engineering process.

Stage at which development and engineering are being carried out by applying or
TRL3 combining past experiences. Or, stage at which development and engineering are being
carried out based on fundamental data in domains in which there is no prior experience.

Stage at which development and engineering are being carried out in domains in which

For practical use

Field verification
Simulated verification

Research for
practical use

Applied research

TRL2 there is almost no applicable prior experience, and the required specifications are being Applied research
defined.
TRL1 Stage aﬁ .WhICh specific details pertaining to the development and engineering targets Basic research
are clarified.
—
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_ _ No0.435
Explanation of terminology

Explanation

1 Fukushima Daiichi NPS Fukushima Daiichi Nuclear Power Station
2 R/B Reactor Building
3 Rw/B Radioactive waste treatment building
4 T/B Turbine building
5 PCV Primary containment vessel
6 RPV Reactor Pressure Vessel
7 CRD Control rod drive mechanism
8 Refueling floor Refueling floor
9 X-6 penetration One of the PCV penetration parts
10 S/C Suppression chamber
11 Cell adapter The piece that connects the PCV and the cell
12 BSW Biological shielding wall
13 MCCI Molten Core - Concrete Interaction
14 UC Unit can (Container in which fuel debris is placed)
15 AWJ Abrasive Water Jet
16 HVH Heating Ventilating Handling Unit
17 CRGT Control Rod Guide Tube
18 MSM Master - Slave Manipulator

Note: Since the term master-slave contains discriminatory words, its use is generally avoided, but as
the term has been established as an academic term in robotics since a long time, it is being used as is
as a term.

While using the term in the future, we will refer to the trend of related societies such as The
Robotics Society of Japan, etc.
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