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1. Purpose and Goals of nDevel opmenNo2 o

[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 i Mi-athd-long-term Road-map Towards Decommissioning of TEP COp s
Fukushima Daiichi Nuclear Power St a t i(hereipafter i Mi-athd-Long-Term Road-ma p oa)ming 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 beusedin TEP COPp 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 i F2020 Research & Development P | a (Sécretariat 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 fori De v e | o pfrireeh Debris Retrieval Me t h otHedngcessary 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.

(3) Side access method using access tunnel

(5) Top access method
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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 A boundary formation is ensured by cells and fuel debris is
retrieved by accessing from the side of the PCV using a robot arm.

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

A 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

A 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.
Cell (Fuel debris retrieval cell installed inside the R/B)
A The functions of the fuel debris retrieval cell were clearly specified, the

equipment inside the cell were studied, the cell structure was substantiated _.
and its size was reduced. /‘/ -

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

A 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

A 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.

Equipment transfer container yard

Equipment transfer container

s ————— 3
A [ Reactor
HBuiIding

5o

Reactor building
wall

L
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2. Accomplishments of Related Projects Implemented in FY2019-20

(1) Establishment of access route for installation of cells

No.5

A Issues in cell installation: ltems related to this project are excerpted from the Fuel Debris Retrieval FY2020 Final Report*!

Detailing of the structure of the
1 shielding door and the structure
between cells

Substantiation of the cell adapter
structure

Substantiation of the method of
3 carrying-in and installing the shielding
door and the cell adapter

Establishment of the reference
marking method for cell installation

*1 AiDevel opment of

TRID

Technol ogy for

Further

The partitioning structure of the shielding door for substantiating
an efficient installation method so as to reduce the exposure of
workers, and the structure of the connecting part between the cells
will be detailed.

The structure of the cell adapter required for adopting the method
of installing the cell adapter by remote operation will be
substantiated.

The steps involved in carrying-in, installation will be detailed,
based on the detailed structures of the shielding door, cell adapter
and cell; element tests pertaining to the method of installation by
remote operation will be planned and implemented; and feasibility
will be verified.

The method of measurement and marking performed in advance
for determining the reference line from the pedestal opening or X-6
penetration, etc. required for installing the cell will be established.

Il ncreasing the Sc @dFnal BdportRuatch 202V a | of

©lnternational Research Institute for Nuclear Decommissioning
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Refer to 6.1) (1)

Refer to 6.1) (1)

Refer to 6.1) (1)
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2. Accomplishments of Related Projects Implemented in FY2019-20 No.6

(2) Access tunnel

[Overview of access tunnel]

A 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.

A 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.

A 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]

A 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.

A 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
S V Stacking method
acking metho .
V' Welding position V_Welding gap
V Heat input for welding (Equipment similar to
V Welding gap the actual equipment)
Flat plate Flat plate
(=42 (=90) Implemented

TRID

Additional
Building

<While creating the arc> <Welding machine>
Welding test being conducted
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2. Accomplishments of Related Projects Implemented in FY2019-20

(2) Access tunnel

No.7

A Issues in the whole access tunnel; Items related to this project are excerpted from the Fuel Debris Retrieval FY2020 Final Report*!

This project

Installation accuracy of access tunnel

1
sleeve
Reduction in the scale of delivery
5 equipment by reducing the delivery weight
of the main body of the access tunnel and
shortening of the installation process
3 Shield block (Unit 1) and BSW block out

(Units 2, 3)

*1 ADevel opment of Technology for

TRID

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

The delivery weight of the main body of the access tunnel is
approx. 430 ton, and exceeds 1000 ton if the counterweight is
included. Hence, the delivery equipment and the related
provisions outside the R/B are large scale. This leads to
issues such as not being able to start preparations around the
R/B such as constructing the additional building, etc.

(Unit 1) After pulling out the existing shield plug, as it
interferes with the access tunnel main body, it needs to be
removed.

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

Refer to 6.1) (1)

Refer to 6.1) (1)

Refer to 6.1) (1)

Further Increasing the Sc a0dFaal Beportidvatch 20V a | of
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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
VvV 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 installing 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

T ]
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2. Accomplishments of Related Projects Implemented in FY2019-20 No.9
(3) Side access method using access tunnel

A Issues 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
exchanger, which cause major hindrance in the fuel debris retrieval
work, by remote operation, will be studied.

Method of removing large
interfering objects

Refer to 6.1)
(2) to

*L1 ADevel opment of Technology for Further Increasing the Sc adFeal BdportRMatch20Hy al o

_— T ]
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2. Accomplishments of Related Projects Implemented in FY2019-20 No.10

(4) Access equipment
[Overview of access equipment]

A 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

A The following conceptual studies on the access equipment for accessing the interfering —RIEISSCNEEIUEIY
objects and fuel debris were completed.

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

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

U0  Method of using the hydraulic arms with the fixed rail.
A The height of the access equipment was reduced from 3m to 2.2m.

A It was confirmed that the load of the access equipment does not cause any issues in the
integrity of the pedestal CRD opening.

Trajectory of left arm

A 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

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

T ]
l RI D ©lnternational Research Institute for Nuclear Decommissioning



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

A Issues in the access equipment: ltems related to this project are excerpted from the Fuel Debris
Retrieval FY2020 Final Report:

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

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

Establishment of remote
3  operation support required
during the operation

Remote operation support needs to be established for operations such as

cutting, grabbing and collection. FEIET 1D EL10) (&

*1 ADevel opment of Technology for Further I ncreasing the Sc adFemalBeportidMatch 208y al o
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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)]

\%
\%

Vv

Vv

Individual structures are unitized and transferred.

No.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

M

Crane —

Passageway

~N

Heavy weight on
the operation
floor

Connection
sleeve

__

1 | |

Retrieval equipment

=
—
Transportation
cart ]

LU

"l

Additional building

v

Dual lid

Dedicated transportation
vehicle

Z

Illustration of the method of transferring unitized structures
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2. Accomplishments of Related Projects Implemented in FY2019-20

(5) Top access method

No.13

A Issues in top access method: Items related to this project are excerpted from the Fuel Debris Retrieval FY2020 Final Report*!

Method for cutting
1 structures other than the

reactor bottom

Substantiation of
transportation equipment

*1 ADevel opment

TRID

Substantiation of the large
transfer container

of

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
including the shroud will be re-examined and studies will be conducted on
substantiation of the cutting method.

Conceptual studies were conducted on large transfer containers (dedicated
transportation containers) for transferring structures up to the new building. In the
future, the structure of large transfer containers will be substantiated, and studies will
be conducted on the structural viability including manufacturing capability, etc.

Cutting structures that cannot be directly stored in large containers in the additional
building was considered as a work step in the conceptual study. Also, localized
shielding will be added for structures that have a high radiation dose rate. Hence,
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.

Refer to 6.2) (1)

Refer to 6.2) (1)

Refer to 6.2) (1)

Technol ogy for Further Increasing the Sc adFeal BeportiRMatch 20y a |

of
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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 i Development of Side Access Method

Internal U 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.

©lnternational 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) :Largetransportation equipment \
[ 7

v

1) Slde access methOd 2)(1) :Method for cutting 2)(1) :Large transfer containery
large structures - J V44— ——
e e m m = = = = - == R — —— - - — — - - _.._\\

/ 1)(2)° : Disassembly of CRD exchanger 1)(3)7 : Remote operation tip tool for retrieval | \
| LIl I I I
| _ : u | I i
I 1)(2)1 : 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 | :
1))~ : Di ly of shield pl
\\ 1)(1)» : Installation of large heavy structures )L) isassempbly of shield plug /
7/
e e e e o o o o e o o O S M e S R SEn G EEn M e EEm EEn S G EEn S G Emm e S Emm e -
e

T o]
‘ Rl D ©lnternational Research Institute for Nuclear Decommissioning



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 installing access _ _ _ . _
. 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
technology 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.

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.

n 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.

5 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.

©lnternational Research Institute for Nuclear Decommissioning
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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 ©lnternational Research Institute for Nuclear Decommissioning
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4. Implementation schedule of this project tegendl | NO.19
. Planned
. . . Revised
Development of fuel debris retrieval method Implementation Schedule (1/4) Actual
. Small FY2021 FY2022
Large classification ifinnti Remarks
g classification [ apr [May[ Jun lE Jul | Aug |I Sept| Oct Dec | Jan | Feb [ Mar | Apr [ May[ Jun | Jul | Aug] Sept] Oct | Nov | Dec | Jan | Feb | Mar
1. Development of a. Detailed study of the | Detailed study of the structure of access equipment
side access method structure of access ‘
(1) Development of X gquiplment 4 st | e ! f |
. - .Detailing and study Detailing and stu e steps for installing access equipment
method for installing  |™ 5t “the” steps  for
access equipment installing  access
Installation of equipment
c. Verification of the - . .
large heavy installation Verification of the installation procedures through element
structures procedures through |
element tests :
d. Detailing of the work Detailing of the work inside the cell of the fuel debris retrieval equipment IReport creation

inside the cell of the
fuel debris retrieval
equipment

e.Report creation

Remote installation
and welding of PCV
connection sleeve

a.Conceptual
study

b.Element test
plan

c.Test preparation
/ test
manufacturing
of test
equipment

d.Element tests

e.Summary

|

Element test plan

i

Conceptual study

I Test

preparation /
I test manufacturing of test equipment

Element tests

Shield installation

a.Conceptual
study

b.Element test
plan

c.Test preparation
/ Test
manufacturing
of test
equipment

d.Element test

e.Summary

i i
Conceptual study

Element test pl

Test preparation /
I test manufacturing of
I test equipment

Element

©lnternational Research Institute for Nuclear Decommissioning




4. Implementation schedule of this project Legend o] NO-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 | “oneePua sty ! i
(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
Sh'eld plug of test equipment & tEelgtr;Ient :
d. Element tests Sum:mary ,

e.Summary

(2) Development of

disassembly and

removal technology
HVH disassembly

Conceptual study

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

e. Summary

Test preparation /
test manufacturing of test equipment

Element
tests

M\s 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 Conceptual study

b. Element test plan \

c. Test preparation /
test manufacturing
of test equipment

d. Element tests

e.Summary

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 egend) e NO.21

Revised
Development of fuel debris retrieval method Implementation Schedule (3/4) Actual
I Small FY2021 FY2022
Large classification classification Apr [May| Jun | Jul | Aug [sept] oct | Nov | Dec [ Jan | Feb | Mar [ Apr [May] dun [ aul JAug[sept] oct [ Nov] Dec [ Jan [ Feb [ mar Remarks
1. Development of Conceptual study s the tests on
side access method | Conceptual study CRD exchanger
(2) Development of | b.Element test plan Element test plan ﬁ’é?ﬁ‘éiif%?'y’

interferences from
the pump pit are
conducted at the

disassembly and
removal technology

Test preparation /

¢. Test preparation / test manufacturing of test equipment

test manufacturin same location, the
. Removal O.f o Element time of
interfering objects of test equipment tests implementation will
from the pump pit be 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 _
throughput ement test plan and preparation

retrieval method b.Tip tool element
Remotely operated | test plan and

tip tool for retrieval preparation

c.Element test
(Processing test
for evaluating
throughput) Study of operating system

d.Study of
operating system

e.Development and
simulation
verification of
operating system

. Element test I(Eslzr:ﬁent test
(Series of
operations using |
the operating - t . y
system) eport creation

g.Report creation

Element test
(Processing test for
evaluating throughput)

‘h————I

mulation ve!

1
1
1
1
1
1
rification of operating system I
il
1
1
1
1

)

ies of operations using the operating system)

|
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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) Actual
e Small FY2021 FY2022
LA Remarks
Large classification classification [ apr [ May [ Jun | Jul [ Aug[sept| oct [ Nov| Dec [ Jan | Feb [ Mar | Apr [May| Jun | gul [Aug[sept] oct [ Nov [ Dec [ Jan | Feb [ Mar -
; s the time of the
2. Development of top o Conceptual stuy Conceptual study RPV head stud
access method . blolt cutting
j element test
(1) Development of - Serenest o Flement testpan E E overaps wih ne
technology for . test time of other
o c. Test preparation / ] E
realizing the concept A — f E 5 comducred
of retrieving large test manufacturing Lo mantiaciuing aup E i irr]] FY2021, and
] - E thus test
structures of test equipment | Element tests E Element tests reparations will
Method of cutting ‘{' e madeand
d.Element tests i | element tests will
large structures Summary’, | be conducted.
e. Summary b
] i { i
Conceptual study 1

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

{ ! l
Conceptual study

Element test plan

A4
Test preparation / test manufacturing of test equipment

Aafter 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.
AAs studying the steps
for carrying on/out and

Major milestones

Interim report
i i i

Annual report Interim report
! i i

of test equipment *Element tests organizing the issues
requires time, the test
d. Element tests i plan is planned to be
Summary created from FY2022
e. Summary onwards.
) A i 1

Presentati?n ofI results report

TRID
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5. Project Organization

No.23

International Research Institute for Nuclear Decommissioning
(IRID)

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

Tokyo Electric Power Company (TEPCO) Holdings,

U 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
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)

©lnternational Research Institute for Nuclear Decommissioning

Research and development for treatment
and disposal of solid waste

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




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 ©lnternational 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

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

/| Fuel debris retrieval cell

[Upgrading of fundamental technology
(FY2017-18)]

A Study of the composition of fuel debris
retrieval equipment and the proposed
layout

Maintenance cell

Carrying-in/out cell \

No0.26

Equipment hatch cell

Equipment temporary
overhead crane

storage module
Maintenance cell
f Fuel debris
lretrleval cell

Crane maintenance
module
[ /
J /

Shieaing door
/ Cell adapter
/7

v‘l /

4
- v

T pini
- ~Mini cask cell

A Study of the method of installing the
suspension bridge type cell

Cell installation
frame

Layout of the fuel debris retrieval equipment
[Further increasing the retrieval scale

(FY2019-20)]

LLW transportation cask cell
Canister cell

Fuel debris retrieval cell
\ Minic%skcell |
)

A Study on downsizing the cells installed
inside R/B

A Study of the method of supporting the
load of the cells

A Study of the work steps involved in
installing the fuel debris retrieval
equipment

Fuel debris retrie
preparatory cell

[Development of Retrieval Method
(FY2021-22)]

A Substantiation of the access equipment (cell
adapter, shielding door, cell) to be connected
to the PCV inside the R/B, study and
verification of feasibility of installation
method.

TRID

Access equipment
temporary storage spac

Maintenance cell

Equipment transfer container yard

Equipment transfer container

Cell downsizing

Access equipment carrying-in/out port

Fuel debris transportation cask cell

- “Canister carrying-in station
\ “\Canister cell
2 \ \\Cask cell . .
Waste carrying-infout port / \ cask transfer inspection area)
Waste transfer cell

Cask carrying-in/out port f

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

[ges
1

" Reactor Building Shield
Floor beam -

Installation 7" 2

cell frame R ~ Frame structure v

: < BSW H .

Debris retrieval cell pov ! .

Reactor - i '

building wall | S —— !
Frame for supporting the load of the celi~--=--------= -

L) e T i || M s I

12 Cel installation inside the building

Temporary cell for Cell

Shielding door | the work of making adapter |- -
(open enin

'
or
in

Material
carrying-
infout cart

Illustrations

Procedure

instalation of cel adapier 3 Temote
jon of sling and roller for carryingin a od
A Method of temporary shielding during work

Fuel debris retrieval equipment
installation work steps
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6. Implementation Items of This Project NO.27

[1) (1)

(2)
Y

Vv

1R

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

Background and purpose of this research
Reasons for this research

A 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.

A The following requirements concerning the access equipment are addressed in this subsidy project.

U 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.

U 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.

A 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.

Expected outcome of this research, reflection destination, and contribution of the outcome

A Expected outcome: Development of the procedures for installing the access equipment, and establishment of the required
specifications of the equipment for remote operation

A 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.

ToTo Do Do Do P>

V Goals based on the above-mentioned requirements

A 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.

To Too To

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
A Substantiation of specifications of access equipment and clear specification of installation
requirements

4

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

. o

Verification of element test for the installation procedures

A Designing and manufacturing of equipment for the element test

A 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
A Identification of required specifications of the equipment based on the results of element tests

' D ©lnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project No0.30
[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) £ == oms stued parcuay i FY2021-2022
Ground preparation in front of Re_mqval el mterference_opjects Removal of BSW in front of air Creation of opening in the
[msiele Eie Reseion 2uillng lock and around X-6 penetration ildi i
(Removal of RHR pipes, etc.) Y building wall outside the R/B
Current state
| Laid iron plate P
e s = IR ~uy UL

-

Indoor | Outdoor

8 Opening for
| | I enuy of workers % - -
Il i i ¥/ ) ! Digging down TP+8,900-300r . aﬁ ]
lllustration - A et [ 2ulda coonra for ey
of work =2 s / A i
steps i AT 50! eising g !
p 1 Scope of ground % Ground prepa alilén usig conme;e p L
= ey s the mini cask cell
vvnct-a i .,'."‘zsnzeﬂ::j.:TF Simple tent house
A Conceptual study on the method A Conceptual study on the method A Conceptual study on the method
Remarks implemented in FY2019-2020 implemented in FY2019-2020 implemented in FY2017-2020

Shielding door base plate and Setting up the outdoor yard Laying of rail for carrying the

. Sy BSW openin
shielding door installation 1 cells in and out of the building P 9

I _ Anchor casting area I : : Te.mp.o‘r;r;/“' ’ i gld{r.]g door o, dm;:;:g'. I
I I i ll?eagéﬁrirfaaﬁzlgﬂt S / \ AT N\ .‘»:-;”wl
B J L vy wuan N N
i =, ST -9 / 5 Hnan g |
lllustration | R ' IA I
1 Z -
of work | I | [ - I
G/H
steps | I ] Ny |
I i1 lllustration of outdoor yard I | B I
i 1 ' (Overheas revastable R ——
A, : g l
.' ’; ) cmsmgplam" s
I cart Shielding door I I /:44—‘.— e n Core boring I
| A Conceptual study on the method I A Conceptual study on the method | AThe method of making a hole developed ||
Remarks implemented in FY2017-2020 I implemented in FY2019-2020 l by Toshiba in FY2017-18 is planned tol
L-------------' 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) ™ ™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 . i Fuel debris retrieval
B 2 b hack -up cell

Mini cask cell

|||UStratI0n ] ¥ - 1‘ Canistercell
Of Work I Conflguratlon of the boundary L | A5 - Debris_
steps 1 2 A o y 1— Bt ‘23255‘32?223
- ‘L‘LW Trans, orlalmn_{
| I e
i
R K | A Conceptual study on the method : A Conceptual study on the method AcConceptual 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 duaqu_rm t pe 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

I AcConceptual study on the method A Conceptual study on the method A Conceptual study on the method A Conceptual study on the method |
Remarks | implemented in FY2017-2020 implemented in FY2017-2020 implemented in FY2017-2020 implemented in FY2017-2020 |

j S S S S S S S S S S S S S S S S S S S S S S S S S S S B S S S S S S e e e s s s 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 tems 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

Installation of fixed-type rail

(Free) et (e eluel Ermms) (Fixed rail type dual arms)

|
1
- |
lllustration & 1 1=
of work U
steps I b
|
1
= 1
- 1
A _Conceptual st_udy on the method | A _Conceptual st_udy on the method | A _Conceptual st_udy on the method A_Conceptual st_udy 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 |
Unit can I I
i |
”I tr tl n I I Fuel debris
ustratio I I retrieval cell
of work "
|
steps (|
I I . 3 <- E ?—
I I Fuel debris .
I I transportation cask cell Mini cask cell
| |
A Conceptual study on the method i A Conceptual study on the method | A Conceptual study on the method A 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
A 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.
A 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
A To substantiate the structure of the cell adapter, shielding door and cell that form the access equipment.
A To study the specifications of the confinement function and the earthquake displacement absorption function, and
the structure.
A Also, to add the required installation accuracy and method of adjusting the position while installing, to the structural
study.

V Comparison with existing technologies
A The cell adapter, shielding door and cell that are the components of the access equipment are technologies that are
present in existing nuclear facilities.
A 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 ©lnternational 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.

e el e e

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]
I
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6. Implementation Items of This Project No0.35
[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
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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 N0 .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 adapterU ] [Carrying-in of cell adapter ¥ ] [Welding of cell adapter] el deb [Opening of PCV]
uel aeoris

Shieldini/door BSW BSW BSW retrieval cell BSW

< PCV . Welded part
\ _— — —

i X-6 penetration

Cell adapter (Cut)

e
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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 =
g2 ilf 1! o | 8 T o
o o © i i Q ° D 3
g 55 I | @ 2 i s s
sz a | ! Sls3 5l Al el
389 | Sigs| 218 7 [ilegible] rail + |
> Ol = & ilr . O = o 4 hydraulic arm
ae | 8 | & 7 g &
Ame il LER /1 (P N
L Q’g | L ] o | 7
lllustration of cell adapter - o g
SR 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 3,732 ‘/ 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

No0.38

(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 _(5/5)

[3D-CAD of boundary structure]

Shielding door

Cell adapter

PCV " Fillet welding
X-6
penetration

Fixed rail
installation
platform

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
Connection between glove boxes

TRID

[Cell adapter structure]

This bolt is for shipping purposes.

Relative displacement: Planned to be 10mm

It should be removed without fail after plumbing

uPCV side

Fillet welding

Bellows corner section
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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

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 i i ieve Making an opening in PCV Laying of fixed rail for

i internal interference removal
(remote operation) Connecting the fuel debris retrieval cell
and shielding door (inside): Welding

E_— S Sww—w————.
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6. Implementation Items of This Project N0.40
[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

U 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.

U 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

T o]
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6. Implementation Items of This Project | No41
[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.
Y The extent of deviation can be controlled by positieni)
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.
Y At other sites, for example in the case of the clearan:t
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

— - /_ W 4 Rail installation
T T = =a X— -[r./ reference line
‘1’ 7 - 1:4 —_— L e e e e o e e e e e E e e e ==
X L -
Reference line P A Reference line ) E\
for installation N ) for installation N\ )
[1] Rotational direction [2] Horizontal direction

T o]
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No.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
(5)-1: Substantiation of the specifications of components of the access equipment
V Implementation items and results
c) Setting the installation accuracy for the rotational direction otem[———— 1
U Settolessthanl . Tentatively: apportioned to the horizontal accuracy mentioned below.) Tom
d) Setting the installation accuracy for the horizontal direction
U Needs to be installed within the clearance of the pedestal opening and the fixed rail.
U Installation accuracy is set as given below.
Pedestal opening: 750mm Clearance 110mm Installation accuracy:
Width of fixed rail: 640mm (One side: 55mm) N6Omm
| pev steel plat
: ' steel plate
Reference line for
/ Cell adapter installation 0

- 4 / - = — I

i / L — _1 '3
..' X 4 ._[ Ol r~

e, Pedestal
' ) opening

- w e— - —

Fixed rall
Pedestal
BSW
Fixed rail

©lnternational Research Institute for Nuclear Decommissioning
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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 C 0
. ‘s E
e) Other: Installation accuracy of cell adapter %gm ==
If the central axis deviates horizontally or vertically during the installation g x //
of the cell adapter, its impact on the groove gap is evaluated. € oo L
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 SmM cseaseasanas .
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 No 44
[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

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

U 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.

U 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
U 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.
U If there are any deviations, the installation reference line is set again and the installation position is adjusted
accordingly.

_—
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6. Implementation Items of This Proje(?t 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 ~ 50mm in the horizontal direction with respect to the
reference line

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

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

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

' D ©lnternational Research Institute for Nuclear Decommissioning

3



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
A 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.
A The access equipment can be equipped with a confinement function and the function of absorbing displacements
in the event of an earthquake.
A 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

A 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)

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

A 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
A 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.

E_—
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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
A 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)
A 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
A 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.
A The impact of dust dispersion when the opening in the BSW is made will be studied.

' D ©lnternational 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
U Time required for the work such as handling the unit can inside the cells, etc. is relevant to

throughput calculation.

U 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.

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

Dy
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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 | Egﬁﬁ?né‘ﬁr}fgaﬁﬁésunncan e e (+ Shle%lng door)  Detailson to in the figure are
> — provided on the following page.
AANAA_ AANNANN

¢+ type robot

/ {‘Arﬁr%n #gﬁ *‘—,5 """"" e

vl U | ¥z 1 | iy | SERESEITE) (OO |
r —
) Cell adapter Temporary storage Draining ngsf;}nsectg're Asg'%Tg';g;ggP/ dosnter | mesairemen Fuel debris retrieval
equ|pment capturing images weight scale t equipment preparatory cell
Canister cell

Fuel debris retrieval cell
o

= =
5l
 EREa Ny

Double door

| |*Number of containers:
5 containers

L, -

G e

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""”
i *Surface contamination venflcatlon ! . |
X I - [ :Unitcan H
Fuel debris ' [ : ! i
transportation cask cell : ; ' i Fuel debis |
: i . Cannister ransportation |
— ] ¢ Outd H :
s i s = o i ansior ; | cask i
| | | D o— L :

s — vl : e —
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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.
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  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-tight
-1 Shielding door (+A|r|]'_-t| dht d%or ) “ scr‘lci)eCJIEling
*The dual arm type robot directl shielaing doar - .
§ s | o | ehtarshe et contaier from the Fuel debris retrieval cell" P v ey ! door) Maintenance cell
.access equipment * SR
PAMA__ AMAAS —— - o = [
T T [ | ]
i H ' |
E ' | . . .
s J = “l # ' ' Detailson to inthe figure are
s = ) . .
- type robot ; i ; | provided on the following page.
v £ [ )
: ( |
' S pm— |
|
: = ]
]l |
] ]
H ] — |
vwwwnd L | : ot J
5 LLW weight — Assignment of ID / o . X
Cell adapter Temporary storage  scale / dosimeter Capturing of images of the inside of the inner container
i i o draining equipment, etc.
Fuel debris retrieval = Air-tight door LLW transportation i
preparatory cell cask cell [ —=
I i
J 1
l n Iv N N
| o S | B e— Tﬂ y
£ A ! 1 = = -
i {R=R I 1
= f : s P | =)
LLW canister Water washing _Surface. e
and air drying  “néedon” [ I
i || S|
‘;ﬂ—ﬂ_|
Reng
LLW transportation cask yard Waste transportation cask
*Surface contamination verificationand |
verification of external appearance : B
R e -
M { BBt Inner i

! container :LLW canister

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

. L
Outdoor

T T T ]

* Low Level Radioactive Waste
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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)

Fuel debris
retrieval cell

retrieval

Fuel debris
preparatory cell{

LLW
transportation
cask cell

LLW
transportation
cask yard

1RID

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.

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

The inner container is hoisted by means of a jib crane, and delivered to the LLW transportation cask cell.

The LLW that is hoisted by means of the jib crane is received in the LLW transportation cask cell.

The inner container is placed in the LLW canister.

The lid of the LLW canister is closed by means of an overhead crane and MSM.

The LLW canister is hoisted by means of the overhead crane, and the contamination on its surface is inspected.

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.

After 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.
The waste transportation cask is transported to the LLW transportation cask yard by means of the transportation cart.

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

The waste transportation cask is loaded onto the transportation vehicle.

The waste 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 No53
[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
5 (+ shielding door) (+ shielding door)
nsw (5 1
[ — i A= ==
| - ' .
| ]
Dual arm type robot 1 ' . .
] ) Detailson to inthe
1 ' . .
~ 4 ' ' figure are provided on the
Access equment E E following page.
- (failed arm) : ..,m Bl :
, q:u:x@ : — I L e !
—wvvwvwvwd | ==t o o _: L L — e e _4_“ |
5 Cell adapter Fuel debris retrieval cell Fuel debris retrieval preparatory cell Maintenance cell

Equipment transfer container yard

. : Temporary storage space ;
; Tem orary : for the acCess equipment i
! storal es dace; :
g i for the dual i
Air-tightdoor ¢ "grm tyPe : q;;r = i A|rt|Pht door i
§ OO

(+ shielding door) robd (+ shielding door)

- £

Access
equipment for
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M

= M et Verification of ?’ !
maintenance Transfer a
operation ! Atthe = }
= 7 time of cDﬂﬁ] L] l:frﬁ
: . § transfer @Fgg%]‘{ ——— s T
{ — = l' ,l I — — R
L—n——m St ——— 1 Equipment transfer container

— ) S — S e— —
X I = X 11

4

Maintenance cell Equipment transfer container

L
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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

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

No.54

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 retrieval 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 COﬂtalneI; 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 No55
[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)-1 Material handling flow (Overhead traveling dual arm type robot handling line)

—~ Shielding door Air_-tilght door Air-tight door
(+ shielding door) (+ shielding door)
S AW "~ : 1 ]
PNANA__ ANAAAAT == 1 = ——— =

( (v
L Tl -
Dual arm type robot
' (failéd)
v

WAWVWTT vwwwwwd |

Detailson to inthe figure are
provided on the following page.

o

o |
5 Cell adapter Fuel debris retrieval cell Fuel debris retrieval preparatory cel

Maintenance cell

. Failed dual arm
Dual arm type Access equipment (‘f%" type robot Access equipment
—— robot for temporary storage _D‘_aj temporary stgra%e space

== replacement D(cj)uble space
- oor
Artignt door || (174 A Air-tight door s , |

(+ shielding door) J i
— | N — )|} ; i :
t I - - T T 1 Y
c3 m——l
et 2 — — .
] o To the preparatory cell «— "'w Rey en
-> i : 1 |
3 MM MEM WS ion AN
@ To the preparatory cell@ Operation -

s MSM MM :
7 — ' N M 014 verification T
J Maintenance v ' J 4

=1

|

b e ccensww

Maintenance cell Maintenance cell
(while carrying-in for replacement) (while carrying-out the failed components)
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6. Implementation Items of This Proje(?t No56
[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 < The dedicated container undergoes various inspections to be conducted before transporting out such as
cell inspection of external appearance, surface contamination inspection, etc.
The dedicated container is loaded on to the transportation vehicle.
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 ©lnternational 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) Implementatio

nitems

No.57

(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

[Exposure evaluation|

arm

AIrK ()"

Maintenance cell

-200(-400)

Shielding door

Exposure

evaluation

cask cell

Negative pressure -20/-30

Fuel debris transportatipn
cask c ﬁ P

Air K 2(N)*

Waste storage

Fuel debris retrieval cell

1

______ I H ‘
! 1
LA

Inner
container

During normal operation

Cell adapter Legend
400 - ====:Air-tight door

) PCV ——= : Double door

(air-tight)
o == : Shielding door

(Not air-tight)

. : Air supply

container

<= : Exhaust

N2 : For controlling oxygen
concentration

Air

Air -200

Mini cask cell

D : Monitoring
® : Fuel debris
Q@ 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 50g S per year.
n AIrk (N,)* With nitrogen purging function.
* Numerical values are provisional.
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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

No.58

g) Summary

A 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.
Fuel debris
LLW
Robot arms for fuel debris retrieval
Overhead traveling dual arm type robot

A 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

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

3
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6. Implementation Items of This Project No59
[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.

[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
Thefie xi 6 & c h g o lare gsedeoiscombined 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
ﬁl D ©lnternational Research Institute for Nuclear Decommissioning



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

[Result]: Overall step diagram

No.60

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 caity-in route carmy-in route ;
< Western street ; Workers enter i
> from the access lock H
"5_ - Workers enter Step (1): Removal of BSW i
() \nside BB Laid iron plate nside s | GTOUP preparation from the accesslock Sheet E
) | / using concrete Sheet covering Wire saw covering i
c ( \ i ee—m——yyy DI L H
o Crushed - 1 = :
O /’stope \ A T c emporary shielding Jw =

Dp g [t . s = z% teaoml TPBOM | _% S Y T
i 7 - Cutting utting
/ \ 1 = 7 \ ] location location g
Existing | | CrushedExisting , s ST s ’ 1 e
groun i stone  ground” !} R B S PR 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 N 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 N Outside R/B: TP.9.4m K 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
g prevent its dispersion inside the building. been used in the past at Mitsubishi Heavy Industries, Ltd.
04 is used as temporary shielding.
|

3
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~ 6. Implementation Items of This Project

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

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

DAC

[Result]: Overall step diagram

No.61

4. Making an opening in the building wall outside the

5. Centering and layout marking inside and outside the

No. o . Installation of shieldin r I
o] R/B building 6. Installation of shielding door base plate
o . |Building frame (Blue color)| rg P
MLl b ‘ ) ~-IShielding door base plate]
Opening for entry PRt AT
of workers = o
2o S
~~ Building opening for
o ~ B 77 the fuel debris retrieval cell
c ( E Cart for
= I installation ] ot
_‘g |) % |Area for anchor placement]
° ek mm S,
© / | Simple 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 | é&a 1
Q 1 — 4 1
1 |
I o |
1 =i 1 L
| : |
[ 5
1 1 ,‘J l \ -’/I, AAR
1 —- a 1 i Sy — S 1
! T [Simple tent house | | R
— — imple tent house . _— . .
l\.Buﬂdlng opening for the mini cask cell p - ,' 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.)

3
0
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~ 6. Implementation Items of This Project

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

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

[Result]: Overall step diagram

No0.62

i, - . . 8. Laying of rail for carrying the cells in and out of .
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
poaneees
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.

3
0
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~ 6. Implementation Items of This Project

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

DAC

No.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

- 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 l (N
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
LU L/ -
ERAYZAR ‘
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) (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

[Result]: Method of installing the boundary components

— , A ) avzamy, ]
s |
X-6 penetra;)n ‘7 || »
7 |
. o |
: l

Installation of base plate BSW dr|_II|nq (Temporary closur(_a and reduction
in length of X-6 penetration)

PCV steel

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.

||
-~
-
-
-
=3
-t
@t
-
-t
B
-
-
~r

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]
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

No0.65

1. Cell adapter positioning and straight
movement

2. Confirming for interfering objects in
front of the shielding door

3. Carrying-in of cell adapter (lowering
and straight movement)

4. Confirming the boundary components

Base plate (Yellow)
Shielding door

= E

O

Interfering objects confirming location

O Interfering objects confirming location

O Interfering objects confirming location

[ BSW J 2
5 NL. | ¢ |
£ — : ‘ i
| |l 1/
% S | i~ " %_)—ﬁ il «f
S — | LA
— [ |
!}
g - O
=
o
[}
LC) Cell adapter (Green) » Cell adapter (Green)
Q Cell adapter
o il (Green)p
] / ....... ) , T
P =
U8\ | | | 0 3
' ———_\\ s\ { L 1Y
X-6 penetration \ — = - t\
I (Red) \ ] \ \
With the shielding [dThecell alapteresmoved fariee, 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
g shielding door frame. interfering objects is confirmed. camera. Once near the X-6 penetration,

the cell adapter is lowered to avoid
interfering with the X-6 penetration.

Method of confirming for interfering
objects

Method of positioning the tip of the cell
adapter with the PCV steel plate

Method of confirming the gaps with the
boundary

Issues
-|

1D
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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
(5-2: 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]

Element testn | |Overall verification test]

No0.66

[Element test o ]

[Unit 5 Field investigation|

Test plan

RENMENS

. . Desk study of the scanni|[ El emental test
i X i i Establishment of the method of scanning from the X-6 i i X U Status at \
(1) Measuring and marking the cell installation . . . technique will be conducted. 1/1 scale simul B
. penetration location to the CRD opening and the X X i X X verified
location . . The feasibility of the mg- Ascertaining th
method of making the marking for the cells . ) . (FY2022)
using simulated bodies. means of 3D measurement
2. Installation of shielding door
Checking of the status of BSW rebars for placing post
installed anchors X
. o . o ) Rebars in Un
(2) Installing the shielding door base plate Will be verified at Unit|5 for reference
. explored (FY2022)
Strength of BSW is unknown
. Lo Method of carrying-in, transportation and installation of
(2) Installing the shielding door o Desk study -
shielding door
. . . Subsidy projects that h
. L Making an opening in the " .
(3) Making an opening in the PCV concrete . past are planned to be utilized. Dust behavid
) ) Met hod of cutting X-6 pe . -
wall and severing X-6 penetration . Desk study will be condu to be analyzed
Dust behavior when the o ) .
Circumstances will be es

3. Cell adapter processing

(1) Polishing the surface adjoining the PCV
wall surface

Study of method of polishing by means of remote
operation

Des k
(Identification of specifications required for remote

study

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

Des k be
Viability of the studied methods will be verified using
simulated bodies

study wi ||l condu

Manufacturing the cell

®

Carrying |adapter

out work
atthe

Processing the cell

4

adapter connecting flange

plant Connecting the cell

©®)

adapter and flange

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

The
using the results of the 3D measurement performed in
(2), whether or not it fits on to the simulated PCV will be

cell adapter wildl

checked, and viability of processing will be verified.

be

[ El ement al
1/ 2
Ascertaining

test
scale sim
3D scanning
Manufacturing
adapter

(Verification of fitting)

ul

t h

(0]

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 testo | [Unit5 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 obj
. . Interference of shielding door and BSW concrete X
(1) Inserting the cell adapter in the BSW . . bodies -
with the machined surface . i ) ) .
ldenti fication of speci ficat

(2) Aligning, welding and inspecting the cell adapter

Desk study of the met hod

) . Establishment of the method of positioning the cell - Verification of wviability of
Al igning the cell adapt|ler on e e bodi -
adapter on the PCV steel plate odies [ El emental test ]
ldenti fication of speci ficat]|, 1/2 scale simul at
Desk study of the met hod (Part which will be checked for
Al . h . g . Establishm?ntofthe method of positioning t(rj]e cell - Verification of viability of it @l will b i 1A sees)
ignin e ce ada elr _on e shie in oor B e i i -
Y ¢ P adapter on the shielding door side ¢ béd'%s Cln e'c kf ng f or ImE ¢
ldentification of specificat| Verification of ¢
(Accuracy ~7.5mm o
Desk study of the met hod . . .
Veri fication of d
Measuring the gap bet we e|Establishmentofamethod of gap measurement by . Veri fication of viability of
PCV surface means of remote operation bodies

ldenti fication of speci ficat
Desk study of the method
Verification of viability of

Measuring the gap bet we e|Establishmentofamethod of gap measurement by

aldi . bodies -
shielding door frame means of remote operation

ldenti fication of speci ficat

X ) Desk study
Establishment of a method of welding the cell . i . . i
Ildenti fication of speci ficat

Wel ding the cell adapt er|adapter anctlee PEVCsiéel platelby means of fleraote e ) o . . : - -
ti (Results of existing subsidy projects will be used)
operation

Establishment of a method of welding the cell
Desk study

Wel ding the cell adapt er|adapter anctlee shietdingedbod by megns dfsemote s 'd e . i . . i - -
] . ldentification of specificat
operation
5. Cell installation
(1) Closing the shielding door - - - -
[Overall construction verification test]
. . Carried in by means of usual .

(2) Carrying-in the cell - . 1/ 2 scale simul af -

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

6. Boundary inspection

(1) Pressure resistance test - - - -

i
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6. Implementation Items of This Project

[1) (1) Development of the Method for Installing Access Equipment] No.68

Installation of large heavy structures

(5) Implementation items

5
v

V

V

3

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

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.

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

1D
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‘6. Implementation Items of This Project NO.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)

©lnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project NO.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
Thefie xi & € hg o lae gsedeos cdmbined 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 ©lnternational Research Institute for Nuclear Decommissioning
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~ 6. Implementation Items of This Project

~
/ [R/B] N
l ‘ ‘
I —
| ]
| -
| / X-6 penetration
| installation _
| reference line
| [ Pedestal
I I
\ [1] Establishing the installation reference

[1) (1l) 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

- _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

O

Fuel debris
retrieval cell

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

Rail installation reference line

.

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.
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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

Overview of the steps for ascertaining the reference location using a laser scanner

1. Verification of the state of

2. Carrying-in of the

3. 3D scanning on the

4. 3D scanning of X-6

o

Confirming the dust concentration of the robot carry-in
chamber

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

A 3D scanner (Omnidirectional)

step isolation chamber measurement robot R/B side penetration
=
—
Q v PCV steel plate - PCV steel plate .
; Hatch Hatch . RIB wall surface PCV steel plate Hatch PCY steel plate
— Robot carry-in isolation Robot carry-in ~ isolation Robot . Hat . Robot carry-in isolation
o) chamber chamber chamber ~ chamber Target  onamper | is0lation PCV steel plate chamber chamber
2] Air-tight . Target Air-tight d AM"';\?"‘IJEF Air-tight
c o door CRD opening \, CRD opening Target dog CRD opening Target door CRD opening
o 9 f 3 ] —3 vt r < ol
= _.(7; . L. — . ‘ IN » CRD opening v ~ \ n‘ pp— | (o
© ? N N I-: W“ 1 | L. | e |\ )
o ' =4 =, | Jd N -1 o || T =
— . o ! X d | |
Inclined rail for Robot e - L S Inclined rail . . " >
- Inclined rail for Robot ~ Measurement
(<) o CRD exchange Camy-in - \easurement robot — CRD exchange carry-in robot S0 x6 penetration 1" CRO. Robot  Measurement —X Inclined rail
> chamber back hatch X-6 9 4 scanner exch b 3D scanner for CRD
- <6 penetration bC"E"Al;efh X-6 penetration chamber “inciined railf¥-" robot X6 penetratior gychange
= ack hatc
back hatch %6 penetration 107 CRD 208t
- exchange
A Confirming that the air-tight door of hatch isolation AfiOpeningo the back finatch f the robot carrv AfRClosingd the back -ihehambér
chamber is fclosedo chamber_ A Installlng the target on the R/B wall A i Openi n gtightdobref the hatch isolation chamber
H A Verifying the air-tightness of the hatch isolation Carrying-in the measurement robot to the robot carry- f A Placing the 3D scanner at the center of the X-6 penetration

etalls . inch surface

chamber and the robot carry-in chamber in chamber A 3D scanning (omnidirectional)

5. Installation of 3D scanner
inside the PCV

6. 3D scanning of the inside of f
the PCV

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

Y 8. Clearing

lllustration of work
steps

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

chamber &y
T
arget door CRD opening
f 3

Robot
carry-in
chamber
back hatch

Measurement robot g Inclined rail for
CRD exchange

X-6 penetration

PCV steel plate

"
Hatch isolation d

Robot carry-in  chamber
chamber ~ Air-tight
door )
Target ™ CRD opening
[on
o6 NI [ 3D
»F*. . W . ¥ i, W § R phaF
T ed e Ll
2 = NS <-4
Robot Measurement robot | I € Inclined rail for
carry-in X-6 penetration ~ CRD exchange
chamber
back hatch

PCV steel plate

Robot carmy-in - Hatch isolation

chamber chamber
Target At CRD opening
" 3 -
% [ Loy o) N
x | —
Robot Measurement robot X . “J Inclined rail for
carry-in X-6 penetration  CRD exchange
chamber
back hatch

PCV steel plate

Robot carry-in  Hatch isolation
chamber chamber
Target Air-tight
{ \ door CRD opening
) T
. —

N8

Robot
carry-in
chamber
back hatch

N
|
Inclined rail for
CRD exchange

\L 1]
1
|

X-6 penetration

Details

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

iA Inserting and positioning the 3D scanner inside the
PCV

_|A 3D scanning (Omnidirectional)

A Pulling out the 3D scanner from the PCV on to the R/B side

A Withdrawing the measurement robot to the robot carry-in
chamber

A A Cl osi n dightdodnaf thehatch isolation
chamber

A Nitrogen purging of robot carry-in chamber

AfOpeningod the bac kindnanber h

A Carrying-out the measurement robot from the
robot carry-in chamber

AAClosingid the

b ac k -ihehantbér

pf

pf

TRID
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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]
i 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.
A 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.)
A 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]

Alt is assumed that the isolation chamber is set up based on the
assumption that measurement can be performed during the
fi Det dnvestgation Inside P C Vid Unit 3.

A1/1 scale simulation

A3D 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

[Elementtest  Verification of whether or not the cell adapter connecting flange can be processed]

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

acquired.
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)

3D scanning of the simulated PCV steel plate surface

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

including the X-6 penetration is performed

Temporary m\\ (Acquisition of multiple data)
shielding Wa‘]t —) . f l
. Digitalization of the PCV steel plate surface b
pilars n fe phielding door ° integrating multiple IC(Jjata ’
building { frame (Simulated 9 9 - P
X-6 penetration Designing and processing of the cell adapter

uilding floor—__ <

L (Simulated)

|

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

connecting flange

v

Verification of the installation of the cell adapter

connecting flange and the PCV steel plate surface

[Supplement]

A 1/2 scale simulation

those results.

lllustration of the scanning test of the PCV steel plate surface

1RID

A 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]
U In order to identify specifications required for remote operation, the cell adapter is inserted in the simulated
body and the workability is verified.

BSW

PCV steel plate
(simulated

Shielding door

fsr’g'rﬁfmg door The ability to carry in the cell adapter through the BSW

imfulated) opening /shielding door frame is verified.

BSW.openi

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 .-

o ®

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

3

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]

U 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]
u Partially simulated PCV and BSW around the X-6 penetration inside R/B
U 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.)
U 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

' D ©lnternational Research Institute for Nuclear Decommissioning



~ 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.

==
l Rl D ©lnternational Research Institute for Nuclear Decommissioning



~ 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)

No.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

No.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

E_—
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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
[|SsueS] welding equipment (image)

(3)| Welding/inspecting the cell adapter

Positioning on the PCV side (a in the figure)

Welding the PCV side and the PCV wall surface (ain the
figure)

Development of detailed procedures for inserting and
installing the cell adapter
p
Establishment of installation adjustment method
considering the possibility of installing remotely and
Welding the fuel debris retrieval cell and shielding door setting of adjustment margin
Inspecting the welded part P
Clarification of required specifications of the equipment
for remote installation

Positioning on the cell side (b in the figure)

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

Carrying-in and positioning the fuel debris retrieval cell

Proposed inspection method: Management of execution procedures
+ visual inspection + leakage inspection

| =
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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

No.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

O T

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.

L
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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 g gauip

Cell adapter

N Ease of traveling Traveling speed |3 mimin or more
Ability to climb | should be able to climb a gradient of 3 °
0 Operability a
2 Ability to be positioned (accuracy)
Under examination
"~ Safety

v Ease of maintenance

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

L
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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.83

(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

' D ©lnternational Research Institute for Nuclear Decommissioning



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

No.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).

| ==
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6. Implementation Items of This Project No .85
[1) (1) Development of the Method for Installing Access Equipment] '
Installation of large heavy structures
(6) Summary
U 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.

U 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.

U 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.

U 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.

U 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.

l D ©lnternational 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
(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 c c : c

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
detalllng 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 NO 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 ©lnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project NoO .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 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
Y Verification of the feasibility of the delivery me
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.

Y Verification of feasibility (mflemedttionipHyYz0a-21lnEasiritg Sateth =)o r p
Study of installing and welding the sleeve, etc. (This project)

==
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6. Implementation Items of This Project
[1) (1) Development of the Method for Installing Access Equipment] No.89
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
| Access tunnel |

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

1] Delivery of a tunnel part

U Delivery of the curved surface tunnel through the narrow opening
1] Remote work monitoring, positioning accuracy

A 4

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

| Accessitunnel | Sleeve  ncv.

Displacement absorption

mechanism

[Verification of the connection method]

1] Study of issues identified above

u Method of connecting to the BSW (sleeve welding test)
U  Study of sleeve (displacement absorption mechanism)

——
Load support [ SS il
poini &

= Approx. 1800mm

structure — -
Il Ensuring Safety (Implementation in FY2020-21) :bigfst'roin
< hani
o X ’ [Verification of feasibility through testing] g A s ’,‘amsm
Implemented in this project i} Delivering heavy weight objects (Verification of the ) @ ./
- PCV connection
slide part) Sleeve

[Verification of feasibility looking ahead at the actual U Displacement absorption mechanism (Verification of
equipment] quantity of leakage)]
U Study of the method of remotely installing and welding

the sleeve (Verification at full scale) Outsourced to TEOCO HD (Implemented in FY2020-21) |_
U Addition of shield and disassembly of shield plug

[Study of the concept of the equipment for B
_ remotely installing the PCV connection sleeve]
‘ a Selection of proposal for remote installatidgg
Items to be studied in future of sleeve
a Conceptual design and identification of

issges

U Study of developmental challenges identified during engineering and
technical development, etc

l Rl D ©lnternational 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 v,;“i'f:-_—,-_»;_-:a.—,;;:1,_,,
Welding element test (Verification of gap that can be welded) R
. Selection of abrasive lllustration of the PCV connection
sleeve installation (Unit 3)

. Study of grinder (Implementation of trial test)

K 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

GEB .
g _ V_ Welding gap V Series of procedures
~ V Stacking method (Equipment similar to the VvV Process management
V' Welding position actual equipment) V' Inspection (Fluorescent PT)
~ V Heat input for welding “V Verification of welding strain
V Welding gap V Cold crack measures
Flat plate (t=12) Flat plate (t=90) .
Implemented

| =
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6. Implementation Items of This Project No91
[1) (1) Development of the Method for Installing Access Equipment] '

PCV connection sleeve installation and welding by remote operation

[Issues]

A 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.).

A 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]

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

A 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.)

A 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.

A 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]
A Presentation of a method for remotely installing the sleeve o
A 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

i
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6. Implementation Items of This Project NO.9?2
[1) (1) Development of the Method for Installing Access Equipment] '

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

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 A|T 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 i Installing the equipment hatch door
hatch*t cover?2 Welding the AT and sleeve " f
e cutting and removal equipment
o 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 i Polishing the welded part PT) Collecting and removing the cut pieces
; of the equipment hatch door
Blasting the welded part Inspecting the welded part (VT/ fluorescent Pressure resistance test
[Issue]
[Issue] e . [ISSl:qe] tel ding the sl dth , Remotely welding the sleeve and main body of AT [Issue] . .
Positioning the sleeve and the equipment | .  Remotely welding the sleeve and the . Method of welding / inspecting the welded part . Method of cutting equipment hatch
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  are not implemented in continuation. The results of sleeve installation test are reflected in the welding test.
*2: Installation is not done remotely.
*3: Access Tunnel

Scope of verification

Scope of study by means of the test

I ===
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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]

<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

[Remote installation
study procedures]

Selection of remote
installation equipment

A 4

Designing of remote
installation equipment

A 4

Manufacturing of remote
installation equipment

Test implementation of

remote installation

No0.93

[Remote welding
study procedures]

Robot _~f
Scaffolding seal cover d»
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

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

Verification of remote .

installation accuracy

carried out to verify the soundness of the welded part.

\ 4
Determination of

welding test conditions

Implementation of
welding test

©lnternational Research Institute for Nuclear Decommissioning



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 H6000mm
Unit 2: W6300 H6100mm
Unit 3: W6100 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

No0.95

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)

©lnternational 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 fi a 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. Y Proposal 3 is selected.

No0.96

(Proposal 1) Forklift method

(Proposal 2) Traveling rail method

(Proposal 3) Integrated delivery
method

(Proposal 4) Rail delivery method

(Proposal 5) Boom method

B

ey

Feasibility

Building floor load X
capacit Load capacity of the foot As it is cantilevered it does not come in contact with the floor .
cap 4 Y 2 (Needs to be analyzed) ( pactty o ( Load from an air caster
(Unit 3: 4.9tm?) part at the tip x) surface.)
Equipment scale Small Large Large Large Medium
Excavatlolg /gutsme the Absent Small scale (or absent) Present Present Small scale (or absent)
Track record Present Absent Pres_ent AbS(_Ent Absent Track record of retracting of
(Access tunnel main body mock-up) Regular machine elements boom is present)
X X n n

(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

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

Grave issues Present (Interference with the pillars) Present (Load capacity) Absent Absent event of an emergency)
Applicabili_ty to other x _ N _ - @ ~n _
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 X
T O T TR C ST T T T IS TITUTe TOT- TN Ut e o DT COTT I TS STOTTTTg



6. Implementation Items of This Project NO.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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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

- ) . ] ©lnternational Research Institute for Nuclear Decommissioning
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

No0.99

[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

(Note) The figure illustrates Unit 3

Inserting the sleeve
(Delivery (2))

Rotating the PCV connection
sleeve (Delivery (1))

Delivering in a straight line

Before delivering (Delivery (1))

1. Ground maintenance 1. Delivery inside the R/B (delivery | 1. Rotating the PCV connection 1. Insertion of PCV connection

2. Installation of the delivery equipment) sleeve (rotation unit) sleeve (extension unit)
equipment 2. Installation of counter weight 2. Delivery up to the vicinity of the | 2. Fine adjustments (extension

3. PCV connection sleeve (subsequently) BSW opening (delivery unit / oscillation unit)
installation (Delivering the PCV connection equipment) 3. Seating (hoisting unit)

4. Installation of main frame and sleeve up to a position from where 4. Fixing (PCV connection sleeve
counter weight it can be rotated) jack)

5. Withdrawal (delivery equipment

/ equipment at the tip)

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]

No.100

S
\\
A5 \\%O," No. Direction Alignment mechanism
™ 79
S
\\ O//‘é 21550 Delivery equipment
~ X
- Rotating unit
E ~ - Y Extension unit
Q e N7
C~;\\O %Qf X, i zd Oscillating unit
6\& < |—‘ z Hoisting unit
4 isting uni
N / :
> T~ / T
- b _ -"'_,.':-:" CV connection sleeve| Rotating uni
2 1 S=:@0  de
\\v\ u : o Q@ s i1
=4 b P ]
7 LLIL | -3 -
| Axis of oscillation | u? : — L ] ; ~
] — H jn B ” - .
? _( ! \L gra R - Extension unltl
s ? ‘ j\\\ 5 g
“5 r v e
3] T Hofi 4 o — :
= ? At - = - H ._|___ Oscillating unit
7000000000
o _ . 7 [
(Note) The figure illustrates Unit 3 -
|
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‘ Rl D Note: Cited from the results of the studies outsourced to TEOCO HD (Implemented in FY2020-21).



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

Y Shape of

Oscillating unit

Hoisting unit
-
Oscillating uni 3 ¥ —

Equipment at the tip
during the preliminary review

Extension unit

(Hoisting unit)
Guide roller
Hoistingunif | Y Linear guj de

| =
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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)

e
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Access Equipment]
PCV connection sleeve installation and welding by remote operation: (a) Remote installation

[lllustration outlining 3D measurement]

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

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)

Equipment hatch door

]

Joining part

e |

Opening

RN

Delivery equipment

PCV connection sleeve

i Equipment at the tip IIIl_Jstratlon, laser, mirror cgntrol
> ) signals, camera control, lights
l\ - i
> 0 g
) Motor control signal, LS signal
Inserted
——{‘j Measuring arm k
|’y | 7
l\ e Wl e AL N N/ ]

<Measuring arm

specifications (proposed)>

Maximum
reach
2000mm

J3

J1
-

J2

| (

Scope of movement J1:
180

J2:-90 to 60

J3:0to 180

J4: 180

p

J
Composed of 4 shafts: 8’
rotating, shoulder, elbow
and wrist

rotation, extension, oscillation

/" Composed of 4 shafts: for
L and hoisting

)

No0.103

Jack N ves - Jack 1

Motor control signal, limit switch signal

©lnternational Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project [1) (1) I5eve|opment of the Method for Installing No0.104
Access Equipment] '

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

[Camera arrangement plan]

o Dol

p 5

TRID

Use of cameras / lights

Camera / lights 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 3D sensor
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

arm

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

I
Camera A

Lights A L) .- Lights A

Lights . A " (O Lghts B
b —

Camera B | 1 (Camera B)

-
|
[lgs .

L\‘
Ligits B

s
A

-
'Y Camera B
\\

E
L)

(Camera B) Lights 5

Lights B

-
e 5
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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
Verification of the positional relationship between the

equipment hatch opening and the PCV connection PTZ, Collar
sleeve

Verification of the operation of the hoisting unit PTZ, Collar
Verification of the status inside the BSW opening part PTZ. Collar

and the status of the measuring arm

3D measurement (auxiliary), and verification of the

o PT, Monochrome
clearance of target position

(Note)

PTZ Pantilt zoom type, PT: Pan tilt type

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

TRID

2 to 4 units

2 to 4 units

1 units

2 units

1 unit
(Camera with 3D sensor)
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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

0 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 0 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 u Strok(_e, etc. of the J{’.‘Ck. u 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.
0 20mm or less
3 Installation accuracy is verified using a simulated PCV connection (Target: approx. 7.5mm or
a Installation accuracy sleeve. 0 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

Access Equipment] No.107
PCV connection sleeve installation and welding by remote operation: (a) Remote installation
[Scope of manufacturing for the mock-up test (under planning)]
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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

[Implementation details]

Implementation items Implementation details

Specification of process management

Study of welding related equipment

Designing of welding related equipment
Manufacturing of welding related test equipment
Preliminary tests

Determination of welding test conditions

Implementation of welding test

(Only studied) Study of non-destructive
inspection method

Illustration of PCV connection sleeve
remote welding test
(Before equipment installation

IRID

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

The welding equipment (with improved shieldability), tool box, maintenance equipment (polishing), inspection
equipment (fluorescent PT / inspection of dimensions) are studied.

Detailed design of the equipment studied above is developed.

The test equipment is manufactured.

Unit test or performance verification tests are conducted.

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
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.

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

Illustration of PCV connection sleeve
remote welding test
After equipment installation

lllustration of Wldinq

specified in the future.

©lnternational 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

[Results up to FY2020]

No.109

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

x

.

3 i

A4 :

4

b

=
4

7
«..%A
7
e ZE

- | From the results of
~ tests conducted as
| part of the FY2019-

2020 subsidy

. projects

I_ Oxides

Issue  Concerns about cold cracks 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.
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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
[FY2021-22 Implementation Details (Issues consolidated in FY2020)]

Source studied and verified
No. (Issues identified during the FY2019-

No0.110

Overview of studies to be conducted in FY2021-22

Study / verification items

20 subsidy projects)

Joining defects

Formation of oxides

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.

©lnternational Research Institute for Nuclear Decommissioning



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)

Step

Items

Issues or items that need to be studied

Studied

Tested
/
verified

Advanced preparations

Method of removing scaffolding considering post-processing (welding)

Study of rust removal (blast) equipment

Study of scaffolding seal cover installation equipment

Welding

(1) Specification of process management

(2) Improving shielding capabilities and downsizing

(3) Study of preheating method and working method

(4) Study of welding procedures (stacking procedures, etc. for irregular
9aps)

Polishing

Study on polishing machine and on the polishing guidelines

Inspection

(1) Study of fluorescent PT equipment and on inspection conditions
(fluorescent agent blast pressure, etc.)

(2) Study of inspection method other than fluorescent PT (including
organizing the required inspections)

(3) Verification of the accuracy of dimension measurement (by means of
the touch sensor of a robot)

Repairs

Study of repairing equipment and method

Pressure resistance test

Study of pressure resistance testing method (after connecting the access
tunnel main body)

3

1D

Note) The itemswithfi 0 wi | | be i mplemented dur i ng*Siudiéeseonducted gpua RY2020n t

No.111

engineer.i

©lnternational Research Institute for Nuclear Decommissioning



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
< Equipment
hatch \ _
AT Sleeve Equipment hatch W - 7 ¢ Required leg length
lle— Appropriate gap >
% ( Utarget Required leg length
/ Bridge welding Underlaying fillet welding Brl.dge welding Leg length welding
Underlaying fillet welding <Welding steps>
. Underlaying fillet welding: Fillet welding for filling gap G
Leg length welding Bridge welding: Welding for joining the underlaying fillet welding and the equipment hatch
Leg length welding: Fillet welding for meeting the required leg length

oBsvOE

Example of _ N _
joining defects Welding position: Vertical upward
Gap: 7.5mm
e T o]
©lnternational Research Institute for Nuclear Decommissioning



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
©International Research Institute for Nuclear Decommissioning
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No.114
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.

=
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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

| -
l R' D ©lnternational Research Institute for Nuclear Decommissioning



No0.116

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

©lnternational 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 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——

Study of the method of partial preheating =
Heating using non-fillers
Issue: Study of whether or not sufficient heat can be

provided. .
Y Element tests will be co|ndtudieded and the resu
be reflected in the welding procedures. — (Some element tests are planned

, _ to be implemented.)
Study of the method of partial preheating

Study of high frequency induction heating, burner, etc.

v

Issue Study of handling by means of robots, etc.

Without
preheating

Study of working method )
— Study of temper bead technique or other welding methods — Studied and tested.
Issue: Discrepancy with standards

3

1D

Acquisition of evidence through tests showing that
there is no breakage

v

Implementation of tests prescribed in JIS, etc. — Studied as required.
Issue: The content of actual material and machinery is
unknown.

The most appropriate measures are
selected considering on-site workability.
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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.

_—
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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]

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  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

———————
1. Conceptual study [

planning
3. Test preparation / |
Manufacturing of
I

test equipment

4. Element tests

5. Summary

Remarks

| ==
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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

U Pre-conditions for remote installation of the sleeve were consolidated, and the results of
studying the concerned delivery method and eql
delivering the unit 1 n iIits entiretyo which is
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.

U 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.

U 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.

U 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.

l D ©lnternational 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 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 ©lnternational Research Institute for Nuclear Decommissioning

3



No.124

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]

5

of the shield thickness was conducted.

5

[Issues]

Large ancillary facilities, since the mass to be delivered is large interference during the post-
processing

(Access tunnel weight (largé€(l &r ®de) i YeArwyc iwleli

Some of the conditions for studying the shield thickness were revised and a simple study +"~,, Temporary

+ building area

Conceptual study of the frame structure was conducted.

Feasibility of the method for aditional installation of shield by means of complete remote

operation or partial remote operation. : N
. Structure with minimal defects and assurance of shielding performance (method of verification EEE:: % Approx. 700t
i kushima Daiichi
at completion) —- (Fukushi
. 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 preco_nd_ltlons _requwed for assessing the shielding Quter wallof " " Ger wall of RIE Access tunnel (AT)
functionality including the state of existence, the type, etc. of 1 . L Weight of the main body of
.. . . Outside R/B € P Inside R/B Jhor | access tunnel approx. 425 ton
the radiation source such as the inside of the PCV, the O-S:S"Of iss ‘
retrieved fuel debris, etc. are studied and compiled. x : _Lf"CV
. The transportation and installation method are studied s ad approx. i;rﬁ'ﬁciﬁfgg N7 g | aroaa cworor
including exposure dose evaluation of the procedures and ASton/m2) d o 90 loy/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, 750 ton/m2_firstfloor_approx. 1.2 to 4.88 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.

e
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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 Consolidation of the delivery methods and load

outside R/B

The dose of fuel debris and the dose from , Consolidation of the delivery methods (rotation / straight

inside the PCV, etc. are compiled, and the line) o _

preconditions required for calculating shielding Consolidation of the load outside the R/B

are consolidated. 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

Shielding assessment
(Study of shielding thickness)

The shielding thickness is studied based on
the selected conditions.

Required shield
radiation
3 3 Mm

The additional shield installation delivery frame with the
purpose of higher rigidity and reduction in weight is studied,
and its structural viability is verified.

Required thickness
during delivery
(strength)

mm

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
mm

Review of delivery equipment

Additional shielding

mm

Access tunnel
additional shielding
thickness after installation

thickness =

Required shield
radiation
3 3 mm

Access tunnel
shielding thickness after
completing installation

Required thickness
during delivery
(strength)

mm

Access tunnel
Shielding thickness
during delivery

Small access tunnel delivery weight K Downsizing the ancillary facilities such as temporary building, etc. K 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

-I

Assessment of shielding with the
current design

J

Study of proposal for trimming
down the shielding

(Current state) Cross-section of
access tunnel

Shielding assessment if the wall/ceiling 300mm, floor
110mm

Whether or not the wall/ceiling/floor can be trimmed
down uniformly, whether or not neutron shielding is
required, are studied.

Shielding assessment considering the proposal for
trimming down

©lnternational 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

[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 insidp QudnsgtyofifaeDdebrisutrarisgorted /adose 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 (Bl investigat i on) st ated under f@ADevel opme
I nside PCVOd on the TEPCO website (4/30/2015): 10Sv/h or |l ess 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.

(Weight)

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,

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 ORIGEN2.2 UPJ
Cross-sectional area library: BS340J33
DECAY library: INDECAY33.LIB
Photon library: gxuo2brm.lib

5

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 2)

[30kg/can x 2 cans, evaluation height 10cm, keff=0.95] [30kg/can x 2 cans, evaluation height 120cm, keff=0.95]

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

10eSv/h is add

Surface Im 2m 3m Sm Surface evaluation on this page.

Evaluation location Evaluation location

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. 28eSv/h is added to the

-’ It is assumed that 1mSv/h is satisfied even when neutron shielding is installed resulting in
Wall/Ceiling 200mm and Floor 120mm.

e =
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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.

Vertical jack

Delivery jack

Spegificatons

Horizontal adjustment jack

1680 Capabiity  EYN] WM Capabing (usheul| :I t]l:!: Capabiity #) 1) 1§
L | o _m s . i
- - - o 3 !Pressure ,... "l,; - (__2 TS
{ 1 | 1] Required amount of ol approx. |1 5% i ressure (Pust
Lim . T L. &) TR ) G
'E_ﬁ’& ‘!_Q* N — 1] ;'E;‘- ERNAR B 3475 Ky | e
wlil RS + | K] * LTF
—‘—I f_—-. s \ T+ - > _Horizontal ad]ustmentjack . -
. —— | v tE CIS0RAX 2008 Conditions of the jack
_l - e W — ‘[3 \ R Maximum ground pressure: P= 2,608.9[kN/m?]
LI l L \ m‘ts'de pressure oil , Impact coefficient: i = 0.20
—L: g\_ Adjustable installation Breadth of the jack: B = 0.950 [m]
= iH— | \ K-5type .L.ength of the jack: L = 2.200 [m]
| Nilgl ' Push side pressure oil Conditions of the floor steel plates
4 b o ] Il Menstable installation . Thickness of the floor steel plates: t = 0.030 [m]
- 2500 = K-5 type R Breadth of the floor steel plates: PB = 1.500 [m]
R Length of the floor steel plates: PL = 6.000 [m]
R Active |l oading width
. e , Active |l oading length
5 o AlHeaxal s Modulus of deformation of the floor steel plates: E
'/" = 2
Vemcal jack % T o LA e e —4— - — -r 2.000E+08 [kN/m ]
TBBOOKNXTSYSTY ™\ Yﬁ"@%’eﬁﬁfn’? ﬁ;‘ej;?‘:h““ i v F ' 4]
Horlzontal jack < - et ?’T‘" o
R \ N\ WA -y —
TSORNXIG00S T \_\‘ a"“ ‘?" Verllc(al slo;; valve ; ! A . W:
cﬂ ‘\ q ? Verllcal slop valve l l . :!‘A‘ l I .
CIp HEDE f';ywn'—:’ | R\ e 2§
g N - - amomh T 1 )
| N r : Jb_ == oo lo ° =
e -l ra ’ ) -
- [ @
Horizontal adjustment
___support point
230 | Stroke 171
1% 2085 (A48
(PE4R)
Ground pressure of the | ower surface &f tlhe floor
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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

ETLILATES \ when actual equipment is studied.
HHQNS A S L.
| . Ground conditions
Lol RS RO E Lt o
| mens l B - alhe 1 - Geological | Layer thickness | Unit weight g:%:gnual Adhesive force | Poi ssonps
maras | o } ITRER ] l g | strata Tlm) r(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
gle |5 |=» bl :, || 2 g BERARS ERRR ® M Fourth stratum 0,000 0.0 (1,00 0.00 0.0
. = (8] P T EESE e
R| B | E = ® sinlal .
a1 P movem § ala (%[ lafs| = |7 Modulus of deformation of the ground
il B - A P s d e | foo ‘; Eim|slz| w |g
(m) | (m) | (m) | B ) | | [ Modulus of
= | —p—t—F - | [ Geological deformation N value
;‘ - ~ _.\{1» e strata IS (kN/n{)
R | ¥ n-:-j:.‘f Fo First stratum 14.000 5.0
Ev‘ o | 3o | 192 [ ,-‘—-1*;3' : Second stratum 14.000 5.0
Foee- ‘ T | 5 = T _: ) Third stratum 14.000 5.0
Eo | N =l T Fourth stratum () 0.0
- ‘ | [ S—TIS {00
“\/ \ — o
| i e k& ] Allowable bearing capacity ga =29 (kN/m?)
' M e l - . - = T‘l: :
10 | v120 3 ) | |
e ' P | | Ground pressure of the lower surface of the floor steel
! m pl ates: Pmaxé > allowabl
] i
" b\\ = ‘:.Q
» i rw J = = : i s
" = R — el z00
- _ Ground improvement is required.

_— T ]
l Rl D ©lnternational Research Institute for Nuclear Decommissioning



No0.134

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)

8 2 (3) (4 (s Outline
fs Pushing the plate-shaped shield from outside
_ the R/B is proposed.
{ /7 2 - Guide roller is installed on the shield and
) 4 - : ) ; = delivered.
\>\ ; . Method of installing the shield at the curved
./ X g ] ey ] g section is a challenge.
- h —— —— ——] b — o —— M H H
\ | L :.4 # =d # :E| bﬂ g || 1/? atglee current state, it is rated to be highly
o | X dE dE dE NN '
BN § o | B B = -
S S _%‘f i i e Shielding thickness
—S1g5 While delivering: Wall/ceiling: 200mm, Floor: 110mm
5408 - | 1980 2880 2800 2000 % Additionally installed shielding: Wall/ceiling: 200mm,
' Floor: Omm
1B Upon completion: Wall/ceiling: 300mm, Floor:
110mm
Additionally installed shield
\ 4500
[=]
| | ;ﬂ' =
e I R A W | TS
200 .! | 200 % -
= s
- 137 = — g g
EakdVy _5 160 160 2
- ‘] - 3320 .
A=A 50T 3640 50
330, 50 50, 330
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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
| — — met.
AE AIE SAE Method of carrying-in/out and installation of the
o | = o= || (5= additional shielding plate is a challenge.
8 E o
|| b= e || || [le= 1T |, Viability needs to be evaluated.
= = = 1A
: : . 5 Shielding thickness
| g While delivering: Wall/ceiling: 215mm, Floor: 110mm
! kg | ) B Additionally installed shielding: Wall/ceiling: 85mm, Floor:
—-.-"'.I 1200 11400 Omm i -
- Upon completion: Wall/ceiling: 300mm, Floor: 110mm
o Additionally installed shield o
- _]__,- h. _].
1148 8408 2800 ; :"'!- 2000 8 L — [
4 | | J_ A
'-\'\\\-\'- AR '\-.\'\.\'-\\-\- "-_\-.\_\-.{-.\ ARV \_:f!\._-‘._ T AN ‘} . g B8 I Ll I =l L] I @ I'-—u” =
pr o -E:} = :u _'l ---------------- .I: ; -—
- d w
1 g =
T g ¥ ® g
INEEY "
= = == == N - TR S R R | . A M N B 2 gll
7—' /‘ . 2 Jlgn:u; [J IR [
A—A ! {12\;A|nll-\.'¢ti‘l}.-- e
e

©lnternational Research Institute for Nuclear Decommissioning



. . . : _ No0.137
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)

1 001
E 9 L] B
e
l- o L] ]
i .
|! ° ° °
£
!i o o e
I= Py R 8
ﬁ - \iw L] 4 b
[
E
= - L] L)
°® L L] @
& | Additionally installed shield |

‘ Outline
Filling shielding material after the access tunnel
frame is connected to the PCV connection sleeve is

21 C6> 3 S |
13 .
2800 C{ /@ ( proposed
% /Q) s Steel balls or casting are considered for the filling
= =1 L ‘

material.

~o e o ©°

1

. ] E’ g | /== el AT = [::‘ - . Evaluation of shielding performance is a challenge.
F Lo 5= f t/‘,;’, .J.,.:‘_:_.,s\..s\ S5 £ 5 €. € € 5 6 :K\%\‘ 4/9 5 FeaSIbIhty |S rated IOW,
] % i R (Note) The figure illustrates 1 unit.

i Shielding thickness
||| While delivering: Wall/ceiling: 200mm (assumed), Floor:

W R R TR W R AR
1

110mm
s s s i ([ F=1 Additionally installed shielding: Wall/ceiling: 200mm, Floor:
. \S‘t R 2SR S S GG D0, S /’I Omm

Upon completion: Wall/ceiling: 300mm, Floor: 110mm
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| 110 N O

9 v ]
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.
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access No.138
Equipment]

Installation of shield
[Course of studies in the future]

<Dose evaluation>
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.

5

<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.

Proposal 1 (Slide No. 135) Proposal 2 (Slide No. 136)

Delivery of unit in

. . 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
sillieEling _(_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.
e
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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
EEEEEEEEE—————————S
1. Conceptual study [
2. Element test ]
planning I
3. Test preparation / .
Manufacturing of
test equipment
e
4. Element tests
5. Summary N
Remarks

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

Installation of shield: Summary

3

U 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.

U 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.

U In the future, the feasibility of the method for additional shield installation will be verified
by tests.
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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 ©lnternational 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
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.

5

<Unit 1>
Method of pulling out the shield plug considering anchoring, etc. of the
drive wheel.
Method of finely cutting considering the lining material (16mm).

<Units 2, 3>
Method of removing concrete blocks (including intermediate posts, etc.).
Method of smoothening the floor surface (surface on which the PCV
connection sleeve is installed).

Unit 1 Units 2, 3
(Shield plug) (Concrete block)

[llustration of the method of disassembling
Similar examples from overseas (WAK)

Fukushima
Daiichi
NPS Unit 4

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.

5

5

<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

5

5

[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
\"‘-\_

structures
T ] L]

New structures

T a«

K s/

| |#1RrB — oot e .
|':i'" ﬁ #2 R/B

Lo
|
LE%E

Access tunnel

7 Access tunnel : 3
SR TR
\ _E= |
\\E . [e(5F
——oo Dlzj ) O -
iml
: . &— -2 [

Unit 1: Shield plug 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.

This report focuses on Unit 3. * As_ the PCV connection sleeve is installed on the floor surface after disassembling the concrete block_s, it
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 gaps). e ®

Intermediate support for the

i
F
-
—

¢ R
e o

28085 2885

T ]
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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
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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)]

U Objects to be removed (Concrete blocks) *1 i Environmental Conditions *1
Concrete blocks (Enlarged view)
. . Target Units 3 Concrete blocks
Mortar Liner plate (Outside the scope of removal *2) Dimensions W 35101 D 16001 H 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
Floor load t_)earlng Approx. 4.9 ton/m?
capacity

Western side of R/B (Truck bay door

CEmyInE Mo (W49007 H4900mm))

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

l Rl D ©lnternational Research Institute for Nuclear Decommissioning



N0.149

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

Disassembly of shield plug
[Requirements (Unit 3)]

U 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
|

=
l Rl D ©lnternational Research Institute for Nuclear Decommissioning



No0.150

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 D 4050 H 2540(mm) W 2320 D 4820 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.

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
[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 : . (L100I 1001 7), 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) Foundat i on | (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) K Partitioning steel plates K Reinforcement
(middle) K Partitioning steel plates K 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 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 oundation bolts (ceilin
disassembled Partitioning steel 9 Foundation bolts (floor)
pieces plate
Additional information: Disassembled and removed in the order of Reinforcement
(front) K Partitioning steel plates K Reinforcement (middle) K Partitioning steel Additional information: Reinforcement (ceiling) can be removed along with the Additional information:Foundation bolts (floor) and reinforcement (floor) can be
plates K 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 - ) Filli i
) Filling with mortar, etc. illing with mortar, etc. lati
equipment ALLCRULRUNCR Ventliatlon
" system
Mortar pouring ¥ ——
equipment member
LA/ ¥
= 72
)
/ / %
L\ / Z
Y .
.44/ ) - Preventing S e
., ) ¥V oreventing T b —
) I3 1/, member memuer
Traces of disassembly - Cait T » bl
of BSW (floor) ’ —ar races of disassembly .
- of BSW (floor) x
Mortar

2 Remotely operated
- temporary shielq
Mortar . [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.
Y 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.

| T o]
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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

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 (W49001 H4900mm)

Height at which work is carried out: approx. 4m or less

B

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.

156

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
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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)

The mortar should not be significantly stuck on to the
wall surface. (Height at which it is stuck, and area over
which it is stuck)

0 Verifying whether or not it is possible to smoothen
Concrete blocks In all the mortar stuck on the lining plate
1 L Breaker
directions
o Verifying the impact when the breaker collides with

the partitioning steel plates or reinforcement

There should not be any significant deformation.
(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 3 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 (0G§19)
Confirming the status after shaving* It is believed that ~ There should not be any remnants (foundation bolts)
Downwards Breaker 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 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
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

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

I S ]
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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
(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

U 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.

U 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

U 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.

U 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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~ 6. Implementation items of this project [1) (2) Development of disassembly and removal technology] NG 163
disassembly 0.

Development results related to the side access method achieved so far and correlation with this project are

indicated below. : Pedestal opening
Flexible task arm *Opening through which
- equipment can be carried in
About 700mm opening

Fundamental technology upgrade (Implemented in FY2017-18) Positioning

[Verification of feasibility of the fundamental work of cutting, collecting, etc.]

a Method of removing interfering objects from the basement floor inside PCV (outside
the pedestal)

a Method of removing interfering objects from inside the pedestal (Assembly type beam
method)

a Method for preventing spread of contamination to the S/C (The method of setting up

dikes was selected)

Assembly type
beam

equipment
[ .’ > &
-~

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

[Study of response measures based on the issues]

a Method of establishing the utility line inside PCV

a Method of removing interfering objects from inside the pedestal (Small
equipment method)

a Method of setting up dikes for preventing spread of contamination (Formwork
and partition carrying-in method)

b 2

Implemented in this project Outsourced to TEOCO HD (Implemented in FY2020-21)

[Verification of feasibility looking ahead at the actual equipment]

u Disassembly of large interfering objects (HVH) outside the [Conceptual study of HVH disassembly]

U Consolidation of preconditions

. m ) ) ) L a Conceptual study of HVH disassembly
U Disassembly of large interfering objects inside the pedestal (CRL methods
changer) u Identification of issues

U Method of removing interfering objects from inside the pump pit

<

Items to be studied in the future

a Study of developmental challenges identified during engineering and
. rame D
technical development Etc. the pedestal botiom
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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.

|
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] N0.165

HVH disassembly
A Equipment limitations and dimensions (1/2)
0 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 (3154 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)
0 It 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.
|£|_ :||:| 03, 05¢
o d
3 2400 ! s
I \‘\‘ T Removal |:|
| E— | r A= i ) |
| &s ‘Access tunnel DT 150
( ! [ Transportation cart (Lift sepﬁerﬁf
, 7 :j: T‘.;‘ v, ‘
H_Tﬂ/ o |/ | Equipment hatch : B-B Congection sleeve
Turning around 'ﬁ:&— ” : Maximum dimensions for being
(Rotating 90 ) A | 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

Olntern

BIR I Note: Cited from the results of the studies outsourced to TEOCO HD (Implemented il EY2050:5T) e or fuctear becommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology] N0.166

HVH disassembly

p>2)

Equipment limitations and dimensions (2/2)

6 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.

0 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.

0 The terminal box of the PLR pump in Unit 1 will be removed as required considering the space for the HVH disassembly work.

6 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 A
‘\" (Removed in some cases) Base paV =
\\ i : X (Same height as'the grating) : . J f
A, 4 \ ~ .l\./lrotror il &l : _
\\ > S
\__:_\f .
® .
‘,.‘g £ c i _1 Access location of the equipment
NN ¥\
g Maximum dimensions of
D __ | ey the equipment (mm)
e~ WS . e AL 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©lnternational Research Institute for Nuclear Decommissioning
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] = N0.167

HVH disassembly
A Dimensions of the disassembled pieces and the container in which the pieces are transported

0 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 B Note: Cited from the results of the studies outsourced to TEOCO HD (Implemented in FY202gj210na! Research Institute for Ruclear Decommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

HVH disassembly

A Preconditions [Selecting the HVH to be disassembled]
Results of evaluating HVH-A to E in Units 1, 2, 3 are given below.

No0.168

[Legend] Level of difficulty:
Difficult (), Easy ( )

Accessibility up to HVH Work space Viability of transfer work
Comprehensive evaluation
U Number of level Difficulty level: High /
. HVH Number of . . f
No. | i No. Length of the route | Number of bends | interfering objects Work location Ratio to theg ®800owbpkt héd dﬁf%%] S OJV%OPel% 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 [ ] Long [ ] 22[ 1] 22 ] O location [ ] Level of dlfflg)ulty: High (x
2 HVH-B Approx. 18m [ ] 2 locations [X] 0 location [ ] Long [ ] 1.8[ ] 18[ ] 0 location [ ] Level of dnzf)l((_:L:le)ty: Medium
3 | 1| HVH-C | Approx.13m[ ] 1 location [x] 0 location [ ] Short[ ] 15[ ] 15[ ] 0 location [ ] Level of (d'ff_'czl;'ty: High
4 HVH-D Approx. 4m[ ] 0 location [ ] 0 location [ ] Long [ ] 3.0[ ] 3.0[ ] O location [ ] Level of dlffl(g:)ulty: Low (x
5 HVH-E | Approx. 7m[ ] 0 location [ ] 0 location [ ] Long [ ] 20[ ] 20[ ] 0 location [ ] Level of d'ﬁ'g)“'ty: Low (x.
. . . Level of difficulty: Low (x:
6 HVH-A Approx. 12 m|[ ] 0 location [ ] 0 location [ ] Long [ ] 26[ 1] 26[ 1] 0 location [ ] 0)
7 HVH-B Approx. 10 m[ ] 0 location [ ] 0 location [ ] Long [ ] 19 1 19 1 O location [ ] Level of dlffl(g:)ulty: Low (x
2 - )
8 - HVH -C Approx. 5m [ ] 0 location [ ] 0 location [ ] Long [ ] 12 ] 12[ ] 0 location [ ] L) el dlfflg)ulty. hlidhles
3
9 HVH-D Approx. 15m [ ] 1location[ ] 0 location [ ] Long [ 1 20[ 1 20[ 1] 0 location [ ] Level of dlf(f)l((,:lf)ty: Medium
10 HVH-E Approx. 18 m[ ] 2 locations [ ] 0 location [ ] Long [ ] 19 1 19 1 O location [ ] 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.
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.169

HVH disassembly
A Issues at the time of disassembling HVH
0 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 : o | 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.

BIR T Note: Cited from the results of the studies outsourced to TEOCO HD (Implemented i EY 20505 T) e for uctear Becommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology] N0.170

HVH disassembly

Status after disassembling HVH

It is assumed that the HVH is installed on the grating and is affixed to the radial beam by fastening bolts or
fixing members.

It is assumed that the fixing member is welded to the beam. So the fixing member will be cut at the surface
of the grating.

It 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

>
Ov

Ov

Ov

Ov

:‘ lllustration before
cutting the HVH

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;

Circular sa

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.

B IR N> 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] No0.171

HVH disassembly
A Definition of tests

- Unit test Element test

Cut with the arm extended.

Fixing
Test image
To be‘cut Frame
A The cutting test is conducted in a bright A The cutting test is conducted in an environment simulating
environment without using simulated PCV. the surrounding interfering objects or darkness, inside the
A Only the HVH disassembly robot is used simulated PCV where the on-site decommissioning
Surrounding A Cutting is performed under rigid conditions with the environment is simulated.
environment arm of the HVH disassembly robot extended. A The HVH disassembly robot, the assist robot, carrying-in/out
A The robot is operated while visually confirming. equipment and the crane are linked and the operation is
performed.
A Cameras and lights are placed, and they are operated
remotely.
Cuttin The cutting test is conducted by affixing members that The cutting test is conducted using simulated HVH in which the
Targe? are equivalent to the structural components of HVH, on dimensions and material of the main components are simulated.

to the frame.

_— T ]
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

disassembly
A Element test items (1/3)

No0.172

, 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.

Work Unit test Element test
Step Details Necessity Reason Necessity Reason
This test is not required as traveling is as_sumed to This test is not required as traveling is assumed to be by
. be by means of a crawler, and the traveling test has A
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
. used outside the pedestal inside the PCV in the past.
PCV in the past.
Cutting of connecting . . . Th'.s test IS regwred f_or venfylng th_e conditions in Not Thisis similarto  and . As it will be verifiedin  and
; Cutting the pipes Required which cutting is possible using a circular saw, . ; . -
pipes reciprocating saw, etc required , this test is not required.
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
; . . . carried out at high altitudes using the HVH disassembly
cutting method using a circular saw, wire saw, etc. .
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 ) . . ; )
. ) carried out at high altitudes using the HVH disassembly
([100) of the panel reciprocating saw, etc. .
robot, and the access for the cutting tools.
. . This test is required for verifying the viability of the
(C[::lLJ(t)t(I)r)]gog]tﬁeCUtatlr?gl frame Not This is similar to the work carried outin . As it will Required cutting work and work of collecting disassembled pieces
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 outin . 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.
. . . Not This test is not required as there is a proven track Not This test is not required as there is a proven track
Cutting the electrical wire . - . . . .
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]

disassembly
A Element test 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.
- . — . Not This test is not required as there is a proven track .
Slinging of heavy objects Slinging using a motor : - . Required
required record of slinging from tests in the past. ) ) ) L o o
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 _ Whi_ch cutt_ing is possible u_sing a_circula_r saw, . This test !s required for Ve.ri.fying the vigbility of cutting
K motor ([125) Required reciprocating saw, etc. This test is requn’ed for Required work carried out by combining the assist robot and
heavy objects . - : : - ) . .
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
Hoisting and delivery of Delivering heavy objects to ) This test s required for_venfylng whether or not the . heavy object can be hoisted by means of the hoisting
. g Required heavy object can be hoisted by means of the Required ) . ) : ) )
heavy objects the transfer equipment hoisti . equipment without interfering with surrounding
oisting equipment. ; .
structures in confined spaces.
Cutting of heavy obiects Cutting the blower case This test is required for verifying the conditions in Illjtltsir:esvtvclysrlziiudlr\?virfl? L}'igﬁ?’éﬂg;h%;g:g!gnﬂége ieces
9 VY ob) Cutting the impeller shaft Required which cutting is possible using a circular saw, Required 9 9 P

(blower)

Cutting the shaft bearing

reciprocating saw, etc.

carried out at high altitudes using the HVH disassembly
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).
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

HVH disassembly
A 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 outin . As it will be
N Cutting the bolt (M12) Required which cutting is possible using a circular saw, required verified in , this test is not required
Cutting and removal of the reciprocating saw, etc. ' '
blower unit -
Cutting the panel Not This is similarto  and . As it will be verified in Not This is similarto  and . As it will be verifiedin  and
Cutting the frame required and , this test is not required required this test is not required
(1125,100) g ' quirec. g ' quired.
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.
. . . Th'.s test IS requwed f_or verl_fylng the conditions in Not Thisis similarto and . As it will be verifiedin  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
Cutt!ng the panel Not Thisis similarto and . As it will be verified in Not This is similar to the work carried outin . As it will be
Cutting the frame ([150), . ; . . - e B - .
[100) 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 outin . 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.
. . Th'.s test 1S regwred f_or verlfylng th_e conditions in Not This is similar to the work carried outin . As it will be
Cutting the clamp Required which cutting is possible using a circular saw, - e B - .
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] = NO0.175

HVH disassembly

A Scope of simulation in element tests (Test equipment)
0 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.
0 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.
6 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

©lnternational Research Institute for Nuclear Decommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology] = N0.176

HVH disassembly
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.

>
Ov

0 Site to be cut: The simulated dimensions and material (including equivalent material) are the same as the actual equipment.

6 Motor impeller: It will not be cut, but its external form and mass are simulated as it will be lifted up.

6 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)

I
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology]  No0.177

HVH disassembly
A 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 H1500 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 W740 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.

e e
l Rl D ©lnternational Research Institute for Nuclear Decommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology]

HVH disassembly

No.1/8

A Robots and equipment associated with the work of disassembling and removing the HVH

Assist robot

Overview

diagram
Power: hydraulic pressure
External dimensions: L1503 W463 H575mm
o Mass: approx. 100kg
Specifications

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.

Explanation

Crane (for element tests)

- Legs for moving
(detached) :
Power: Electric power

External dimensions: L3750 W920 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.

Carrying-in/out equipment (For element tests)

Power: None

Internal dimensions: L960 W760 H330mm
External dimensions: L1000 W800 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.

©lnternational Research Institute for Nuclear Decommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology] = N0.179

HVH disassembly
A Cutting tools associated with the work of disassembling and removing the HVH

Tip saw Centerless tip saw Grindstone grinder

Overview

diagram
’)' Hydraulic
: cylinder
Power: Electric power / hydraulic pressure (stroke) Power: Electric power / hydraulic pressure (stroke) Power: Electric power / hydraulic pressure (stroke)
External dimensions: 323 214mm External dimensions: 248 144 586.5mm External dimensions: 38.2 150 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

| ==
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.180

Horizontal stroke

HVH disassembly

A Cutting procedure of the cutting tool (Tip saw) Cutting cutting
) : , : . l I
0 The tip saw cuts with a horizontal and vertical stroke. By | va
---------- =
As one side of the duct or panel cannot be cut in the 15t round of work, it T\ 7/ _
. . nd N Cutting
is cut in the 2" round of work. : L / line 3
. : cutt 3
And, this is repeated for each side to cut one surface of the duct or "‘;t;";,g =1 s
panel. T
d The HVH disassembly robot pushes the cutting tool against the object [ Cuting / R Cutting
to be cut to position it, and object is cut when the cutting tool operates ed Jeomre—er—urs | lncd
) T N o
(rotation, stroke). / \
Cutting Cutting
line 7 line 8

Alianment Vertical stroke Horizontal stroke Vertical stroke
g (Cutting) (Cutting) (End of cutting)
To be cut s
J/ Blade < i

=
o
o ~ 1.
=
e Py Component for | . : 1
e - pushing the tool =t | = i a e o
against the object == L“;:I_-J Er Repeating the
to be cut -1 Cutting '
: | procedure from
line 1 : .
: alignment
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology]  N0.181

HVH disassembly Vertical stroke
A Cutting procedure of the cutting tool (Centerless tip saw and grindstone grinder)
d The centerless tip saw and the grinstone grinder cut with a vertical stroke. Width of the cut —
age
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. 5
0 The HVH disassembly robot pushes the cutting tool against the object to be cut to e /1.‘_%
position it, and object is cut when the cutting tool operates (rotation, stroke). P o
Blade Handle

(After the stroke)

Alianment Vertical stroke Horizontal stroke Vertical stroke
g (Cutting) (Cutting) (End of cutting)
—

To be cut

Y ". - S ? BT 't:“"f‘:;x
R T S | e —i—R : f;LI
e n, i " o | R D= el — el G

J1apuub suoispulo
mes di ssajIsiua)

Component for ! 1
pushing the tool |1, T . Blade eSS S ]

against the object
to be cut

N =

I -
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.182

HVH disassembly
A 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.

L
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.183

HVH disassembly
A 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

- | Birddéds eye car
Equipment

hatch

Waste collection container:

HVH

External Internal disassembly

W800 W760 robot

L1000 L960 Canying-nfout Carrying-in/out equipment

H800 H780 equipment dimensions:

315" Lavout drawin : External Internal
: g of Unit 3
Access tunnel / Waitct)en(t:z(a)ilﬁcrtlon o H\\;Vlll-C I 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

HVH disassembly
A Element test plan (Test items)

Work
step

Step
figure

Details

Cutting
tools

Issues

TRID

Cutting the damper

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

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.

Tip saw

A Cutting work at high altitude locations
A Grabbing the disassembled pieces
A Placement of the lights and camera for monitoring work

T
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] = N0.185

HVH disassembly
A 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

A Cutting work at high altitude locations
A Grabbing the disassembled pieces
Issues A Placement of the lights and camera for monitoring work

| ==
l Rl D ©lnternational Research Institute for Nuclear Decommissioning



6. Implementation items of this project [1) (2) Development of disassembly and removal technology] N0.186

HVH disassembly
A Element test plan (Test items)

Cutting the frame

Step
figure

Details

Cutting
tools

Issues

TRID

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

A Cutting work at high altitude locations
A Grabbing the disassembled pieces
A 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]  N0.187

HVH disassembly
A 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

A Cutting work at high altitude locations
A Grabbing the disassembled pieces
Issues A Placement of the lights and camera for monitoring work

©lnternational Research Institute for Nuclear Decommissioning
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.188

HVH disassembly
A 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

A Cutting work at high altitude locations
A Grabbing the disassembled pieces
A Placement of the lights and camera for monitoring work

T
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.189

HVH disassembly
A 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
A Coordination of the work of the HVH disassembly robot and the crane in a confined space
A Placement of the lights and camera for monitoring work
Issues

e
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.190

HVH disassembly
A 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.
Detals The motor shaft will be cut before the previous step ithds 0l
been included in this step.

Cutting

Grindstone grinder
tools

A Cutting work in confined spaces
A Interference in the work of the crane and hoisting jig
Issues A Placement of the lights and camera for monitoring work

e
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology]  N0.191

HVH disassembly
A Element test plan (Test items)

Lifting up / delivering the motor

,
<
(@]
—
o
=

Motor o ranse: 1aonse, - 1
. . 2 Travel
delivery location f.— e .
TR A f?ﬁ-‘v‘*&r& ;:,‘-{-3
Step Motor & ' =cthy i P (I
figure delivery E g3 ¢ { |
location Bl n g el wwec
28 |
equipment , 7 I ™ \J
, T 4\ [
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
A Interference with the remnant structures of the HVH
A Interference with the structures in the surrounding (PLR motor)
Issues A Whether or not the work can be carried out using the assist robot
A Placement of the lights and camera for monitoring work
—— T e
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6. Implementation items of this project [1) (2) Development of disassembly and removal technology] No0.192

HVH disassembly
A Element test plan (Test items)

Cutting the casing (blower)

Step
figure

Details

Cutting
tools

Issues

TRID

Impeller

= =

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

A Cutting work at high altitude locations
A Grabbing the disassembled pieces
A Placement of the lights and camera for monitoring work

===
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