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[Duration of Project] April 2021 to March 2023 (2 years)

1. Purpose and Goals of ñDevelopment of Fuel Debris Retrieval Methodò

[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 ñMid-and-long-term Road-map Towards Decommissioning of TEPCOôs

Fukushima Daiichi Nuclear Power Stationò(hereinafter ñMid-and-Long-Term Road-mapò),aiming towards the implementation of large-scale fuel debris retrieval

in coordination with the engineering and project management activities undertaken by TEPCO. The development results of this project will be used in TEPCOôs

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 ñFY2020 Research & Development Planò(Secretariat of the Team for Countermeasures for

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

Under the project for ñDevelopmentof Fuel Debris Retrieval Methodò,the necessary elemental technologies will be developed and tested based on research

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

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

[Project goal]

The goal of the project is to conduct study in order to accomplish large scale fuel debris retrieval in 

accordance with the Mid-and-Long Term Road-map.
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Result: Method for interference removal using fuel debris 

retrieval equipment when side access method is applied.

Result: Development of 

access route 

establishment technology 

related to installation of 

the cell

Result: Development of access tunnel 

installation (welding) technology

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.

Result: Development of technology for removing 

interfering objects and reactor bottom

Result: Development of 

techniques for supporting remote 

operations

Dual arm type 

manipulator

Interfering 

objects

Interference 

removal 

equipment

Processing 

tool

CRD 

opening
Interfering 

objects

CRD 

opening

Processing 

tool

Interfering 

objects

(2) Access tunnel

(3) Side access method using access tunnel
(5) Top access method

(1) Establishment of access route for installation of cells

(4) Access equipment

2. Accomplishments of Related Projects Implemented in FY2019-20
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(1) Establishment of access route for installation of cells

[Overview of access route establishment for installation of cells]

[Items implemented until FY2020]

Å A boundary formation is ensured by cells and fuel debris is

retrieved by accessing from the side of the PCV using a robot arm.

Å Considering accessibility of the pedestal opening, the robot arm is

carried in via the shortest linear route to access fuel debris.

Å The cells are installed after reducing the load on the R/B floor

because they are heavy.

Access equipment

Å The access equipment was modified from using the access rail method to

fixed rail method, the required height and space were reduced, and

conceptual study was completed.

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

Å 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.

Å The shielding thickness was streamlined to reduce the weight of the fuel

debris retrieval cell.

Å The method of installing the cell installation frame on the wall and floor beams,

which are the strong members of the building, to support the weight of the cell

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

Å 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.

Fuel debris 

retrieval cell Mini cask cell
transportation 

cask cell

transportation 

cask yard

Fuel debris transportation 

cask cell

Equipment transfer container yardEquipment transfer container

Maintenance cell

Dual arm type robot 

container

Fuel debris retrieval 

preparatory cell

Canister cell

Access equipment

Temporary 

storage area

2. Accomplishments of Related Projects Implemented in FY2019-20
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Â Issues in cell installation: Items related to this project are excerpted from the Fuel Debris Retrieval FY2020 Final Report*1

No. Issue Overview This project

1

Detailing of the structure of the

shielding door and the structure

between cells

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.

Refer to 6.1) (1) 

2
Substantiation of the cell adapter

structure

The structure of the cell adapter required for adopting the method

of instal l ing the cel l adapter by remote operation will be

substantiated.

Refer to 6.1) (1) 

3

Substantiation of t he me thod o f

carrying-in and installing the shielding

door and the cell adapter

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.

Refer to 6.1) (1) 

4
Establishment of the reference

marking method for cell installation

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.

Refer to 6.1) (1) 

*1 ñDevelopment of Technology for Further Increasing the Scale of Retrieval of Fuel Debris and Reactor Internal Structuresò FY2020 Final Report (March 2021)

(1) Establishment of access route for installation of cells

2. Accomplishments of Related Projects Implemented in FY2019-20
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[Overview of access tunnel]

Å 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.

Å 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.

Å The tunnel is assembled outside the R/B, and is inserted and

installed by remote operation so as to reduce worker exposure.

▪◒☿☻♩fiⱠꜟ

PCV

Illustration of access tunnel

(2) Access tunnel

[Items implemented until FY2020]

Å 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.

Å 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.

2. Accomplishments of Related Projects Implemented in FY2019-20

Testing by setting conditions Element test

V Stacking method
VWelding position
V Heat input for welding
V Welding gap

V Welding gap
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Â Issues in the whole access tunnel: Items related to this project are excerpted from the Fuel Debris Retrieval FY2020 Final Report*1

No. Issues Overview This project

1
Installation accuracy of access tunnel

sleeve

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.

Refer to 6.1) (1) 

2

Reduct ion in the scale of del ivery

equipment by reducing the delivery weight

of the main body of the access tunnel and

shortening of the installation process

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.

Refer to 6.1) (1) 

3
Shield block (Unit 1) and BSW block out

(Units 2, 3)

(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) 

*1 ñDevelopment of Technology for Further Increasing the Scale of Retrieval of Fuel Debris and Reactor Internal Structuresò FY2020 Final Report (March 2021)

(2) Access tunnel

2. Accomplishments of Related Projects Implemented in FY2019-20
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V The PCV and additional building are connected by means of a passage

(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.

[Overview of side access method using access tunnel]

[Items implemented until FY2020]

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.

(3) Side access method using access tunnel ☿ꜟ

♦Ⱪꜞ
╡ ⇔☿ꜟ

☿ꜟ

(▪◒☿☻♩fiⱠꜟ)

☿ꜟ

♦Ⱪꜞ
☿ꜟ

PCV

Illustration showing how the PCV and additional building are connected

2. Accomplishments of Related Projects Implemented in FY2019-20
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objects from around the CRD opening
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Â Issues in side access method: Items related to this project are excerpted from the Fuel Debris Retrieval FY2020 Final Report*1

No. Issues Overview This project

1
Method of removing large

interfering objects

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.

Refer to 6.1) 

(2) to 

*1 ñDevelopment of Technology for Further Increasing the Scale of Retrieval of Fuel Debris and Reactor Internal Structuresò FY2020 Final Report (March 2021)

(3) Side access method using access tunnel

2. Accomplishments of Related Projects Implemented in FY2019-20
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(4) Access equipment

[Overview of access equipment]

[Items implemented until FY2020]

Å 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.

Å The following conceptual studies on the access equipment for accessing the interfering

objects and fuel debris were completed.

ü Concept, structure and installation method of the fixed rail and telescopic guiding

equipment.

ü Concept, structure, method of carrying-in, method of emergency withdrawal of the dual

motor-operated arms.

ü Method of using the hydraulic arms with the fixed rail.

Å The height of the access equipment was reduced from 3m to 2.2m.

Å It was confirmed that the load of the access equipment does not cause any issues in the

integrity of the pedestal CRD opening.

Å The procedures for removing the interfering objects and retrieving fuel debris were brushed

up and substantiated, technical issues were identified and the actions to be taken in response

were studied.

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

Fixed rail type 

dual motor-operated arms
Fixed rail type hydraulic armsTelescopic interference removal 

equipment

Dual motor-operated arms)

Generation of trajectory 

when methods supporting remote 

operation are adopted

2. Accomplishments of Related Projects Implemented in FY2019-20

Trajectory for avoiding simulated interfering objects 

and reaching the target value 

Trajectory of right arm Trajectory of left arm
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Â Issues in the access equipment: Items related to this project are excerpted from the Fuel Debris 

Retrieval FY2020 Final Report*1

No. Issues Overview This project

1
Conceptual study of tip 

tool

The method for cutting the assumed interfering objects and fuel debris and the 

concept of the tip tool need to be studied although under certain pre-

conditions to get an idea of the overall work including throughput.

Refer to 6.1) (3) 

2 Dealing with deviation
Deviation during remote operation support by the manipulator, caused due to 

the difference in the 3D model and the actual objects on-site, and due to 

errors in installation by using the robot, need to be dealt with.

Refer to 6.1) (3) 

3

Establishment of remote 

operation support required 

during the operation

Remote operation support needs to be established for operations such as 

cutting, grabbing and collection.
Refer to 6.1) (3) 

*1 ñDevelopment of Technology for Further Increasing the Scale of Retrieval of Fuel Debris and Reactor Internal Structuresò FY2020 Final Report (March 2021)

(4) Access equipment

2. Accomplishments of Related Projects Implemented in FY2019-20
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V Individual structures are unitized and transferred.

V 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.

V 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.

V 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.

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

[Items implemented until FY2020]

V The retrieval plan and removal method pertaining to

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.

V 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.

V 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.

Illustration of the method of transferring unitized structures

(5) Top access method

2. Accomplishments of Related Projects Implemented in FY2019-20
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Â Issues in top access method: Items related to this project are excerpted from the Fuel Debris Retrieval FY2020 Final Report*1

No. Issues Overview This project

1

Method for cutting

structures other than the 

reactor bottom

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.

Refer to 6.2) (1) 

2
Substantiation of the large 

transfer container

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.

Refer to 6.2) (1) 

3
Substantiation of 

transportation equipment

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) 

*1 ñDevelopment of Technology for Further Increasing the Scale of Retrieval of Fuel Debris and Reactor Internal Structuresò FY2020 Final Report (March 2021)

(5) Top access method

2. Accomplishments of Related Projects Implemented in FY2019-20
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Gradually Increasing the 

Scale of Fuel Debris Retrieval

Development of Technology for Increasing the 

Scale of Fuel Debris Retrieval in Stages

Internal 

Investigation
Development of Technology for 

Investigation inside RPV

Development of Technology for 

Detailed Investigation inside PCV

Characterization

Development of Analysis and Estimation

Technology for Characterization of Fuel Debris

Containing, Transfer 

and Storage 

Technologies
Development of Technology for Containing,

Transfer and Storage of Fuel Debris

Sharing of investigation needs/results

Sharing of safety 

scenarios

Coordination of 

work steps

Sharing of analysis needs/results

Coordination between 

containing/transfer and methods

Solid Waste

Research and Development for

Treatment and Disposal of Solid Radioactive Waste

Coordination between containing/transfer and methods

3. 1. Collaboration with other projects

Sharing of 

technical challenges

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

3. Project overview

Development of 

Fuel Debris Retrieval Method

üDevelopment of Side Access Method

üDevelopment of Top Access Method

Technology for Ensuring Safety

Sharing of technical

challenges

Development of Technology Related to 

Ensuring Safety during Fuel Debris Retrieval

Continuous 

monitoring

Development of System 

for Continuous Monitoring Inside the PCV

Sharing the status of studies Development of Liquid/Gas Phase Systems, 

Criticality Control Technology

Sharing the 

status of studies

Development of Safety System

Isolation Technology for Preventing 

Spread of Contamination

Development of Isolation Technology for Preventing Spread of 

Contamination while Retrieving and Transporting Large Structures
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1)(1)ᵑ: Installation of large heavy structures

1)(1)ᵒ: PCV connection sleeve installation and welding 

by remote operation

1)(1)ᵓ: Installation of shield

1)(1)ᵔ: Disassembly of shield plug

1)(2)ᵑ: HVH disassembly

1)(2)ᵒ: Disassembly of CRD exchanger

1)(2)ᵓ: Interfering objects removal from 

pump pit

1)(3)ᵑ: Remote operation tip tool for retrieval

2)(1) : Method for cutting 

large structures

2)(1) : Large transportation equipment

2)(1) : Large transfer container
1) Side access method

2) Top access method

3. 2 Development items involving solicitation and implementation policy

3. Project overview
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Development items involving solicitation Implementation policy Reference

1) Development of the side 

access method

(1) Development of the 

method of installing access 

equipment

Installation of large heavy structures

The pre-conditions and required specifications will be clearly specified, the cell structure installed inside R/B

and the structure of the access equipment will be detailed, the installation method will be studied, and the

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

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

No. 26 to 86

PCV connection sleeve installation and welding by remote operation

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

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.

No. 87 to 122

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

(2) Development of 

disassembly and removal 

technology

HVH disassembly

Upon studying and organizing the requirements for disassembling and removing HVH, element tests on

disassembly and removal by means of remote disassembly equipment and equipment developed so far 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. 162 to 202

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

3. 2 Development items involving solicitation and implementation policy

3. Project overview
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Development items involving solicitation Implementation policy Reference

1) Development of the side 

access method

(2) Development of 

disassembly and removal 

technology

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. No. 254 to 276

(3) Advancement and 

development of retrieval 

methods

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.

No. 277 to 331

2) Development of the top 

access method

(1) Development of 

technology for realizing 

the concept of retrieving 

large structures

ᵑ 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.

No. 332 to 379

ᵒ 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.

No. 380 to 404

ᵓ Large transportation equipment

The preconditions of the large transportation equipment and the required development items will be studied and

consolidated, the method for transporting large heavy contaminated structures with certainty will be investigated

and studied in terms of the adaptability to the air-tight gate, etc., on-site applicability of the large transportation

equipment will be evaluated by element tests and structural examination of the transportation equipment

including the drive mechanism, and issues will be identified.

No. 405 to 423

3. 2 Development items involving solicitation and implementation policy

3. Project overview
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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.

3.3 Points to be noted while executing this project

3. Project overview
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4. Implementation schedule of this project
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Development of fuel debris retrieval method Implementation Schedule (1/4)

Large classification

[Legend]
Planned

Revised

Actual

Small 
classification

FY2021 FY2022

Apr May 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 

side access method

(1) Development of 

method for installing 

access equipment

Installation of 

large heavy 

structures

a.Detailed study of the

structure of access

equipment

b.Detailing and study

of the steps for

installing access

equipment

c. Verification of the

installation

procedures through

element tests

d.Detailing of the work

inside the cell of the

fuel debris retrieval

equipment

e.Report creation

Detailed study of the structure of access equipment

Detailing and study of the steps for installing access equipment

Verification of the installation procedures through element tests

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

Conceptual study

Element test plan

Test preparation / 
test manufacturing of test equipment

Element tests

Summary

Shield installation

a.Conceptual 

study

b.Element test 

plan

c.Test preparation 

/ Test 

manufacturing 

of test 

equipment

d.Element test

e.Summary

Conceptual study

Element test plan

Test preparation / 
test manufacturing of 
test equipment

Element 
tests

Summary
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a.

b.

c.

d.

e.

a.

b.

c.

d.

e.

a.

b.

c.

d.

e.

/

/

/

4. Implementation schedule of this project

a.

b.

c.

d.

e.

a.

b.

c.

d.

e.

a.

b.

c.

d.

e.

/

/

/

Development of fuel debris retrieval method Implementation Schedule (2/4)

Large classification

[Legend]
Planned

Revised

Actual

Small 
classification

FY2021 FY2022

Apr May 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 

side access method

(1) Development of 

method for installing 

access equipment

Disassembly of 

shield plug

a.Conceptual study

b.Element test plan

c. Test preparation / 

test manufacturing 

of test equipment

d.Element tests

e.Summary

Conceptual study

Element test plan

Test preparation / 
test manufacturing of test equipment

Element 
tests

Summary

(2) Development of 

disassembly and 

removal technology

HVH disassembly

a.Conceptual study

b.Element test plan

c. Test preparation / 

test manufacturing 

of test equipment

d.Element tests

e.Summary

a.Conceptual study

b.Element test plan

c. Test preparation / 

test manufacturing 

of test equipment

d.Element tests

e.Summary

Conceptual study

Element test plan

Test preparation / 
test manufacturing of test equipment

Element 
tests

Summary

Conceptual study

Element test plan

Test preparation / 
test manufacturing of test equipment

Element 
tests

Summary

ÅAs 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.

ÅBasic 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.

Disassembly of 

CRD exchanger

Basic tests related to fall prevention 

and transferring the cut pieces
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a.

b.

c.

d.

e.

a.

b.

c.

d.

e.

f.

g.

/

4. Implementation schedule of this project

a.

b.

c.

d.

e.

a.

b.

c.

d.

e.

a.

b.

c.

d.

e.

/

/

/

Development of fuel debris retrieval method Implementation Schedule (3/4)

Large classification

[Legend]
Planned

Revised

Actual

Small 
classification

FY2021 FY2022

Apr May 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 

side access method

(2) Development of 

disassembly and 

removal technology

Removal of 

interfering objects 

from the pump pit

a.Conceptual study

b.Element test plan

c. Test preparation / 

test manufacturing 

of test equipment

d.Element tests

e.Summary

Conceptual study

Element test plan

Test preparation / 
test manufacturing of test equipment

Element 
tests

Summary

ÅAs 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.

(3) Advancement and 

development of 

retrieval method

Remotely operated 

tip tool for retrieval

a.Study of 

measures to 

enhance 

throughput

b.Tip tool element 

test plan and 

preparation

c.Element test 

(Processing test 

for evaluating 

throughput)

d.Study of 

operating system

e.Development and 

simulation 

verification of 

operating system

f. Element test 

(Series of 

operations using 

the operating 

system)

g.Report creation

Study of measures to enhance throughput

Tip tool element test plan and preparation

Element test 
(Processing test for 
evaluating throughput)

Study of operating system

Development and simulation verification of operating system

Element test 
(Series of operations using the operating system)

Report creation
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a.

b.

c.

d.

e.

a.

b.

c.

d.

e.

a.

b.

c.

d.

e.

RPV

/

/

/

4. Implementation schedule of this project

a.

b.

c.

d.

e.

a.

b.

c.

d.

e.

a.

b.

c.

d.

e.

/

/

/

Development of fuel debris retrieval method Implementation Schedule (4/4)

Large classification

[Legend]
Planned

Revised

Actual

Small 
classification

FY2021 FY2022

Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar
Remarks

2. Development of top 

access method

(1) Development of 

technology for 

realizing the concept 

of retrieving large 

structures

Method of cutting 

large structures

a.Conceptual study

b.Element test plan

c. Test preparation / 

test manufacturing 

of test equipment

d.Element tests

e.Summary

Conceptual study

Element test plan

Test preparation / 
test manufacturing of test equipment

Element tests 
(RPV head disassembly)

Summary

Element tests 
(Cutting reactor internal structures)

ÅAs the time of the 
RPV head stud 
bolt cutting 
element test 
overlaps with the 
test time of other 
tests, element test 
will be conducted 
in FY2021, and 
thus test 
preparations will 
be made and 
element tests will 
be conducted.

Large transfer 

container

a.Conceptual study

b.Element test plan

c. Test preparation / 

test manufacturing 

of test equipment

d.Element tests

e.Summary

Conceptual study

Element test plan

Test preparation / 
test manufacturing of test equipment

Element tests

Summary

Large transfer 

containers

a.Conceptual study

b.Element test plan

c. Test preparation / 

test manufacturing 

of test equipment

d.Element tests

e.Summary

Conceptual study

Element test plan

Test preparation / test manufacturing of test equipment

Element tests

Summary

ÅAfter 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.
ÅAs studying the steps 
for carrying on/out and 
organizing the issues 
requires time, the test 
plan is planned to be 
created from FY2022 
onwards.

Major milestones Interim report Annual report Interim report Presentation of results report
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Project teams to cooperate for 

technological development

International Research Institute for Nuclear Decommissioning 

(IRID)

ü Coordination of overall planning and technology management

ü Coordination of technology administration including technology 

development progress management

[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

(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

Hitachi-GE Nuclear Energy, Ltd.

Tokyo Electric Power Company (TEPCO) Holdings, 

Inc.
ü Various coordination for site application

[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 

methods

Remotely operated tip tool for retrieval

Mitsubishi Heavy Industries, Ltd.

5. Project Organization

Development of technology for detailed 

investigation inside PCV

(On-site demonstration of technology for 

detailed investigation considering deposit 

measures)

Development of technology for detailed 

investigation inside PCV (Field validation of 

the technology for detailed internal 

investigation using X-6 penetration)

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 technology supporting 

integrated management of decommissioning 

at Fukushima Daiichi Nuclear Power Station

(Development of systems for continuous 

monitoring inside PCV)

Development of analysis and estimation 

technology for characterization of fuel debris

Development of safety systems (Liquid/gas 

phase systems, criticality control technology)

Research and development for treatment 

and disposal of solid waste

Development of technology for containing, 

transfer and storage of fuel debris

Development of technology for investigation 

inside RPV

Development of technology for gradually 

increasing the retrieval scale of fuel debris

Development of Fuel Debris Retrieval 

Method
(Development of Isolation Technology for 

Preventing Spread of Contamination while 

Retrieving and Transporting Large Structures)
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[Sub-contracting details]

PCV connection sleeve remote installation test, HVH disassembly

element test, CRD exchanger disassembly element test, pump pit

interference removal element test

(Toko Corporation)

PCV connection sleeve remote welding test, element test related to

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

tightness test

(Mitsubishi Heavy Industries, Ltd. (Former Mitsubishi Power, Ltd.))

Element test related to the method of cutting large reactor internal

structures

(Sugino Machine Limited)

Study related to filler material for the top access unitized large

structures transfer method

(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)

Hitachi-GE Nuclear Energy, Ltd.

[Sub-contracting details]

Design assistance related to detailing of cell structure

(MHI NS Engineering Co., Ltd.)

Design assistance related to detailing of the access equipment 

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

Cell adapter remote installability verification test

(Nihon Kensetu Kogyo Co. Ltd.)

Shielding door remote installability verification 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 

structures

(MHI NS Engineering Co., Ltd.)

Design assistance related to detailing of fuel debris collection 

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.)

Mitsubishi Heavy Industries (MHI), Ltd.

5. Project Organization

Main sub-contracting details
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1) Development of the side access method

6. Implementation Items of This Project

(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.
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Fuel debris retrieval cell

Mini cask cell

LLW transportation cask cell

transportation cask yard

Fuel debris transportation cask cell

Equipment transfer container yardEquipment transfer container

Maintenance cell

Dual arm type 

robot container

Fuel debris retrieval 

preparatory cell

Canister cell

Access equipment 

temporary storage space

[Upgrading of fundamental technology 

(FY2017-18)]

[Further increasing the retrieval scale 

(FY2019-20)]

[Development of Retrieval Method 

(FY2021-22)]

ÅStudy of the composition of fuel debris

retrieval equipment and the proposed

layout

ÅStudy of the method of installing the

suspension bridge type cell

ÅStudy on downsizing the cells installed 

inside R/B

ÅStudy of the method of supporting the 

load of the cells

ÅStudy of the work steps involved in 

installing the fuel debris retrieval 

equipment

ÅSubstantiation 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.

Layout of the fuel debris retrieval equipment

Composition of the fuel debris retrieval equipment

(suspension bridge type cell)

Cell downsizing

Frame for supporting the load of the cell

Fuel debris retrieval equipment 

installation work steps

Installation of large heavy structures

6. Implementation Items of This Project

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

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

Shielding door

BSW

Shielding door 

(open)

1) Setting up the cell for the work of making an opening

2) Work of making an opening (Procedures opposite to 

those for carrying-in work are followed for debris, 

etc.)

* The shielding door is gradually closed as the 

work of making the opening progresses.

Fuel debris retrieval cell

Mini cask cell

Canister cell

Cask cell

Waste transfer 
cell

Maintenance cell

Cell installation 
frame

Carrying-in/out cell

Equipment hatch cell 
overhead crane

Crane maintenance 
module

Equipment temporary 
storage module

Maintenance cell
Fuel debris 
retrieval cell

Cell adapter

Cell installation 
deck

Mini cask cell

Canister carrying-in station

Canister cell

Cask cell 
(cask transfer inspection area)

Waste transfer cell
Cask carrying-in/out port

Waste carrying-in/out port

Access equipment carrying-in/out port

Installation 

cell frame

Floor beam

Reactor Building Shield P
ill

a
r

Debris retrieval cell

Reactor 

building wall

Frame structure

10 Work of making an opening on PCV concrete wall 11 Cell adapter carrying-in and installation 12 Cell installation inside the building

Il
lu

s
tr

a
ti

o
n

s
P
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c
e
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u
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M
a
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Temporary cell for 

the work of making 

an opening

Rail for carrying-

in/out the cell for 

linking the inside and 

outside of the 

building

Temporary cell for 

the work of making 

an opening

Cell 

adapter

Material 

carrying-

in/out cart

Track

Temporary cell for 

the work of making 

an opening

Cell 

adapter

Material 

carrying-

in/out cart

Fixed rail installation 

platform

Cell connection 

flange

1) Preliminary preparation for carrying-in cell adapter
(PCV wall surface cleaning / 3D shape 
measurement / cell adapter groove work)

2) Loading the carrying-in/out cart on to the outdoor rail 
with the help of a yard building crane

3) Loading the cell adapter on the equipment carrying-
in/out cart 

4) Installing while adjusting the position in accordance 
with the layout markings

1) Carrying-in and installing the fixed rail installation 
platform

2) Loading the cell connection flange on to the equipment 
carrying-in/out cart

3) Installing while adjusting the position in accordance 
with the layout markings

4) Disassembling the temporary cell for the work of 
making an opening, after the shielding door is 
closed

Å Study of method of making an opening Ÿ A 
method that would not damage the PCV steel plate

Å Need for finishing the surface of the opening
Å (Considering the impact on cell adapter installation)
Å Specifications of the temporary cell for the work of 

making an opening and dust measures once the 
opening is made

Å Method of removing the X-6 penetration and 
contamination control

Å installation and installation of cell adapter

(Installation of sling and roller for carrying-in at 
the opening)

Å Need for cell connection flange, remote 

carrying-in and installation method

Å Method of temporary shielding during work
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Installation of large heavy structures

(2) Background and purpose of this research

V Reasons for this research

Å 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.

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

ü 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.

ü 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.

Å Therefore, in order to install the access equipment accurately inside the R/B, ensuring installation accuracy and optimization

of installation work need to be studied and related development needs to be carried out with respect to the cell structure and

connection with the PCV.

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

ÅExpected outcome: Development of the procedures for installing the access equipment, and establishment of the required

specifications of the equipment for remote operation

ÅReflection destination and contribution of the outcome: Establishment of the method for installing the access equipment

inside the R/B for the side access method

6. Implementation Items of This Project

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

(3) Project Goals

V Requirements from the reflection destination

Å The access equipment is planned to enter from the pedestal opening of the PCV to retrieve fuel debris.

Å 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.

Å Hence, the shielding door or the cells, etc. which are large heavy structures, need to be installed accurately

along that straight line.

Å 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.

Å Further, the cell adapter, shielding door and the cells need to have a confinement function.

Å And, as BSW is installed after the opening is created, it means that the work of installing the cell adapter will

have to be carried out under high radiation environment from the PCV. Hence installation by remote operation

becomes necessary.

V Goals based on the above-mentioned requirements

Å 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.

Å Detailing the procedures for installing the access equipment.

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

Å Organizing the required specifications of the equipment for remote installation, based on the results of element

tests.

6. Implementation Items of This Project

[1) (1) Development of the Method for Installing Access Equipment]
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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
Å Substantiation of specifications of access equipment and clear specification of installation 

requirements

Verification of element test for the installation procedures
Å Designing and manufacturing of equipment for the element test

Å Identification of issues in implementation of element tests and in the specifications of the 

equipment for remote installation

Organizing the required specifications of the equipment for remote installation
Å Identification of required specifications of the equipment based on the results of element tests

Study on detailing of procedures for installing the access equipment
Å Detailing of installation procedures

Å Substantiation of installation tools

6. Implementation Items of This Project 

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

Work

step

Ground preparation in front of 

the R/B

Removal of interference objects 

inside the Reactor Building

(Removal of RHR pipes, etc.)

Removal of BSW in front of air 

lock and around X-6 penetration

Creation of opening in the 

building wall outside the R/B

Illustration 

of work 

steps

Remarks
Å Conceptual study on the method 

implemented in FY2019-2020

ÅConceptual study on the method 

implemented in FY2019-2020

ÅConceptual study on the method 

implemented in FY2017-2020

Work

step

Shielding door base plate and

shielding door installation
Setting up the outdoor yard

Laying of rail for carrying the 

cells in and out of the building 
BSW opening

Illustration 

of work 

steps

Remarks
Å Conceptual study on the method 

implemented in FY2017-2020

ÅConceptual study on the method 

implemented in FY2019-2020

ÅThe method of making a hole developed

by Toshiba in FY2017-18 is planned to

used.

Current state

Digging down TP+8,900-300mm

Ground preparation using concrete

Overhead retractable outdoor yard

Base plate

Installation 

cart

Anchor casting area

Shielding door

Track

 

ⱨ◊כ◒ 

 

ⱨ◊כ◒ 

 

G/H

cutting

Penetration plug

Closing plate

PCV Penetration plug

Shielding door
Shielding doorTemporary 

shielding

Core boring

G/H

Items studied particularly in FY2021-2022

G/H

G/H

G/H

G/H

TP+8,900

TP+8,900

TP+8,900

6. Implementation Items of This Project 

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

Scope of ground 

preparation

Laid iron plate

Trench Crushed stone

Existing ground

Crushed 
stone

Digging down

Existing ground

Ground preparation 

using concrete

Crushed 
stone Existing ground

Opening for 

entry of workers

Retractable 

part

Crane for 

carrying-in/out

Illustration of outdoor yard

(Overhead retractable 

tent house)

Base plate for 
the rail

Building opening for 

fuel debris retrieval cell

Building opening for 

the mini cask cell

Simple tent house

Indoor Outdoor 

Base plate for the rail

Motor 

operated fork

Rail for carrying 

the cell in and out

Motor operated fork

Installation of base plate

Installation of rail

Installation of base plateBuilding

Installation of laid iron plate

Concrete

Crushed 

stone Existing 

ground Basement 

floor

Basement 

floor

Basement 

floor

Basement 

floor

Laying the rail Base plate

Laid iron plate

Crushed 

stone Existing 

ground

Concrete
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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)

Work

step

Carrying-in and installation of 

cell adapter

Installation of fuel debris retrieval 

cell and other structures

Comprehensive trial run and 

inspection 
PCV wall opening

Illustration 

of work 

steps

Remarks
Å Conceptual study on the method 

implemented in FY2019-2020

Å Conceptual study on the method 

implemented in FY2019-2020

ÅConceptual study on the method 

implemented in FY2017-2020

Work

step

Removal of interfering objects 

outside the pedestal (1)

(Telescopic dual arm type robot)

Removal of interfering objects 

outside the pedestal (2)

(Telescopic dual arm type robot)

Removal of interfering objects 

from inside the pedestal (1)

(Telescopic dual arm type robot)

Removal of interfering objects 

from inside the pedestal (2)

(Telescopic dual arm type robot)

Illustration 

of work 

steps

Remarks
ÅConceptual study on the method 

implemented in FY2017-2020

Å Conceptual study on the method 

implemented in FY2017-2020

Å Conceptual study on the method 

implemented in FY2017-2020

Å Conceptual study on the method 

implemented in FY2017-2020

 

 

 

 

Ᵽ►fi♄ꜞ─  

Carrying-in of the 

telescopic dual arm

Items studied particularly in FY2021-2022

6. Implementation Items of This Project

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

Cell adapter 

grabbing arm

Welding 

equipment 

and tool rack

Cell adapter

Cell adapter 

transportation cart

Robot arm for welding

PCV concrete wall

Shielding door

Welding location

Fuel debris retrieval cell
Shielding door closed

Crawler crane

Air-tight door Shielding  door

Confinement boundary

Welding 

location

Debris retrieval cell Cell adapter

Configuration of the boundary

Push jack

R/B boundary (assumed)

Fuel debris retrieval cell

Fuel debris retrieval 

back-up cell

Maintenance cell

Mini cask cell

Canister cell

Debris 

transportation 

container cell

Tent house

LLW transportation 

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

V Correlation with other research (Input and output information) Items studied particularly in FY2021-2022

Scope of studies 

conducted in FY2021-22

Work

step

Installation of fixed-type rail

(Fixed rail type dual arms)

Removal of interfering objects 

from inside the pedestal (3)

(Fixed rail type dual arms)

Sub-criticality measurement

Fuel debris retrieval

(Fixed rail type dual arm type 

robot)

Illustration 

of work 

steps

Remarks
ÅConceptual study on the method 

implemented in FY2017-2020

ÅConceptual study on the method 

implemented in FY2017-2020

ÅConceptual study on the method 

implemented in FY2017-2020

ÅConceptual study on the method 

implemented in FY2017-2020

Work

step
Fuel debris transfer

Fuel debris retrieval

(Hydraulic arms)
CRD removal Fuel debris delivery

Illustration 

of work 

steps

Remarks
Å Conceptual study on the method 

implemented in FY2017-2020

Å Conceptual study on the method 

implemented in FY2017-2020

Å Conceptual study on the method 

implemented in FY2017-2020

ÅConceptual study on the method 

implemented in FY2019-2020

Constant

monitoring

Sub-criticality

measurement

Winch
Unit can

Transport

ation cart

Unit can

Canister cell

Fuel debris 
transportation cask cell

Fuel debris 
retrieval cell

Mini cask cell

6. Implementation Items of This Project

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

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

V Objective
Å 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.

Å 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
Å To substantiate the structure of the cell adapter, shielding door and cell that form the access equipment.

Å To study the specifications of the confinement function and the earthquake displacement absorption function, and

the structure.

Å Also, to add the required installation accuracy and method of adjusting the position while installing, to the structural

study.

V Comparison with existing technologies
Å The cell adapter, shielding door and cell that are the components of the access equipment are technologies that are

present in existing nuclear facilities.

Å 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.

6. Implementation Items of This Project

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

BSW

[Illustration of the shielding

door installation]

[Confinement boundary]

Base plate

Shielding door

Cell adapter

Fuel debris 

retrieval cell

Shielding door

(Casing)

PCV

[Connection methods]

Shielding 

door

Cell adapter

Welding

(Remote operation)

Fuel debris retrieval cell

Bolt connection 

location

(Outside the cell)

Welding 

locations

(Inside the cell)

Base plate

[Mass of each component]

Cell adapter: 3 ton

Base plate: 70 ton

Shielding door: 25 ton

Fuel debris retrieval cell: 180 ton

Welding

(Remote 

operation)

Welding   

(Remote 

operation)

Connecting 

flange
Shielding door

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

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

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

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

6. Implementation Items of This Project

[1) (1) Development of the Method for Installing Access Equipment]
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Rail part and anchor casting part 

(enlarged view) Cross section a

Fuel debris retrieval cell

Connecting part of the rail for carrying-in 

the shielding door and cell

(Enlarged view) Cross section c

Rail for carrying in the cells

Shielding doorRail part (enlarged view)

Cross section b

Fuel debris retrieval cell

Fixed on the strong members using post installed anchors

: Load 

mass point

Dimensions of the X-6 penetration 

(height/allowance)

[Shielding door]

1) Connection structure of the boundary with the PCV (2/5)

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

6. Implementation Items of This Project

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

PCV

[Boundary part]

Shielding door BSW BSW BSW BSW

X-6 penetration

(Cut)

Boundary

Cell adapter

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

[Welding of cell adapter][Carrying-in of cell adapter ū][Carrying-in of cell adapterŪ]

Welded part

Fuel debris 

retrieval cell

6. Implementation Items of This Project

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

[Opening of PCV]
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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)

[Boundary part]

Items
Width (mm) Height (mm)

Dimensions Clearance Dimensions Clearance

Effective opening 2, 840 100 2, 690 100

PCV opening 2, 940 210 2, 790 210

Cell adapter dimensions 3, 150 430 3, 000 430

Concrete opening 3, 580 ð 3, 430 ð

Shielding door opening 3, 250 100 3, 632 100

Cell adapter flange 3, 350 ð 3, 732 ð

Illustration of cell adapter

6. Implementation Items of This Project

[1) (1) Development of the Method for Installing Access Equipment]
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(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 (5/5)

Relative displacement: Planned to be 10mm

[Cell adapter structure]

[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

[3D-CAD of boundary structure]

PCV

X-6 

penetration

Cell adapter

Fuel debris retrieval cell

Fixed rail 

installation 

platform

Shielding door

PCV side

Cell side

Fillet welding

Fillet welding

6. Implementation Items of This Project

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

This bolt is for shipping purposes.

It should be removed without fail after plumbing

Bellows corner section
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(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)

Installation of base plate Installation of shielding door BSW opening 
(Temporary closure and reduction 

in length of X-6 penetration)

X-6 penetration

Marking the reference line*

*The line joining the pedestal opening 

and X-6 penetration opening

Reference line

Installation of cell adapter 

(remote operation)

Installation of fuel debris retrieval cell

Connecting the fuel debris retrieval cell 

and shielding door (inside): Welding

Connecting the shielding door and 

cell adapter: Welding (2 locations)

Connecting the fuel debris retrieval cell 

and shielding door (outside) Bolts

Carrying-in of the 

telescopic dual arm

Making an opening in PCV Laying of fixed rail for 

internal interference removal

Reference line

6. Implementation Items of This Project

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

Maintenance cell

Fuel debris retrieval preparatory cell

Fuel debris retrieval cell

Shielding door

Cell adapter

Pedestal opening

X-6 penetration opening

Air-tight door

Rail inside the cells

Fixed rail

Reference line for installation

ü 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.

ü 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.

6. Implementation Items of This Project

[1) (1) Development of the Method for Installing Access Equipment]
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b) Deviation occurred during installation

[1] Rotational direction [2] Horizontal direction

[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.

Ÿ The extent of deviation can be controlled by positioning the installation reference line and the rail installation reference 

line at a location that is as distant as possible from the center.

[2] Horizontal direction
The extent of deviation during installation can be controlled within the clearance of the pedestal opening and fixed rail.

Ÿ At other sites, for example in the case of the clearance of BSW and cell adapter, there is sufficient margin for deviation 

and it can thus be dealt with.

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

Rail installation reference line

Reference line 

for installation

Rail installation 

reference line

Clearance of the pedestal

opening and the fixed rail

6. Implementation Items of This Project

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

(5) Implementation items

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

V Implementation items and results

Installation of large heavy structures

Reference line 

for installation



©International Research Institute for Nuclear Decommissioning

No.42

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

d) Setting the installation accuracy for the horizontal direction

ü Needs to be installed within the clearance of the pedestal opening and the fixed rail.

ü Installation accuracy is set as given below.

c) Setting the installation accuracy for the rotational direction
ü Set to less than 1 . Tentatively: apportioned to the horizontal accuracy mentioned below.)

10m

0.18m 1

Pedestal opening: 750mm

Width of fixed rail: 640mm

Clearance 110mm

(One side: 55mm)

Installation accuracy: 

Ñ50mm

Clearance of the pedestal opening and the fixed rail

Fixed rail

Pedestal

PCV steel plate

Cell adapter

Fixed rail installation platform

BSW

Fixed rail

Pedestal 

opening

BSW

Reference line for 

installation

6. Implementation Items of This Project

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

e) Other: Installation accuracy of cell adapter

Cell adapter

As the gap with the welding portion needs to be under 5mm,

Installation accuracy of cell adapter: 15mm or less

Extent of deviation of central axis: L(mm)

Amount of increase in groove gap: X(mm)

The installation position of the cell adapter is adjusted so that the gap with the welded portion is under 5mm.

Further, it may be possible to eliminate the gap as required by pressing the cell adapter as well.

If the central axis deviates horizontally or vertically during the installation 

of the cell adapter, its impact on the groove gap is evaluated.

Evaluation conditions

PCV outer diameter = 20,000mm

Cell adapter dimensions = 3,000mm

The center of the cell adapter is assumed to be the center of the PCV 
spherical shell.

6. Implementation Items of This Project

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

ü 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
ü 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.

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

accordingly.

6. Implementation Items of This Project

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

6. Implementation Items of This Project

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

Å The access equipment can be equipped with a confinement function and the function of absorbing displacements

in the event of an earthquake.

Å 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
Å 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)

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

Å 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
Å 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.

6. Implementation Items of This Project

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

Å 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
Å 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.

Å The impact of dust dispersion when the opening in the BSW is made will be studied.

6. Implementation Items of This Project

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

ü Time required for the work such as handling the unit can inside the cells, etc. is relevant to

throughput calculation.

ü 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.

a) Purpose of the study

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.

ề Assumption of failure mode of the components inside the cells

ề Assessment of the extent of impact on retrieval work

ề Study of measures to prevent long-term shutdown of operation

6. Implementation Items of This Project

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

Fuel

Details on to in the figure are 

provided on the following page.

6. Implementation Items of This Project

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

Shielding door

Lifting up the access 
equipment from the unit can 
transportation cart

Fuel debris 
retrieval cell

Air-tight door 
(+ shielding door)

Dual arm 
type robot

Cell adapter Temporary storage Draining 
equipment

Weight scale / 
dosimeter

Assignment of ID/ 
Equipment for 

capturing images 
inside the can

LLW 
dosimeter / 
weight scale

LLW3D 
measuremen
t equipment

Fuel debris retrieval 
preparatory cell

Fuel debris retrieval cell

Double 
door

Canister

Mini cask cell Surface 
contamination 

inspection

Water cleaning 
and air drying

Canister cell

Stand-by pit

Double door

*Number of containers: 
5 containers

Fuel debris
transportation cask cell

Fuel debris
transportation cask cell

Air-tight door Air-tight door

*Surface contamination verification

Debris transportation 
cask yard

Outdoor 
transfer

Unit can

Canister
: Fuel debris 
transportation 
cask
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(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.

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
can are measured.

The unit can 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.

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.

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.

The lid of the fuel debris transportation cask is closed by means of a dedicated crane and the MSM.

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

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

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

Fuel debris 

retrieval cell

Mini cask cell

Canister cell

Fuel debris 

transportation cask cell

Fuel debris 

transportation 

cask yard

6. Implementation Items of This Project 

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

* 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 Japan, etc.
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Details on to in the figure are 

provided on the following page.

* Low Level Radioactive Waste

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)

*

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

Cell adapter

Fuel debris retrieval 
preparatory cell

Shielding door
*The dual arm type robot directly 
enters the inner container from the 
access equipment

Fuel debris retrieval cell

Air-tight door 
(+ shielding door)

Fuel debris retrieval 
preparatory cell

Air-tight 
door 

(+ shielding 
door) Maintenance cell

Dual arm 
type robot

Temporary storage 
draining equipment, etc.

LLW weight 
scale / dosimeter

Assignment of ID / 
Capturing of images of the inside of the inner container

Air-tight door

Air-tight door LLW transportation 
cask cell

LLW canister Water washing 
and air drying

Surface 
contamination 

inspection

Waste storage container

Waste transportation cask

LLW transportation 
cask cell

LLW transportation cask yard

*Surface contamination verification and 

verification of external appearance

Outdoor 

transportation

Inner 

container
LLW canister

Waste transportation 

container

Waste storage 

container
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Installation of large heavy structures

(5) Implementation items

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

V Other: Detailing of the work carried out inside the cells

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

The inner container containing LLW is transported from inside the PCV by means of a transportation cart.

The inner container is lifted up by means of the dual arm type robot, and its weight and dose are measured.

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.

Fuel debris 
retrieval cell

LLW 
transportation 
cask cell

LLW 
transportation 
cask yard

Fuel debris 
retrieval 
preparatory cell

6. Implementation Items of This Project 

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

Details on to in the 

figure are provided on the 

following page.

6. Implementation Items of This Project

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

Shielding door Air-tight door 
(+ shielding door)

Air-tight door 
(+ shielding door)

Dual arm type robot

Access equipment 
(failed arm)

Cell adapter Fuel debris retrieval cell Fuel debris retrieval preparatory cell Maintenance cell

Air-tight door 
(+ shielding door)

Air-tight door 
(+ shielding door)

Temporary 
storage space 

for the dual 
arm type 

robot

Temporary storage space 
for the access equipment

Equipment transfer container yard

Access 
equipment for 
replacement

Verification of 
maintenance 

operation At the 
time of 
transfer

Maintenance cell Equipment transfer container 

Equipment transfer container 

Transfer 
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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)

Access equipment pulled up from inside the PCV is received.

The access equipment is washed with water and decontaminated.

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.

The access equipment is moved to the maintenance cell by means of the remotely operated transportation

equipment.

The access equipment is washed with water and decontaminated once again.

The access equipment is placed in the equipment transfer container connected to the maintenance cell.

Equipment transfer container is separated from the maintenance cell.

The equipment transfer container undergoes various inspections to be conducted before transporting out

such as inspection of external appearance, surface contamination inspection, etc.

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.

Fuel debris 

retrieval cell

Maintenance 

cell

Fuel debris retrieval 

preparatory cell

Equipment 

transfer container 

yard

At the time of carrying-out

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.

6. Implementation Items of This Project

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

Details on to in the figure are 

provided on the following page.

6. Implementation Items of This Project 

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

Shielding door Air-tight door 
(+ shielding door)

Air-tight door 
(+ shielding door)

Dual arm type robot 
(failed)

Cell adapter Fuel debris retrieval cell Fuel debris retrieval preparatory cell Maintenance cell

Air-tight door 
(+ shielding door)

Dual arm type 
robot for 

replacement Double 
door

Access equipment 
temporary storage 
space

Air-tight door 
(+ shielding door)

Failed dual arm 
type robot Access equipment 

temporary storage space

To the preparatory cell

Maintenance

Maintenance cell 

(while carrying-in for replacement)

Maintenance cell

(while carrying-out the failed components)

To the preparatory cell

Operation 

verification

Replacement
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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)

The failed dual arm type robot is decontaminated to the extent possible.

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

The dual arm type robot is moved to the maintenance 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.

The dedicated container undergoes various inspections to be conducted before transporting out such as

inspection of external appearance, surface contamination inspection, etc.

The dedicated container is loaded on to the transportation vehicle.

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

Fuel debris 

retrieval cell

Maintenance 

cell

Fuel debris retrieval 

preparatory cell

At the time of carrying-out

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.

6. Implementation Items of This Project

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

(5) Implementation items

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

V Other: Detailing of the work carried out inside the cells

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

Flow of ventilation in each cell

: Air-tight door

: Double door

(air-tight)

: Shielding door

(Not air-tight)

: Air supply

: Exhaust

: For controlling oxygen 

concentration

: Monitoring

Legend

PCV

Cell adapter

LLW transportation 

cask cell

Stand-by cellMaintenance cell

Dual arm 
type robot 
container

Robot 

arm 

container

Canister cell

Fuel debris transportation 
cask cell

Mini cask cell

Fuel debris retrieval cell
Air Ҟ (N)*

N2

Air

Air

Air Air

Air Air

Shielding door

Exposure evaluation
Exposure 

evaluation

Negative pressure area

LLW transportation cask cell

Air Ҟ (N)*

Air

Air

Air

Air

Air

N2

-400 -400

-300

-200

-200

-200

-200

-200(-400)-200(-400)

-200

-200

-200

Negative pressure -20/-30

M

M

M

M

M

MMM

M

M

M

MM

Canister

AirҞ

(N2)*

UC 
(with hole at the bottom)

R/BTent house

M

During normal operation

2
2

: Fuel debris

Inner 

container

Waste storage 
container

Waste 
transportation 

cask
: LLW

AirҞה (N2)* With nitrogen purging function.

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 50ɛSvper year.

* Numerical values are provisional.

6. Implementation Items of This Project 

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

Å 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

Å 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 PCV, etc.

Specifically, the flow of air supply/exhaust, type of atmospheric gas inside the cells and the monitoring position

were studied.

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

H) Future plans

Å 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

6. Implementation Items of This Project

[1) (1) Development of the Method for Installing Access Equipment]
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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
The ñexistingtechnologiesòare used or combined for the installation method.

Along with using general technologies and results of past research, practical studies are conducted while comparing

with the environment (reduction in personnel exposure, prevention of spread of contamination, dust reduction, etc.)

specific to the stabilization of Fukushima.

V Implementation items and results
Studies on the method and detailing of procedures concerning installation of access equipment (shielding door,

cell adapter, large cells) installed inside the R/B.

[Results]: Detailing of the overall procedures concerning the access equipment (installation steps)

Detailing of installation procedures of the cell adapter, which are believed to be technically highly difficult

(installation steps)

Clear specification of the method of identification and resolution of issues in the installation procedures

6. Implementation Items of This Project

[1) (1) Development of the Method for Installing Access Equipment]
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No. 1. Work of ground preparation outside the R/B 2. Removal of RHR pipes inside the R/B
3. Removal of BSW in front of air lock and around X-6 

penetration

C
o
n

c
e

p
tu

a
l 
d

ra
w

in
g

P
ro

c
e
d
u
re

The embankment in the area on the west side outside 

the R/B is flattened so that its floor level is the same as 

the floor of the R/B.

Inside R/B: TP.8.9mה

Outside R/B: TP.9.4m ҜTP.8.9mה

After the dose around the RHR pipes and the residual 

material inside the pipes is verified, the shielding 

material and support are removed.

G/H is installed for cutting the pipes, a pipe balloon plug 

is installed on both sides of the section of the pipes to 

be removed, and after a blowing agent is filled, the 

pipes are cut and the opening is closed.

The shield wall around the X-6 penetration and the 

BSW in front of the personnel access lock and on the 

western passageway are removed using an electric 

crane, and a temporary shield is installed in front of the 

personnel access lock. Thereafter, 3D measurement of 

the form of the surface of the PCV concrete wall is 

performed.

R
e
m

a
rk

s General construction work Negative pressure is created in G/H using the local 

exhaust ventilation system, etc. to control dust and 

prevent its dispersion inside the building.

The G/H used at the time of cutting the RHR pipes is used. 

New G/H is not installed. The jacket type shield which had 

been used in the past at Mitsubishi Heavy Industries, Ltd. 

is used as temporary shielding.

Inside R/B Inside R/B

TP . m TP8.9m TP8.9m
TP . m

Current state of the outdoor area After ground preparation work Illustration of G/H Illustration of cutting the 

RHR pipes

Western street

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

[Result]: Overall step diagram

Installation of large heavy structures

G/H

G/H
G/H

6. Implementation Items of This Project 

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

Laid iron plate

Ground preparation area

Crushed 
stone

Existing 
ground

Existing 
ground

Crushed 
stone

Group preparation 

using concrete

Workers enter 

from the access lock

Sheet covering
Sheet 
coveringWire saw

Cutting 
location

Cutting 
location

Workers enter 

from the access lock

Step (1): Removal of BSW

Step (2): Installation of temporary shielding

RHR 
pipe

Local exhaust 
ventilation system 

Local 
exhaust 
ventilation 
system 

RHR 
pipe

Local exhaust 
ventilation system Equipment 

carry-in route

Equipment 
carry-in route

Remote 
operation

In front of personal air lock

Temporary shielding

Shielding wall for 
X-6 penetration
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No.
4. Making an opening in the building wall outside the 

R/B

5. Centering and layout marking inside and outside the 

building
6. Installation of shielding door base plate

C
o
n

c
e

p
tu

a
l 
d

ra
w

in
g

P
ro

c
e
d
u
re Indoor G/H, vinyl covering, simple outdoor tent house are 

installed as dispersion prevention measures, measures to 

prevent exposure (temporary shielding installation) are taken 

and then openings are made in the building wall at 3 

locations using a wire saw.

After marking the locations on the PCV concrete wall (opening) 

inside the R/B, the installation location of shielding door base 

plate, and the location for laying the rail, etc., the markings are 

extended on the floor of the outdoor yard.  

After searching for the rebars, the shielding door base plate is 

fixed by placing anchors.

R
e
m

a
rk

s The simple tent house and the work of making openings in 

the building carried out at the PWR plant have the same 

results

(Reactor internal structures replacement work, etc.)

General construction work The results of the 3D measurement of the PCV concrete 

surface are reflected in the base plate form.

Illustration of layout marking inside R/B

Illustration of layout marking outside R/B Illustration of the shielding door base installation

Installation of large heavy structures

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

[Result]: Overall step diagram

6. Implementation Items of This Project

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

Opening for entry 

of workers

Building frame (Blue color)

Building opening for 

the fuel debris retrieval cell

Building opening for the mini cask cellSimple tent 

house

Building opening for the fuel debris 

retrieval cell
Indoor   Outdoor

Building opening for the mini cask cell
Simple tent house

Base line (reference)

Electric shutter

Center of the rail

Temporary shield

Shielding door base plate

Area for anchor placement

Shielding door base plate

Cart for 

installation
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ˉ 7. Shielding door installation
8. Laying of rail for carrying the cells in and out of 

the building 
9. Installation of outdoor tent house

C
o
n

c
e

p
tu

a
l 
d

ra
w

in
g

P
ro

c
e
d
u
re

The shielding door frame / shielding door is carried in by 

means of the installation cart and bolted.

The rail is installed inside the R/B by means of the electric fork, 

and the base plate is installed outside the R/B by means of a 

crane, etc.

After laying the rail, the work of centering and leveling the rail is 

carried out inside and outside the building.

Tent house is installed at the outdoor ground preparation 

location.

(Installed so that it covers the area where the cells are 

installed.)

The ancillary facilities and utilities are set up and installed.

R
e
m

a
rk

s

ˈ

The base plate installation and rail installation work carried out 

at the PWR plant has the same results.

(Reactor internal structures replacement work, etc.)

The roof of the tent house is planned to be retractable so that 

access can be provided to the crane, etc. for transferring the 

LLW and debris storage cells.

Illustration of the shielding door installation

Rail for carrying in the cells

Arrangement of the rail outside the building

Arrangement of 

the rail within the building

Base plate

Outdoor tent house

Installation of large heavy structures

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

[Result]: Overall step diagram

6. Implementation Items of This Project

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

Installation cart

Shielding door frame / 

shielding door
Rail for carrying 

the cells in and out

Electric fork
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ˉ
10. Making a hole in the PCV concrete wall 

and cutting the X-6 penetration

11. Carrying-in and installation of cell 

adapter

12. Installation of the 

equipment/equipment transfer system cell 

C
o
n

c
e

p
tu

a
l 
d

ra
w

in
g

P
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c
e
d
u
re

The cell for making the hole is installed, and an 

opening is made in the PCV concrete (BSW) wall. X-6 

penetration is cut when the opening is being made and 

a closing plate is installed.

After carrying out the work of cleaning the PCV wall 

surface, conducting 3D measurement and making the 

cell adapter groove, the cell adapter is carried in using 

the cell adapter transportation cart and installed.

The shielding door and the cell adapter are welded 

together.

After closing the shielding door, the cell is temporarily 

placed on the rail with a crane, and then is carried in 

and joined (welded).

After the cell is joined, a pressure resistance test of the 

inside of the cell is conducted.

Similarly all cells are carried in and installed.

R
e
m

a
rk

s

The results of past subsidy projects are utilized to the 

maximum in the method of making the opening in the 

PCV concrete wall (BSW).

Core boring (Example of method of making an opening)

Issue: Processes concerning establishment of the boundary

Installation of large heavy structures

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

[Result]: Overall step diagram

6. Implementation Items of This Project

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

Temporary shielding

Green house  

Shielding door

Penetration plug

X-6 

penetration

Cutting

Penetration 

plug

Closing 

plate

Arm for grabbing 

cell adapter

Robot arm for welding

Welding equipment 

and tool rack

Cell adapter

Cell adapter transportation cart

PCV concrete wall

Shielding wall

Cell adapter

Welding location

Mini cask cell

Canister cell

Fuel debris

transportation cask cell

LLW transportation 

cask cell

Air-tight door Shielding door

Confinement boundary

Welding
location

Fuel debris retrieval cell Cell adapter

Green house
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Installation of base plate Shielding door installation BSW drilling (Temporary closure and reduction 

in length of X-6 penetration)

Installation of fuel debris retrieval cell

X-6 penetration

Installation of cell adapter (remote operation)

Connecting the shielding door and cell 

adapter: Welding (2 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.

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

Connecting the fuel debris retrieval cell 

and shielding door (inside): Welding

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

Base plate Shielding door

PCV steel plate

6. Implementation Items of This Project

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

ˉ
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

C
o

n
c
e

p
tu

a
l 
d

ra
w

in
g

P
ro

c
e

d
u

re

With the shielding door ñopenò, the 

position of the cell adapter is adjusted in 

the vertical and horizontal direction such 

that it does not interfere with the 

shielding door frame.

The cell adapter is moved forward, and 

after the cell adapter passes the 

shielding door frame, the transportation 

cart is stopped and presence of any 

interfering objects is confirmed.

The cell adapter is moved forward, and 

inserted while making sure it does not 

interfere with the BSW and X-6 

penetration part with the help of a 

camera. Once near the X-6 penetration, 

the cell adapter is lowered to avoid 

interfering with the X-6 penetration.

After installing the cell adapter, each 

boundary component is confirmed by 

means of a camera.

Is
s
u

e
s 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

Shielding door

(Blue)

Base plate (Yellow)

X-6 penetration 

(Red)

Cell adapter (Green)Cell adapter (Green) Cell adapter (Green)

Cell adapter 

(Green)

BSW

Interfering objects confirming location Interfering objects confirming location Interfering objects confirming location

6. Implementation Items of This Project

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

Element test ᵑ

Element test ᵒ

Element test ᵓ

Overall verification test

Unit 5  Field investigation

[Legend]

6. Implementation Items of This Project

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

Issue Method of resolving the issue Test plan Remarks

Establishment of the method of scanning from the X-6

penetration location to the CRD opening and the

method of making the marking for the cells

· Desk study of the scanning method and marking

technique will be conducted.

· The feasibility of the methods studied will be verified

using simulated bodies.

[Elemental test ]

· 1/1 scale simulation

· Ascertaining the coordinates by

means of 3D measurement

µ  Status at Unit 5 will be

verified

(FY2022)

Checking of the status of BSW rebars for placing post

installed anchors

Strength of BSW is unknown

· Will be verified at Unit 5 for reference-
· Rebars in Unit 5 will be

explored (FY2022)

Method of carrying-in, transportation and installation of

shielding door
· Desk study - -

 Making an opening in the concrete

 Method of cutting X-6 penetration

 Dust behavior when the opening in concrete is made

  Subsidy projects that have been implemented in the

past are planned to be utilized.

 Desk study will be conducted

 Circumstances will be estimated through analysis

-
 Dust behavior is planned

to be analyzed

Study of method of polishing by means of remote

operation

· Desk study

(Identification of specifications required for remote

operation)
- -

Study of 3D scanning method for the PCV steel plate

with the marking location of the fitting reference line as

a guideline

· Desk study will be conducted on the method.

Viability of the studied methods will be verified using

simulated bodies

-

(3)
Manufacturing the cell

adapter
-

(4)
Processing the cell

adapter connecting flange
-

(5)
Connecting the cell

adapter and flange
-

(2) Installing the shielding door

· The cell adapter will be manufactured on a trial basis

using the results of the 3D measurement performed in

(2), whether or not it fits on to the simulated PCV will be

checked, and viability of processing will be verified.

[Elemental test ]

· 1/2 scale simulation

· Ascertaining the form by means of

3D scanning

· Manufacturing of simulated cell

adapter

(Verification of fitting)

(3) Making an opening in the PCV concrete

wall and severing X-6 penetration

3. Cell adapter processing

(1) Polishing the surface adjoining the PCV

wall surface

(2) Performing 3D measurement of the surface

adjoining the PCV wall surface

Carrying

out work

at the

plant

Advisability of processing the flange based on the

results of 3D measurement

Work step

(1) Measuring and marking the cell installation

location

(1) Installing the shielding door base plate

2. Installation of shielding door

1. Advanced preparation
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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

6. Implementation Items of This Project

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

Element test ᵑ

Element test ᵒ

Element test ᵓ

Overall verification test

Unit 5  Field investigation

[Legend]

Work step Issue Method of resolving the issue Test plan Remarks

(1) Inserting the cell adapter in the BSW
Interference of shielding door and BSW concrete

with the machined surface

· Checking for interfering objects by inserting using simulated

bodies

· Identification of specifications required for remote operation

-

  Aligning the cell adapter on the PCV side
Establishment of the method of positioning the cell

adapter on the PCV steel plate

· Desk study of the method

· Verification of viability of the methods studied using simulated

bodies

· Identification of specifications required for remote operation

-

 Aligning the cell adapter on the shielding door side
Establishment of the method of positioning the cell

adapter on the shielding door side

· Desk study of the method

· Verification of viability of the methods studied using simulated

bodies

· Identification of specifications required for remote operation

-

 Measuring the gap between the cell adapter and the

PCV surface

Establishment of a method of gap measurement by

means of remote operation

· Desk study of the method

· Verification of viability of the methods studied using simulated

bodies

· Identification of specifications required for remote operation

-

 Measuring the gap between the cell adapter and the

shielding door frame

Establishment of a method of gap measurement by

means of remote operation

· Desk study of the method

· Verification of viability of the methods studied using simulated

bodies

· Identification of specifications required for remote operation

-

 Welding the cell adapter to the PCV wall surface

Establishment of a method of welding the cell

adapter and the PCV steel plate by means of remote

operation

· Desk study

· Identification of specifications required for remote operation

(Results of existing subsidy projects will be used)
- -

 Welding the cell adapter to the shielding door side

Establishment of a method of welding the cell

adapter and the shielding door by means of remote

operation

· Desk study

· Identification of specifications required for remote operation
- -

(1) Closing the shielding door - - - -

(2) Carrying-in the cell -
· Carried in by means of usual methods (TIR roller, etc.) using

simulated bodies (including rail)

[Overall construction verification test]

· 1/2 scale simulation

(Cell length about 1m)

-

(1) Pressure resistance test - - - -

[Elemental test ]

· 1/2 scale simulation

(Part which will be checked for

interfering objects will be at 1/1 scale)

· Checking for interfering objects

· Verification of positioning

(Accuracy ˶7.5mm or less)

· Verification of gap measurement

4. Cell adapter connection work

(2) Aligning, welding and inspecting the cell adapter

5. Cell installation

6. Boundary inspection
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Installation of large heavy structures

(5) Implementation items

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

V Contribution of the results towards the reflection destination

Contributes to substantiation of the procedures for installing access equipment inside the R/B for the side access method.

V Analysis from the viewpoint of on-site applicability

Procedures are studied based on the structures inside Unit 3 R/B, and methods are studied considering on-site applicability.

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

possible.

V Issues

Work through the X-6 penetration and work after removing BSW is carried out under high-dose radiation environment and

hence needs to be carried out by remote operation. (Remotely carrying out the following work, in particular, is challenging.)

Ascertaining the reference location required for installing access equipment and the method of marking the layout

Method of ascertaining the shape of the cell adapter and the PCV steel plate at the time of connection

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

6. Implementation Items of This Project 

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

6. Implementation Items of This Project

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

(5) Implementation items

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

application.

[Objective] Verification of the viability of the following issues identified in (5)-2 by element tests and workability in case

of remote operation.

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

2) Method of positioning the cell adapter with the PCV steel plate

3) Method of remotely confirming the position at the time of carrying-in and installing the cell adapter

(Remote operations are not be performed during the test. The scope of the test is to perform simple carrying-in

and installation and to clearly specify the specifications required of the remotely controlled equipment.)

V Comparison with existing technologies
The ñexistingtechnologiesòare used or combined for the installation method.

Along with using general technologies and results of past research, practical studies are conducted while comparing

with the environment (reduction in personnel exposure, prevention of spread of contamination, dust reduction, etc.)

specific to the stabilization of Fukushima.

V Implementation items and results
Element tests were conducted concerning the following issues identified in (5)-2 using test pieces.

[Results] Element test plan

Study of the element test details and test pieces, and arrangement of the pieces

Implementation of element tests, provision of the results as feedback for the study on detailing of each

method

6. Implementation Items of This Project

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

reference line

[R/B] [Factory] [R/B]

Rail inside the cells

Fuel debris retrieval cell

Shielding door

X-6 penetration

installation 

reference line

Rail installation 

reference line

Pedestal

installation 

reference line

Rail installation reference line

Shielding door

Fuel debris 

retrieval cell

[1] Establishing the installation reference 

line
[2] Establishing the rail installation reference line

[3] Installing at the place 

where the rail installation position reference line 

coincides with the installation reference line.

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

[1] Establishing the installation reference line joining the pedestal opening and 

the X-6 penetration opening.

[2] The rail installation reference line is established for the cell.

[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.

6. Implementation Items of This Project

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

isolation chamber

2. Carrying-in of the 

measurement robot
3. 3D scanning on the 

R/B side

4. 3D scanning of X-6 

penetration

7. Pulling out of 3D scanner on 

the R/B side

5. Installation of 3D scanner 

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

the PCV
8. Clearing

6. Implementation Items of This Project

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

Robot carry-in 

chamber

Hatch 

isolation 

chamber

Air-tight 

door

PCV steel plate
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CRD exchange
X-6 penetration

Robot carry-in 

chamber back hatch

Target

Robot carry-in 
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Robot 

carry-in 
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Measurement robot
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Target
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back hatch
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3D scanner
Measurement 

robot

Robot 

carry-in 

chamber 

back hatchX-6 penetration

PCV steel plate

CRD opening

Inclined rail 

for CRD 

exchange

X-6 penetration

PCV steel plate

CRD opening

Inclined rail 

for CRD 

exchange
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Details

Å Confirming that the air-tight door of hatch isolation 

chamber is ñclosedò

Å Verifying the air-tightness of the hatch isolation 

chamber and the robot carry-in chamber

Å Confirming the dust concentration of the robot carry-in 

chamber

Å ñOpeningò the back hatch of the robot carry-in 

chamber

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

in chamber

Å Laying the cables for the measurement robot

Å Installing the target inside the robot carry-in chamber

ÅInstalling the target on the R/B wall 

surface

Å3D scanner (Omnidirectional)

Å ñClosingò the back hatch of the robot carry-in chamber
Å ñOpeningò the air-tight door of the hatch isolation chamber

Å Placing the 3D scanner at the center of the X-6 penetration

Å 3D scanning (omnidirectional)

Target

Robot carry-in 

chamber

Hatch isolation 

chamber

Air-tight 

door

Robot 

carry-in 

chamber 

back hatch X-6 penetration

Measurement robot

PCV steel plate

CRD opening

Inclined rail for 

CRD exchange

3D 
scanner

Target

Robot carry-in 

chamber

Hatch isolation 

chamber
Air-tight 

door

Robot 

carry-in 

chamber 

back hatch

X-6 penetration

Measurement robot

PCV steel plate

CRD opening

Inclined rail for 

CRD exchange

3D 
scanner

Target

Robot carry-in 

chamber
Hatch isolation 

chamber

Air-tight 

door

Robot 

carry-in 

chamber 

back hatch

X-6 penetration

Measurement robot

PCV steel plate

CRD opening

Inclined rail for 

CRD exchange

Target

Robot carry-in 

chamber

Hatch isolation 

chamber

Air-tight 

door

Robot 

carry-in 

chamber 

back hatch

X-6 penetration

PCV steel plate

CRD opening

Inclined rail for 

CRD exchange

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

penetration

Å Inserting and positioning the 3D scanner inside the 

PCV
Å3D scanning (Omnidirectional)

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

Å Withdrawing the measurement robot to the robot carry-in 

chamber

Å ñClosingò the air-tight door of the hatch isolation 

chamber

Å Nitrogen purging of robot carry-in chamber

Å ñOpeningò the back hatch of robot carry-in chamber

ÅCarrying-out the measurement robot from the 

robot carry-in chamber
Å ñClosingñ the back hatch of the robot carry-in chamber
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[Element test Establishment of the reference line marking method]
ü 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.

ÅSimple 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.)

ÅThe installation reference line is marked on the building floor based on the coordinate data, and its accuracy is verified.

Illustration of 3D scanning

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).

Simulated R/B wall surface

Simulated isolation chamber

Simulated BSW
(Not essential) PCV simulation

Simulated pedestal 

opening

Simulated inclined rail 
for CRD exchange

Simulated X-6 penetration

Target B

3D scanner (Measurement data A, B)

3D scanner
(Measurement data C)

Target A

Simulated

isolation

chamber door

Simulated air-tight door

[Supplement]

ÅIt is assumed that the isolation chamber is set up based on the

assumption that measurement can be performed during the

ñDetailedInvestigation Inside PCVòin Unit 3.

Å1/1 scale simulation

Å3D scanner is the type equipped with a laser tracker

3D scanning while the isolation chamber door is 

open

(Acquisition of data pertaining to Target A and B)

Closing the isolation chamber door and 

releasing the air-tight door

3D scanning while the air-tight door is open

(Acquisition of data pertaining to Target A and X-

6 penetration)

Inserting the scanner into PCV

3D scanning in PCV

(Acquisition of data pertaining to X-6 penetration 

and pedestal opening)

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

6. Implementation Items of This Project

[1) (1) Development of the Method for Installing Access Equipment]
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[Element test Verification of whether or not the cell adapter connecting flange can be processed]
ü 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.

Scanner Shielding door 

frame (Simulated)

Shielding door (simulated)

Pillars in the 

building

BSW opening

BSW

Building floor

X-6 penetration

(Simulated)

PCV steel plate 

(simulated)

Illustration of the scanning test of the PCV steel plate surface

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

those results.

Temporary 

shielding wall

3D scanning of the simulated PCV steel plate surface 

including the X-6 penetration is performed

(Acquisition of multiple data)

Digitalization of the PCV steel plate surface by 

integrating multiple data

Designing and processing of the cell adapter 

connecting flange

Verification of the installation of the cell adapter 

connecting flange and the PCV steel plate surface

Å 1/2 scale simulation

Å 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.

[Supplement]

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

6. Implementation Items of This Project

[1) (1) Development of the Method for Installing Access Equipment]
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[Element test Verification of the insertability of the cell adapter]

ü In order to identify specifications required for remote operation, the cell adapter is inserted in the simulated 

body and the workability is verified.

Illustration of the work of carrying-in the cell adapter

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

Cell adapter

Shielding door 

frame

(Simulated)

Shielding door 

(simulated)

Pillars in the 

building

BSW opening

BSW

Building floor

X-6 penetration

(Simulated)

PCV steel plate 

(simulated)

Temporary 

shielding wall

(Note) 1/2 scale simulation

The ability to carry in the cell adapter through the BSW

opening /shielding door frame is verified.

Confirming for interference with the shielding door

frame and the BSW opening

Verifying the ability to carry-in while the X-6

penetration still remains

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

frame and the cell adapter is verified.

Rail for carrying in 

and out

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

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

6. Implementation Items of This Project

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

ü 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]

üPartially simulated PCV and BSW around the X-6 penetration inside R/B

üSimulated 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.)

üThe plan is to basically simulate to 1/2 scale.

Fuel debris retrieval cell

Rail for carrying in the cells

Shielding door frame

Shielding door

Cell adapter

X-6 penetration 

(after cutting)

PCV steel plate
PCV concrete (BSW)

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.

6. Implementation Items of This Project

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

6. Implementation Items of This Project

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

6. Implementation Items of This Project

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

(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

6. Implementation Items of This Project

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

(5) Implementation items

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

[Result]: Cell adapter installation procedures (Proposed)

Work step

1. Advanced preparations

(1) Polishing the surface adjoining the PCV wall surface

(2)
3D measurement of the surface adjoining the PCV wall 

surface

(3) Fabricating the cell adapter

(4) Processing the cell adapter connecting flange

(5) Connecting the cell adapter and the cell adapter connecting flange

2) Cell adapter connection work

(1) Inserting the cell adapter

(2) Positioning the cell adapter

(3) Welding/inspecting the cell adapter

Positioning on the PCV side (a in the figure)

Welding the PCV side and the PCV wall surface (a in the 

figure)

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

Welding the fuel debris retrieval cell and shielding door

Inspecting the welded part

Proposed inspection method: Management of execution procedures 

+ visual inspection + leakage inspection

Cell adapter transportation cart and 

welding equipment (image)

Cell adapter transportation cart

Cell adapter
Welding equipment / tool rack

Cell adapter grabbing arm

PCV

For welding

Robot arm

Factory

Shielding door

Cell adapter

PCV

BSW

b

a

Connecting flange

Development of detailed procedures for inserting and 

installing the cell adapter

ᵽ
Establishment of installation adjustment method 

considering the possibility of installing remotely and 

setting of adjustment margin

ᵽ
Clarification of required specifications of the equipment 

for remote installation

[Issues]

6. Implementation Items of This Project

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

(5) Implementation items

(5)-4 Organizing the required specifications of the equipment 

for remote installation

[Result]: Cell adapter installation procedures Proposed

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).

*1) Shielding door, cell adapter, large cells

Cell adapter
Fuel debris retrieval cell

(Partial simulation)

Illustration of element tests

Carrying-in and 

installation of cell adapter

Installation of fuel debris 

retrieval cell

ˉ Issues Test details

1
Development of detailed procedures for

inserting and installing the cell adapter
1) 3D measurement and shape verification of the cell adapter and PCV steel plate

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

6) Verification of the workability of welding the large cells, cell adapter and the shielding door

(Manual welding)

2

Establishment of installation adjustment

method considering the possibility of

installation remotely and setting of

adjustment margin

3
Clarification of required specifications of

the equipment for remote installation

Shielding door

(Shape simulation)

Rail

(Shape simulation)

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

6. Implementation Items of This Project

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

The required functions are classified based on the requirements consolidated, and the 
specifications are consolidated accordingly. Shielding door

Cell adapter

PCVb

a

Connecting flange

Illustration of cell adapter installation cart
Cell adapter transportation cart

Cell adapter

Cell adapter

Grabbing arm

PCV

Welding equipment

6. Implementation Items of This Project

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

Requirement

(1) Should be able to polish the PCV steel plate by means of remote operation

(2)
Should be able to remotely measure the PCV steel plate surface and the BSW opening with reference to the

existing layout marking line

(3) Manufacturing the cell adapter

(4) 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

(1) Should be able to remotely carry in the cell adapter without any interference up to the reference location

(2)

Should be able to remotely move up to the prescribed location based on the 3D measurement results

Should be able to remotely measure the perimeter of the gap with the PCV steel plate while holding the cell

adapter

Should be able to remotely weld the cell adapter and the PCV steel plate while holding the cell adapter

Should be able to remotely move up to the prescribed location based on the 3D measurement results

Should be able to remotely measure the perimeter of the gap with the shielding door while holding the cell

adapter

Should be able to remotely weld the cell adapter and the shielding door while holding the cell adapter

Should be able to remotely perform VT inspection of the welded part

In-factory work

Work step

Polishing the surface adjoining the PCV wall surface

3D measurement of the surface adjoining the PCV wall surface

1. Advanced preparation

2. Cell adapter connection work

 Alignment of the cell adapter on the shielding door side (b in the figure)

 Gap measurement

 Welding the shielding door side of the cell adapter and the shielding door (b in the figure)

 Inspection of the welded portion

Inserting the cell adapter

Aligning/welding/inspecting the cell adapter

 Alignment of the cell adapter on the PCV side (a in the figure)

 Gap measurement

 Welding of the PCV side of the cell adapter and the PCV wall surface (a in the figure)

Function 

ᵑ Ease of traveling Traveling speed ƺ m/min or more

Ability to climb Should be able to climb a gradient of ƺ °

ᵒ Operability

ᵓ Ability to be positioned (accuracy)

ᵔ Safety

ᵕ Ease of maintenance

ᵖ Resistance (Radiation resistance and useful life)

Specification

Under examination
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Installation of large heavy structures

(5) Implementation items

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

V Contribution of the results towards the reflection destination

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

access method.

V Analysis from the viewpoint of on-site applicability

When the structure inside the R/B of Unit 3 and test piece are simulated, although the scale is reduced to

1/2 and the weight is not simulated, the small size makes handling easier, and as the environmental

conditions (shape of the BSW opening / PCV steel plate, etc.) that are required for installation are

simulated, it becomes easier to verify workability at the site. (Reference: No. 76, 80, 81)

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

considered.

6. Implementation Items of This Project

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

(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).

6. Implementation Items of This Project

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

üThe 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.

üThe 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.

üAs 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.

üThe 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.

üSince 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.

Installation of large heavy structures

6. Implementation Items of This Project

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

Ƹ
MRI Interim Report

Ƹ

MRI Interim Report

Ƹ

MRI Final Report

Ƹ

Element test plan (detailed study)

Creation of report

Element test

Manufacturing of element test equipmentPreparation 

for element 

tests

Organization of installation 

conditions

Substantiation of the work carried out inside 

the fuel debris retrieval cell

Specification of remote installation equipment and 

installation tools

Detailing of installation procedures

Specification of installation procedures

Detailed examination 

of structure

Required installation 

accuracy

Assumption of failure 

mode of the 

components

Risk assessment / 

Study of response

IDR (Element test plan)

IDR (Structure of the 

access equipment)

Element test plan (brief study)

(7) Development Schedule

Under 

review

Study items
FY2021 FY2022

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

Major milestones

(a) Detailed study of 

the structure of the 

access equipment

(b) Study on 

detailing of steps 

involved in 

installing the 

access equipment

(c) Element test

verification of the 

installation 

procedures

(d) Detailing of the 

work carried out 

inside the cells of the 

fuel debris retrieval 

equipment

(e) Creation of a report on 

installation of large heavy 

structures

Remarks

Interim Report

Ƹ
Interim Report

Ƹ

Interim Report

Ƹ

Final report

Ƹ

[Legend] Plan: Actual:

Study of element test plan

Creation of report

Element test

Manufacturing of element test equipment

Preparation for 
element tests

Review as appropriate

Organization of installation conditions

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

Specification of installation equipment and tools

Detailing of installation steps

Specification of installation procedures

Substantiation of the work carried out inside and outside the fuel debris retrieval 
cell and study on cell structure

Detailed examination of 
structure

Required installation 
accuracy

Assumption of failure mode of the components

Risk assessment / Study of response

Installation of large heavy structures

6. Implementation Items of This Project 

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

Solicitation items are listed.

6. Implementation Items of This Project 

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

Å 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

Ÿ Verification of the feasibility of the delivery method by simulating the shape (Implemented in FY2018)

Verification of feasibility of the rotating part by simulating the mass (Implemented in FY2020-21: Ensuring Safety PJ)

With 1800mm thick BSW, the load needs to be supported and displacement in the event of an earthquake needs 

to be absorbed.

Ÿ Verification of feasibility of displacement absorption mechanism (Implementation in FY2020-21: Ensuring Safety PJ)

Study of installing and welding the sleeve, etc. (This project)

Overview of the access tunnel is provided below.

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

▪◒☿☻♩fiⱠꜟ

PCV

Additional 

Building

Access tunnel
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Method & Systems Upgrade (Implemented in FY2017-18)

[Verification of the feasibility of the method (conducting element tests 

related to shape, dimensions, scale)]

ü Delivery of a tunnel part

ü Delivery of the curved surface tunnel through the narrow opening

ü Remote work monitoring, positioning accuracy

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

[Verification of the connection method]

ü Study of issues identified above

ü Method of connecting to the BSW (sleeve welding test)

ü Study of sleeve (displacement absorption mechanism) 

structure

Implemented in this project

[Study of the concept of the equipment for 

remotely installing the PCV connection sleeve]

ü Selection of proposal for remote installation 

of sleeve

ü Conceptual design and identification of 

issues

Biological shield opening

Location of R/B outer wall

Access tunnel (actual 

outer appearance)

Access tunnel

Delivery

Ensuring Safety (Implementation in FY2020-21)

[Verification of feasibility looking ahead at the actual 

equipment]

ü Study of the method of remotely installing and welding 

the sleeve (Verification at full scale)

ü Addition of shield and disassembly of shield plug

Items to be studied in future

ü Study of developmental challenges identified during engineering and 

technical development, etc.

6. Implementation Items of This Project

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

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

Outsourced to TEOCO HD (Implemented in FY2020-21)

[Verification of feasibility through testing]

ü Delivering heavy weight objects (Verification of the 

slide part)

ü Displacement absorption mechanism (Verification of 

quantity of leakage)]

PCV connection sleeve installation and welding by remote operation

PCV connection 

sleeve

Displacement absorption 

mechanism

Load support point

Slide part

Sleeve

Load support 

point
Approx. 1800mm

Displacement 

absorption 

mechanism

Welding
PCV 

(equipment hatch)

Access tunnel Sleeve
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[Status of studies conducted up to FY2020]

<PCV connection sleeve welding>

¸ Consolidation of welding conditions of equipment hatch shell and PCV connection sleeve 

¸ Welding element test (Verification of gap that can be welded)

¸ Selection of abrasive

¸ Study of grinder (Implementation of trial test)

Ҝ 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.

Testing by setting conditions Element test Full scale mock-up tests

V Stacking method
VWelding position
V Heat input for welding
V Welding gap

V Series of procedures
V Process management
V Inspection (Fluorescent PT)

V Verification of welding strain

V Cold crack measures

V Welding gap
(Equipment similar to the 
actual equipment)

Implemented

Implemented in this project

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

Illustration of the PCV connection 

sleeve installation (Unit 3)

Gap

Flat plate (t=12) Flat plate (t=90)
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[Implementation details]

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

Å 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.)

Å The requirements for welding, repairing, inspecting and maintaining the sleeve are

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, are studied.

Å Element tests on the remote sleeve installation method and the welding

procedures are planned and implemented to verify feasibility.

[Issues]

Å 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.).

Å 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.

[Expected outcome]

Å Presentation of a method for remotely installing the sleeve

Å Presentation of a series of welding procedures related to the sleeve

Illustration of the PCV connection sleeve 

remote installation (Unit 3)

Illustration of PCV connection sleeve welding equipment

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

Robot

Scaffolding seal cover 

installation equipment

Polishing and inspection equipment
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[Issue]

¸ Positioning the sleeve and the equipment 

hatch

PCV connection sleeve installation equipment

PCV 

connection 

sleeve

Equipment hatch

[Issue]

¸ Remotely welding the sleeve and the 

equipment hatch

¸ Method of inspecting / polishing the welded 

part

Welding machine Main 

body of 

AT

[Issue]

¸Remotely welding the sleeve and main body of AT

¸Method of welding / inspecting the welded part

¸Pressure resistance testing method

(Implementation through actual equipment 

engineering)

[Issue]

¸ Method of cutting equipment hatch

(Implementation through actual equipment 

engineering)

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).

Scope of verification 
by means of the test

Work steps

Delivering the sleeve

Installing the sleeve on to the equipment 

hatch*1

Verifying the installation status of the sleeve *1

Removal of part of the equipment hatch 

scaffolding

Blasting the welded part

Work steps

Welding the sleeve and the equipment hatch

Installing and welding the scaffolding seal 

cover*2

Welding of the equipment hatch door part 

(existing seal)

Polishing the welded part

Inspecting the welded part (VT/ fluorescent 

PT)

Work steps

AT main body delivery and joining with the 

sleeve

Welding the AT and sleeve

Polishing the welded part

Inspecting the welded part (VT/ fluorescent 

PT)

Pressure resistance test

Work steps

Operating the additional building

Installing the equipment hatch door 

cutting and removal equipment

Cutting the equipment hatch door

Collecting and removing the cut pieces 

of the equipment hatch door

PCV connection sleeve installation PCV connection sleeve welding
Installation and welding of the main body 

of the AT*3
Cutting and removal of equipment hatch 

door

*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 study

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]

Cutting lines (Lattice)
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[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.

<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

carried out to verify the soundness of the welded part.

Selection of remote 

installation equipment

Designing of remote 

installation equipment

Manufacturing of remote 

installation equipment

Test implementation of 

remote installation

Verification of remote 

installation accuracy

Study of welding related 

equipment

Designing of welding 

related equipment

Manufacturing of welding 

related test equipment

Implementation of 

welding test

Determination of 

welding test conditions

Determination of location before 

starting the work of welding the 

equipment hatch and sleeve

Preliminary test

6. Implementation Items of This Project

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

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

study procedures]

[Remote welding 

study procedures]

Required accuracy Remarks

The gap between the PCV connection 

sleeve and the  equipment hatch shell 

must be 20mm or less.

(Target value: 7.5mm)

As it has been confirmed during the FY2019-20 

subsidy projects that a gap of 20mm or less can be 

welded, the sleeve installation accuracy 

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 is set at 7.5mm.

Robot
Scaffolding seal cover 

installation equipment

Polishing and inspection 

equipment, etc.
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(Proposal 1) 

Forklift method

(Proposal 2) 

Traveling rail method

(Proposal 3) 

Integrated delivery method

(Proposal 4) 

Rail delivery method

(Proposal 5) 

Boom method

Implementation items Implementation details

Selection of proposed remote installation 

equipment

(Consolidation of preliminary review results)

Conceptual study is conducted, remote installation equipment is selected from multiple proposed 

equipment, and conceptual design is developed. The delivery equipment is selected based on the 

results of conceptual design.

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

implemented.

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

around the equipment at the tip is manufactured.

Test implementation of remote installation
Installation test is conducted using a simulated sleeve to verify the installation procedures and 

accuracy.

Verification of consistency with the results of the 

welding element test

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.

The installation accuracy with respect to the simulated equipment hatch and 

simulated biological shield (simulated BSW) is verified.

[Implementation details]

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

(Note) The figure illustrates Unit 1
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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

No Items Preconditions Remarks

1 Target

Unit 1: Installed from the 

northern side

Unit 2: Installed from the 

southern side

Unit 3: Installed from the 

southern side

Installed from the same 

opening as the access 

tunnel main body in all 

units

2 Load on the R/B floor Approx. 4.9 ton/m2

3
Dimensions of the 

assumed R/B 

opening

Unit 1: W5060 H6000mm

Unit 2: W6300 H6100mm

Unit 3: W6100 H6100mm

4
Distance from the 

R/B wall to the 

equipment hatch

Unit 1: Approx. 16m

Unit 2: Approx. 18m

Unit 3: Approx. 18m

5
Interfering objects 

inside and outside 

the Reactor Building

All must be removed.

6
BSW opening (floor 

surface)

Must be flat and at the same 

level as the first floor

7
Equipment hatch 

shell
Rust, etc. must be removed.

[Consolidation of preconditions]

W3830

D2230

H3000

PCV side

Access tunnel side

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

Cross-section A-A

A

A

BSW opening

(front view)

PCV connection sleeve weight

Unit 1: Approx. 25ton

Unit 2: Approx. 40ton

Unit 3: Approx. 400ton

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

12000 up to the reactor core
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(Proposal 1) Forklift method (Proposal 2) Traveling rail method
(Proposal 3) Integrated delivery 

method
(Proposal 4) Rail delivery method (Proposal 5) Boom method

Building floor load 

capacity

(Unit 3: 4.9tm2)
(Needs to be analyzed)

x

(Load capacity of the foot 

part at the tip x)

(As it is cantilevered it does not come in contact with the floor 

surface.)
Load from an air caster

Equipment scale Small Large Large Large Medium

Excavation outside the 

R/B
Absent Small scale (or absent) Present Present Small scale (or absent)

Track record Present Absent
Present

(Access tunnel main body mock-up)

Absent

Regular machine elements
Absent Track record of retracting of 

boom is present)

Feasibility

x x ṉ ṉ

(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.

Grave issues Present (Interference with the pillars) Present (Load capacity) Absent Absent
Present (Continuous air supply in the 

event of an emergency)

Applicability to other 

units

x

(Interference with the pillars)
ṉ

(Except building floor load capacity)
ṉ ṉ

ṉ
(Except building floor load capacity)

Impact on schedule Minor Major Medium Major Minor

Evaluation x x x

Proposal 3 and 4 were rated as ñ ò. 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. Ÿ Proposal 3 is selected.

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] 

Note: Cited from the results of the studies outsourced to TEOCO HD (Implemented in FY2020-21).
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[Conceptual design_full view (Proposal 3)]

Delivery equipment

Counter weight (CW)

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

Equipment at the tip

PCV connection sleeve

(Note) The figure illustrates Unit 3

Main frame

Note: Cited from the results of the studies outsourced to TEOCO HD (Implemented in FY2020-21).
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[Conceptual design_outline of installation steps]

Step Item Overview Work

1 Advanced preparations
The required layout, etc. is marked before installing the delivery

equipment.

Not a remote 

operation

2 Equipment installation The delivery equipment is installed including ground improvement.
Not a remote 

operation

3 Delivery (1) The sleeve is delivered up to right in front of the BSW opening.
Remote 

operation

4 Delivery (2)

It is delivered up to right in front of the equipment hatch shell by means

of the equipment at the tip, and fine adjustments are made while

confirming the gaps in the entire periphery by means of a camera, etc.

Remote 

operation

5 Seating It is seated on the BSW floor surface using the hoisting unit.
Remote 

operation

6 Fixing Reaction force jack (Fixing jack) is operated to fix it on to the BSW.
Remote 

operation

7 Withdrawal The delivery equipment is withdrawn.
Remote 

operation

¸ 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.

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

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



©International Research Institute for Nuclear Decommissioning

No.99

Before delivering
Delivering in a straight line

(Delivery (1))

Rotating the PCV connection 

sleeve (Delivery (1))

Inserting the sleeve

(Delivery (2))

1. Ground maintenance

2. Installation of the delivery 

equipment

3. PCV connection sleeve 

installation

4. Installation of main frame and 

counter weight

1. Delivery inside the R/B (delivery 

equipment)

2. Installation of counter weight 

(subsequently)

(Delivering the PCV connection 

sleeve up to a position from where 

it can be rotated)

1. Rotating the PCV connection 

sleeve (rotation unit)

2. Delivery up to the vicinity of the 

BSW opening (delivery 

equipment)

1. Insertion of PCV connection 

sleeve (extension unit)

2. Fine adjustments (extension 

unit / oscillation unit)

3. Seating (hoisting unit)

4. Fixing (PCV connection sleeve 

jack)

5. Withdrawal (delivery equipment 

/ equipment at the tip)

[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

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

(Note) The figure illustrates Unit 3

Note: Cited from the results of the studies outsourced to TEOCO HD (Implemented in FY2020-21).
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[Conceptual design_positioning method / adjustment shaft]

No. Direction Alignment mechanism

X
Delivery equipment

Rotating unit

Y Extension unit

Zɗ Oscillating unit

Z Hoisting unit

Z
 d

ir
e

c
ti
o
n

Axis of oscillation

Pivot

Oscillating unit

Hoisting unit

Extension unit

Rotating unit

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

(Note) The figure illustrates Unit 3

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

PCV connection sleeve
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Rotating unit

Extension unit

Oscillating unit

Hoisting unit

Oscillating unit

Hoisting unit

Extension unit

Rotating unit

Equipment at the tip 

during the preliminary review

[Review of remote installation equipment]

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

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.

(Rotating unit)

Large rotating 

bearing

Ÿ Shape of sleeve

(Hoisting unit)

Guide roller

Ÿ Linear guide

(Frame)

Height 

reducedPCV 
connection 

sleeve

Tip frame Approx. 27ton



©International Research Institute for Nuclear Decommissioning

No.102

[Schematic view of remote installation equipment]

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

M
a

x
im

u
m

 h
e

ig
h

t 
o

f 
e

q
u

ip
m

e
n
t

(A
p

p
ro

x
. 
3

8
0

0
)

Maximum height of equipment
Before improvement: approx. 4900mm

After improvement: approx. 3800mm
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[Illustration outlining 3D measurement]

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

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.

Motor control signal, limit switch signal

Opening (Front view)

Composed of 4 shafts: for 
rotation, extension, oscillation 

and hoisting

Composed of 4 shafts: 
rotating, shoulder, elbow 

and wrist

Opening

E
q

u
ip

m
e

n
t 
h

a
tc

h
 d

o
o

r

Delivery equipment
PCV connection sleeve

J
o
in

in
g
 p

a
rt

Inserted

Measuring arm

Equipment at the tip

Jack N Jack 1

Illustration, laser, mirror control 

signals, camera control, lights

Motor control signal, LS signal

<Measuring arm 
specifications (proposed)>

Maximum 
reach 

2000mm
Scope of movement J1: 

180

J2: -90 to 60

J3: 0 to 180

J4: 180
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[Camera arrangement plan]

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

(Camera A)

Lights A

Camera A

Lights A

Camera Lights 

Camera 

Lights 

Camera B

Lights B

(Camera B)

Lights B

Lights Camera 

Lights Camera 

(Camera B)

Lights B

Lights Camera 

Lights A

Camera A

Lights A

(Camera A)

3D sensor

Camera 

Lights 

Lights B

Camera B

Lights A

Camera A

(Camera A)

Lights A

Lights B

Camera B

Lights A

Camera A

Lights A

Camera A

Â Use of cameras / lights
Å 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.)
Å Camera / lights Verification of the positional correlation between the opening part in the vicinity of the equipment 

hatch opening and the AT sleeve
Verification of the clearance of the opening and AT sleeve at the time of insertion

Å Camera / lights Verification of operation of the lift cylinder at the time of installing the AT sleeve
Å Camera / lights Verification of the status inside the opening part, and verification of the status of the measuring 

arm
Å Camera / lights 3D measurement, and verification of the joint
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Objective Outline specifications Remarks

For comprehensive view and for verification at the 

time of passing through the R/B opening
PTZ, Collar 2 to 4 units

Verification of the positional relationship between the 

equipment hatch opening and the PCV connection 

sleeve

PTZ, Collar 2 to 4 units

Verification of the operation of the hoisting unit PTZ, Collar 1 units

Verification of the status inside the BSW opening part 

and the status of the measuring arm
PTZ, Collar 2 units

3D measurement (auxiliary), and verification of the 

clearance of target position
PT, Monochrome

1 unit

(Camera with 3D sensor)

(Note)

PTZ Pan tilt zoom type, PT: Pan tilt type

The number of units and specifications are likely to change depending on 

the designing progress and test results.

[Arrangement of cameras]

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

The plan is to perform measurement by means of 3D measurement, but every hold point is planned to 

be visually (camera) confirmed as well.
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[Implementation details]

Step* Items to be verified Implementation details
Items to be monitored, 

measured and recorded
Criteria

Verification through studies and tests

3

4
Verification of visibility of cameras, etc.

The installation location and visibility of the cameras at each step are 

studied and verified.
ü Camera image

ü Remote work should be 

possible based on the 

images form the camera

3

4
Verification of detailed procedures

The installation procedures are studied in detail, the criteria for 

moving on to the subsequent step are compiled and verified by tests.

ü Stroke, etc. of the jack 

(Details will be studied in 

the future)

ü Remote work should be 

possible by following the 

procedures studied.

3

4
Installation accuracy

Installation accuracy is verified using a simulated PCV connection 

sleeve.

(Verification of stand-alone performance of individual units)

ü Installation accuracy

ü 20mm or less

(Target: approx. 7.5mm or 

less)

Serves as input for the 

welding test.

Only studies were conducted for the following

1 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.

4 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

5 Method of detecting seating
The method of detecting that the PCV connection sleeve has been 

seated on the BSW is studied, and verified.

6 Verification of the fixing method
The procedures for fixing the PCV connection sleeve on to the BSW 

are studied in detail.

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

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

* Refer to Page No. 98 for the steps.
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[Scope of manufacturing for the mock-up test (under planning)]

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

The test equipment is made 

up of the mechanical 

equipment within the red 

frame, BSW opening and 

equipment hatch.

Scope of excavation 

Scope of excavation 

Center of gravity of the delivery frame

PCV connection sleeve

O
p
e
n
in

g
O

p
e
n
in

g

Approx. 55ton Approx. 19ton x 5Approx. 27ton x 7
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Implementation items Implementation details

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

and verified during the welding test.

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

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

Designing of welding related equipment Detailed design of the equipment studied above is developed.

Manufacturing of welding related test equipment The test equipment is manufactured.

Preliminary tests Unit test or performance verification tests are conducted.

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

Implementation of welding 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.

(Only studied) Study of non-destructive 

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

Illustration of PCV connection sleeve 

remote welding test

(Before equipment installation)

Illustration of PCV connection sleeve 

remote welding test

(After equipment installation)

Illustration of welding

[Implementation details]

(Note) The scope of simulation is planned to be 
specified in the future.

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
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[Results up to FY2020]

Issue Joining defects Issue Formation of oxides

Issue Concerns about cold cracks Issue Need for remote inspection method

Example of 

joining defects Oxides

From the results of 

tests conducted as 

part of the FY2019-

2020 subsidy projects

From the results of 

tests conducted as 

part of the FY2019-

2020 subsidy 

projects

From the results of 

tests conducted as 

part of the FY2019-

2020 subsidy 

projects

Fluorescent PT
Welding of thick plates 

(Concerns about cold cracks)

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.

These issues were studied and full scale simulation tests were 

conducted to verify remote operability.

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

Hot cracks

Cold cracks
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No.

Source studied and verified

(Issues identified during the FY2019-

20 subsidy projects)

Study / verification items Overview of studies to be conducted in FY2021-22

ᵑ Joining defects Specification of process management

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.

ᵒ Formation of oxides
Study of small welding head

(Improving shielding capabilities)

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.

ᵓ Concerns about cold cracks Study of tests on cold cracks
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.

ᵓ Concerns about cold cracks Method of preheating
The method of preheating the equipment hatch (partial or full) will be studied.

(Not applicable if -1 can be implemented)

ᵔ Need for remote inspection method
Study of inspection method other than 

fluorescent PT
Methods for remote inspection will continue to be studied.

ᵕ
Vertical downward welding

(Items that are not issues but need to be 

studied in response to test results)

Details of welding procedures, etc.

(Order of tack welding or welding)

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.

ᵖ
Occurrence of false defects

(Items that are not issues but need to be 

studied in response to test results)

Applicability of the selected abrasive to 

actual environment

The applicability will be studied and evaluated based on the data obtained during this 

subsidy project.

[FY2021-22 Implementation Details (Issues consolidated in FY2020)]

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
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[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

1 Advanced preparations

Method of removing scaffolding considering post-processing (welding)

Study of rust removal (blast) equipment *

Study of scaffolding seal cover installation equipment *

2 Welding

(1) Specification of process management ₃ ₃

(2) Improving shielding capabilities and downsizing ₃ ₃

(3) Study of preheating method and working method ₃ ₃

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

gaps)
₃ ₃

3 Polishing Study on polishing machine and on the polishing guidelines ₃ ₃

4 Inspection

(1) Study of fluorescent PT equipment and on inspection conditions 

(fluorescent agent blast pressure, etc.)
₃ ₃

(2) Study of inspection method other than fluorescent PT (including 

organizing the required inspections)
₃ ₃

(3) Verification of the accuracy of dimension measurement (by means of 

the touch sensor of a robot)
₃ ₃

5 Repairs Study of repairing equipment and method *

6 Pressure resistance test
Study of pressure resistance testing method (after connecting the access 

tunnel main body)

Note) The items with ñ ò will be implemented during actual equipment engineering * Studies conducted up to FY2020.

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
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[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

Equipment hatchAT Sleeve

Gap G

Underlaying fillet welding

Leg length welding

Bridge welding

Underlaying fillet welding: Fillet welding for filling gap G
Bridge welding: Welding for joining the underlaying fillet welding and the equipment hatch
Leg length welding: Fillet welding for meeting the required leg length

Appropriate gap 
(ŭ)target

Equipment 
hatch

Required leg length

Required leg length

Underlaying fillet welding Bridge welding Leg length welding

<Welding steps>

Example of 

joining defects Welding position: Vertical upward

Gap: 7.5mm

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
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Underlaying fillet Bridge welding

[Specification of process management]

Sleeve Gap

1 layer 1 pass a

1 layer 2 passes b

1 layer 3 passes c

Ź

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)

Sleeve

1 pass

Equipment hatch shell Equipment hatch shell

Items to be managed in each process are verified by tests and substantiated.

Note: Same in the case of leg length welding

Gap

Gap

depth

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

Items to be managed in each step are verified by 

tests and substantiated.
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[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.

Small welding head

Element test results

(Vertical upward gap G 20mm)

Gas nozzle

The gas nozzle and secondary shield are studied and verified by welding tests.

Oxides

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
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[Study of welding torch]

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

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.

Wire nozzle

Positioning pin

Welding monitoring camera unit

Angle adjustment plate

TIG torch

Outer gas cup

Shock sensor

Tool changer

Wire positioning slide
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Confirming for interfering objects by 

means of 3D simulation

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

An extension bracket is 

added besides the secondary 

shield considering accessibility. 

Interfering objects are 

confirmed by means of 3D 

simulation.

[Study of welding torch]

<Part added>

Secondary shield 

<<Part added>>

Extension bracket

(with angle adjustment 

functionality)

* Added considering 

accessibility

Welding head being studied Studies conducted until FY2020
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[Study of tests on cold cracks / Study of preheating method]

Welding of thick plates

(Concerns about cold cracks)

With preheating

Without 

preheating

Study of the method of partial preheating

Heating using non-fillers

Issue: Study of whether or not sufficient heat can be 

provided.

Ÿ Element tests will be conducted and the results will 

be reflected in the welding procedures.

Acquisition of evidence through tests showing that 

there is no breakage

Implementation of tests prescribed in JIS, etc.

Issue: The content of actual material and machinery is 

unknown.

Study of working method

Study of temper bead technique or other welding methods

Issue: Discrepancy with standards

Since thick plates are welded, there are concerns about cold cracks. Preheating method and 

working method are studied.

The most appropriate measures are 

selected considering on-site workability.

Studied

(Some element tests are planned

to be implemented.)

Studied as required.

Studied and tested.

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 the method of partial preheating

Study of high frequency induction heating, burner, etc.

Issue Study of handling by means of robots, etc.
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[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.  

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

Small high-frequency induction heater

Demonstration being 

conducted
Power supply specifications

Issues

The total weight is approx. 35kg including 

the weight of the heater which is approx. 7 

to 10kg, and the weight of the welding 

equipment which is approx. 25kg. The 

conveyable weight of the robot is 50kg. 

However, considering momentum, the 

weight needs to be reduced.

Material used: Thickness 30[mm] (carbon 

steel)

Remote operation speed: Approx. 750 

[mm/min]

(Specifications of the demo unit)

Power supply used: 30[kW]

(Actual welding speed: 60 to 100 [mm/min])

Model 

Output capacity

Rated input 
voltage

Rated frequency

Rated input

Rated current

INV. Output current

Oscillating frequency

INV. Output 
voltage

Control system

Rated utilization

Cooling system

Cooling capacity

Weight

Dimensions

3-phase 200/220V

Approx.36kVA

Radiator system, forced water cooling

Approx. 180kg

Approx.100A

500mmWx700mmDx1060mmD 
(including castors)
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[Study of inspection method other than fluorescent PT]

Types of general welding inspections Details

Penetration test

(PT)

Surface 

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 

by means of visual inspection, visible.

Magnetic-particle test

(MT)

When a magnetic substance is magnetized, magnetic flux leaks if there are defects on the surface or in the 

vicinity. This is a method for identifying the location and form of defects by detecting leakage of magnetic 

flux using magnetic particles (fine dust of ferromagnetic substances).

Eddy current test

(ET)

This is a method in which the presence of defects or the change in their form is inspected by applying a 

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.

Radiographic Test

(RT)

Volumetric 

inspection

This is a method in which the presence of defects and their form are detected using the ability of radiation 

to penetrate substances and the ability to expose camera films, by exposing the test piece to radiation, and 

developing the difference in intensity of radiation after it has passed through the test piece into a gray 

scale image.

Ultrasonic Test

(UT)

When there are internal defects in the test piece, the ultrasonic waves (frequency higher than 20,000Hz, 

which is the upper limit of the audio-frequency range of humans) incident upon the test piece either get 

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.

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.

Note: Testing methods other that those mentioned above (Alternating current potential drop, etc,) will be studied as required.

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

General welding inspection
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Design and Construction Standards*1

/ Welding Standards*2

Class 3 piping (Overview)

Standard No. Explanation

Design of the welded part

(Design/Construction Standards: 

PPH-4000)

PPD-4010

(5)b.

The welded part at the joint of the seal welding should be a 

continuous fillet weld.

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

Table N-X090-1, 2

Required when the thickness of the base metal is >38mm

(Can be substituted with preheating)

Mechanical testing
N-7110

Table N-X110-1
Not required (depending on the classification of the joint)

Pressure resistance test
N-7130

Table N-X130-1
Maximum operating pressure 1.25

[Study of inspection method other than fluorescent PT]

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

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)
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Study items
FY2021 FY2022

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

Major milestones

1. Conceptual study

2. Element test 

planning

3. Test preparation / 

Manufacturing of 

test equipment

4. Element tests

5. Summary

Remarks

[Development Schedule]
: Planned

: Actual

Interim Report Interim Report Interim Report Final report

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
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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

üPre-conditions for remote installation of the sleeve were consolidated, and the results of 

studying the concerned delivery method and equipment were compiled. The ñmethod of 

delivering the unit in its entiretyò which is the same as the method used for delivering 

the main access tunnel was selected, and the issues and items that need to be verified 

by tests, etc. were consolidated. 3D measurement, layout of the cameras, etc. are being 

studied in detail.

üThe 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.

üActions 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.

üRemote 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.
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Installation of shield

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.

Solicitation items are listed.

6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]
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[Status of studies conducted up to FY2020]

¸ Some of the conditions for studying the shield thickness were revised and a simple study

of the shield thickness was conducted.

¸ Conceptual study of the frame structure was conducted.
[Issues]

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

processing

(Access tunnel weight (large) Ÿ Delivery weight including CW*(large) Ÿ Ancillary facilities (large))

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

operation or partial remote operation.

¸ Structure with minimal defects and assurance of shielding performance (method of verification 

at completion)

¸ The structure of the access tunnel shield, the transportation and installation method need to be 

streamlined.

¸ Reduction in weight while maintaining rigidity of the delivery frame

[Implementation details]

¸ The preconditions required for assessing the shielding 

functionality including the state of existence, the type, etc. of 

the radiation source such as the inside of the PCV, the 

retrieved fuel debris, etc. are studied and compiled.

¸ The transportation and installation method are studied 

including exposure dose evaluation of the procedures and 

additional installation of the shielding structure, etc. based 

on the strength of the R/B structure and the on-site 

workability.

¸ A simulated test facility of the access tunnel on which the 

shield will be installed, is manufactured, the elemental plan 

is created, and feasibility such as manufacturing capability, 

etc. is verified.

[Expected outcome]

¸ Presentation of a reasonable method for 

installing the access tunnel shield

( 1 )

AT 425ton

R/B

UC
100kg 3

0
0150Sv/h

0.5mSv/h

AT
215ton

90ton/m2

AT
235ton

45ton/m2

R/B
750ton/m2

BSW PCV

R/BR/B

AT

BSW
750ton/m2

R/B1
1.22 4.88ton/m2

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

Installation of shield

Large crane

Multi-axial heavy 

cart

Access tunnel

Counter weight

Approx. 700t 

(Fukushima Daiichi 

NPS-1)

Total delivery weight at present: 

Approx. 1100 ton (Fukushima 

Daiichi NPS-1)*CW: Counter weight

Temporary 

building area
Reactor building

Current study conditions (Example: Unit 1)

Outside R/B

Outer wall of R/B
Outer wall of the 

additional building
Access tunnel (AT)

Inside R/B
0.5mSv/h or less

AT load approx. 
235 ton (approx. 

45ton/m2)

AT load approx. 
215 ton (approx. 

90 ton/m2)

Debris 
transported 

in UC  100kg

Weight of the main body of 
access tunnel approx. 425 ton

R/B load limit 

approx. 750 ton/m2
Load capacity of the entire floor of R/B 

first floor  approx. 1.22 to 4.88 ton/m2

BSW load limit 

approx. 750 ton/m2
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Consolidation of the delivery methods and load 

outside R/B

Setting the target

(Setting of target delivery weight)

Consolidation of preconditions

Shielding assessment

(Study of shielding thickness)

Study of additional shielding installation equipment / element tests

Review of delivery equipment

[Study procedures (policy)]

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

Installation of shield

Study of the delivery frame

Required shield 

radiation

₃₃mm

Required thickness 

during delivery 

(strength)

mm

Additional shielding 

thickness

mm
= -

Access tunnel

shielding thickness after 

completing installation

Required thickness 

during delivery 

(strength)

mm

Additional shielding 

thickness

mm

Access tunnel

Shielding thickness 

during delivery

Access tunnel

additional shielding 

thickness after installation

The dose of fuel debris and the dose from 

inside the PCV, etc. are compiled, and the 

preconditions required for calculating shielding 

are consolidated.

The shielding thickness is studied based on 

the selected conditions.

The additional shield installation delivery frame with the 

purpose of higher rigidity and reduction in weight is studied, 

and its structural viability is verified.

¸ Consolidation of the delivery methods (rotation / straight 

line)

¸ Consolidation of the load outside the R/B

¸ Consolidation of required measures (Are only floor steel 

plates sufficient? Does it require piling? etc.)

Conceptual study of the additional shielding installation method 

and installation equipment is conducted. Element tests are 

implemented to check the viability of the method.

Required shield 

radiation

₃₃mm

Small access tunnel delivery weight Ҝ Downsizing the ancillary facilities such as temporary building, etc. Ҝ Shortening of schedule and reduction in cost
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[Shielding assessment procedure]

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

Installation of shield

Consolidation of preconditions

Assessment of shielding with the 

current design

Study of proposal for trimming 

down the shielding 

Shielding assessment

Scope of the report

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

(Current state) Cross-section of 

access tunnel

t=300mm

t=
3
0

0
m

m

t=
3
0

0
m

m

t=110mm
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[Consolidation of preconditions]

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

Installation of shield

Items Conditions Remarks

Target plants
Unit 1, 2, 3 of Fukushima Daiichi 

NPS
In some cases, there are restrictions on the unit

Entry inside R/B

While transporting fuel debris 

inside the access tunnel No (People are cleared out)
However, shielding thickness is assessed even if this is 

Yes .

During regular times (other than 

those mentioned above)
Yes

Radiation source

Inside PCV
Calculation of source strength for 

assessment

Back calculated based on actual measured value*

(10Sv/h or less inside PCV)

Inside AT Fuel debris inside the ű200 unit can

Shielding is studied as required

Quantity of fuel debris transported / dose is assessed 

as well.

Material density

Concrete 2.15 (g/cm3) Filling factor, etc. is considered.

Iron 7.8 (g/cm3) Filling factor, etc. is considered.

Target dose rate after 

installation of access tunnel 

(additional part)

Inside R/B 1 mSv/h (During regular times)

Outside R/B 0.05 mSv/h

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.

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.

(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.

* Results of the on-site demonstration test during the investigation on the first floor grating outside the pedestal (B1 investigation) stated under ñDevelopment of Technology for Investigation 

Inside PCVò on the TEPCO website (4/30/2015): 10Sv/h or less inside the PCV.
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Items Unit
Unit 1, Fukushima 

Daiichi NPS

Unit 2, Fukushima 

Daiichi NPS

Unit 3, Fukushima 

Daiichi NPS

Shielding 

assessment 

conditions

Initial concentration wt% 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 

(Weight)
ˈ

UO2

(Weight calculated 

assuming UO2=1t)

Same as on the left Same as on the left

UO2

(Weight calculated 

assuming UO2=1t)

*Studied based on Unit 1, as there is almost no impact.

[Consolidation of preconditions]

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

Installation of shield

Shielding assessment was carried out under the following conditions.

The following is used for calculating burn-up.

¸Calculation code ORIGEN2.2 UPJ

¸Cross-sectional area library: BS340J33

¸DECAY library: JNDECAY33.LIB

¸Photon library: gxuo2brm.lib
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[Consolidation of preconditions]

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

Installation of shield

The study conditions and dose rate evaluation points are indicated below.

Fuel debris Fuel debris

Evaluation location Distance from the 

side of the access tunnel
Evaluation height: Height from the floor 

surface of R/B first floor

Fuel debris

(Vacuum)

Access tunnel (Iron, 

(Vacuum)

(Vacuum)

Imaginary shielding plate (Prevention of leakage radiation dose)

Floor (Concrete, 

Evaluation point
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[Evaluation result] Shielding thickness: Wall/Ceiling 300mm, Floor 110mm (Quantity of fuel debris 30kg 2)

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

Installation of shield

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.

Source strength for 

assessment is calculated for 

the radiation source from 

inside the PCV.The dose rate 

calculated based on the 

access tunnel shielding 

thickness is added.

10ɛSv/h is added to the 

evaluation on this page.

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

D
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Evaluation location
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a
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m
S

v
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)

Evaluation location

Evaluation location Evaluation location

Surface

Surface

Surface

Surface

Neutron beams

Secondary gamma rays

Gamma rays

Gamma rays inside PCV

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

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

Neutron beams

Secondary gamma rays

Gamma rays

Gamma rays inside PCV
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[Evaluation result] (Reference evaluation) Shielding thickness Wall/Ceiling 250mm, Floor 110mm

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

Installation of shield

1mSv/h or less is satisfied even when the shielding 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.

It is assumed that 1mSv/h is satisfied even when neutron shielding is installed resulting in 

Wall/Ceiling 200mm and Floor 120mm.

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.

Source strength for assessment is calculated for 

the radiation source from inside the PCV.The dose 

rate calculated based on the access tunnel 

shielding thickness is added.

28ɛSv/h is added to the evaluation on this page.

[30kg/can x 2 cans, evaluation height 120cm, keff=0.95] [30kg/can x 2 cans, evaluation height 120cm]
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Gamma rays inside PCV

Surface Surface
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[Loading conditions of the delivery equipment] Structure of the X-Y jack

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

Installation of shield

Conditions of the jack

¸ Maximum ground pressure: P= 2,608.9[kN/m2]

¸ Impact coefficient: i = 0.20

¸ Breadth of the jack: B = 0.950 [m]

¸ Length of the jack: L = 2.200 [m]

Conditions of the floor steel plates

¸ Thickness of the floor steel plates: t = 0.030 [m]

¸ Breadth of the floor steel plates: PB = 1.500 [m]

¸ Length of the floor steel plates: PL = 6.000 [m]

¸ Active loading width of the floor steel plates: Bô = 1.500 [m]

¸ Active loading length of the floor steel plates: Lô =2.100 [m]

¸ Modulus of deformation of the floor steel plates: E 

=2.000E+08 [kN/m2]

Ground pressure of the lower surface of the floor steel plates: Pmaxô = 2,077.2 [kN/m2]

In order to study whether or not ground improvement is necessary, the ground pressure of the access tunnel 

delivery equipment (delivery jack) is studied.

Push side pressure oil 

inlet

Adjustable installation

K-5 type

Horizontal adjustment jack

Pull side pressure oil 

inlet

Adjustable installation

K-5 type

Horizontal adjustment 
support point

Vertical jack

Horizontal jack

Vertical pressure 
oil inlet (Return)

Vertical pressure 
gauge (Push)

Vertical pressure 
oil inlet (Push)

Vertical stop valve 
(Push)

Vertical stop valve 
(Push)

Stroke

Specifications

Vertical jack
Capability

Stroke

Pressure receiving area 

Pressure

Required amount of oil  approx. 

Delivery jack

Capability (Push Pull) Capability

Stroke
Pressure receiving 
area (Push)

(Pull)

Pressure (Push)

(Pull)
Required amount of 

oil  approx. 

Horizontal adjustment jack

Stroke
Pressure receiving 
area (Push)

(Pull)
Pressure receiving area 
(Push)(Pull)

Required amount of 
oil  approx. 
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[Loading conditions of the delivery equipment] Soil boring log

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

Ground conditions

Modulus of deformation of the ground

Allowable bearing capacity   qa = 29 (kN/m2)

Ground pressure of the lower surface of the floor steel 

plates: Pmaxô > allowable bearing capacity

Ground improvement is required.

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.

(Note) Subsurface exploration of the area where 

equipment will be installed needs to be conducted 

when actual equipment is studied.

Soil boring log (Standard penetration test)

Geological 
strata

First stratum

Layer thickness Unit weight Frictional 
angle ū 

(degrees)

Adhesive force Poissonôs ratio

Second stratum

Third stratum

Fourth stratum

Geological 

strata

First stratum

Second stratum

Third stratum

Fourth stratum

Modulus of 
deformation N value
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Proposal
Shielding 

material
Shielding effect*

Ability to remotely 

install the shielding 

material

Evaluation of the 

shielding performance 

after installation

Issues

1 Steel (plate) Major Acceptable Good
Method of remote installation

(Difficulty level - high)

2 Steel (balls) Medium Good Acceptable

Method of remote installation,

Filling factor (shielding 

performance)

3 Lead (balls) Major Good Acceptable

Method of remote installation,

Filling factor (shielding 

performance)

4 Lead (casting) Maximum

Unacceptable

(High temperature, 

deformation)

Acceptable

Method of remote installation,

Deformation after casting, specific 

gravity

5 Mortar Low Good Acceptable

Method of remote installation,

Filling factor (shielding 

performance)

Remarks: *Comparative evaluation between the materials

[Conceptual study of additionally installed structures]

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

Installation of shield

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.

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.
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[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)

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

Installation of shield

Additionally installed shield

Outline 

¸ Pushing the plate-shaped shield from outside 

the R/B is proposed.

¸ Guide roller is installed on the shield and 

delivered.

¸ Method of installing the shield at the curved 

section is a challenge.

¸ In the current state, it is rated to be highly 

viable.

Shielding thickness

While delivering: Wall/ceiling: 100mm, Floor: 110mm

Additionally installed shielding: Wall/ceiling: 200mm, 

Floor: 0mm

Upon completion: Wall/ceiling: 300mm, Floor: 

110mm
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[Conceptual study of additionally installed structures] Schematic diagram of the partitioning method for the 

plate-shaped shield (Comparative evaluation with other proposals is planned to be conducted in the future)

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

Installation of shield

Additionally installed shield

Outline

¸ Installing the additional shield on the floor surface on 

first floor of R/B is proposed. It is evaluated that with 

a thickness of about 85mm load gets distributed and 

thus the 4.9ton/m2 load capacity of the R/B floor is 

met.

¸ Method of carrying-in/out and installation of the 

additional shielding plate is a challenge.

¸ Viability needs to be evaluated.

Shielding thickness

While delivering: Wall/ceiling: 215mm, Floor: 110mm

Additionally installed shielding: Wall/ceiling: 85mm, Floor: 

0mm

Upon completion: Wall/ceiling: 300mm, Floor: 110mm
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[Conceptual study of additionally installed structures] Schematic diagram 

of the shielding material filling method (Steel balls/casting)

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

Installation of shield

Additionally installed shield

Outline

¸ Filling shielding material after the access tunnel 

frame is connected to the PCV connection sleeve is 

proposed.

¸ Steel balls or casting are considered for the filling 

material.

¸ Evaluation of shielding performance is a challenge.

¸ Feasibility is rated low,

(Note) The figure illustrates 1 unit.

Shielding thickness

While delivering: Wall/ceiling: 100mm (assumed), Floor: 

110mm

Additionally installed shielding: Wall/ceiling: 200mm, Floor: 

0mm

Upon completion: Wall/ceiling: 300mm, Floor: 110mm
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[Course of studies in the future]

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

Equipment]

Installation of shield

<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.

Unit 1 Current state Proposal 1 (Slide No. 135) Proposal 2 (Slide No. 136)

Method

Delivery of unit in 

its entirety
Plate-shaped shield push method Plate-shaped shield partitioning method

Upon completion of 

installation

Upon completion 

of installation

At the time of 

delivery

Additional 

installation

Upon completion 

of installation

At the time of 

delivery

Additional 

installation

Wall/ceiling (shielding 

capability)
300mm 200mm 50mm 150mm 200mm 115mm 85mm

Floor (shielding capability) 110mm 110mm 110mm 0mm 110mm 110mm 0mm

Weight 425 ton 325 ton 170 ton 155 ton 235 ton 235 ton 100 ton

<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.

(Note) The method of filling shielding material is not mentioned as its viability is low.
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Study items
FY2021 FY2022

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

Major milestones

1. Conceptual study

2. Element test 

planning

3. Test preparation /

Manufacturing of 

test equipment

4. Element tests

5. Summary

Remarks

: Planned

: Actual

Interim Report Interim Report Interim Report Final report

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

Installation of shield

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

Installation of shield: Summary

üThe 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.

üConsidering 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.

üIn the future, the feasibility of the method for additional shield installation will be verified 

by tests.
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Disassembly of shield plug

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.

Solicitation items are listed.

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

< Common to Units 1 to 3>

¸ As the shield plug is large and heavy and hence difficult to remove, 

removal technology needs to be developed.

¸ Feasibility of the disassembly equipment, etc. considering the load on the 

floor surface of the building.

¸ Method of disassembling considering prevention of dust dispersion under 

a high dose environment.

¸ Increase in exposure dose due to increase in the amount of work carried 

out on-site for finely cutting large and heavy objects.

<Unit 1>

¸ Method of pulling out the shield plug considering anchoring, etc. of the 

drive wheel.

¸ 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

(Shield plug)

Units 2, 3

(Concrete block)

Steel plate + Concrete Reinforcement + Concrete

Illustration of the method of disassembling
Similar examples from overseas (WAK)

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.

Fukushima 

Daiichi 

NPS Unit 4

X-1B

Illustration of the floor surface of Units 2 and 3

After removing concrete blocks, the intermediate posts need to be removed or mortar 

needs to be shaved off to make the surface smooth.



©International Research Institute for Nuclear Decommissioning

No.143

Illustration of Unit 1 shield plug removal

Comprehensive view of 

the Unit 1 shield plug

Reinforced concrete

Actuator

Made of steel

After removing the concrete 

block (Fukushima Daiichi 

NPS-4 X-1B)

The angle needs to be 

removed as it interferes 

with the PCV 

connection sleeve

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/m2), etc.

¸ Test manufacturing the required equipment such as cutting, 

disassembly and removal equipment, etc., planning and 

implementing element tests to verify feasibility of the method 

for removing the shield plug, etc.

<Unit 1>

¸ Study of method of pulling out the shield plug

¸ Study of equipment for cutting the shield plug by remote 

operation

¸ Study of the method of transferring unitized structures (Removal 

using a cantilever)

<Units 2, 3>

¸ Study of remotely operated block-out equipment

¸ Study of method for smoothening the floor surface

[Expected outcome]

¸ Presentation of the method of removing the shield plug, etc. 

Method of fine 

cutting

Method of transferring 

unitized structures

Cutting 
equipment 
(horizontal)

Cutting 
equipment 
(vertical)

Counter 
weight

Frame
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Disassembly of Unit 1 shield plug Disassembly of Unit 2, 3 concrete blocks

1. Consolidation of input, study conditions, environmental conditions of work area

2. 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)

Development of work steps and identification of issues in each step / worker exposure evaluation

Study of means for smoothening / hatch protection

Presentation of action plan in response to the issues and development of development plan

[Study procedures (policy)]

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

Disassembly of shield plug
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Access tunnel Access tunnel

Proposal for installaing the access tunnel in Units 1 to 3

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.

R/B Existing 

structures
New structuresLegend:

Unit 1: Shield plug Units 2, 3 Concrete blocks

(Sample image)
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Unit 1 shield plug Units 2, 3 Concrete blocks

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.

Actuator

3490

2805

2390

Outer plate

3510

2885

1600

Intermediate support for the 

wall (Intermediate posts)

Liner plate
Mortar

(Filling the gaps)

* As the PCV connection sleeve is installed on the floor surface after disassembling the concrete blocks, 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.
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6. Implementation Items of This Project [1) (1) Development of the Method for Installing Access Equipment]

Disassembly of shield plug

Items 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 shaft. 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.

[Work of making openings (before the accident) and the removal policy in this project]
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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)]

ü Objects to be removed (Concrete blocks) *1
ü Environmental Conditions *1

Concrete blocks (Enlarged view)

Concrete blocks

BSW

3510

2885

1600

: Data collection period: April 1, 2020 to March 31, 2021 

Numbers indicate air dose 

rate(mSv/h)

Air dose rate on the southwestern side (work area) 

of the R/B first floor in Unit 3

T

r

u

c

k 

b

a

y 

d

o

o

r

Band plate,

wire torus

Liner plate (Outside the scope of removal *2)

Items Specifications

Target Units 3 Concrete blocks

Dimensions W 3510ĬD 1600ĬH 2885(mm)

Mass Approx. 36 ton

Composition

Concrete wall + band plate + wire torus

intermediate support for the wall, mortar finishing 

of gaps

Air dose rate Approx. 18 mSv/h

Floor load bearing 

capacity
Approx. 4.9 ton/m2

Carrying-in/out
Western side of R/B (Truck bay door 

(W4900ĬH4900mm))

Height at which work 

is carried out
Approx. 4m or less

Foundation bolts

Reinforcement

Partitioning 
steel plate

Mortar

(Filling the gaps)

0.70

: Measured on November 24, 2021

0.12

*1: The structures and dimensions include those from drawings from other units that were 
used as reference and hence include estimates as well.
*2: As it gets embedded into BSW

Concrete blocks

Intermediate support for the wall
(Intermediate posts)
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Safety 

requirements

Work requirements / functional 

requirements
Response policy

Prevention of 

excessive and 

internal exposure of 

workers

Worker exposure reduction

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 

disassembling the concrete blocks remotely 

(crane).

Exposure should be evaluated by studying 

disassembling procedures and the required 

number of workers should be established.

Prevention of dust dispersion during the 

work of disassembling concrete blocks

A work room should be set up to contain 

dust dispersion.

Dispersion should be contained by sucking 

in dust using a ventilation system.

Prevention of 

excessive exposure 

to radiation

Shielding of radiation from the BSW 

opening 

After disassembling, a remotely operated 

temporary shield should be installed.

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

Disassembly of shield plug

[Requirements (Unit 3)]

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

Disassembly of shield plug

[Study of disassembling method (Unit 3)] Selection of a crane

Example of 3 to 4 ton class Example of 6 to 8 ton class

Photograph

Dimensions W 1650 D 4050 H 2540(mm) W 2320 D 4820 H 2820(mm)

Specifications

Mass of machinery: 3840kg Mass of machinery: 7430kg

Mountable attachment mass: 450kg Mountable attachment mass: 1430kg

Maximum height at which work is carried out

4240mm

Maximum height at which work is carried out 5590mm

Average ground contact weight: 3.0ton/m2 Average ground contact weight: 3.8ton/m2

To be 

processed

Disassembling and removing concrete blocks, 

band plate, wire torus, mortar

Disassembling and removing the intermediate support for the 

wall

Hitachi Construction 

Machinery Co. Ltd.

ZAXS35U-5B

Short reach specifications

Hitachi Construction 

Machinery Co. Ltd.

ZAXS75US-5B

Short reach 

specifications

K cab

*

* External dimensions when the crane is set down are assumed.
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No. Tools Sample image Generally used for To be processed Outline specifications [Crane used]

1

Breaker

(Product with a model 

number)

For crushing concrete Concrete blocks, 

BSW (Floor)

[3 to 4 ton class]

To be processed: Concrete, bedrock,

hard floor, road work

2

Grabbing equipment 

(Product with a model 

number)

For grabbing and 

collecting pieces of 

concrete

Concrete block 

debris, band plate,

wire torus, 

intermediate support 

for the wall

[3 to 4 ton class]

Weight that can be held (kg)*: 280

3

Bucket

(Product with a model 

number)

For collecting pieces, 

etc. of concrete
Concrete block debris

[3 to 4 ton class]

Capacity (m3): 0.11

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

*: Calculated by subtracting the tool mass from the mountable attachment mass of the crane
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No. Tools Sample image Use To be processed Outline specifications [Crane used]

4

Cutting equipment

(Guzzilla cutter)

(Product with a model 

number)

For cutting, grabbing 

and collecting wire 

torus, reinforcement, 

partitioning steel plates

Wire torus, 

reinforcement 

(L100Ĭ100Ĭ7), 

partitioning steel plate 

(PL6)

Target: Iron frame, reinforced concrete

[3 to 4 ton class*2]

Major cutting of H type beam: Refer to A 

in the table below

[6 to 8 ton class]

Major cutting of H type beam: Refer to B 

in the table below

5
Circular saw

Cutting equipment

For cutting partitioning 

steel plates, foundation 

bolts (ceiling)

Partitioning steel plate 

(PL6)

Foundation bolts (ű19)

[6 to 8 ton class]

Cutting depth (cm): 27

(Reinforced concrete)

6 Smoothening tools

For smoothening BSW 

(floor)

(Smoothening after 

removing reinforcement 

(floor), and foundation 

bolts *1)

Poured mortar

It is assumed that regular floor hard-

packing tools will be attached to the 

crane.

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

*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 

width)(mm)

H type beam 

dimensional drawing

H B t1 t2 H B t1 t2

A 125 125 6.5 9 200 100 5.5 8

B 200 200 8 12 350 175 7 11



©International Research Institute for Nuclear Decommissioning

No.153

1. Work of carrying-in the equipment 2. Disassembly of concrete blocks from the front side 3. Collection of concrete blocks

Additional information: Interfering objects removed, 

temporary building set up completed

Additional information: Wire torus cut with the cutting 

equipment
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)

Additional information: Being planned for preventing debris from falling inside the 

equipment hatch

Additional information: Implemented in the same manner as 

No. 2 and 3

Additional information: Disassembled and removed in the order of 

Reinforcement (front) Ҝ Partitioning steel plates Ҝ Reinforcement 

(middle) Ҝ Partitioning steel plates Ҝ Reinforcement (back)

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)

Crane

Work room

Remotely operated 
temporary shield

Concrete blocks

Breaker

Concrete blocks

Crane

Work room

Remotely operated 
temporary shield

Concrete blocks

Transportation 

cart

Crane

Work room

Remotely operated temporary 

shield

Concrete blocks

Transportation 

cart

Preventing 

member

Crane

Work room

Remotely operated temporary 

shield

Concrete blocks

Back (depth approx. 800mm)

Transportation 

cart

Preventing 
member

Preventing 

member

Cutting equipment

Reinforcement

(Front)

: Site to be cut

Ventilation 
system

Ventilation 
system

Ventilation system Ventilation system

Truck bay door

Temporary building

Image

Truck bay door

Temporary building

Image

Truck bay door

Temporary building

Image

Truck bay door

Temporary building

Image

Front (depth approx. 800mm)

Reinforcement

(Middle)

Door
Door

Door
Door

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 

discussed further.

Receptacle for 

disassembled pieces

Receptacle for 

disassembled pieces

Preventing 
member

Intermediate support 
for the wall

Reinforcement (front)

Reinforcement

(Back)
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7. Removal of partitioning steel plates 8. Removal of foundation bolts (ceiling) 9. Removal of foundation bolts (floor)

Additional information: Disassembled and removed in the order of Reinforcement 

(front) Ҝ Partitioning steel plates Ҝ Reinforcement (middle) Ҝ Partitioning steel 

plates Ҝ Reinforcement (back)

Additional information: Reinforcement (ceiling) can be removed along with the 

removal of foundation bolts (ceiling)

Additional information:Foundation bolts (floor) and reinforcement (floor) can be 

removed after the floor surface is shaved

10. Pouring of mortar 11. Smoothening 12. Clearing

Additional information: BSW (floor) is disassembled up to the same depth as No. 9 

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

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)

Preventing 

member

Partitioning steel 

plate

: Site to be cut

Preventing 

member

Foundation bolts (ceiling)

Preventing 

member

Foundation bolts (floor)

Breaker

Preventing 

member

Mortar pouring 

equipment

Smoothening tools

Mortar Mortar

Remotely operated 

temporary shield

Ventilation 

system

Truck bay door

Temporary building image

Circular saw

Cutting equipment

Door

The status (dose / condition) of the target object is verified at every work step (1 to 12), and then work is continued. 

Receptacle for 

disassembled 

pieces

Partitioning steel 
plate

Intermediate support 
for the wallCircular saw

Cutting equipment

Preventing 
member

Foundation bolt

Preventing 
member

Preventing 
member

Foundation bolt

Illustration of [Illegible] 
for removing 

foundation bolts

Mortar pouring 
equipment

Traces of disassembly 
of BSW (floor) Cart

Filling with mortar, etc.

Preventing 
member

Preventing 
member

Filling with mortar, etc.

Traces of disassembly 
of BSW (floor)
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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 

procedures

No.

Assumed human work Work place

Total time required 

for work

Environmental 

radiation dose
Exposure dose

Number of persons
Exposure dose

(hr) (mSv/h) (mSv/person) (mSv)

1
Carrying-in and assembling the ventilation equipment and work 

room, carrying-in the remotely operated temporary shield
Inside R/B 21 11 to 18 350 4 to 5 1462

2
Replacing the processing and finishing tools (Breaker, cutting 

equipment)

Temporary building

11 0.12 1.32 2 2.64

3
Replacing the processing and finishing tools (Bucket, grabbing 

equipment)
12 0.12 1.44 2 2.88

4
Replacing the processing and finishing tools (Equipment for making 

holes, grabbing equipment)
2 0.12 0.24 2 0.48

5

Replacing the processing and finishing tools (Breaker, cutting 

equipment,

bucket, grabbing equipment)

20 0.12 2.4 2 4.8

6 Replacing the processing and finishing tools (Cutting equipment) 3 0.12 0.36 2 0.72

7

Replacing the processing and finishing tools (Circular saw cutting 

equipment, grabbing equipment), replacing the disc when it 

becomes blunt   

7 0.12 0.84 2 1.68

8
Replacing the processing and finishing tools (Circular saw cutting 

equipment)
1 0.12 0.12 2 0.24

9
Replacing the processing and finishing tools (Breaker, grabbing 

equipment)
2 0.12 0.24 2 0.48

10
Replacing the processing and finishing tools (Breaker, grabbing 

equipment)
2 0.12 0.24 2 0.48

11 Replacing the processing and finishing tools (Smoothening tool) 1 0.12 0.12 2 0.24

12
Replacing the processing and finishing tools (Grabbing equipment, 

cutting equipment)
2 0.12 0.24 2 0.48

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.

Ÿ 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.
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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

Issues / items that need to be studied

Item Details

Human work / 

Remote 

operation

Work of 

carrying-in the 

equipment

Work environment Decontamination is required as the work is carried out under high dose environment. Human work

Suction performance conditions of 

the ventilation equipment

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.
Remote 

operation

Structure of cart for moving the air 

inlet
Structure that enables moving (including handling of the hose) by remote operation needs to be considered.

Remote 

operation

Transfer conditions
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.

Remote 

operation

Work room structure The structure of the work room (air-tightness, reducing the installation time) needs to be studied. Human work

Disassembly 

and removal of 

concrete 

blocks

Work environment
The method of monitoring the environment (dose, dust, etc.) depending on the progress of work needs to be 

studied.
Human work

Crane specifications

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).

Remote 

operation

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.

Remote 

operation

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/m2

¸ Carrying-in/out from the truck bay door (W4900ĬH4900mm)

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

Remote 

operation

Transportation cart specifications
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.

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

Issues / items that need to be studied

Items Details

Human 

work / 

Remote 

operation

Disassembly 

and removal 

of concrete 

blocks

Processing and finishing 

tools

(Processing work)

¸ 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

Remote 

operation

Processing and finishing 

tools

(Collection work)

¸ 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)

Remote 

operation

Installation of 

preventing 

member

Preventing member 

specifications

Being studied along with the need for measures to prevent debris from falling inside the 

equipment hatch

Remote 

operation

Smoothening Smoothening conditions
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.

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]

No. To be processed

Direction of 

processing

Processing and 

finishing tools

To be 

tested Verification contents Criteria (Measurement and confirmation items)

1
Concrete blocks In all 

directions
Breaker

₃
ᵑ Verifying whether or not it is possible to smoothen 

the mortar stuck on the lining plate

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)

₃
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)

2

Reinforcement (front, middle, 

back)

(L100x100x7)

Horizontal Cutting equipment - Cutting is believed to be possible.

3
Reinforcement (ceiling)

(L100x100x7)
Horizontal

Circular saw

cutting equipment
- Cutting is believed to be possible.

4
Reinforcement (floor)

(L100x100x7)
Downwards Breaker ₃

Confirming the status after shaving* It is believed that 

shaving is possible, but it is performed considering 

subsequent processes.

There should not be any remnants (L type beam) and 

shaving should be possible. (Maximum depth, 

maximum width)

5 Partitioning steel plate (PL6)

Horizontal

Upwards

Downwards

Cutting equipment - Cutting is believed to be possible.

Circular saw

cutting equipment
- Cutting is believed to be possible.

6 Foundation bolts (ű19)

Upwards
Circular saw

cutting equipment
- Cutting is believed to be possible.

Downwards Breaker ₃
Confirming the status after shaving* It is believed that 

shaving is possible, but it is performed considering 

subsequent processes.

There should not be any remnants (foundation bolts) 

and shaving should be possible. (Maximum depth, 

maximum width)

7 Poured mortar Downwards Smoothening tools ₃
Verifying the extent of smoothening possible by means 

of a crane.

There should not be any significant unevenness and 

dips. (Dip, height)

* Considering the installation of the PCV connection sleeve in subsequent processes, the plan is to 

implement the test focusing on the lower part (floor).
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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]

351

0

288

5

160

0

Fukushima Daiichi NPS-3 

Concrete blocks

Scope of simulation (section 

marked with the red line)

Scope of simulation 

(section marked with 

the red line)

Intermediate post Wall 

(High strength mortar)

Floor 

(High strength mortar)

Floor slab 
(High strength reinforcing concrete / 

approx. 3000kg

Foundation bolts



©International Research Institute for Nuclear Decommissioning

No.160

Study items
FY2021 FY2022

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

Major milestones

1. Conceptual study

2. Element test 

planning

3. Test preparation /

Test 

manufacturing of 

test equipment

4. Element tests

5. Summary

Remarks

: Planned

: Actual

Interim Report Interim Report Interim Report Final report

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

Disassembly of shield plug

[Development Schedule]
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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

üThe 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.

üThe 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

üIssues 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.

üIn future, processing tools will be evaluated and the feasibility of the methods will be 

verified by element tests.
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1) Development of the side access method

6. Implementation Items of This Project

(2) Development of disassembly and removal technology

HVH disassembly

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.

Solicitation items are listed.



©International Research Institute for Nuclear Decommissioning

No.163

̸

ҲFundamental technology upgrade (Implemented in FY2017-18)

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

ü Method of removing interfering objects from the basement floor inside PCV (outside 

the pedestal)

ü Method of removing interfering objects from inside the pedestal (Assembly type beam 

method)

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

dikes was selected)

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

[Study of response measures based on the issues]

ü Method of establishing the utility line inside PCV

ü Method of removing interfering objects from inside the pedestal (Small 

equipment method)

ü Method of setting up dikes for preventing spread of contamination (Formwork 

and partition carrying-in method)

Implemented in this project

[Verification of feasibility looking ahead at the actual equipment]

ü Disassembly of large interfering objects (HVH) outside the 

pedestal

ü Disassembly of large interfering objects inside the pedestal (CRD 

changer)

ü Method of removing interfering objects from inside the pump pit

Items to be studied in the future

ü Study of developmental challenges identified during engineering and 

technical development Etc.

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

indicated below.

Outsourced to TEOCO HD (Implemented in FY2020-21)

[Conceptual study of HVH disassembly]

ü Consolidation of preconditions

ü Conceptual study of HVH disassembly 

methods

ü Identification of issues

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

disassembly

Positioning 

arm

Task arm

Flexible task arm
Pedestal opening 

*Opening through which 
equipment can be carried in

About 700mm opening

Assembly type 
beam

Hose

Formwork

Flexible 
task arm

Flexible task 
arm

CRD carry-in 

entrance

CRD 

opening

Interference removal 
equipment

Flexible task arm

Platform beamPositioning 
arm

Positioning 
arm

Positioning 
arm

CRD 

changer
CRD supporting 

structures
Platform

Portion embedded at 

the pedestal bottom

Middle work 

frame
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The correlation between the development of HVH disassembly and removal technology outsourced to TEPCO HD and this 

project is shown below.

1. Conceptual study

2. Element test planning

3. Test preparation / Test 

manufacturing of test 

equipment

4. Element test

5. Summary

This project will be appropriately implemented based on the results of outsourced operations.

Identification of element test items

Detailed study of element test contents

: Results of outsourced operations: Being started

Basic test on cutting

Unit test on cutting using existing robots

Unit test on cutting by one arm of the HVH disassembly robot

Unit test on cutting using HVH disassembly robot

Designing & manufacturing equipment

Element test

: Completed

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

HVH disassembly
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HVH disassembly

Â Equipment limitations and dimensions (1/2)

ỏ 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 (315Á) 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)

ỏ 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.

1000

1
,5

0
0

2550

1300

2
0
4
5

Connection sleeveEquipment hatch

Access tunnel

Transportation cart (Lift section)

Utility

150

ū3,050

B-B

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

Maximum dimensions for being 
able to pass through (mm)

Width 1000

Length 2400

Height 1500

PLR pump terminal box

Removal

A

A

A-A

Removal

2400

By removing the PLR pump terminal box

equipment of length up to 2,400mm can be rotated.

Turning around

(Rotating 90 )

B

B

PLR motor

Results of the study on dimensions related to inserting the equipment inside the PCV

The dimensional constraints for the equipment to pass through the route (access tunnel connection 
sleeve equipment hatch) for entering inside the PCV from outside the building are considered to be 
according to the table on the right.
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HVH disassembly

Â Equipment limitations and dimensions (2/2)

ỏ 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.

ỏ 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 in 

Units 2/3 is approx. 860mm. These become the main dimensional constraints in the lateral direction.

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

ỏ 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.

Access location of the equipment

Access location of the equipment at the 
time of disassembling HVH-C in Unit 1

Access location of the equipment at the time 
of disassembling HVH-C in Unit 3

Motor

Blower

Motor

Blower

PLR pump terminal box

(Removed in some cases) Base

(Same height as the grating)

Based on the width limitations, the dimensional constraints of the HVH disassembly equipment are 
considered to be according to the table on the right.

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

Maximum dimensions of 

the equipment (mm)

Width 800

Length 2400

Height 1500
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HVH disassembly

Â Dimensions of the disassembled pieces and the container in which the pieces are transported

ỏ 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

External 

dimensions

Width: 800mm

Length: 1000mm

Height: 1500mm (or less)

The width and height are kept such that the equipment can

access up to the HVH from the front of the equipment hatch 

and the length is kept the same as the waste collection 

container.

Width: 800mm

Length: 1000mm

Height: 800mm

Dimensions are determined considering the specifications of 

the work cell in the additional building and making sure it can 

be enclosed in the waste storage container.

Internal 

dimensions

Width: 760mm

Length: 960mm

Height: 250mm (or more)

Width: 760mm

Length: 960mm

Height: 780mm

Details

The disassembled pieces generated when the HVH is cut, 

will be stacked in the disassembly work space, and 

transported remotely to the front of the equipment hatch by 

means of a crawler, etc. 

The pieces will be transported from the additional building to 

the equipment hatch by means of the access tunnel 

transportation cart that travels inside the access tunnel. The 

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.

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

Â Preconditions [Selecting the HVH to be disassembled]

‚ Results of evaluating HVH-A to E in Units 1, 2, 3 are given below.

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.

No.

U

ni

t

HVH

No.

Accessibility up to HVH Work space Viability of transfer work

Comprehensive evaluation

Difficulty level: High / 

Medium / Low

(Number of instances 

evaluated as x) (*)

Length of the route Number of bends

Number of 

interfering objects 

that are difficult to 

remove

Work location 

of the robot 

(*)

Ratio to the ű800 work 

space at the time of 

disassembling HVH

Ratio to the ű800 work 

space at the time of 

removing HVH

Number of level 

differences or slopes 

that will have an

adverse impact on 

transfer

1

1

HVH-A Approx. 21 m [x] 3 locations [x] 0 location [ ] Long  [ ] 2.2 [ ] 2.2 [ ] 0 location [ ]
Level of difficulty: High (x: 

2)

2 HVH-B Approx. 18m [ ] 2 locations [x] 0 location [ ] Long  [ ] 1.8 [ ] 1.8 [ ] 0 location [ ]
Level of difficulty: Medium

(x: 1)

3 HVH -C Approx. 13 m [ ] 1 location [x] 0 location [ ] Short [ ] 1.5 [ ] 1.5 [ ] 0 location [ ]
Level of difficulty: High

( : 2)

4 HVH-D Approx. 4m [ ] 0 location [ ] 0 location [ ] Long  [ ] 3.0 [ ] 3.0 [ ] 0 location [ ]
Level of difficulty: Low (x: 

0)

5 HVH-E Approx. 7 m [ ] 0 location [ ] 0 location [ ] Long  [ ] 2.0 [ ] 2.0 [ ] 0 location [ ]
Level of difficulty: Low (x: 

0)

6

2

-

3

HVH-A Approx. 12 m [ ] 0 location [ ] 0 location [ ] Long  [ ] 2.6 [ ] 2.6 [ ] 0 location [ ]
Level of difficulty: Low (x: 

0)

7 HVH-B Approx. 10 m [ ] 0 location [ ] 0 location [ ] Long  [ ] 1.9 [ ] 1.9 [ ] 0 location [ ]
Level of difficulty: Low (x: 

0)

8 HVH -C Approx. 5 m [ ] 0 location [ ] 0 location [ ] Long  [ ] 1.2 [ ] 1.2 [ ] 0 location [ ]
Level of difficulty: High (x: 

2)

9 HVH-D Approx. 15 m [ ] 1 location [ ] 0 location [ ] Long  [ ] 2.0 [ ] 2.0 [ ] 0 location [ ]
Level of difficulty: Medium

(x: 1)

10 HVH-E Approx. 18 m [ ] 2 locations [ ] 0 location [ ] Long  [ ] 1.9 [ ] 1.9 [ ] 0 location [ ]
Level of difficulty: Medium

(x: 1)

Reference value or 

average value
Approx. 20 m 0.9 location 0 location ˈ 1.5 1.5 0 location ˈ

[Legend] Level of difficulty: 

Difficult ( ), Easy ( )

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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HVH disassembly

Â Issues at the time of disassembling HVH

ỏ The structure of HVH and the sites that need to be cut for removal are given below.

Filter
Cooling coil

Motor Blower

Duct

Damper

Cooling water

Beam

Fixing member

GratingDrainage

Cooling 

water pipe

Damper

Drainage pipe

Member for fixing

to the beam

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.

Electrical wire

Sites that need to be cut for removal

(Structures such as fixing members, etc. that are not shown 

in the outline drawing are assumed based on Unit 1.)

Illustration of fixing 

member

Welding

Bolt

Welding

(Beam)

Hot air

Cold air

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

Â Status after disassembling HVH

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

fixing members.

ỏ 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.

ỏ 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.

ỏ 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.

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

Illustration before 

cutting the HVH

Fixing member Robot arm

Beam

Circular saw

Grating

Illustration of the cutting of the clamp

(In the case of fixing member)

Cutting position

Bolt (M16)

Illustration of the cutting of the bolt

(In the case of fastening with bolts)

Robot arm

Beam

Circular saw

Grating

Frame

Bolt (M18)

Removed if it interferes 

when the bolt is cut

Frame

Shim and bolt hole

Removed if it interferes 

when the bolt is cut

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.

A
b
o
u
t 
1
0
m

m

1
5
0
m

m

Cutting positionCutting position

A
b
o
u
t 
1
0
m

m1
0
9
m

m

A
b
o
u
t 
3
2
m

m
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Unit test Element test

Test image

Surrounding 

environment

Å The cutting test is conducted in a bright 

environment without using simulated PCV.

Å Only the HVH disassembly robot is used

Å Cutting is performed under rigid conditions with the 

arm of the HVH disassembly robot extended.

Å The robot is operated while visually confirming.

Å The cutting test is conducted in an environment simulating 

the surrounding interfering objects or darkness, inside the 

simulated PCV where the on-site decommissioning 

environment is simulated.

Å The HVH disassembly robot, the assist robot, carrying-in/out 

equipment and the crane are linked and the operation is 

performed.

Å Cameras and lights are placed, and  they are operated 

remotely.

Cutting

Target

The cutting test is conducted by affixing members that 

are equivalent to the structural components of HVH, on 

to the frame.

The cutting test is conducted using simulated HVH in which the 

dimensions and material of the main components are simulated.

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

HVH disassembly

Â Definition of tests

Frame

FixingFixing

To be cut

Cut with the arm extended.
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Work Unit test Element test

Step Details Necessity Reason Necessity Reason

Access for the cutting 

equipment
Traveling of robot

Not 

required

This test is not required as traveling is assumed to 

be by means of a crawler, and the traveling test has 

been conducted during the development of the 

robot to be used outside the pedestal inside the 

PCV in the past.

Not 

required

This test is not required as traveling is assumed to be by 

means of a crawler, and the traveling test has been 

conducted during the development of the robot to be 

used outside the pedestal inside the PCV in the past.

Cutting of connecting 

pipes
Cutting the pipes Required

This test is required for verifying the conditions in 

which cutting is possible using a circular saw, 

reciprocating saw, etc.

Not 

required

This is similar to and . As it will be verified in and 

, this test is not required.

Cutting of the damper Cutting the damper Required

This test is required for verifying the conditions in 

which cutting is possible by means of mechanical 

cutting method using a circular saw, wire saw, etc.

Required

This test is required for verifying the viability of the 

cutting work and work of collecting disassembled pieces 

carried out at high altitudes using the HVH disassembly 

robot, and the access for the cutting tools.

Cutting of the panels of 

the blower unit Cutting the cutting frame 

([100) of the panel

Required

This test is required for verifying the conditions in 

which cutting is possible using a circular saw, 

reciprocating saw, etc.

Required

This test is required for verifying the viability of the 

cutting work and work of collecting disassembled pieces 

carried out at high altitudes using the HVH disassembly 

robot, and the access for the cutting tools.

Cutting of the counter top

Cutting the cutting frame 

([100) of the panel
Not 

required

This is similar to the work carried out in . As it will 

be verified in , this test is not required.

Required

(Addition)

This test is required for verifying the viability of the 

cutting work and work of collecting disassembled pieces 

carried out at high altitudes using the HVH disassembly 

robot, and the access for the cutting tools.

Cutting the eye bolt

Cutting the terminal box

Not 

required

This is similar to the work carried out in . As it will 

be verified in , this test is not required.

Not 

required

This is similar to the work carried out in . As it will be 

verified in , this test is not required.

Cutting the electrical wire
Not 

required

This test is not required as there is a proven track 

record of cutting from tests in the past.

Not 

required

This test is not required as there is a proven track 

record of cutting from tests in the past.

disassembly

Â Element test items (1/3)

‚ 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.

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

Step Details Necessity Reason Necessity Reason

Slinging of heavy objects Slinging using a motor
Not 

required

This test is not required as there is a proven track 

record of slinging from tests in the past.
Required

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.

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.

Cutting of the base of 

heavy objects

Cutting the base of the 

motor ([125)

Cutting the motor shaft

Required

This test is required for verifying the conditions in 

which cutting is possible using a circular saw, 

reciprocating saw, etc. This test is required for 

making sure that the blade of the cutting equipment

does not get caught while cutting.

Required

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 viability of cutting 

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 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.

Hoisting and delivery of 

heavy objects

Delivering heavy objects to 

the transfer equipment
Required

This test is required for verifying whether or not the 

heavy object can be hoisted by means of the 

hoisting equipment.

Required

This test is required for verifying whether or not the 

heavy object can be hoisted by means of the hoisting 

equipment without interfering with surrounding 

structures in confined spaces.

Cutting of heavy objects 

(blower)

Cutting the blower case

Cutting the impeller shaft

Cutting the shaft bearing

Required

This test is required for verifying the conditions in 

which cutting is possible using a circular saw, 

reciprocating saw, etc.

Required

This test is required for verifying the viability of the 

cutting work and work of collecting disassembled pieces 

carried out at high altitudes using the HVH disassembly 

robot, and the access for the cutting tools.

disassembly

Â Element test items (2/3)

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

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



©International Research Institute for Nuclear Decommissioning

No.1746. Implementation items of this project [1) (2) Development of disassembly and removal technology]

HVH disassembly

Â Element test items (3/3)

Work Unit test Element test

Step Details Necessity Reason Necessity Reason

Cutting and removal of the 

blower unit

Cutting the frame ([150)

Cutting the bolt (M12)
Required

This test is required for verifying the conditions in 

which cutting is possible using a circular saw, 

reciprocating saw, etc.

Not 

required

This is similar to the work carried out in . As it will be 

verified in , this test is not required.

Cutting the panel

Cutting the frame 

([125,100)

Not 

required

This is similar to and . As it will be verified in 

and , this test is not required.

Not 

required

This is similar to and . As it will be verified in and 

, this test is not required.

Cutting and removal of the 

coil unit

Cutting the cooling coil Required

This test is required for verifying the conditions in 

which cutting is possible using a circular saw, 

reciprocating saw, etc.

Required

This test is required for verifying the viability of the 

cutting work and work of collecting disassembled pieces 

carried out in confined spaces using the HVH 

disassembly robot, and the access for the cutting tools.

Cutting the filter and wire 

mesh
Required

This test is required for verifying the conditions in 

which cutting is possible using a circular saw, 

reciprocating saw, etc.

Not 

required

This is similar to the work carried out in . As it will be 

verified in , this test is not required.

Cutting the pipes and flange Required

This test is required for verifying the conditions in 

which cutting is possible using a circular saw, 

reciprocating saw, etc.

Not 

required

This is similar to and . As it will be verified in and 

, this test is not required.

Cutting the panel

Cutting the frame ([150), 

[100)

Not 

required

This is similar to and . As it will be verified in 

and , this test is not required.

Not 

required

This is similar to the work carried out in . As it will be 

verified in , this test is not required.

Cutting the drain pan Required

This test is required for verifying the conditions in 

which cutting is possible using a circular saw, 

reciprocating saw, etc.

Not 

required

This is similar to the work carried out in . As it will be 

verified in , this test is not required.

Cutting the clamp Required

This test is required for verifying the conditions in 

which cutting is possible using a circular saw, 

reciprocating saw, etc.

Not 

required

This is similar to the work carried out in . As it will be 

verified in , this test is not required.

A test plan will be drafted for the unit tests and element tests that are determined to be required.

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

Â Scope of simulation in element tests (Test equipment)

ỏAccess 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.

ỏ 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.

ỏ 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.

HVHStructures for which external form

is partially simulated

Actual layout of the HVH and PLR pump in Unit 3

Illustration of the simulation for the element test

Simulated 

HVH

Crane

(For the test)

HVH 

disassembly 

robot

PLR motor

(Only external 

form is simulated)

PLR motor

HVH
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HVH disassembly

Â Scope of simulation in element tests (Simulated HVH)

ỏ 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.

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

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

ỏ 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. 1/6th of the main body is simulated for verifying typical work.

Simulated HVH Simulated HVH (without the panels)

Frame

Panel

Upper panel

Upper frame
Damper

Blower

Cooling coil

Motor

Lower surface 
of the duct

Actual HVH (assumed)
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HVH disassembly

Â Main robot used: HVH disassembly robot

Specifications Functions and remarks

Equipment dimensions
L1480 W740 H1350mm

(while moving)

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).

Structure
Work arm with 10 shafts x 2 One arm grabs and operates the cutting tools. The other arm grabs the disassembled pieces.

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.

Use

Work of disassembling and removing 

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.

Weight of the equipment Approx. 440kg
The equipment is equipped with the required functions, and is as light as possible.

Its structure and mass is such that it will not turn over considering the momentum during work.

Power Hydraulic pressure Selected considering radiation resistance.

Overview of HVH disassembly robot Parts of the arm that can moveArm being test manufactured (one arm)

Gripper

Arm 

fixture
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HVH disassembly

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

Assist robot Crane (for element tests) Carrying-in/out equipment (For element tests)

Overview 

diagram

Specifications

Power: hydraulic pressure

External dimensions: L1503 W463 H575mm

Mass: approx. 100kg

Power: Electric power

External dimensions: L3750 W920 3148mm

Mass: 490kg

Power: None 

Internal dimensions: L960 W760 H330mm

External dimensions: L1000 W800 H732mm

Mass approx. 90kg

Loaded 400kg or more

Explanation

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.

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.

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.

Legs for moving

(detached)
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HVH disassembly

Â Cutting tools associated with the work of disassembling and removing the HVH

Tip saw Centerless tip saw Grindstone grinder

Overview 

diagram

Specifications

Power: Electric power / hydraulic pressure (stroke)

External dimensions: 323 214mm

Stroke*1: Vertical 75, Horizontal 200mm

Mass: 12kg

Portable Weight: Approx. 20kg/arm

Power: Electric power / hydraulic pressure (stroke)

External dimensions: 248 144 586.5mm

Stroke*1: Vertical 200mm

Mass: 14kg

Power: Electric power / hydraulic pressure (stroke)

External dimensions: 38.2 150 548mm

Stroke*1: Vertical 175mm

Mass: 14kg

Target
Damper, panel, 

casing (blower)

Frame, cooling coil Motor shaft, blower shaft, motor base

Explanation

The tip saw is operated with 2 strokes, and cutting is 

performed in a straight line.

The blade of the tip is processed so that there is no 

center shaft, and the distance over which the object to 

be cut can be pushed in is increased. It is used to cut 

[150 channels or block shaped cooling coils that 

require a long stroke.

It is used to cut shafts made of hardened carbon steel. 

And, it is used to cut motor shafts that are suspended 

using a crane.

Vertical direction

Horizontal direction

Vertical direction

Vertical direction
Hydraulic 

cylinder

Hydraulic 

cylinder

Hydraulic 

cylinder
Hydraulic 

cylinder

Motor MotorMotor
Blade

Blade

Grindstone

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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HVH disassembly

Â Cutting procedure of the cutting tool (Tip saw)

ỏ The tip saw cuts with a horizontal and vertical stroke.

As one side of the duct or panel cannot be cut in the 1st round of work, it 

is cut in the 2nd round of work.

And, this is repeated for each side to cut one surface of the duct or 

panel.

ỏ The HVH disassembly robot pushes the cutting tool against the object 

to be cut to position it, and object is cut when the cutting tool operates 

(rotation, stroke).

Alignment
Vertical stroke

(Cutting)

Horizontal stroke

(Cutting)

Vertical stroke

(End of cutting)

T
ip

 s
a

w

Component for 
pushing the tool 

against the object 
to be cut

Blade
To be cut

Cutting 

line 1

Cutting 

line 1

Cutting 

line 2

Cutting 

line 3

Cutting 

line 4

Cutting 

line 5

Cutting 

line 6

Cutting 

line 7

Cutting 

line 8

Repeating the 

procedure from 

alignment

Horizontal stroke
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HVH disassembly

Â Cutting procedure of the cutting tool (Centerless tip saw and grindstone grinder)

ỏ The centerless tip saw and the grinstone grinder cut with a vertical stroke.

As the horizontal stroke is not used, and cutting is carried out only with a vertical 

stroke, these tools are used for cutting frames, shafts, etc. that are thick.

ỏ The HVH disassembly robot pushes the cutting tool against the object to be cut to 

position it, and object is cut when the cutting tool operates (rotation, stroke).

Alignment
Vertical stroke

(Cutting)

Horizontal stroke

(Cutting)

Vertical stroke

(End of cutting)

C
e
n
te

rle
s
s
 tip

 s
a
w

G
rin

d
s
to

n
e
 g

rin
d
e
r

ˈ

Component for 

pushing the tool 

against the object 

to be cut

Blade

To be cut

Width of the cut

Vertical stroke

Blade

Blade

(After the stroke)

Handle



©International Research Institute for Nuclear Decommissioning

No.1826. Implementation items of this project [1) (2) Development of disassembly and removal technology]

HVH disassembly

Â Jigs associated with the work of disassembling and removing the HVH

Motor hoisting jig Impeller hoisting jig

Overview 

diagram

Specifications

Power: None

External dimensions (Detailed study 

underway)

Mass (Detailed study underway)

Power: None

External dimensions (Detailed study 

underway)

Mass (Detailed study underway)

Target
Motor Impeller

Explanation

Used for slinging the motor when it cannot be 

hung on the hook of the crane or when there 

is no eye bolt on the motor.

Used for slinging the impeller.

Sliding unit

Sling wire

Motor pad

Hoisting jig : 20kg

Impeller: 110kg
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HVH disassembly

Â 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).

Disassembled 

pieces

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

Dimensional constraints of the 

equipment hatch and access tunnel:

W1000

L2400

H1500

Dimensional constraints 

on the access route:

W 800

H1500

Carrying-in/out equipment 

dimensions:

External Internal

W800 W760

L1000 L960

H732 H330

Dimensions of 

disassembled pieces

W760 or less

L960 or less

H780 or less

HVH 

disassembly 

robot

Waste collection 

container

HVH

Waste collection container:

External Internal

W800 W760

L1000 L960

H800 H780

Disassembled 

pieces

Disassembled

pieces

Disassembled 

pieces

Carrying-in/out 

equipment

Unit mm

Equipment 

hatch

Access tunnel

Birdôs eye camera

Utility line birdôs eye camera

Carrying-in/out 

equipment

Layout drawing of Unit 3 

HVH-C

Large robot
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HVH disassembly

Â Element test plan (Test items)

Work

step Cutting the damper

Step

figure

Details

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.

Cutting

tools
Tip saw

Issues

Å Cutting work at high altitude locations

Å Grabbing the disassembled pieces

Å Placement of the lights and camera for monitoring work

Damper
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HVH disassembly

Â Element test plan (Test items)

Work

step Cutting the panel

Step

figure

Details

The cutting tool will access the panel, cut the panel, grab the disassembled pieces and deliver them to the carrying-in/out 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

Issues

Å Cutting work at high altitude locations

Å Grabbing the disassembled pieces

Å Placement of the lights and camera for monitoring work

Panel

Cutting 

line 1

Cutting 

line 2

Tip saw
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Work

step Cutting the frame

Step

figure

Details

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.

Cutting

tools
Centerless tip saw

Issues

Å Cutting work at high altitude locations

Å Grabbing the disassembled pieces

Å Placement of the lights and camera for monitoring work

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

HVH disassembly

Â Element test plan (Test items)

Frame

Cutting 

line 1

Cutting 

line 2

Frame

Centerless tip saw
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HVH disassembly

Â Element test plan (Test items)

Work

step Cutting the upper panel

Step

figure

Details

The cutting tool will access the upper panel, cut the upper panel, grab the disassembled pieces and deliver them to the carrying-in/out 

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

Issues

Å Cutting work at high altitude locations

Å Grabbing the disassembled pieces

Å Placement of the lights and camera for monitoring work

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

Upper 

panel

Cutting 

line 1

Cutting 

line 2

Tip saw
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HVH disassembly

Â Element test plan (Test items)

Work

step Cutting the upper frame

Step

figure

Details

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.

Cutting

tools
Centerless tip saw

Issues

Å Cutting work at high altitude locations

Å Grabbing the disassembled pieces

Å Placement of the lights and camera for monitoring work

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

Frame

Frame

Frame

Centerless tip saw
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HVH disassembly

Â Element test plan (Test items)

Work

step
Installing the motor hoisting jig

Step

figure

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
ˈ

Issues

Å Coordination of the work of the HVH disassembly robot and the crane in a confined space

Å Placement of the lights and camera for monitoring work

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

Motor

Crane

(For the test)

Hoisting 

jig

Simulated PLR 

motor

(Only external 

form is simulated)
Sliding unit

Sling wire

Motor pad
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HVH disassembly

Â Element test plan (Test items)

Work

step
Cutting the motor shaft / base

Step

figure

Details

The cutting tool will access the motor shaft and base and cut them using the HVH disassembly robot.

The motor shaft will be cut before the previous step of ñInstalling the motor hoisting jigò, but for the sake of explanation it has 

been included in this step.

Cutting

tools
Grindstone grinder

Issues

Å Cutting work in confined spaces

Å Interference in the work of the crane and hoisting jig

Å Placement of the lights and camera for monitoring work

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

Motor
Hoist

(For the test)
Motor 

shaft
Motor base Motor base

Grindstone 

grinder

Grindstone 

grinder

Grindstone 

grinder



©International Research Institute for Nuclear Decommissioning

No.191

HVH disassembly

Â Element test plan (Test items)

Work

step Lifting up / delivering the motor

Step

figure

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
ˈ

Issues

Å Interference with the remnant structures of the HVH

Å Interference with the structures in the surrounding (PLR motor)

Å Whether or not the work can be carried out using the assist robot

Å Placement of the lights and camera for monitoring work

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

Motor

delivery 

location

Hoist

(For the test)

Motor

HVH disassembly 

robot

Hoist

(For the test)

Motor

delivery location
Travel 

route

Carrying-in/out 

equipment



©International Research Institute for Nuclear Decommissioning

No.192

HVH disassembly

Â Element test plan (Test items)

Work

step Cutting the casing (blower)

Step

figure

Details
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.

Cutting

tools
Tip saw

Issues

Å Cutting work at high altitude locations

Å Grabbing the disassembled pieces

Å Placement of the lights and camera for monitoring work

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

Impeller
Blower


