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1. Purpose and Goals of “Development of Fuel Debris Retrieval Method No.2
(Development of isolation technology to prevent the spread of contamination during removal and

transportation of large structures)”
[Purpose of development of fuel debris retrieval method]

It is assumed that nuclear fuel has melted along with the internal structures) and exists as fuel debris in the Reactor Pressure
Vessel (RPV) and the Primary Containment Vessel (PCV) at Tokyo Electric Power Company Holdings, Inc. (TEPCO) Fukushima
Daiichi Nuclear Power Station (1F).

Assuming that the fuel debris present inside the RPV and PCV is currently in a sub-critical state, however, the plant itself is in
an unstable condition unlike it initial design since the Reactor Building (R/B), RPV and PCV, etc. have been damaged due to the
accident. For this reason, the fuel debris should be retrieved and maintained under a stable condition to prevent the spread of
radioactive materials.

Against this background, this project aims to study on the implementation of fuel debremovaleval on a further increased the
retrieval scale in coordination with the engineering and project management activities undertaken by TEPCO in accordance the
“Mid-and-Long-term Road-map Towards Decommissioning of TEPCO’s Fukushima Daiichi Nuclear Power Station” (hereinafter
“Mid-and-Long-Term Road-map”).The development results of this project will be used in TEPCO’s engineering activities.

The purpose of this project is to smoothly carry out decommissioning and contaminated water management at 1F by
implementing projects that support technological development contributing to the decommissioning and contaminated water
management at 1F based on the Mid-and-Long-Term Road-map and the “FY2021 Decommissioning Research & Development
Plan” (Secretariat Team Meeting for Countermeasures for Decommissioning and Contaminated Water Treatment (86t"), and in
addition, to make efforts to enhance the standard of science and technology in Japan.

As part of “Development of Isolation Technology to Prevent the Spread of Contamination during Retrieval and Transportation
of Large Structures”, elemental technologies related to confinement of radioactive materials, which is essential to ensure the
safety of the public and workers during removal and transportation of large structures, and related to isolation for reducing the
radiation exposure of the workers, will be developed for further increasing the scale of retrieval of fuel debris and internal
structures.

[Project goal]
The goal of the project is to study the implementation of fuel debris retrieval on a further increasing the
retrieval scale based on the Mid-and-Long-Term Road-map.

[Duration of Project] December 2021 to March 2023 (16 months)
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2. Results and Contents of the StudyW

Part of Subsidy Projects
The results of past subsidy projects and the contents of studies in the ongoing subsidy projects were examined.
(1) Results of past subsidy projects related to the top access method

[Main results of studies conducted as part of Upgrading of Fundamental Technology for Retrieval of Fuel Debris

and Internal Structures (hereinafter “Fundamental Technology Upgrade”: implemented in FY2017-18)] Top
container
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i = crane

* An image of constructing the access route (removal of interfering objects) was created and
elemental tests were conducted using structural simulations of the reactor bottom to verify the

feasibility of the removal procedure. ‘
* The retrieval duration (throughput) was estimated by assuming details of the procedure such as L\ ,_T
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implemented in FY2019-20)]
Verifying the feasibility of the method for transferring the structure as large as possible and then cutting

them in a separate building. J
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2. Results and Contents of the Study on TW
Part of Subsidy Projects

(1) Results of past subsidy projects related to the top access method

[Concepts of the new top access method (removing and transferring the unitized structure)]
The concept of the method for removing and transferring the unitized structure, which was studied under “Further Increasing the Scale of
Retrieval”, is indicated below.
v" Individual structures are transferred as the unitized structure
v The reactor core is cut into multiple units, and the lower hemispherical dome of the reactor bottom is separated in its entirety from the RPV.
v' The shielding and air-tightness of the objects to be transferred is ensured by means of a container or access route or a combination of both.

v' The work of finely cutting the structures that are retrieved and collecting them in a container is carried out in a building that is at a distance
from the R/B.

H H “ . Not
[Items studied under project of “Development of Technology for Further Increasing the Colors indicate the following contamination levels
. oy R (Red): Red (high contamination) zone
Retrleval Scale Of Fuel Debrls ] Y (Yellow): Yellow (moderate contamination) zone
. . . i . . G (Green): Green (low contamination) zone
The following items was studied in the FY2019-20 Subsidy Project (Study results as of end of FY2020 are listed.)
(Development of Technology for Further Increasing the Retrieval Scale of R/B
Fuel Debris). B M [
v'Study of method for transferring (transfer route) the unitized structure. Crane
v'Study of the method for disassembling the reactor bottom and related
elemental tests Passageway _ _ ~— Additional building
— Retrieval equipment
Cutting tool
transportation » =3 M p— .
cquipment & Transportation cart
Sy > 4 ollection containe
transportation W ||
- equipment Connectin - —1 Dual lid
sleeve J (not shown in the diagram
Cower ) as it is open)
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beam and brackets
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Signal cables Method for transferring (transfer route) the unitized structure under
IIIustratlon of reactor bottom interference objects removal work consideration
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2. Results and Contents of the Study on W
Part of Subsidy Projects

(2) Contents of studies conducted under the Project for “Development of Fuel Debris Retrieval Method” (hereinafter, “Retrieval Method: ongoing in FY2021-22)

Technological development of [1] Method for cutting large structures, [2] Large transfer containers, and [3] Large transportation
equipment for the top access method is underway.

[1] Method for cutting large structures The Method for reducing high-
= = — contamination areas in the
S . passageways is being studied. )
b ; al . .
sssenting Descsentang [Related to this project] v
equipment equipmen S
Hoisting . L . ear Drive motor Guide
accessories for - o I R/B ; p.. A " ]
e oo peces - head bolt - 3 for W B (outside the  Trapezoidal screw
3 3 g Yo — pr passageway)
2 Cutting N -
PCV upper iid _— w ) 04 .' : ce Endless roller method  Trapezoidal screw drive method
y manwsmr b [ e Passagewa ~+—Additional building Conceptual study is conducted on further increasing the scale
E \ geway Remeal of retrieval (implemented in FY2019- 20)
Conceptual study is conducted on further mcreasmg the scale equipment a - -
of retrieval (implemented in FY2019- 20) : — [3] Large transportation equipment
i i —T—C ti Dual lid
Method for cutting structures other than internal structures slggcgc ing [ (hot shown in the
L % diagram as it is open)
. . Large transfer container ir-ti H H
Method for cutting internal structures ] il Cetaedanser” Air-tight mechanism of the dual lid
L 1 )
Illustration of filling and cutting___ . [ F Dual lid
vyt < ‘ y N -. T
Cutting [1] : “ r @
' = / > »
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|
Cutting §2 TNotes]
Eg::gﬁ.fgﬁon s | ). e R R et i comamenasors 2oee. o1t Elemental tests are being planned on
Sriilvren R & (Groany. Graon don comsmmation) sone. the technological development (FY2020-21) related to
sectional area Sty resuts a5 of end of FY2020 are lted, S ensuring safety during fuel debris retrieval work.
Cutting structures from the reactor bottom i
—ng [2] Large transfer containers
transportation i ” . . . -g = Dy
Fuel debris at the
rea_g:to bottom
CF;E :A;usingnd —— jing o hemispherical
S checte [ dome opening
Collapsed CRGT-’i-s ;imulated éeopolymer filling (Inner
diameter of container: 300mm) X I
Elemental tests are conducted on Elemental tests are conducted on : Conceptual study is conducted on
further increasing the scale of retrieval (FY2019- 20) further increasing the scale of retrieval (FY2019- 20) further increasing the scale of retrieval (implemented in FY2019- 20)
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2. Results and Contents of the Study on Top Access Method Conducted as NoO.6

Part of Subsidy Projects | [Iotes
[_ _+ || Colors indicate the following

[Correlation between the developed items by the previous projects and ¥ 1 || contamination levels

this project] * cro housing | | R (Red): Red (high contamination) zone
clamp Y (Yellow): Yellow (moderate
contamination) zone

Project of Upgrading of Fundamental Technology (implemented in FY2017-18) \(- : G (Green): Green (low contamination)
[Study of the Method for cutting pieces inside PCV] Removal of large - AwInozzle || zone
: : , structures from the ethod for cutting pieces
> Implementation of elemental tests using simulated reactor bottom work [
container ===
rea_ctor _bottom structures _ - _ o g .W_H| nlj'
> Estimation of throughput, identification of issues ‘ sheet
Dual lid (Ialr-tlght) 9
Movableflange _ 1 = . Uop = y

H

Large transfer
container —

AL
-
= :
y
Transport
Shielding cart |E| cart

Method for cutting ar i
ge transportation)
large structures equipment

Project of Development of Technology for Further Increasing the Retrieval
Scale of Fuel Debris (implemented in FY2019- 20)

Lower lid

[Study of the Method for transferring the unitized structures] Dedicated ) : \
> Implementation of elemental tests related to disassembling :)?r?t;?r?étr \ "
the reactor bottom
»> Conceptual study related to the large transfer containers — , T / i
» Study of the Method for criticality control until collection in Project of Technological Development for Method for transferring unitized
containers Ensuring Safety (implemented in FY2020-21) large structures
! [Feasibility verification of the large transfer container lid]
» Development and elemental tests of the air tight mechanism for the container lid
Development of Technology for Fuel Debris Retrieval Method » Study of the method for criticality control after collection in containers (during transfer)
(implemented in FY2021- 22)
[Development of technology for realizing the retrieval 1
concept] This project
> Study of Method for cutting Iz.irqe struqtures [Development of Isolation Technology to Prevent the
» Study of large transfer containers (main body) 0 Spread of Contamination]
> Study of large transportation equipment > Isolation technology development and

l elemental tests

Items to be studied in future

Isolation sheet

> Study of technological challenges identified during engineering and technological development etc.

o] ‘
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2. Results and Contents of the Study on TW
Part of Subsidy Projects

[Notes] _ o
[Development results up to FY2020 (contents of studies)] R e e ?;':g;q?ngggf;“;gfgé” levels
A conceptual study of the methods for reducing the high contamination area in e e e o e o Zome
the passageways was conducted. *Besides color, the main zones are marked as R, Y and G.
(Passageway method) (Passageway method) Revision 1 (Passageway method) Revision 2
Setting up partitions using gates Setting up partitions using work containers
Gate opening
Secondary boundary Secondary bound Retrieval [closing ’ Work
c Re@rievalﬂl e:::s:; oundary equipment i Secondary boundary eﬁﬁ}:ﬁ]‘gt t'_lt'-s’assagewa}./ [ container
@ Passage equipmert 'ﬁ Additional way . Paseage 5.
S || |}/ building Y Aggillté(i)nngal /%5
= = M "afzss.ig'“g ' I%E
—= = Dual lid e : .
= Dtg:ilc_atled transfer ' Transp’ || ’Dual lid ,Duallid  while transferring
= container Dedicated transfer A ’ 1 the work container
% /con ainer HIES conainer | L V/ /Dedigg}ﬁgiltqrgpsfer
O =
c
o
O
2
- Simple retrieval procedures + Reduction in spreading of radioactive dust| * Reduction in spreading of radioactive dust resulting from
» |-Smaller number of equipment components,| resulting from cutting, to the passageway| cutting, to the passageway due to the work containers
= smaller amount of waste due to closed gates * Reduction in spreading of radioactive dust to the
% passageway as the work containers are used for
transporting structures as well.
7 Spreading of radioactive dust resulting| = Interference of the transport cart rail and]* Increase in amount of secondary waste due to addition of
% from cutting, directly into the passageway, the travel drive unit when the gates close work containers
c (major accumulation of radioactive dust) | - Spreading of radioactive dust to the| Note: Since the underside of the work container is not
8 passageway Wwhile transporting the| closed, it remains open momentarily when the container is
structures transferred to the transport cart..

(Revision 2) is considered as the primary choice for preventing spread of contamination from radioactive dust into the passageway.

However, since the underside of the work container of (Revision 2) is not closed, contamination spreads temporarily when transferring_ it on
to the transport cart.

= * The fuel debris retrieval is likely to continue for a prolonged period. If maintenance of the equipment, response actions in the event of emergencies, etc.
are considered, it is desirable to reduce the extent of spread of contamination as much as possible. Hence it continues to be studied as part of the
FY2021 Development of Fuel Debris Retrieval Method Project.

N . ] L . . ol tional h Institute for Nuclear D
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~ 2. Results and Contents of the Study on Top Access Method Conducted as
Part of Subsidy Projects
[Development results up to FY2020 (contents of studies)]

€ Conditions concerning the work containers [(Passageway method) Revision 2: Setting up partitions using work containers]

[1] When the work container is separated, the reactor well side and the underside of the work container are closed simultaneously.
[2] Containers of different sizes are used depending on the work classification so as to reduce the weight of the work containers.

No0.8

Work container for cutting Work containers for transfer of structures
» Size of the work container such that it covers the whole - Minimum size corresponding to the structures
reactor well area (large inner diameter) to be transferred (small inner diameter)
* Minimum sheet thickness considering reduction of . Sheet thickness considering reduction of
radiation dose from inside the reactor (thin sheet) radiation dose from the structures to be
— Reduction in weight of work containers transferred (thick sheet)
__________________ 'P_re_v_eﬁtTn_q_s_p?e_a?j Bf_l — Reduction in weight of work containers
|Sh|eld|nq the radiation dose | icontamination |
frominside thereactor | |during cutting work |

s ‘ . . When th& work container is
Iseparated, the reactor well
side and the underside of the
:work container are closed

| Isimultaneously.
radiation dosefrom .. gy o T mTmmmmm T

the structures to be .___'l.u____ When it is transferred

transferred Preventing the spread | (common)
(Internal structures, = of contamination from | (Eyample image)

etc. have a high dose adhered substances |

Approx. ®8m

A

———————— _ ) NG

During cutting (disassembling) work (Example During transfer work
image) (Example image)
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I Rl D Olnternational Research Institute for Nuclear Decommissioning



3. Project Overview No.9

3. 1. Collaboration with other projects
Development of safety system

_ > Development of side-access method Development of liquidigas phase
Sharing of the status of study

systems, criticality control technology
» Development of top-access method . .
Sharing of analysis needs/results

Development of fuel debris retrieval method

Continuous

characterization

Sharing of the status of study
monitoring ]
% Sharing of technological challenges Fuel debris
Development of a system for

continuous monitoring inside PCV Development of isolation teChnOIOQy to Development of analysis and estimation

prevent the Spread of contamination technology for characterization of fuel debris
during retrieval and transportation of
large structures

Development of isolation technology to prevent the Containing, transfer and
spread of contamination during retrieval and storage technology
transportation of large structures

Sharing of investigation needs/results

Coordination of containing, transfer and
construction methods

Internal investigation

Development of technology for
Investigation inside RPV

bari ¢ saf . Development of technology for containing,
aring of safety scenarios Sharing of technological transfer and storage of fuel debris

challenges

Development of technology for *Coordination of work steps

Coordination of containing, transfer and
detailed investigation inside PCV construction methods

Gradually increasing the scale

_ _ Technology for ensuring safety Solid waste

of fuel debris retrieval
Development of technology for gradually Technological development related to ensuring Research and development related to
increasing the scale of fuel debris retrieval safety during fuel debris retrieval work treatment and disposal of solid waste

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

E— S e
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3. Project Overview

No0.10

3. 2 Development items involving solicitation information of subsidized projects and

Implementation policy

Development items involving
solicitation information of

Implementation policy

subsidized projects

1) Development of isolation
technology to prevent the
spread of contamination during
removal and transportation of
large structures

In order to enhance the throughput of retrieving fuel debris and internal structures using the
top access method, development related to the method for transferring large unitized
structures is being carried out since FY2019. The method for cutting the large unitized reactor
internal as far as possible, pulling the cut structures up to the Reactor Building (R/B) operation
floor, and transferring them to the additional building using large transport equipment, is being
studied.

Since it is necessary to plan in such a way that the passageway from the R/B operation floor
to the additional building does not get contaminated as far as possible, in order to confine
radioactive materials, and reduce the radiation exposure of the workers, the concept of the
method for covering the contaminated structures by means of work containers during cutting
work inside the reactor and while transferring the cut structures up to the additional building, or
the method for preventing spread of radioactive materials to the passageway by providing an
isolation mechanism when the work container is transferred from inside the reactor to the R/B
operation floor, is being studied.

In order to crystalized measures to prevent the spread of contamination, the contaminated
materials generated as a result of work, the routes where these materials spread, etc. will be
put together, and after clearly specifying the contaminated area class required in the
passageways, technological development of equipment, operation methods, etc. concerning
the isolation mechanism for preventing the spread of contamination will be carried out.

Olnternational Research Institute for Nuclear Decommissioning



3 . P rOJect Ove ereW Development of isolation technology to prevent NO_ 11

the spread of contamination during retrieval and

3 3 PU rpose Of thls pI‘OjeCt transportation of large structures (This project)

Development of fuel debris retrieval method
(FY2021 to FY2022)

The following figure is an image illustrating the retrieval method using isolation technology such as using work containers and
isolation sheets with shielding function, etc., in order to reduce the extent of contamination inside the passageways.
A structure that can co-exist with the large transfer containers and dual lid that are being currently developed, will be studied.

Isolation technology to prevent the spread of contamination (This project) — Development of isolation technology such as isolation sheet, etc.
for preventing the spread of contamination from the underside of the work container (Reducing the contamination level inside the passageways,
reducing the radiation exposure of workers, enhancing the operability of maintenance of cranes)

Work ——— %ﬁ_ ==
container T e
(Shielded) , q ==
. J |_| Mﬂ\ S|l
Isolation L | 1]
sheet R : :
I # Y
(air-tight) \ h " solat |
solation
fe— , 0 sheet
Transportation b o
Shielding cart |E| cpart j A & ‘ i
chtjltei'itsocll;rore\ Large Large transfer Image showing confinement by
g larg transportation containers means of isolation sheet
structures equipment

\

[Notes]

Colors indicate the following contamination
levels*

R (Red): Red (high contamination) zone

Y (Yellow): Yellow (moderate contamination)
zone

G (Green): Green (low contamination) zone
*Besides color, the main zones are marked as R,
Y and G, and the red zone is marked with a red
border.

23

B o & |77

Image showing reduction in contamination inside the passageways when work containers are used.

. e . . . . . . . Olnternational Research Institute for Nuclear Decommissioning
‘ Rl D Since the classification of contaminated areas is under consideration, it could be changed in the future.



3. Project overview

No.12
3. 4 The points of concerns while executing this project

The points of concerns while executing the project are described below.

[The points of concerns]

To proceed with the development, the following points of concerns are considered for

handling efficiency and maintenance methods of remotely operated equipment

Remote-operated maintenance should be principle because the equipment will be
installed in high radiation areas.

*The contamination of the equipment and the required decontamination should be taken
into consideration.

The work area available for maintenance work is limited.

*Waste generated during maintenance work needs to be minimized as much as possible.

*Installation and handling of criticality monitoring equipment needs to be considered.

3
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4. Implementation Schedule No.13

I : Planned
I - Actual

FY2021 FY2022

Study items

4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3
Major milestones Interim Report Interim Report Final report
v v v
1. Conceptual study —
2. Planning of
clemental tests —
3. Test preparation/
Test manufacturing ————————————
of testing
apparatus
4. Elemental tests (N
5. Summary (]
Remarks

_— S e ]
l RI D Olnternational Research Institute for Nuclear Decommissioning



5. Project Organization

International Research Institute for
Nuclear Decommissioning (IRID)

» Coordination of overall planning and technology
management

» Coordination of technology administration including
technology development progress management

Hitachi-GE Nuclear Energy, Ltd.

[Elemental test, technical development]

(1) Development of isolation technology to prevent the
spread of contamination during retrieval and
transportation of large structures

No.14

Tokyo Electric Power Company Holdings, Inc.

» Various coordination for site application

Project teams to cooperate for technological development

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

Development of Technology Supporting
Integrated Management of Decommissioning
at Fukushima Daiichi Nuclear Power Station
(Development of a system for continuous
monitoring inside PCV)

[Sub-contracting details]
Technological development related to isolation
technology to prevent the spread of contamination
(Toko Corporation)

Sub-contractor for the following is TBD

* Designing assistance related to isolation technology
for preventing the spread of contamination
(Planned)

Development of Technology for Detailed
Investigation inside PCV

(On-site Demonstration of Technology for
Detailed Internal Investigation Considering
Deposit Measures)

Development of Technology for Further
Increasing the Scale of Retrieval of Fuel
Debris and Reactor Internals
(Technological development related to
ensuring safety during fuel debris retrieval)

Development of Technology for Investigation
inside RPV

Development of fuel debris retrieval method

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

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

3

1D

Research and development for treatment and
disposal of solid waste

Development of analysis and estimation
technology for characterization of fuel debris

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

Olnternational Research Institute for Nuclear Decommissioning




6. Implementation Items of This Project No.15

Solicitation information details are as below.

1) Development of isolation technology to prevent the spread of contamination

In order to enhance the throughput of retrieving fuel debris and reactor internal structures using the top access
method, development concerning the method for transferring the large unitized structure is being carried out
since FY2019. As part of this, the method for cutting the large unitized reactor internal as far as possible, pulling
the cut structures up to the R/B operation floor, and transferring them to the additional building using large
transport equipment, is being studied. It is necessary to plan in such a way that the passageways from the R/B
operation floor to the additional building do not get contaminated as far as possible, in order to confine
radioactive materials, and reduce the radiation exposure of the workers. Hence the concept of the method for
covering the contaminated structures by means of work containers when the structures are cut inside the reactor
and while they are transferred up to the additional building, or the method for preventing spread of radioactive
materials to the passageways by providing an isolation mechanism when the work container is transferred from
inside the reactor to the R/B operation floor, is being studied.

During this project, in order to implement these measures to prevent the spread of contamination, the
contaminated materials generated as a result of work, the routes where these materials spread, etc. will be put
together, and after clearly specifying the contaminated area class required in the passageways, technological
development of equipment, operation methods, etc. concerning the isolation mechanism for preventing the
spread of contamination will be carried out. At the time of development, evaluation and selection will be
performed from the perspective of confinement performance, certainty and operability of remote operations,
robustness and durability, of inspection and maintenance, etc. and the most appropriate technology will be
studied. Also,on-site applicability will be evaluated by conducting elemental tests with the help of a simulated
facility that use the studied technology.

l D Olnternational Research Institute for Nuclear Decommissioning
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6. Implementation Items of This Project No.16
1) Development of isolation technology to prevent the spread of contamination

[Issues]
» There is a risk of spreading contamination throughout the passageways if the passageways are
airtight.
* |t is necessary to prevent the spread of contamination considering on-site work efficiency of fuel
debris retrieval work.

[Implementation details]

« The contaminated materials generated from fuel debris retrieval work and the routes where these
materials spread, etc. will be clarified, and the contaminated area class required in the passageways
will be clearly specified.

» The methods and procedures for confining contaminated materials during retrieval and transportation
of large structures will be studied.

* |Isolation mechanism for preventing the spread of contamination will be evaluated and selected from
the perspective of confinement performance, certainty and workability of remote operations,
robustness and durability, efficiency of inspection and maintenance, etc. and the most appropriate
technology will be studied.

» On-site applicability of the technologies studied will be evaluated by conducting elemental tests using
a simulated test facility to verify manufacturing efficiency, operability of collection into the equipment,
air-tightness, etc.

[Expected outcome]
» Presentation of the method for preventing spread of contamination while transporting contaminated
large structures.

|
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Implementation Items of This Project No.17

[Notes] ] o .
1) Development of isolation technology to prevent the spread of contamination N R R T e g levels
Y (Yellow): Yellow (moderate contamination) zone
G (Green): Green (low contamination) zone

[Classification of the contaminated area classifications required in the passageways]| “Besides colr, the mai zones are marked a5 R, ¥ and G, and the
. . oy . . z I wit] .
® Objective of the condition of area inside the passageways el A

@ During maintenance and inspection work

.1Dtg|réq fu_el deft)rlsbrle_etrleval work [1] Reduction of public exposure
[1] S (ijctlo_n N ]Pg ¢ exposuLe ite b q * Reduction of dose rate at the site boundary
Pe UCt'_On 0 ‘ Ioske rate ?t td(_e S'te_ Olén ary h . * Prevention of leakage of radioactive dust into the environment
R :jevemlonfo eakage 0]c ra lli)actlve ust into the environment [2] Reduction of exposure of workers . T
[2] Reduction o expos/ureo WOTKers - Remote operation/automation anges fo be made during this development
Remote operation/automation * Improvement in work environment: Direct maintenance by workers
_______________________________________________ A . L
|Reduct|on of dose rate at the site boundary | | Prevention of leakage of radioactive dust | can be expected by.preventlng spreaql oflgon;amlnatlon inside the
| (Passageway + Work container shielding) | jinto the environment : passageways. (Stationary equipment inside the passageways,
——————————————————————— | (Passageways + Confinement of work | such as large cranes, etc.)
J'_containers) JI _________________________
Building cover STTTT T TS T T T TTTIIoIIIIIICL | Reduction in contamination of the inner !
Large crane P r . - | |
3 L Reduction of dose rate | Large crane ,| surface inside the passageways I
O y I(n?mld?dthe %asslilq%vavs I \ - =
Shielding by shielding | 3 1
Passageway. S ol cart) J| A 1 —
IR | _______ o
Work /0 Transportation Prevention of leakage !
o« L —containe I of radioactive dust :
hielding cart ‘ - inside the passageways
J ¥ R (Closing of the reactor :_ St
| well side partition) Al I

Reactor wel
side partition

N

Additional building

Work . = - =
container side
partition

N .
I:”:I Additional building

1 2 Cr:ﬂ - 1
/ |

AT L ] 7
Reactor Building ) ] ] Reactor Building . . . .
During fuel debris retrieval work During maintenance and inspection work

A%

. I . . . Lo . OInternational Research Institute for Nuclear Decommissionin
l Rl D Since the classification of contaminated areas is under consideration, it could be changed in the future. &



6. Implementation Items of This Project No.18

1) Development of isolation technology to prevent the spread of contamination

[Concept of confinement of contaminants during removal and transportation of large structures]
€ Confinement by means of isolation mechanism

Reactor internal | While lifting up

structures ﬁ the work container %ﬁ
il ) “ Emim

“Leakage ~

<

~

u#c#
N/ = }\
. Leakage PI'N" -~ -
Transportation cart 9 \ Isolation Transportation

revention
preventio mechanism cart

L‘gsgla_t@_sh_ee_t ) ) ‘

L3} d it

l—
|
|
|

o

i

i Ll
* Since the lower end of the work * Preventing spread of contamination from
container is not closed, it remains open the structures inside large work
temporarily at the time of transferring containers, and preventing the spread
onto the transportation cart. of contamination from inside the reactor

S T e e e e e ]
l Rl D Olnternational Research Institute for Nuclear Decommissioning
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= 6. Implementation Items of 1

No0.19

1) Development of isolation technology to prevent the spread of contamination

[Study of the most appropriate technology related to the isolation mechanism]
€ Comparison of the method for closing the underside of the work container at the time of separating the work container

(Results of primary comparison)

O: Good X:Unacceptable

No ltem Opening/closing type Welding type Trap type Shatter-proof type
Double door Double gate Isolation sheet Air curtain Surface painting
< Air-tight lid installed h — ) . ) . T AIr i .
B e aa ey wa |« Air-tight gates are provided on thefll « A middle portion of a cylindrical Arlgvlindlgé gﬂdthguélgrt]teﬁ’iﬂgf oje |+ The source of contamination
side, to which the container is | Container side as well as the reactorll sheet that connects the f| P : ] on the surface of the
connected, and opening and closing is | Well side, and opening/closing iSfl - Conainer side and the reactor | 2nd the reactor well side such™ g res is solidified  and
performed by rotating the container in its performed by sliding the container . - that the ports face each other : !
elntireltyvg;]ile bdoih Iidshareihin contact and V\{hl|el bo(tjr;] ga&ets arehm[ﬁontact and Welld ledet is squeezed and to form an air curtain and the peeled off using paint, etc. to
closely adhered to each other. closely adhered to each other. welded/cut. container is then separated. prevent scattering.
A M
e s U Sp_ra{y
i i [ Ml ] /", painting
11 Outline Container Gz \ oy
5ol i .
- | | |
3 e
B 5
— ; )
Z. it l Joint A(l)rrtoutlet Air inlet port
" senv. rome p Air.curta'in
= Isolation sheet
X
Co_nflnlng . Leakage of L—-v———‘] « It is difficult to completely confine %
efficiency @) i the gas phase (particles) o .
Gas phase ; gontarninants ; - According to the JPDR dismantling | * !t iS difficult to properly paint the &
o * Gas phase (particles) from the sides 9 q * Gas phase (particles) . ; inner surfaces and crevices of the
(particles) f when the ';r, g . field test (results), concentration reactor internal structures
can be confined gates are F ! I can be confined ratio in the air on both sides of the '
opened air curtain was approx. 1/30*1.

Confinement
efficiency

O
e Can be collected on

*O

X

3| Liquid phase (aripping| © Can be  collected on the . i the Can be collected on the i+ It is difficult to collect the water « Dealing with water droplets on the
of water Groplets) container side lid container side gate container side underside sheet droplets surface is a challenge
X 'll nterference
;- A py
Presence of * Interferes with | v e llO o) _
1 WV . . . . . .
4 mﬂgeggﬂgﬁﬁ the reactor remem | © Space is secured on the +  Space is secured on the « Space is secured on the (Opening / closing is not
9 well side while [ underside of the passageway underside of the underside of the passageway | required)
opening — o nation passageway
Opening of double doors
Whether or not | x . L X
switching of + Both lids needs to match in size.| « Both gates need to match in
5 work containers| and shape. | size ¢ © Sheets of different sizes can O The inlet and outlet ports are 1~
of different . ina i i i . wvthing i i * . . ¢ " i ing i
sizes i e T2ator well SIG8 needs 16 | on ke Tesctor ol Gb nbeds | be layered  (example | provided in accordance with (ORERIG/closing s not
possible be replaced fo be replaced. provided on the next page) the container side dimensions  required)
6| Conclusion |x x o) X x

The isolation sheet was selected for primar

TRID

Note *1) Source: Journal of the Atomic Energy Society of Japan, Volume 38, Issue No. 7 (1996) “Results and Outline of JPDR Dismantling Demonstration Project”

comparison. Under review upon further addition to the evaluation axis (durabilit

maintenance efficienc

Olnternational Research Institute for Nuclear Decommissioning



/Elemental tests of isolation sheets that enclose the contaminated

6. Implementation Items of This Project

1) Development of isolation technology to prevent the spread of contamination

[Study of the most appropriate technology related to the isolation mechanism]
€ Method for closing the underside of the work container at the time of separating the work container
(Additional explanation related to isolation sheets)
[1] Highly flexible confinement method that can be applied to containers of different sizes

[2] Simple methods (sheet-like material, etc.) can be applied as it is used inside the passageways (primary boundary).

— Development of confinement method using sheet-like material (isolation sheet)

No0.20

FY2014 Subsidy Projects”

FY2015 - FY2016 Subsidy Projects™

— Results of past subsidy projects

\

1/4 scale model test for every work step

structures . . . . .
(Application of sheets for preventing spread of contamination)

(Study of materials, manufacturing efficiency of large sheets, etc.)

Zipper closing part

Transfer container e T
/ s "
-
{"" ' ,:( New operation floor surface] T "%
Simple cyllnder made of composite sheet (prototype 1) Im—?, ?/ sl
ey ¥ 1 -“ J’i&. ﬂ'“""""&u
5= ] ® |
t. ‘
}5
S el

||>xxtxx41n,‘::,

DSP lifter*** i ...‘,

lllustration of
detachment of the ,
zipper closure

lllustration of transfer using sheet for
preventing spread of contamination
“*DSP: equipment storage pool

Bellows Ilke sheet made of composite sheet (prototype 1)

]
=
>
(%]
()
S
Y—
(@)
c
=
4+
@
L
=3
o
<

Development of
isolation sheets
considering
combination with
the work container

"FY2014 Subsidy Project: Subsidy Project of Decommissioning and Contaminated Water Management in the FY2013 Supplementary Budget “ Developmenl of technology for retrieval of fuel debris and reactor internal structure

TIRID

“FY2015 Subsidy Project: Subsidy Project of Decommissioning and Contaminated Water Management in the FY2014 Supplementary Budget “Development of fundamental technology for retrieval of fuel debris and reactor |n|erna| structures”

©International Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project No.21

1) Development of isolation technology to prevent the spread of contamination

[Study of the procedures for confinement of contaminants during retrieval and transportation of large structures]
€ Study of procedures for confinement using isolation sheets

Work container: Inner
diameter approx. 13m

Isolation

PeRlaae
Transporta
[1] While using work container [2] While lifting up the work container [3] Isolation sheet squeezing, welding,
cutting/moving the work container

D
Isolation sheet Isolation sheet
®) Transfer of work container
* The above-mentioned procedures including the procedures for :
collecting the structures in large transfer containers, the method ML : ]m ‘ Mm
for replacing the isolation sheet, etc. are being crystallized. Lifting up Welding Cutting

Closing the underside of the work container with inner diameter approx. 13m

E—
I Rl D Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project

No0.22

Colors indicate the following contamination levels*

1) Development of isolation technology to prevent the spread of contamination |z &ed:res tian conaminaion zone

Y (Yellow): Yellow (moderate contamination) zone
G (Green): Green (low contamination) zone

[Study of the procedures for confinement of contaminants during retrieval and transportation of large structures] |Besides color, the main zones are marked as R,
€ Overview of work container

Y and G, and the red zone is marked with a red
border.

The work container being studied as part of the Project for Development of Fuel Debris Retrieval Method is shown below.
The use of containers of different sizes depending on the work classification so as to reduce the weight of the work containers, is being studied.

Table: Functional requirements of the work container in accordance with the contents of work

While cutting While transferring
requirements

Work

Shielding

$

_ Work container for cutting

[llustration of
installing the
work
container

Remarks

Must be able to mount large disassembling equipment for cutting work

Must be able to shield the radiation dose from inside the reactor

during cutting work

Must be able to mount a crane that can place the structures in the
work container

Must be able to shield the structures placed inside the work container

If the work containers are used in common, they must be extremely large and heavy. Hence different work containers will be used depending

on the work classification.

|

Shielding cart
\

g

]

‘ Work container |

R

Y

Transportation |
cart - -
Disassembling
equipment

The large equipment for cutting can be installed and radiation dose
from inside the reactor during cutting can be shielded.

Work container for transfer of structures

G &

Work container
Y

Shielding cart Crane

3

Y
—i-ﬂ

Transportation
cart

= -
-

dl
[}

A crane that are stored in the work containers can be installed, and
the structures stored inside the work containers can be shielded.

Olnternational Research Institute for Nuclear Decommissioning

IRlD Since the classification of contaminated areas is under consideration, it could be changed in the future.



6. Implementation Items of This Project No.23

Notes] -
1) Development of isolation technology to prevent the spread of contamination ?é?:(ehi%"heu:mifﬁﬂﬁ;f?ﬁ) sone, 118 marked
(This page n{ainly consists of explanation

[Study of the procedures for confinement of contaminants during retrieval and transportation of large structures] | eiaed to work  containers. Hence

considering visibility, contaminated areas

@ Example of using different work containers other than the work container have not

been marked.)

While lifting up reactor internal structures or the reactor bottom part, the work container is installed on the surface of the RPV flange,

considering streamlining of shielding and the lifting range of the crane.

In the reactor well Reactor internal structures Reactor bottom part

Work container

. . : On the operation floor On the RPV flange surface On the RPV flange surface
installation location

. Work container
& Work container Work container

~4
|
A

lllustration of
installing work

Section iy |8

- - |
T
Bk .
] - Section
1 -F—<i : Section to be removed
R_ww IEl to be removed
Used while removing the PCV head, Used while removing the reactor core Since the weight of the reactor bottom
RPV head insulating material, RPV part is approx. 250ton, and needs to be
Remarks i i

head lifted 20m or more, a larger crane is

used for the reactor bottom part.

Table Using different work containers in accordance with the structures (Current proposal’)

Structure Work container While cutting While transferring
installation location

* With regards to using different work containers, after studying
the series of work steps involved, a study will be conducted
once again to check whether or not the no. of containers can
be reduced by streamlining the work steps.

In the reactor well On the operation floor Work container A Work container B The work containers A to E in the table on the left are
Reactor internal structures On the RPV flange Work container D ?;iﬂ:ii te‘:C be different in terms of their size, shielding
Work container C e _—
surface Work container E (Under detailed examination)

Reactor bottom part

Olnternational Research Institute for Nuclear Decommissioning

l RID Since the classification of contaminated areas is under consideration, it could be changed in the future.



6. Implementation Items of This Project No.24

1) Development of isolation technology to prevent the spread of contamination

[Study of the procedures for confinement of contaminants during retrieval and transportation of large structures]
¢ Removal of shield plug
The proposed shield plug removal steps being studied under the Project for Development of Fuel Debris Retrieval Method are indicated below.

1. Carrying-in the shield plug disassembling equipment 2. Lifting up the shield plug
Shielding cart | | N . "~ Shield plug e L |

disassembling e
equipment

contamination using

sheets, etc.
3. Moving the transportation cart under the plug and 4. Moving the shield plug disassembling equipment,

loading the plug . the transportation cart and the shielding cart as a single unit

) ) ) ) ) ) . ) ) Olnternational Research Institute for Nuclear Decommissioning
* Cases of performing work while pouring water or cases using work containers and isolation sheets are being studied for preventing dispersion of dust.



6. Implementation Items of This Project

No0.25

1) Development of isolation technology to prevent the spread of contamination
[Study of the procedures for confinement of contaminants during retrieval and transportation of large structures]

# Outline of isolation sheet base installation work
After removing the shield plug, the base for installing the isolation sheet is installed.

. Passageway

Isolation s)weet base
\
/

Isolation sheet
base

! -m-_.T
C

NI
I TN

N

View B - B Water seal of the

Transportation cart rail
Passageway

Isolation sheet base
water seal

Isolation sheet welding/cutting equipment | Jl/
\

. R The outer periphery of

Outer peripheral cover Water seal of the isolation sheet base the isolation sheet base
is sealed by installing it

Cross-section C - C inside the water seal

isolation sheet base

>

11 11

Layout drawing

bl
o
B B
U OV (il v
F\T"”.i Ca Tk : ——

View A - A
(Cross section of the center of the well)

Olnternational Research Institute for Nuclear Decommissioning

|
l Rl D *This work is carried out before removing the plug, if the shield plug will be removed using the work container. (Under detailed examination)



6. Implementation Items of This Project
1) Development of isolation technology to prevent the spread of contamination

[Study of the procedures for confinement of contaminants during removal and transportation of large structures]

@ lllustration of the isolation sheet installation

Isolation sheet

Isolation sheet base

No0.26

-
~

Work container
for cutting

Isolation sheet (*)
Part occupied by isolation sheet

/

View C - C

(*) Installation image
Since it is actually pulled by negative pressure, it gets pulled inside the reactor.

TRID

. N
View B - B water seal of the

> —

isolation sheet base

Isolation sheet base

Water seal of the
isolation sheet base

" |
i A
g1 1§
Layout drawing
4 —
B B
*__r_ ___________ _': __¢
View A - A

(Cross section of the center of the well)

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project

1) Development of isolation technology to prevent the spread of contamination

[Study of the procedures for confinement of contaminants during retrieval and transportation of large structures]

@ Dryer removal work steps (1/3) *Pre-condition: The cutting work has been completed by means of the disassembling
equipment and work container for cutting. Changes in the contamination zones in association with transfer procedures
and transfer work are indicated below, with the dryer removal (transfer) work steps as an example.

1. Carrying-in work containers for transferring structures

L
=1 == |
Work container L Ll
colation dhol base Snen s | Additional building |
= -
AT o :
Transportation cart | “fee
: T R
— R » Large transfer containers
L T 4 G
1 I 7

3. Retreating of transportation cart

G - Underside of the work container
sealed with isolation sheet

Shielding cart Isolation sheet
'll ‘

- I L Isolation
Transportation cart I 7h88t

LI -

R
3\

k I l 7 7

Large
|1 transfer
container

No.27

Colors indicate the following contamination
levels*

R (Red): Red (high contamination) zone

Y (Yellow): Yellow (moderate
contamination) zone

G (Green): Green (low contamination) zone
*Besides color, the main zones are marked
as R, Y and G, and the red zone is marked
with a red border.

2. Transporting the work containers and moving the shielding cart

G

| Shielding cart |

[N ]

W— T

Work container

—

K=

—

T

| €=

Transportation cart

B

1

Isolation
sheet

R|

Large
transfer
container

4

4. Suspending the work container and cutting the isolation sheet

on the underside of the work container

Shielding cart
\

\

AT

L

R

o]
L . i Cxa |
Work container
Work containernl Y
/ :
Transportation Isolation
rl sheet
; Isolation
sheet cutting

[

N\

Large
transfer
container

4

Olnternational Research Institute for Nuclear Decommissioning

I Rl D Since the classification of contaminated areas is under consideration, it could be changed in the future.




6. Implementation Items of This Project No.28

Bpers in te the following contamination levels*
1) Development of isolation technology to prevent the spread of contamination |5 s comammsion zone "
G (Green): Green (low contamination) zone

[Study of the procedures for confinement of contaminants during retrieval and transportation of large structures] | :Besides color, the main zones are marked as R,

Y and G, and the red zone is marked with a red

@ Dryer removal work steps (2/3) border.
5. Removing the dryer 6. Welding and cutting the isolation sheet
o b
G = == X Wl cxa
E Dryer ‘ Work container ‘ Work container
Shiel(l:ing cart Isolation sheet Y Shiel:jing cart E/ Isolation sheet I
Transportation [ il ISOlationl oA, l: il Isolation
i s/heet rpegton =
| 0 - | 0 -
AT JBCT
' R v e | R T
d ctontaifner Ll d ct(;ﬁ?z;fr?ér
1 I ; | T L& ?
: : 8. Suspending the work container, and
7. Moving the transportation cart positioning the dryer
b bl
e . = '_|| ;s - L‘? '_||
i it » Work container
redinolcar ielding cart
- -
L] Il Isolation ) [ il Isolation
Transportation sheet Transpeaton sheet
cart = / J DD
LU L
| Wi R] | wui R
- R T Large > R ™7 Large
ot ] st
i W 4 i W 4

Olnternational Research Institute for Nuclear Decommissioning

l RID Since the classification of contaminated areas is under consideration, it could be changed in the future.



6. Implementation Items of This Project

1) Development of isolation technology to prevent the spread of contamination

[Study of the procedures for confinement of contaminants during retrieval and transportation of
large structures]

@ Dryer removal work steps (3/3)

9. Transporting the work containers and moving the shielding cart

c] == i

Work

Shielding container

cart E

Transportation I: Isolation
cart s?eet
I ul
Tr R
R v
|

Large
| transfer
container

No0.29

[Notes]

Colors indicate the following
contamination levels*

R (Red): Red (high contamination) zone
Y (Yellow): Yellow (moderate
contamination) zone

G (Green): Green (low contamination)
zone

*Besides color, the main zones are
marked as R, Y and G, and the red zone
is marked with a red border.

Olnternational Research Institute for Nuclear Decommissioning

l RID Since the classification of contaminated areas is under consideration, it could be changed in the




6. Implementation Items of This Project No.30

1) Development of isolation technology to prevent the spread of contamination

[Study of the procedures for confinement of contaminants during retrieval and transportation of large structures]
€ Outline of the RPV head removal work

Images illustrating transfer of the RPV head while ensuring shielding and air-tightness using work containers, which is
being studied under the Project for Development of Fuel Debris Retrieval Method, are given below.

1. Carrying-in the work container for cutting Installation of 2. Cutting the RPV head bolt

A A work container

for cutting

Overhead slewing W Transportation cart
—_————r crane
3. Retreating of the work container for cutting, carrying-in the work
container for transfer of structures”
>
4
<

Installation of work container for
transferring structures

(Carried-in after the work container
for cutting retreats”)

%] Work container for
~ | transfer of structures

crane disassembling equipment and
work container for cutting

E—— S
*: The work container for cutting and the work container for transferring structures are shown in the image at the same time, Olnternational Research Institute for Nuclear Decommissioning
I RI D however, in reality, the work container for transfer of structures is carried-in after the work container for cutting retreats towards the additional building.



6. Implementation Items of This Project NO.31
1) Development of isolation technology to prevent the spread of contamination

[Study of the procedures for confinement of contaminants during retrieval and transportation of large structures]
@ RPV head removal work steps (1/6) *Pre-condition: The work of cutting the RPV head bolt has been completed,
and the work container for cutting has retreated.

008 i isting isolati
A Gate Welding and Existing isolation sheet
\ 5 cutting
' ¥ ] .
Work { o \‘ Existing isolation sheet
container '
Shielding I \
cart | — /

Water seal of the isolation sheet base

View A

Existing isolation sheet

JEEe

lllustration of the isolation sheet in Step 1

&0 O

A

New isolation sheet

Work container

Work
container

New isolation
sheet

New isolation sheet

H 1
Wel_dlng an_d Contaminated area !
cutting equipment :
1
1

\, p \

Row A seat
(Inner perighery)

Shielding
cart

1 Row B seat
1

Transportation

Existing
isolation sheet

Row A seat

Existing isolatén sheet

|
I
|
I
|
I
|
I
|
I
|
I
|
I
|
I
|
I
|
I
|
I
|
: Existing isolation sheet View A

[
2. Transporting the work containers and _ _ _ _
moving the shielding cart lllustration of the isolation sheet in Step 2

|
l Rl D Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project

No0.32

1) Development of isolation technology to prevent the spread of contamination

[Study of the procedures for confinement of contaminants during retrieval and transportation of large structures]
€4 RPV head removal work steps (2/6)

New isolation

\Work containerl

sheet

Shielding
cart

= — —

=

L

Transportation cart |

Existing isolation

sheet

=]

3. Retreating of the transportation cart

Work containerl

=L s

——— L]

Existing
isolation sheet

New isolation
sheet

Existing
isolation sheet

4. Suspending the work container and installing the new isolation sheet

TRID

New isolation sheet

Work container

New isolation sheet

Existing ‘-
Welding and isolation sheet! [
cutting equipment Contaminfited area ! 1 Row B seat
1
by p T
Row A seat
(Inner periphery)
[ ] Row A seat
Existing isolation sheet View A

lllustration of the isolation sheet in Step 3

4

Welding and
cutting equipment

Row B seat
(Outer periphery)

’

Contamingted area 1
Row A seat

yA

A seat for the hook is installed on the wall surface of :.
the water seal (outer periphery) Row B seat
— Allowing the flexible structure work arm, etc. to .

access from the outer periphery and hitching it on to View A

the row B seat (outer periphery) is being studied.

lllustration of the isolation sheet in Step 4

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project

No0.33

1) Development of isolation technology to prevent the spread of contamination
[Study of the procedures for confinement of contaminants during retrieval and transportation of large structures]

€ RPV head removal work steps (3/6)

A s.

Work container |

Retrieval

equipment
[
v/ T
5. Cutting the existing isolation sheet and suspending the retrieval
equipment
) O

Yoy l
\Work container |

6. Removing the RPV head

IRID

New isolation sheet
Cutting

Welding and
cutting equipment

Contaminated area \ Row A seat
N =------- Row B seat
Cutting on the inside of the work container (cutting position, etc. is being studied)
View A

lllustration of the isolation sheet in Step 5

Welding and
cutting equigment
°

Row A seat

N Row B seat
Contaminated area View A

lllustration of the isolation sheet in Step 6

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project No.34

1) Development of isolation technology to prevent the spread of contamination

[Study of the procedures for confinement of contaminants during removal and transportation of large structures]
€ RPV head removal work steps (4/6)

New isolation sheet

sheet

. -
\'{ \Work container |

Welding and
cutting equipment

v

m Allowing the remotely operated equipment Row B seat
to access from the outer periphery and
removing the hitch on the row A seat (outer
periphery) is being studied.

7. Lifting up the work container

B The A row seat part is collected by drawing
it inside the new isolation sheet.

lllustration of the isolation sheet in Step 7

| —
l Rl D Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project

No0.35

1) Development of isolation technology to prevent the spread of contamination
[Study of the procedures for confinement of contaminants during removal and transportation of large structures]

€ RPV head removal work steps (5/6)

8. Squeezing, welding and cutting the new isolation sheet

) isolatio
Welding and sheet
cutting
equipment

(Moved to the

right sidA\

@ m——)

—

Welding and cutting equipment

Existing

New isolation sheet

Squeezing,
welding and
cutting

m Allowing the remotely operated equipment
to access from the outer periphery and
changing the position of the hitch to the

row B seat (inner periphery) is being studied.

X X Row B seat

lllustration of the isolation sheet in Step 8

Olnternational Research Institute for Nuclear Decommissioning



6. Implementation Items of This Project No.36

1) Development of isolation technology to prevent the spread of contamination

[Study of the procedures for confinement of contaminants during removal and transportation of large structures]
€ RPV head removal work steps (6/6)

Existing isolation sheet

Existing
isolation sheet

Shielding cart

Welding and

cutting

equipment Y
[}

Transportation cart |

Closing lid

=

i

Row B seat

il
9. Moving the transportation cart, and
suspending the work container

View A

lllustration of the isolation sheet in Step 9

A I', ." L
Work container |

L

| Shielding cart . ‘ Transportation cartl
T

New isolation sheet
\Welding and cutting equipment Row A seat

Row B seat

(Inner periphery) \E
1
1

I

1
1
Contaminated area ! Row B seat

i " .
10. Transporting the work containers and
E— moving the shiel
l Rl D Olnternational Research Institute for Nuclear Decommissioning

lllustration of the isolation sheet in Step 10



[Notes]
Colors indicate the following contamination levels*

6. Implementation Items of This Project § (etonn: Yeloo (modarats somaminaton) zone
G (Green): Green (low contamination) zone
*Besides color, the main zones are marked as R, Y

1) Development of isolation technology to prevent the spread of contamination  |and 6. andthe red zone is marked with ared border.

[Study of the procedures for confinement of contaminants during removal and transportation of large structures]
4 Study on handling the isolation sheet (used isolation sheet) after retrieving the structures

The isolation sheet is planned to be used mainly [1] when the structures are retrieved and [2] when the structures are collected in large transfer
containers, as shown in the figure below. Handling of used isolation sheets is being studied. The status of the study is indicated below.
[1] When the structures are removed: The cut isolation sheet is placed into the work container along with the structures using the removal equipment.
[2] When the structures are collected: The used isolation sheet mentioned in [1] above, the isolation sheet at the time of collection, and the structures
are all placed into the large transfer containers.
— After being transferred from the additional building, when the structures are removed from the large transfer containers for storage, etc. in other
buildings, the isolation sheets are removed as well and are disposed off as waste.

N\

| i fmmmmmmmooeooo oo

Work Lifting up the |

M ) _ :
[1] When the structures T container work container
are removed. Work container | [[] L Isolation | m o iin
) sheet base

= [

—-— e - e o . E——
4

2

I
I
I
I
I
[2] When the Isolation I
structures are stored. =—r—o sheet I
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6. Implementation Items of This Project No.38

1) Development of isolation technology to prevent the spread of contamination

[Study related to isolation sheets]
The following studies are being conducted under this project

[1] Study of the isolation sheet handling step
(All the steps are being studied under the Project of Development of Fuel Debris Retrieval Method)
— Steps involved in the method related to isolation sheets is being studied. (Refer to No. 21 - 37)

The required specifications (strength and efficiency of cutting, etc.) of the isolation sheet are studied based on
the steps.

[2] Evaluation of the isolation sheet material and the physical properties, study of isolation sheet

— As described in No. 21, closing the underside of the work container with a maximum inner diameter of 13m,
Is being studied.

The material that can be used is being investigated and the required physical properties are being evaluated.
Inclusion of fibers of nylon, etc. for improving strength is being considered as well.

[3] Study on welding and cutting methods
— Along with above-mentioned [2], the methods of welding and cutting isolation sheets are also being studied.

[4] Evaluation using scale models, etc.

— Based on the results of studies above mentioned in [1], [2], and [3], the feasibility is confirmed by means of
elemental tests using scale models, etc. (Proposed test items are indicated on the next page)

[5] Study of isolation sheet remote handling equipment
— The isolation sheet needs to be handled remotely in actual use.
Based on the results of studies mentioned in [3], equipment for remote handling (welding remotely, etc.) is
studied.
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6. Implementation Items of This Project No.39

1) Development of isolation technology to prevent the spread of contamination

[Elemental tests using simulated test pieces]
€ ltems to be verified through elemental tests (proposed)

Remarks (Proposal on specific verification detals)

+ Whether or not manufacturing the sheets in actual dimensions is possible (if it is

Manufacturing ® Manufacturing efficiency will be verified by test-manufacturing

1 . . . . difficult to manufacture the large unitized large sheets, smaller sheets can be
eff|C|ency isolation sheets. joined together to get larger sheets), etc.
Collection ® Method for easy collection when the isolation sheet is ) Whgther 1D SSEE EEn (92 fRlREe o it t_he ass.“(“ed slz€

2 - . . . o (folding method, whether the surface with the joint can be folded),
efficiency installed, will be studied, and verified through tests. etc

® The method for converging (squeezing) the isolation sheet and
3  Air-tightness ensuring air-tightness by welding, etc. will be studied, and - Leakage rate, etc.
verified through tests.

- Study of cutting method assuming remote operation, work

4  Cutting efficiency The cutting efficiency of the isolation sheet will be verified. efficiency, etc.

(Remarks)
= The above items will be verified using scale models, etc. The verification items (target values and criteria, etc.) will be specified in the future.

= This plan may change depending on the progress in designing.

Converging |> <| Cuttin
<E > 8and weldin » g

[lllustration of manufacturing efficiency] [llustration of storage efficiency]
* Study of dimensions considering welding » Study of folding method, required size [lllustration of air-tightness (converging and welding) and cutting]
(including excess length after squeezing) in the case of storage + Study of converging and welding and cutting methods

* Dimensions are being studied.

|
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/. Summary No.40

1) Development of isolation technology to prevent the spread of contamination
» Technology for confining (isolation mechanism) contaminated material during removal
and transportation of large structures is being studied. Isolation mechanisms including
opening/closing type, welding type, trap type and shatter-proof type were studied and
compared. Then, primary evaluation for the isolation mechanism was conducted, and
the welding type (isolation sheet) isolation mechanism was selected based on the
aspects of confinement capability and operability.

» The confining procedure using an isolation sheet is being studied. The method for
welding/cutting the isolation sheet, procedure for containing the structures into large
transfer containers, method for replacing the isolation sheet, etc. are being
crystallized.

> Test items and details for verifying the feasibility of the isolation sheet are being
studied.
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8. Specific Goals for Achieving the Purpose of the Project No.41

1) Development of isolation technology to The contaminated material generated from work and the passageways in which it

prevent the spread of contamination spreads shall be examined, and the contaminated area classification required in the
passageways shall be clearly specified. Isolation mechanism (equipment and operating
methods, etc.) for preventing the spread of contamination shall be evaluated and
selected from the perspective of confinement capability, possibility and operability of
remote operations, robustness and durability, inspection/maintainability, etc. and site
applicability shall be studied by means of elemental tests.

(Target Technology Readiness levels (TRLs) at completion of the project”: Level 3)

TRL level

TRL7 Stage at which implementation is complete. For practical use
TRL6 Stage at which on-site demonstration is conducted. On-site :
demonstration

Stage at which a prototype is manufactured based on the actual equipment and verified

TRL5 ) . : Simulated verification
in-factory simulated environment, etc.

TRL4 Stage at which functional tests are implemented at the test manufacturing level as a Research for
development and engineering process. practical use

Stage at which development and engineering are carried out by using applied or
TRL3 combined existing research. Or, stage at which development and engineering are Applied research
carried out based on fundamental data in fields in which there is no prior experience.

Stage at which development and engineering are carried out in fields in which there is

U2 almost no applicable prior experience, and the required specifications are defined.

Applied research
Stage at which specific details pertaining to the development and engineering targets

TR are clarified.

Basic research

*TRL: Technology Readiness Level
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