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1. Research Background and Purpose @

1.1 Reason Why the Research Project is Needed

[Background] Access route into PCV for Conventional access route into
Investigations inside PCVs were performed in the following government-led detailed investigation PCV for investigations inside
projects in the past: B1/B2 Investigations (Unit 1), A1/A2/A2’ Investigations nside PCV PCV

(Unit 2), and Unit 3 Investigation using a small ROV.
While valuable information was obtained by these investigations, the size of Primary containment
the existing openings has limited the scope of the investigation. vessel (PCV)

[ Objectives]

Following the aforementioned investigations, the detailed investigation (%1008
inside PCV (hereinafter referred to as the Detailed Investigation) aims to
re-examine and analyze the needs first and to perform investigation and
establish relevant technologies necessary to meet the needs and the
requirements for fuel debris retrieval.

Reactor pressure

Reactor building
vessel (RPV)

structure

Equipment hatch d

In the Detailed Investigation, the development will be advanced while
putting priorities on gathering information for the pressing tasks required
for fuel debris retrieval: the determination of fuel debris retrieval method,
the detailed design of retrieval devices, and the sampling technologies.

(Notes) Bl investigation: Investigation of the top of the 1st floor grating outside
the pedestal
B2 investigation: Investigation of the underground floor outside the

Existing opening
(X-6 penetration)

Existing opening

pedestal (X-2 penetration)

Al investigation: Investigation of the condition of the rail of the control

rod drive mechanism (hereinafter referred to as “CRD”) Scope of detailed investigation inside PCV
A2 investigation: Investigation of the top of the platform inside the (basement floor inside/outside the pedestal, CRD
pedestal system)

A2’ investigation: Investigation under the platform inside the pedestal . . . L .
g g P P [Outline of PCV cross-section and investigation points]

I
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1. Research Background and Purpose @
1.2 Application and Contribution of the Study Results

_____________________________________________________________________________________________________________________________________

! FY2016-2017 Development of technology for investigation inside PCV
N e e e e e o e o o e e o o o e o o o o o e o e o e e o o e o e o o e o o e e e e e e e e e e e o e e e e e e e $ _________________________________________________________________ /7

FY2017 to FY2018 Development of Technology for Detailed Investigation Inside PCV (this project)

Development of investigation and Development of access and Applicability verification of element
development plans investigation equipment technologies

FY2018 Development of Technology for Detailed Investigation inside PCV
(On-site validation of technology for detailed investigation inside :
PCV considering measures for deposit) Unit 1

_________________________________________________________________________________________________________________________________

—_—————
N

S< -

FY2018 Development of Technology for Detailed Investigation inside PCV
(On-site validation of technology for detailed investigation inside
PCV through X-6 penetration) Unit 2

- ~-<
.
———mm———

devices for fuel debris retrieval (including fuel
debris retrieval work, earthquake resistance,
repair, and criticality control)

Research on fuel debris sampling

Information for determination of fuel debris retrieval Information necessary for the sampling
method and detailed design of fuel debris retrieval planning, etc.
devices, etc.
E— O  ———— ————————————————————————————————————————————————————————————————————— — —
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2. Implementation Items, Their Correlations, and Relations with Other Research

2.1 Implementation Items on the Research

®

Corresponding
Implementation items Implementations to be accomplished in FY2018 sections in this
document
Development Unit 2* Based on the latest site conditions, the investigation plan shall be
of investigation continuously reviewed, materialized, and updated
and . . .
develooment Assessment of the applicability of the devices developed for Units 4.1
| P Unit 3 1 and 2 to Unit 3 and the clarification of whether there are any
plans issues to be addressed in this regard
Establishment of access route into . , I :
PCV from existina pass-throuah hole Design, production and In-plant verification test of equipment
(X-6 pe%(gtration) 9 pertaining to establishment of access route in PCV 4.2
Development Eetablish Cof o it
ishmen r in
O_f access find P 2\7 frjm ai e;s;lrfcesa:ss?ijh?ou ?1 In-plant verification test of the full-scale prototype of equipment
Investigation g pas 9 pertaining to establishment of access route into PCV 4.3
equipment hole (X-2 penetration)
Production and verification of . . I
access and investigation Design, production and In-plant verification test of the full-scale
equipment prototype of access and investigation equipment 4.4
Applicability verification of element technologies Verification t.est of.me.asurem.ent technologies to be incorporated in 45
access and investigation equipment
Completion of review of mockup test procedures of the arm type
. . access equipment and design of the test facility, and commencement
Design and setup for mockup test facility of the partial production 4.6

* The investigation and development plans for Unit 1 have clarified and updated in FY2017.

TIRID
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2. Implementation Items, Their Correlations, and Relations with Other Research

2.2 Relations between items and relations with other research (1/2)

[This project (FYs 2017-2018)]

~

{ Investigation and development planning

» Update and materialization of the plans based on the latest information on the
inside of the PCVs

LEstablishment of access route into PCV through X-6 penetration

e

« In-plant verification test of the isolation room, hatch operating device, etc.
» Connection with investigation equipment: Steps from detailed design to in-plant
verification

;'_/

LEstablishment of access route into PCV through X-2 penetration

» Implementation of steps from detailed design to factory verification test for
devices related to the establishment of access route into the PCV

( Production and verification of access and investigation device

o~

+ Screening of access equipment
 Access and investigation equipment: Steps from detailed design to in-plant

verification
(Steps from detailed design to partial production are to be implemented for the
arm type access and investigation equipment)

[ Applicability verification of element technologies K

» Test of measurement technologies to be incorporated in access and
investigation equipment

[ Design and setup for mockup test facility J—

» Development of test procedures and the design and partial production of the

test facility for the mockup test of the arm type access equipment

N —
IRID

___________________ ~

’FY2018 to FY2019 Development of Technology for|
Detailed Investigation inside PCV |
(On-site validation of technology for detailed I
investigation inside PCV considering measures for |

|
|
|
! denosi |
! eposit) Unit 1 |
| 1
| [ Development of investigation and development plans |
J
I * Detailed plan for steps from mockup test to on-site validation |
: On-site validation of access and investigation equipment and L
investigation technology )1
» Preparation, mockup test and on-site validation of test facility ]

\———————————————————J
_—-— O S S S S DS DS DS B DS B B B e B B e .

| FY2018 to FY2019 Development of Technology for
Detailed Investigation inside PCV
(On-site validation of technology for Detailed
Investigation inside PCV through X-6 penetration)

Unit 2

[ Development of investigation and development plans

* Detailed plan for steps from mockup test to on-site validation

On-site validation of access and investigation equipment and
investigation technology

« Steps from partial production, full assembly, In-plant verification test, mockup
test, to on-site validation of access and investigation equipment

—

| N
AN IS S S S S S S S S S -
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(Above listed actions are planned to be started in FY2019)



2. Implementation Items, Their Correlations, and Relations with Other Research

2.2 Relations between items and relations with other research (2/2)

Cooperation organization Details of cooperation Cooperation duration Notes
. . » What information was exchanged, and who were the providers and the Other
> OB ITEEEES (e O EIEEEs) receivers of the information? e : information on
Example LEDT:CO » What was discussed, considered, and decided, who was involved in the fSpeCIfIC per:cod, nar‘?_e e t details of
etc ’ discussion and decision? Mg]ele ey O el isEn Bk, G, cooperation, and
’ « Things like the above-mentioned are to be described in detail. issues
TSN ; Based on the results of internal PCV investigations of Unit 1 and 3
Criticality Control, Debris '
Retrieva}ll and Re’actor Inside discussions were had about for updating the plan for detailed internal PCV August 7, 2017
1 L L . investigations of Unit 1 and methods to avoid a risk of criticality during deposit August 22, 2017
Condition Identification Projects removal in a limited area.
METI ANRE, Based on the results of internal PCV investigations of Unit 1 and 3, discussions
> NDF, and were had about updating the plan for detailed internal PCV investigations of August 9, 2017
TEPCO HD Unit 1. Deposit sampling was requested
0
% Debris Retrieval. Reactor Inside Discussions were had on whether the results of the investigation met the needs
= Condition Identification, and for the |mplement§t|on of a detailed investigation |n3|c‘i¢.3 PC\{ as.well as whether Meetln_g to_clarlf)_/ sp_ecm_c qeeds for
o 3 PCV Repair Proiects. TEPCO new needs had arisen based on the results of the A2’ investigation. Needs of detailed investigation inside the
o p ) ! investigation were brought up such as the investigation of the conditions of PCV(February 9, 2018)
§ HD, and NDF deposit by direct contact.
Debris Retrieval, PCV Repair, Hearings were conducted with relevant project teams in order to Meeting for discussing needs for
S . g . e N detailed investigation inside the
4 Seismic Evaluation, and reexamine the needs based on the results of investigations inside the PCV (1st session on February 20
Sampling Projects PCVs conducted on Unit 1, 2 and 3 until FY2016. 2018) '
: : ; ; Meeting for discussing needs for
ciitcaity Control Praject, TEPCO | K080 e G0t W e e e o e the | detalled nvesigation inside the
B . PCV (2nd session on February 22,
5 [HD, and NDF PCVs conducted on Unit 1, 2 and 3 until FY2016. ( 2018) i

Criticality Control Project: Development of fuel debris criticality control technology
Debris Retrieval Project: Upgrading of Fundamental Technology for Retrieval of Fuel Debris and

Internal Structures

Reactor Inside Condition Identification Project: Upgrading the Comprehensive Identification of

Conditions inside Reactor
PCV Repair Project: Full-Scale Test of Maintenance Technology for Leak Locations in PCV

Seismic Evaluation Project: Development of the method to evaluate the seismic resistance and the
impact of earthquakes on the PCV and RPV
Sampling Project: Development of Sampling Technology for Retrieval of Fuel Debris and Internal

Structure

TIRID

METI ANRE:

Ministry of Economy, Trade and Industry, Agency of Natural Resources and Energy

NDF: Nuclear Damage Compensation and Decommissioning Facilitation Corporation

TEPCO HD: Tokyo Electric Power Company Holdings, Inc.

©lInternational Research Institute for Nuclear Decommissioning




2. Implementation Items, Their Correlations, and Relations with Other Research @
2.3. Project Goals

Implementation Items and Results Achievement index (FY2018)

Based on the latest site conditions, the investigation and development plans shall be

Unit 2 reviewed, materialized, and updated
Development of investigation and
development plans The applicability of the devices developed for Units 1 and 2 to Unit 3 shall have been
Unit 3 examined, and it shall have been made clear whether there are new issues to be

addressed in this regard.

Design/production and In-plant verification test of equipment pertaining to establishment of

Opening of the hatch access route into PCV shall have been finished (Target TRL: Level 4 or 5)

Establishment of
access route into PCV
through X-6 Development of
penetration new part of Production and In-plant verification test of a full-scale prototype structure connecting to X-6
boundary by the penetration shall have been finished
connection joint

Development

of access and Establishment of access route into PCV In-plant verification test shall have been completed for the access route into the PCV. (Target
investigation through X-2 penetration TRL: Level 4 or 5)
equipment

Design, production, and In-plant verification test shall have been completed for a full-scale
Access and investigation equipment | prototype of access and investigation equipment (Target TRL: Level 4 or 5)

The verification test of measurement technologies, to be incorporated in access and

Applicability verification of element technologies investigation equipment, shall have been completed. (Target TRL: Level 4 or 5)

Review of the mockup test procedure of the arm type access equipment and design of the test
facility completed, and setup started

Design and setup for mockup test facility (not included in project goals)

I Rl D ©International Research Institute for Nuclear Decommissioning

* The materialization and update of the Unit 1 investigation plan and the development plan was done in FY2017.



3. Implementation Schedule and Organizational Framework (1/2)

N It FY2017 FY2018 Not
0. em otes
4 [ sT e[ 78 oJwlnfJrlala]sla]ls] e[ 7]8]ofJwlunlnr]i1la2]s3
I ‘ Yl fo projedt End of the subsidized profect fundfd by FY2015 y budget (Mar 31) | wEnd of the subsidized project funded
M hedul ur;jded[ by FY201§ supplementary ‘ by FY2016 supplementary budget
aster schedule udge! e | P | \ | ‘ (March 31)
1 Prototyping and verification (FY2018)
#Hold point | %Hdd point | | ‘
(Screening) ‘ (Matgrialization and updating of plans) | |
I I I I I
| ¢ investiqati \ | |
, [Pevelopment of investigation and | . fibion ko weshing o feicactn [l oo o | pdfing o an geveloprien pln
development plans ) ﬁf
Detailed dffsign ] T T
Lv ed esign 2((FY2017) ' ' ipn and if)-plant verificati .(\so\ali h ronm)‘
Establishment " > \ \ ‘ (Isolaﬂo* room ad hatch| operaunF device) (cnnumfd if
of access route Ip } ificatidn " Y.
into PCV ; el , | == ‘
through X’G ’ | m-m} murm{mn ( w‘m, ’ ’
penetration \ 5 \ |
' and|in-plant (FY2018) (connIued if ngcessar
| | PYTTY PPy
. |
Detailed dfsign 1 | f [ ' ’
Establishment T ' ’
of a.ccess route Pmmtxq‘u g ar J‘ Irlm I7)
into PCV ! . | | !
through X-2 ) N I ) )
. Ip-plant vgrification ( )
penetration | ’ } . | —— Plan
in-plant | ign (FY2018 d if ) ) ;
| ’ | | " p%_ I | mmm mmm (continued if necessary) (Plar]
[Arm type Hevice] Detailefl design|1 mmm———— Qutcomes
31 Development detaileq dpsign [1 Coudl
of access and Defailed dedign 2 (FYR4A7) |
investigation ! ! ! | |
equipment \ \ g and Lu.mu,w n ( )
3 { T [ — T (continued if necess:
! S
Development | -
of access and ] |
investigation T >
equipmentand Access and SN A A S R || S [ S I — r
key investigation type device] | | [
technologies equipment
uip Detailed dpsign (1 Detailed design 2 (F{4P17: | | | |
\ 1 l Produftior tion (FYR017) )
’ | ’ and test (FY2018 tinued \] necessary)
YT TPT FYTTY
1 1 '
on (FY2018) (confinued if necessarly)
| S PrrTy wali
— - T
’ Applicfbility ver on | | ’
’ ’ pp (FY2018) (continued if nefessary)
32 Applicability verification of ‘ ssssssssnEgunnn
element technologies | | | | |
. ; N ; ;
33 design and preparation | \ | ‘ T ‘ Desion fup tes (continued if necpssary)
I I I
__— L o ————————————————————————————————————————————————————————————————————————————
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3. Implementation Schedule and Organizational Framework (2/2) @

International Research Institute for Nuclear Decommissioning

(IRID)
» Development of overall plan and technical management
* Total management over all technical matters related to the project
including development progress management
Hitachi-GE Nuclear Energy, Ltd. Toshiba Energy Systems & Mitsubishi Heavy Industries,
Solutions Corporation Ltd.
(1) Development of investigation and (1) Development of investigation and (1) Development of investigation and
development plans development plans development plans
(2) Development of access and (2) Development of access and (2) Development of access and
investigation equipment as well as investigation equipment and investigation equipment as well as
element technologies element technologies element technologies
1) Development of access and 1) Development of access and 1) Development of access and
investigation equipment investigation equipment investigation equipment
b) Establishment of access a) Establishment of access a) Establishment of access
route into PCV through X-2 route into PCV through X-6 route into PCV through X-6
penetration penetration penetration
c) Production and verification of ¢) Production and verification of
access and investigation access and investigation
equipment equipment
2) Applicability consideration of 2) Applicability consideration of
element technologies element technologies
- ettt ———————————————

©International Research Institute for Nuclear Decommissioning



4.1 Implementation Items and Results — Development of Investigation and Development Plans (1/2)
(1) Materialization and update of the investigation plan for Unit 1 (Completed in FY2017)

» A large amount of deposit was found in Unit 1, which indicates the possibility of the collapse of the CRD housing and reactor internal
structures.

» One of the important objectives of the on-site validation of the detailed investigation inside the Unit 1 PCV is to collect information required
for the development of a deposit removal method and equipment, implementation of the debris removal, and planning for the
dismantlement and removal of fallen objects, since the deposit and fallen objects need to be removed, before starting fuel debris retrieval

work.
Required priority information Investigation methods
Information on the review of methods and facilities used for collecting deposit
Outside pedestal - (such as the amount and the origins of the deposits) * Visual observation
Workers access opening |Information on the plans for deposit collection, dismantling and removal of fallen * Measurement”
(A in the figure) objects, etc. * Deposit sampling
(such as the conditions under the deposit and the spread of fuel debris)
Information on the planning of deposit collection, fallen object dismantlement and * Visual observation .
Inside the pedestal removal, etc. (If the measurement device
(B in the figure) (Information on the work space inside the pedestal and the condition of the fallen can enter inside the pedestal,
. measurement will also be
CRD housing) performed.)
E— L — ———————————————————————————————————————————————————————————————————————————————————————————————— —
IRI D ©International Research Institute for Nuclear Decommissioning

* Measurements here include the 3D mapping of the surface of deposit, measurement of the
thickness of the deposit, and detection of fuel debris inside and under the deposits.



4.1

[Examples of new develop|

Implementation Items and Results — Development of Investigation and Development Plans (2/2)

(2) Issues concerning applicability of devices developed for Unit 1 to be used for Unit 3

Investigation through X-2 penetration

| Lighting device
_—

and monitoring
camera”
r—

Installation
device”

Monitoring
camera and
cleaning device”

’ ---\
1o e 1R
Guide pipe

»

approx
15t02m

ment]

(1) Intended area of investigation: Whole area outside the pedestal (a
water depth of approx. 1.5-2 m)

(2) Investigation devices: Submersible boat and small ROV

(3) Things to be investigated: Same as Unit 1

(4) Issues: 1) reduction of radiation dose in the airlock room, and 2)
design change (length change) for the opening machine, guide pipe
installation machine and so on

s ¥

X-2 penetration l
\| (Same design as Unit 1)

4 v " Grating opening
of 1st floor

1T
10T

X o=

Under the
gating near X-2
penetration

-
.

»

There are cable pipes laid
approx. 1 m below the
grating, and conditions are
similar to those of Unit 1.

Grating opening
position of 1st floor

——o
———"°

Investigation through X-6 penetration

) .~ Monitoring » .
; camera =
e

cleaning
devices

K |
e ¥
Small ROV
S (The movable range is
limited.)

- : ,
Submersible boat
Small ROV

approx. 2to 4 my=

" New development is required for all  ©
j functions. -
- - < ]

[Examples of new development]

(1) Intended area of investigation: Part of areas in and outside the pedestal (a

water depth of approx. 2-4 m)

Investigation devices: Submersible boat and small ROV

Things to be investigated: Detailed visual inspection and measurement for the

inside and detailed visual inspection for the outside

(4) Issues: Installation device, seal box, monitoring camera, cleaning device and
so on should be newly developed

The PCV shell between
the jet deflectors interferes
with the guide ring since
pipes are connected to the
deflectors.

approx. 2m |
(estimated)

——— |
©International Research Institute for Nuclear Decommissioning



~4.2 Implementation Items and Results
Establishment of Access Route into PCV through X-6 Penetration @

(1) Opening of the Hatch (1/5) -- Isolation room design/production/in-plant verification test --

[Overview] In the on-site validation in Unit 2, the hatch of the X-6 penetration is opened by remote control to establish
an access route into the PCV through the X-6 penetration for the investigation device while maintaining the
PCV boundary.

[Progress in FY2018]
> In this project, the new isolation room with a downsizing and improved sealing performance and seismic resistance

was designed and produced by reflecting the improvements achieved through the prototyping of the isolation room*
in the project “Development of Technology for Detailed Investigation Inside PCV” in FY2017.

‘g . [Robot carrying-in_compartment]
[Specifications and structure of the - Function:  Establishing the PCV boundary when the hatch is opened
: : and serving as a facility to carry in/out robots when the hatch is closed.
ISOlatlon room] » Specifications:  approx. 8 tons / W1.7m x L5.3 m x H2J5 . .
fﬁobot carrying-in compartment]

[In-stage isolation room]
» Function: Providing sealing ability from the sleeve of the X-6
penetration to the hatch isolation room in the concrete stage

to maintain the soundness of the PCV boundary
» Specifications:  approx. 1ton/W1.2mxL1.7 mxH1.8 m

<Prototype>

Hatch opening device
(See the next page.)

Concrete

stage >
H: approx. 2.5 m W27 X L59 X H27 m

Downsizing
(Reduced on-site assembly

work)
<Improved versio

X-6 L L A N

penetratlop/N ———— L:approx.8.2m

W:approx. 1.7m

Seismic reinforcement ribs

[Specifications common to all isolation rooms]

[Hatch isolation room]
. « Withstand pressure: 6 kPaG (Control value for the

Function:

a.Establishment of the PCV boundary when the hatch is opened Unit 2 reactor should be 5.5 kPaG or less)
b. Establishment of the PCV boundary and providing sealing ability by the airtight * Main material: ~ Carbon steel
door when the hatch is opened W1.7 x L5.3 x H2.5m

» Specifications: approx. 5.5 tons / W1.7 m x L5.3 m x H2.5 m
* The isolation room is the integrated structure of the in-stage isolation room, hatch isolation room, and robot carrying-in compartment.



“4.2 Implementation ltems and Results
Establishment of Access Route into PCV through X-6 Penetration @

(1) Opening of the Hatch (2/5) -- Isolation room design/production/in-plant verification test --

[Implementation items for FY2018] The in-plant verification test confirmed the feasibility of installing the isolation room,
and proved that the air leakage rate is lower than the maximum permissible rate. In addition, issues of work procedures were
identified for the on-site validation, and countermeasures for the identified issues were implemented.

[In-stage isolation room] Sheet-type isolator - Test result 2: The installation of the penetration sealing device by remote control was
proved to be feasible.

» Test result 1. The remote-controlled transportation of the
compartment was proved to be feasible.

penetration sealing device (top
part) being lifted and moved to
the connecting position

penetration sealing device
(bottom part) being turned for
connection

Concrete stage In-stage isolation room

WM Carrier

Winch
(for rotation)

Penetration sealing

Transportation

device B -
Connection of the penetration
pallet s

ling device (top and bottom parts

[Hatch isolation room and robot carrying-in compartment] - |
- Test result: The test confirmed the availability of installing and constructing the Hateh isolation room

room and compartment hv warkers |
Hatch isolation room

Robot carrying-in compartment

Institute for Nuclear Decommissioning

After in-stage isolation room and hatch isolation room are connected After hatch isolation room and robot carrying-in
compartment are connected




4.2

Implementation ltems and Results

Establishment of Access Route into PCV through X-6 Penetration
(1) Opening of the Hatch (3/5) -- Hatch opening device: In-plant verification test --

[Implementation items for FY2018]

» The function test of the hatch opening device was completed in the project “Development of Technology for Detailed
Investigation Inside PCV” in FY 2017. In this project, the hatch opening device was combined with the isolation room, and in-
plant verification test was performed on the combined structures. (See the next page.) Through this test, issues that may
arise in each work step of the hatch opening device carrying-in and installation operation, as well as hatch opening
operation, were identified, and countermeasures for the identified issues were taken toward the on-site validation.

[Specification and structure of hatch opening device]

» Required functions

The following types of work, all of which is essential to open the hatch of the

X-6 penetration, shall be performed by remote control:

— Cutting bolts and nuts

— Bolt push-on

—  Collection of bolts and nuts
— Opening the hatch

— Cleaning flange surfaces

» Equipment specifications:
— Dimensions (approx.):
approx. W1xL2xH1.6m
- Weight:
approx. 2.3 tons

0

= Appearance of hatch opening device

Handl

~_ X6
penetration "

Opening of the
hatch

Bolt push-on

Examples of tools attached to the tool changer

ol

Robot arm

Tool changer

Tool station

N Self-driving carrier
search Insti®fte for Nuc¥ar Decommist.......y




~4.2 Implementation Items and Results
Establishment of Access Route into PCV through X-6 Penetration @

(1) Opening of the Hatch (4/5) -- Hatch opening device: In-plant verification test --

[Carrying-in and installation of Hatch opening device ] [Hatch opening work]
» Test result: The test confirmed the availability of the carrying-in and installation » Testresult: The test confirmed the availability of a remote operated
of the hatch opening device into the robot carrying-in compartment. work to open the hatch in the isolation room.

Robot carrying-in compartment

X-6 penetration

Hole saw

View A Cutting bolts and nuts by hole saw

[Hatch isolation room]

[Robot carrying-in
compartment]

Opening the hatch by hook
View B

l l D : ©International Research Institute for Nuclear Decommissioning

: Photographing direction



~4.2 Implementation Iltems and Results

Establishment of Access Route into PCV through X-6 Penetration
(1) Opening of the Hatch (5/5) -- Typical Examples of Risk Prevention (Reflected to Design) --

Devices and Major risks .
. Countermeasures (those reflected to design)
structures (Possible problems)
c Unable to carry-in due to high dose level U_se an air caster to carry in by remote control under a
5 high radiation environment.
L O
T = | The seam between the penetration and
[ 2 the in-stage isolation room cannot be Clean the outer surface of the penetration and remove
£ sealed sufficiently due to the rust on it before installing the in-stage isolation room to
_g undulation of the outer surface of the secure the quality of sealing.
penetration caused by rust or the like
Install a shield in the in-stage isolation room by remote
c c Unable to carry-in due to high dose level | control before installing the hatch isolation room to
8 58 € reduce radiation levels.
21 = o - - - - -
c ‘I“ (—g © | The leak tight door cannot be operated The leak tight door is designed so that it can be
2 Q2 due to the failure of the drive operated manually from the outside of the isolation
‘_g mechanism room.
12 =
= o . N
5 OE Install a shield in the in-stage isolation room by remote
| % @ | Unable to carry-in due to high dose level |control before installing the hatch isolation room to
g reduce radiation levels.
© 3
o
c
o
= The seam between the compartmc_ants Apply a double-packing to the seam between the
£ that is formed as the result of on-site :
5 - compartments, and perform a leak test on the side
8 work cannot be sealed sufficiently.
The hatch opening device fails due to Use parts with high radiation resistance for the hatch
high radiation levels. opening device and install a shield when necessary
Hatch ) .
openin The hatch cannot be opened due Cut the thread portion of the bolts and nuts with a
p . 9 to stuck bolts and nuts. hole saw and remove them.
device
The hatch cannot be opened due to Prepare a special wedge-shaped tool used to release
stuck hatch. the stuck hatch
_—

TRID

15

Risks were exhaustively analyzed for each work
step, and the results were reflected in the design

Example of risk analysis (for route establishment)

ory.
.
oo

Design target

©International Research Institute for Nuclear Decommissioning




~4.2 Implementation Items and Results
Establishment of Access Route into PCV through X-6 Penetration @

(2) X-6 Penetration Connection Structure (1/5) -- Design, manufacturing and in-plant verification test--

[Summary of results] The X-6 penetration connection structure, which establishes a new part of the PCV boundary after the
opening of the hatch, was designed and produced, and the - : :
in-plant verification test (functional test) was completed

/ - - !
for the on-site validation. p— B isolation 1§
. . . Access and investigation Valve
[Specification and structure of X-6 penetration v Extension xepenetranonﬂange
1 - pipe enetration
connection structure] - T 6P e

> Dimensions: W1,065 x L1,850 X H1486 mm “ : : oy &

> Weight: approx. 1,600 kg " s—

> Main material: SUS304/aluminum alloy 'y e = U [ o pereraton |

» Function: Gripping, driving and steering, lifting, = = it omsor) S compartment | '
isolating, and arm cleaning and drying ‘
functions

> Isolation valve: Pneumatic pendulum valve with an inside Gripping Non-metallic bellows
diameter of 550 mm mechanism =

» Withstand pressure: 10 kPaG

Lip seal

Arm cleaning and . N\ Lifting mechanism

drying mechanism

Drive (for driving/steering)
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~4.2 Implementation Items and Results
Establishment of Access Route into PCV through X-6 Penetration

(2) X-6 Penetration Connection Structure (2/5) -- Design, production and In-plant verification test--

Required functions

Access route
establishment

Fixation of
access route
and
maintenance of
PCV boundary

Dismantlement
of access route

In-service

period

1 year

5 days

1 year

(to be used a
year later)

Gripping mechanism

Drive and lifting
mechanism

Main body of the
connection joint,
connecting flange
and the seal of the
flange

Isolation valve

Arm cleaning and
drying mechanism

Bellows

Gripping mechanism

Drive

Gripping force of 2.5 tons per clip

Shall be capable of moving the connection
joint to the right position so that the axes of
the X-6 penetration and the joint are
aligned accurately and the flanges of them
contact with each other properly.

Welding and inspection shall be conducted
in line with the requirements for class 3
equipment specified by the JISME standard.

Double seal

Maximum permissible leakage rate shall be
0.05 vol%/hr.

Cleaning and drying of the arm shall
be performed properly. (Cleaning
wastewater shall not be discharged
into the enclosure side.)

PCV boundary shall be maintained

Gripping fingers shall be able to disengage
in emergency situations.

Dismantlement of access route  (All the
parts of the access route shall be able to
be disassembled and retrieved by remote
control.)

Confirmed by verification test

v Confirmed by verification test

v Confirmed by construction and
inspection records

v Confirmed by verification test

v Confirmed by verification test

v Confirmed by verification test

v Confirmed by verification test

v Confirmed by verification test

v Verified by radiation resistance
tests

* ¢ . Compliance assurance made

©International Research Institute for Nuclear Decommissioning
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~4.2 Implementation Items and Results
Establishment of Access Route into PCV through X-6 Penetration
(2) X-6 Penetration Connection Structure (3/5) -- Design, production and In-plant verification test--

[Main connection structure] Gate valv [

| Gate valves | . Boundary (during connection)

> It is designed in accordance with the requirements for o "T}ﬁéc‘ﬁa@] _Boundaw(dmngmvesﬂgaﬂon,;

class 3 equipment specified by the JSME standard. g .’T}L \( V] B el
» Check valves (JSME Class 2 valve) were installed in "“ 'i" : “’ I | E:.;‘::‘S;‘:L°;.;“;;?.L“;L'S;J

the pipe systems connected to the connection joint for i "'*ii (;;élr’?: ' =

cleaning water and nitrogen gas to form part of the OB O\

PCV boundary. _4( e -
[Sealing design] e = M
» Alip seal is used due to its ability to fit with a given

shape, taking into consideration that the surface Check valve 20A

‘s . (JSME Class 2 valve)
condition (flatness) of the flange of the X-6 penetration
is not known.

l O-ring Lip seal Inflatable seal Liquid gasket

lllustration
) = I 3 i
. W. e £
g
1 11 il i
FRLES LI |
Advantages - * Margin of 2 mm « Margin of 2 mm Seal material follows the undulation of the
applicable to applicable to surfac;e well and provides ggod gdhesion.
undulation undulation (Applicable range of undulation is not known.)
Disadvantages * Standard parts for sealing - » Gas pressure + Leak check cannot be performed (for seal
of machined surfaces material itself).
ha A needs to be « Difficult to control the amount of seal material
Ve No margin applied b lied Il as the cl fth
applicable to the pp ! to be applied as well as the cleanness of the
: ) continuously. surface
estimated undulation « Peeled by shear force
level + Radiation resistance is not known.
Ability to deal O O @)
with flaws Seal material is Seal material is Seal material is A
. pressurized into the gap  pressurized into the gap  pressurized into the gap
i Assessment A
LID Seal (E P D M) A @ (@) (Needs to be combined with one of the
sealing methods listed on the left.)
L L —— I — .,
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“4.2 Implementation ltems and Results
Establishment of Access Route into PCV through X-6 Penetration

(2) X-6 Penetration Connection Structure (4/5) -- Design, production and In-plant verification test--

[Gripping mechanism and axis aligning mechanism]

» The test confirmed that the gripping mechanism can grip the flange of
the penetration with an intended gripping force (2.5 tons per clip)

» The test confirmed that the position and posture of the connection
joint can be controlled as intended and the axes of the joint and the
penetration were aligned accurately by using the data of the tilt angle
of the X-6 penetration that was estimated based on the result of the
point cloud analysis, etc., of the X-6 penetration and with the help of
the flange camera image. (See the figure below.)

» The test confirmed that the gripping fingers can be disengaged by
other means (torque tube) to prepare for the risk of the gripping
mechanism failure.

1 H—IMOTOR . .
lotoz] Electric drill

|

B\

Flange hole of X-6 Bolt holes of
penetration X-6
connection structure | penetration

Before axis fter axis
alignment alignment
Axis alignment using flange camera images Gripping finger release by torque tube
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~4.2 Implementation Items and Results
Establishment of Access Route into PCV through X-6 Penetration @

(2) X-6 Penetration Connection Structure (5/5) -- Design, production and In-plant verification test--

[Arm cleaning and drying mechanism] P P
» It was proved that a coin-type nozzle can provide decent -
cleaning performance with a pressure of 0.4 MPaG and a flow *
rate of 25 L/min.
» Outbound flow of the cleaning wastewater down the arm was Coin-type
. Spray-type
suppressed to zero by two air nozzles, N, pressure of 0.06 CVVP908 NZRVES1-2.0

MPaG, and N, flow rate of 90 L/min
» Additional tests are needed with a mockup of the arm that
accurately simulates the shape of the actual arm.

>

Results of arm cleaning test

Type of Pressure | Flow rate Total volume (m?3) Cleaning result
nozzle [MPaG] [L/min] (for 20 minutes cleaning) 9

Coin-type 25 Good

Cleaning residues in K

2 Spray-type 0.2 24 0.48 g:ﬁé;indmg © Arm clegning After cleaning test No. 1 After cleaning test No. 3
operation
between the nozzles A | .
rm cleaning test
Spray-type 0.1 18 0.36 Lr;é:;)rr]rilrﬁ)lete
g PCV side

Result of arm drying test

Tvoe of N, N. flow rate Volume of outbound Total used N,
n{gzle pressure 2(L /min) cleaning wastewater (L) volume
(MPaG) (for 1 m length of the arm) (Nmé3/cycle)

Pan

Simulated -
15.9 arm i
2 2 0.2 150 0 9.0 Nozzle )
o | Measurement of water inflow amount
K} 2 0.06 90 0 2.9 .
Arm drying test

I Rl D ©International Research Institute for Nuclear Decommissioning



~4.3 Implementation Items and Results
Establishment of Access Route into PCV through X-2 Penetration (1/6) @

-- Design --

[Purpose] Final goal is to establish the access route into the Unit 1 PCV through the X-2 penetration. To achieve this goal, the following work is
conducted while securing isolation from the inside of the PCV: installation of devices that form a new part of the PCV boundary, opening of the X-
2 penetration, removal of internal structures in the PCV that may interfere with the establishment work, and the installation of the guide pipe.

[Specifications and structure of the newly formed part of the boundary and devices]
Withstand pressure: 11 kPa (No leak shall be detected with bubble leak test.)

Withstand pressure: 11 kPa”

Isolation valves Outer door

New boundary

1

'I
i Before
I opening
i outer door Rail and Isolated
: carrier section
1
1
: v - n
|
. (c) Inner door opening device (AWJ device)

. 4 R — —

Extension pipe Red line:

N b d Ext . . d isolati | Borderline of the
(a) New boundary (Extension pipe and isolation valves) boundary

Withstand pressure: 11 kPa*

0 Quter
door
i
:' Guide pipe . .

_-—-

Isolated
section

Reaction force
receiving
cradle

(b) Outer door opening system (Hole saw for metal)

cradle

(d) Guide pipe and pipe installation system



~4.3 Implementation Iltems and Results
Establishment of Access Route into PCV through X-2 Penetration (2/6)

-- Risk Prevention (Reflected to Design) --

Risks were exhaustively analyzed for each work
step, and the results were reflected in the design

Examples of risk analysis (New boundary connection)

smvnaas we
b - s PSS, . BT J=ane[sorr
Ll . Tume. 2

4 [rermmmeriosan sEmmene) .

arriasecEREe

= | wormzees

s waww

| T ]
e A
Pos

s snimc amsnenssvan [0 scconrcarrente .
e S 0! B Srath e ARSI

Iy T T——
e amvan o o
aa-ur-wnamen

fre enmnerres

T ]

mnan wcomravm moranal SRR
ferncrare “

ns
A

2 =
seazrpea [RYamTeses

Category Major risks (Possible issues) Measures (those reflected to design)
The perpendicularity of pilot screw holes is poor Consider the probable level of the
when they are drilled by using a handy drill perpendicularity of screw holes when designing
New boundary |machine devices that are fixed by screws
connection An anti-vibration cradle cannot be installed under Makg the _helght of the crad!e shor_ter and add a
. ) configuration that allows height adjustment by
the isolation valves .
shims
Outer door | The O-ring on the extension pipe is damaged, and Use a type of core bit (U-shaped groove bit) that
opening boundary performance is impaired. doesn’t contact the O-ring
Garnet sand” deposits in the outer frame and rib, Change the design of the nozzle rotation
obstructs the rotation of the AWJ" head, and disturbs | mechanism to make it resistant to the deposit
the drilling work of the garnet sand
Control of the AWJ head direction and expansion
and contraction of the telescopic mechanism Use an anti-blowback hose coupler for the
cannot be executed due to the absence of joints of the pressurized water pipe system
Inner door pressure applied to the cylinder
opening, etc. |AWJ cannot be retracted as its rotation shaft is Design the structure of the rotation shaft so that
deformed it is freed when it is forcibly pulled.
Increase the strength of the telescopic
. . mechanism and add means to detect the
Unable to retract the AWJ head as its telescopic ) .
o contact of the AWJ head with other objects to
mechanism is deformed . . .
prevent the telescopic mechanism from being
subjected to abnormal loads
The atmosphere dose rate in the airlock room Analyze the atmosphere dose rate in the
increases due to the drilling of the inner and outer airlock room after a through hole is formed in
door, which disturbs the work the both doors and prepare a shield
PCV gas that leaks through the sealing of the sliding Enclpse the_ airlock room with housing and
Others S provide a filtered local exhauster to prevent
contact surface spreads contamination . .
the spread of contamination outside the room
Th(_e identification of |n(_j|V|duaI pipes is not possible Confirm that the pipes to be cut are cable pipes
so it cannot be determined which pipe can be cut i
. by reference to drawings and photos
and which one cannot

* AWJ stands for abrasive water jet. Garnet sand is an abrasive used with an abrasive water jet machine

TRID

Design target
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4.3 Implementation Items and Results @
Establishment of Access Route into PCV through X-2 Penetration (3/6)

-- Production and In-plant validation (New Boundary Connection) --

» Issues associated with the construction method, devices, and procedures were identified through reviewing work procedures,
and measures for the identified issues were taken

» It was proved that a bubble leak test can detect the leakage or non-leakage from the connecting part.

a) Bolt hole cutting b) Blind hole opening c¢) Surface polishing (Coating removal)

Magnetic drill press (for drilling
pilot holes and chamfering of

bolt holes)
[Issue] Unable to pull out the core bit when drllllng a [Issue] Unable to fix a device by bolts
positioning pilot hole [Solution] Devise the device mounting design taking
[Solution] Change opening method from using a into consideration the accuracy of bolt hole drilling

positioning pilot hole to direct opening at a position After establishment of new boundary

(d) Extension pipe bolt fastening ?éf}ff&&%ﬁ&% a‘fve bolt fastenlng connection
[\ d

1
o 1
Extension pipe 3
fixing bolt AL
| £5s ,

N

A
.

Extension pipe

[Issue] Unstable sealing performance in repeated connection/disconnection Work
[Solution] Change the material of the O-ring from metal to

radiation-resistant rubber (EPDM) and the groove of the

extension pipe from L-shaped to rectangular-shaped

Figure 4.3-1. Work Steps to Establish New Boundary Connection



~4.3 Implementation Items and Results
Establishment of Access Route into PCV through X-2 Penetration (4/6) @

-- Production and opening (Airlock Outer Door Pass-Through Drilling) --

» Issues associated with the construction method, devices, and procedures were identified through reviewing work procedures, and measures

for the identified issues were taken.
» Conditions for the outer door opening work were verified, and the feasibility of the opening work in an isolated environment was confirmed.

Isolation section of
monitoring camera jig

Isolation section
for the core
opening

Metal core opening
machine
(Remote control)

Camera with light
_ -
Isolated section Monitoring camera

Image from monitoring camera

Figure 4.3-2. Outer Door Pass-Through Drilling Status

Core bit

Cleaning rod

Extracted core from
the outer door

Extracted core from
the outer door

(a) Through hole opening *1 (b) Core extraction *1 (©) Grlndlng dust removal (Cleaning) (d) Grinding dust removal (Check) *2

*1: Check the condition of the inner surface of the drilled hole and extracted core, and check if anything noticeable occurred by using the monitoring [Issue] Boring scrap is moved to the isolation [Issue] Unable to remove grinding dust falling into the

camera.
*2: The observation of the condition of opening scrap removal is planned in the mockup test by installing an endoscope camerain the push rod. valve with the retraction of the core bit valve groove
[Solution] Change to a cleaning method (See the  [Solution] Change to a soft-seal valve

figure above.)

Figure 4.3-3. Main Steps after Pass-Through Drilling



~4.3 Implementation Items and Results

Establishment of Access Route into PCV through X-2 Penetration (5/6)
-- Production and In-Plant Validation (Airlock Inner Door Opening) --

» Issues associated with the construction method, devices, and procedures were identified through reviewing work procedures,
and measures for the identified issues were taken.

» Conditions for the inner door opening by the AWJ machine were verified, and the feasibility of the AWJ machine insertion work,
without impairing the isolated condition of the work area, was confirmed.

Problem 1: Inserting the AWJ head between

the lateral ribs may require a height

il adjustment larger than the amount of
deflection

;:ue~

} Monltormg camerajlg

AWJ device
(Remote control)

Problem 2: Unable to rotate the AWJ head due to the
intrusion of deposited garnet sand into the rotation
mechanism of the AWJ head that was caused by the
contact of the AWJ head with the lateral rib

[Solution 1] Add the function to adjust the height of the AWJ head

[Solution 2] Change the positional relationship between the AWJ head and the lateral rib so that
more distance is provided between them

Figure 4.3-4. Inner Door Drilling Using AWJ for 250A Figure 4.3-5. Inner Door Drilling Using AWJ for 350A

Grating cutout
section

Telescopic mechanism

(a) Inner door drilling (b) Handrail cutout (c) Grating cutting out and interfering objects removal under the grating
[Issue] Excessive load is exerted to the high-pressure hose and other parts when the AWJ head is rotated [Issue] Unable to check the setting condition of AWJ head from above the grating
[Solution] Expand the outer diameter of the AWJ head to a size equal to that of its front edge to secure [Solution] Add a monitoring camera on the telescopic mechanism

room to accommodate high-pressure hose and other parts

Figure 4.3-6. Examples of Verification Test Results of AWJ Installing Conditions (350A)



~4.3 Implementation Items and Results
Establishment of Access Route into PCV through X-2 Penetration (6/6) @

-- Production and In-Plant Validation (Guide pipe insertion) --

» It was demonstrated that the guide pipe can be inserted without impairing the isolated condition of the work area.
» Although there was no problem, the outer diameter of the 350A guide pipe for the AWJ head was changed according to a
request from the investigation dewce team.

Monitoring camera jig

e K
\~ .
/. N

1° For 350A

Figure 4.3-7. During Insertion of Guide Pipe for 350A Figure 4.3-7. After Insertion of Guide Pipe

[Summary]

» Detailed design and production was carried out for the systems and devices that are needed to construct the access route into
the PCV through the X-2 penetration for Unit 1, and the factory verification test (functional test) of them was performed

» In the factory verification test, the feasibility of pipe cutting work without impairing the isolated condition of the work area and
conditions to realize such work were confirmed while reviewing the work procedures. At the same time, issues associated with
the construction method, devices, and procedures were identified, and measures for the identified issues were taken

[Plan for the next step]

Measures developed in the above-mentioned activities are to be verified in the mockup test that will be performed as a part of the
on-site validation of the project “Development of Technology for Detailed Investigation Inside PCV” (which is conducted taking
into consideration measures for deposit). Based on the result of the verification, on-site validation is to be performed in Unit 1

_— L  ——————————————————————————————————————————————————————————————————————————— — ——
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4.4 Implementation Items and Results -- Access and Investigation Device --
(1) Arm-Type Device (1/8) --Overview--

[Overview] The arm type device is a device used to achieve
the access into the PCV through the X-6 penetration in the
on-site validation in Unit 2

Carriage

[Specifications and structure of arm-type equipment]

v Mountable sensor: 10 kg or less )
v Mounted tools: Cutting and gripping tool, and water 55*6&“ _

jet cutting tool k“"o““\ Telescopic - F= Boom link Boom link 1
v' Arm length: 22 m Bl oint p— Tilt
v Pl’eSSing force: 400 N J echanism Function
¥ Positioning accuracy: +100 mm L Carriage Griptping and
v Repetition accuracy: +100 mm e s Wand postioning

8 i - 3 . Contraction and

v" Cumulative dose: 1 MGy A Boom link extension

v" Accessories: Camera and light

Telescopic arm
A sensor is installed on the arm

v Thickness of outer panel:

Extension

Expansion and
contraction,
holding a sensor

[Specifications and structure of the arm enclosure] tip e o Wand
© . —— .

10 mm for top and side panels

25 mm for bottom panel

Weight: approx. 30 tons

Main material: Stainless steel (SUS316L-equivalent)
Designed to withstand pressure: From -5 to +10 kPaG
Leakage rate: 0.05 vol%/h

Accessories:

Dual-arm manipulator for maintenance, gate valve,

camera, light, and dosimeter :
3 Gate

24m valve

AN N NN

Back panel
E— =

0

Exit port for high-radiation
materials
Entrance/exit port for materials
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4.4 Implementation Items and Results -- Access and Investigation Device --
(1) Arm-Type Device (2/8) -- Typical Examples of Risk Prevention (Reflected in Design) --

Major risks (Possible issues) Measures (those reflected in design)

Dimensions of the carry-in pathway are not large ~ Conduct preliminary site survey, examine carry-in method,

Carry-in of arm enclosure

enough. and downsize the arm enclosure
iz It O.f e arm enclosurg Inclination and offset of the arm enclosure Install a flexible joint between the arm enclosure and the X-6
and connection with the extension . . . R
pipe occurs to the axis of the X-6 penetration penetration to accommodate the inclination and offset
The arm contacts with the inner surface of the X-6 Install a camera on the arm as well as in the extension pipe
penetration to monitor the clearance to the inner surface.
Arm manipulation in X-6 penetration
Water jet wastewater flows into the cell while Install a dike in the X-6 penetration Connection Structure to
cutting interfering objects force the wastewater to flow into the PCV.

Install an interlock to stop the driving motor immediately

The arm contacts with interfering objects. after detecting an abnormal motor torque.

Run the cables inside the arm body or on the top of it, and

Sl SHSTIT Ele minimize exposure to the outside of the arm.

Arm manipulation in PCV Loss of external power sources Install a brake in the motor that kicks in when power is lost.

Make the system redundant by installing more than one
Single failure of the arm drive mechanism motor, or installing a clutch between the motor and the arm.
(Everything else is fine.) (Design the system so that the arm can be retracted
automatically by using another motor.)

The arm is caught by interfering objects Install a mechanism to detach the wand.

Others Hydrogen explosion Replace the air in the arm enclosure with nitrogen.

I Rl D ©International Research Institute for Nuclear Decommissioning



4.4 Implementation Items and Results -- Access and Investigation Device --

(1) Arm-Type Device (3/8) -- Investigation arm design change --

The deflection of the arm needs be minimized due to very limited dimensions of the
pathway allowed for the arm movement (especially inside the X-6 penetration).

The total length of the access route was extended with the progress of detailed
investigation concerning the access route establishment. Because of this, the maximum
allowable deflection of the arm was decreased.

High strength stainless steel (PH13-8Mo) was used for the boom links that constitutes the
arm. In addition, the thickness of the box wall was reduced for weight saving, and
machining tolerance was made stricter so that the deflection of the arm by its own weight
was suppressed further.

Access route (5.2 m)

Cross-section of the
~arm pathway

Nominal
clearante

Inside the PCV
—

Extended section (1 m)

Carriage ;e > Gap 0 mm

Before change
Original material:
17-4PH steel

]
i .

>

Arm (deflected)

Enclosure! pipe | mechanism

Carriage

After change

Material:

PH13-8Mo

Weight saving by

wall thickness reduction

P S

'Extension Connection X-6 penetration

Gap 10 mm
(Interference)

Arm (deflected)

Extension pipe
Connection mechanism

Enclosure

X-6 penetration

Gap 10 mm

L L  ——————————————————————————————————————————————————————————————————————————
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4.4 Implementation Items and Results -- Access and Investigation Device -- @

(1) Arm-Type Device (4/8) -- Production (Investigation arm boom link) --

l Joint ug ( ar
end)

Boom link structure / [Box section (Upper Boom link
/ part)
- The box section of the boom links that constitute the arm, are &/ [ ST |
made in a hollow rectangular pipe to reduce the weight and have H N
cable trays inside to form pathways for cables fflf N f\f( .
* The joint lugs provided on both ends of the box section are e, “—'\\V LN e -
[ BoX section > < = / / (Enclosure side)

designed in shapes and strength so that they allow the boom link (bottors omt) -
assembly to be folded compactly and support the weight of the arm [Cable tray (Lower tray) I e e i \/'f‘
with two connecting pins. 2

» The deflection of the arm will be measured after the completion of
the arm with the final design. Correction shall be made if the
measurement of the deflection of the final arm differs from what
was estimated in the design.

Joint lug (far end) . | Box section |

~ y -, -
- / ~ N
\\‘/. ~ S

-

o vy :
==J Bend a steel plate into a rectangular shape and form a
Cut and shape a steel rectangular pipe by welding the butted seam using Cut and shape a steel

block electron beam welding (EBW) block

Connect the joint lugs on both ends of the box section by EBW, send it to heat treatment process, and perform finish machining to achieve dimensional accuracy

I Rl D O©lntematontidRes FarsbdrndiilutgifotdNoelNacRecommissioning
Decommissioning



4.4 Implementation Items and Results -- Access and Investigation Device --

(1) Arm-Type Device (5/8) -- Production (Investigation arm boom link) --

Keys to successful boom link production

+ Assurance of the bending accuracy of high strength stainless steel PH13-8Mo (installation of restraining jigs etc.)
» Assurance of the accuracy of weld groove cutting for welding to connect the joint lugs with the box section
» Assurance of the dimensional accuracy of final machining (Deformation due to heat treatment after welding must be

considered.)

Issue (1): Assurance of bending accuracy
/" and groove dimensions

= o

"N

Welded
parts

- e = -

Since PH13-8Mo is a very strong and hard
steel, it is not easy to achieve the required
bending accuracy for the production of the
top and bottom parts of the box section.
Therefore, special methods need to be
devised and new jigs need to be designed
and built to position and fix the top and
bottom parts at the right position (i.e.,
ensuring the accurate alignment of welding
grooves) to perform butt welding with high
dimensional accuracy.

Cross-section
of boom link

-

/

Issue (2): Assurance of dimensional accuracy by machining

Forged steel block

Joint lug

I ﬁ AN
: \"'\\_‘_C.‘I”_\; K
J .‘i W—:-\ N
K

Machine

Much machining work was required to produce thin-
walled components for weight saving. In addition, the
material was hard and shapes were complicated. For
these reasons, the processing speed couldn’t be
increased, and it took longer to produce the
components than expected.

©

\

/

TIRID
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|

4.4 Implementation Items and Results -- Access and Investigation Device --

(1) Arm-Type Device (6/8) -- Production (Investigation arm and enclosure) --

Production of arm components
* No. 1 boom link

 Wand

X-6 penetration side flange

I l D ©International Research Institute for Nuclear Decommissioning



4.4 Implementation Items and Results -- Access and Investigation Device --
(1) Arm-Type Device (7/8) -- Verification Test --

Verification test of carriage

Purpose:

« Verify that the swivel joint, which connects the
arm with the carriage in a swivel fashion,
moves smoothly by testing the carriage test
unit.

Test result:

* The test confirmed that the rotation angle of
the swivel joint can be controlled smoothly
with a resolution of 0.01 degrees under a
cantilever load and axial torsional load being
applied to the carriage test device.

Verification test of internal cables

Purpose:

* Conduct a test to verify the integrity of the
internal cables against repeated bending
stress by stretching and folding the simulated
arm joint

Test result:

* The test confirmed that the internal cables
have enough integrity without problems in
electrical continuity and insulation against
repeated bending stress by stretching and
folding the simulated arm joint.

TIRID

Swivel joint

(approx.

Cable test device
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4.4 Implementation Items and Results -- Access and Investigation Device -- @

(1) Arm-Type Device (8/8) -- Verification Test --

Boom link verification test

Purpose:

* In order to assess the technical feasibility of the arm type device, the deflection
of boom link 1 was measured and its operation test was conducted.

Test result:

» The vertical load was applied to measure the deflection (see the figure on the
right). In a result, the measured deflection was substantially equal to the designit
value (See the figure below). The operation test confirmed the motion range of ‘ )
the arm and the arm driving mechanism that the maximum driving torque of an | §
actuator is sufficient to drive the arm driving torque.

7 s Test results

| wefl~ Design value )
6 Load applying
& Test result: 0.79 mm/kN 6.46 mm handle

Dial gauge

Design value: 0.77 mm/kN

Displacement (mm)
w

Load cell
1 !
Test load Design load ) _
5 A _est oal esign loa Loadmg pomt
0 2 4 6 8 10
Load (kN)
Deflection test result Deflection test setup

Part of the access and investigation devices were produced to confirm the productivity and verify technologies. The test
results confirmed the feasibility of the device. From this result, this project was achieved the targeted results.

- L o — —————————————————————————————————————————————————————————————————————————————————— ——
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4.4 Implementation Items and Results -- Access and Investigation Device --
(2) Submersible Type Device (1/11) -- Design --

[Overview] The investigation device was inserted to the basement floor in the PCV through the X-2 penetration to investigate the
condition over a wide area in the outer periphery of the pedestal as well as in the pedestal for Unit 1 on-site validation.

Investigation device Measurement instrument Intended use

« To install the guide ring to the jet deflectors in order to prevent interference between
cables and structures

* To measure y-ray dose rate in the traveling pathway of the ROV in order to assess
the maximum operational time of the devices

ROV-A Fiber optic y-ray do;imeter*
(for ROV protection)

Guide ring installation * Sarme as that for B2

Front look-up view Float and d Floatand d Rear look-up view
oat an ive N oat an ive it
Front view camera l camera (for position I thruster I Upward light | thruster Cag;zg?,:;?;:;on Rear view camera (underwater pan tilt
(above water) determination) | camera) (for cable monitoring)

| Northbound route
(clockwise)

Guide rings
(at 8 locations)

Rear view Ilght
l

Rear view camera
. H

Camera to monitor the
installed condition of the guide
rings (underwater)

Guide ring installation device
Rear view light
Lateral thruster

Thrust: 25 N Dimensions: Diameter of 25 cm, Length of approx. 110 cm

Front view camera
(underwater pan tilt camera) | Downward light | Lateral thruster

Underground

Release 1st stage of guide ring Release 2nd stage of guide ring
floor openin :
p g Southbound route
(anti-clockwise) ) '
Maneuverlng route underwater
9 Although the magnet is released, it is stil locked on the ROV by the clip The guide ring is separated from the ROV upon the release of the clip

E——
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4.4 Implementation Items and Results -- Access and Investigation Device -- @
(2) Submersible Type Device (2/11) -- Design --

Investigation i
9 Measurement instrument Intended use
device * Same as those for B2
ROV-A2 . . . . . . . I . .
Detailed visual Fiber optic y-ray dosimeter” and improved To perform visual investigation over a wide area on the underground floor as well as in
inspection compact B-10 detector (for ROV protection) the pedestal in order to investigate the condition of the CRD housing collapse and so on

Above-water

o o Rear view monitorin
monitoring camera Pan angle: =165 camera (wide-angle ty?)e)
(pan tilt camera)

Look-up view monitoring
camera (telescopic type)

X porT
o

S ———— oo 200,,

Images from the above-water monitoring camera (pan/tilt camera) Thrust: 50 N

Underwater monitoring

camera (pan tilt camera) Flotation control function
X (for float and dive)

wamyLq!
,.‘g’ ‘r.'. % =

o
)

I

\ - =
-

k.

Pan angle: +165°

Tilt angle: 30 to 90°

. . . B Main thrust
Images from the look-up view monitoring camera (telescopic type) Pan tilt light (forward vere o twrm)

E—
l Rl D ©International Research Institute for Nuclear Decommissioning



4.4 Implementation Items and Results -- Access and Investigation Device --

(2) Submersible Type Device (3/11) -- Design --

©

Investigation device

Measurement instrument

Implementation Items and Results

ROV-B

Deposit 3D mapping

+ Water temperature gauge

» Scanning ultrasonic range finder

To measure the surface profile of deposit by the scanning ultrasonic range finder

ROV-C

Deposit thickness measurement

+ Water temperature gauge

 High-power ultrasonic sensor

To estimate the height and distribution condition of debris by measuring the thickness of deposit
and the condition of other materials under deposit using the high-power ultrasonic sensor

ROV-D

Deposit debris detection

» CdTe semiconductor detector
» Improved compact B-10 detector

To investigate the presence of fuel debris in deposit by analyzing nuclides and measuring neutron
flux using the fuel debris detection sensor dropped on the surface of deposit

ROV-E

Deposit sampling

 Suction-type sampling device

To sample deposit from the surface of the deposit by the deposit sampling device dropped on the
surface of deposit

Thrust: 25 N Dimensions: Diameter of 25 cm, Length of approx. 110 cm

Front look-up view

Front view camera

(above water) camera (for position

Float and dive
thruster

| Float and dive

determination)

light

Front view camera

| Upward light | thruster

Measurement instruments for
individual investigations

(underwater pan tilt
camera)

TIRID

Look-down view I
camera (underwater) light

Downward Lateral thruster

Rear look-up view
camera (for position
determination)

Rear view camera (underwater pan
tilt camera) (for cable monitoring)

| Deposit thickness measurement by ROV-C }——

| Deposit 3D mapping by ROV-B |’—

Ultrasonic range finder Anchor

High-power ultrasonic sensor

Rear vie light

Fuel debris detection by ROV-D

-

Debris detection sensor

Deposit sampling by ROV-D

Sampling
device

©International Research Institute for Nuclear Decommissioning



4.4 Implementation Items and Results -- Access and Investigation Device --
(2) Submersible Type Device (4/11) -- Design --

[Specification of investigation support ~ [Key functions] o [Key functions] _ - _
system] » Maintaining isolation from the inside of the PCV - carrying-in and carrying-out of investigation devices to and from the
(when the isolation valve is fully opened) underground floor*®
» Conveying and receiving the investigation » Cable feeding (Remote control)
devices to and from the seal box « Lighting the underground floor
» Feeding and winding cables (remote control) * Monitoring cables laid on the underground floor (only during the
* Manual cable winding*2 guide ring installation)
* Monitoring cables * Cleaning the investigation devices and cables
*2  Although cables are taken up automatically by the motor in *1  Although the advance or retraction of the investigation device is driven by water-hydraulic
normal conditions, manual winding function is prepared in power in normal condition, retraction is driven by the pole that is remotely controlled from
case of the motor failure. outside the PCV in case of pump failure

Shield installation
cradle™®

| Investigation I I Component of investigation devices I
Legend Access route support system (varies with the type of investigation)
Isolation = -‘
valve - %)
5 ——

350A 200A 250A

isolation valve  isolation valve isolation valve -
for investigation for insertion of for insertion of the light v : - L
equipment carrying ~ monitoring camera  that illuminates inside (S ~ 4 Guide pipe
infout and cleaning device the PCV i :

Main use of the penetrations for PCV
inside detailed investigation

[Specification of combined structure of Glove box for cable ™ Investigation /
cable drum and seal box] cutting S 7 device -‘ DA
1) Withstand pressure: 11 kPa ' T~ '
(No leak shall be detected with bubble

leak test.) [Key functions]

» Maintaining isolation from the inside of the PCV (when the
isolation valve is fully opened)

» Conveying and receiving the investigation devices to and
from the cable drum

* Guiding the installation device to the isolation valve

* Monitoring the cable

[Key functions]

* Maintaining isolation from the inside of the PCV
(when the isolation valve is fully opened)

» Cable cutting (for emergent collection)

« Nitrogen injection and nitrogen substitution




4.4 Implementation Items and Results -- Access and Investigation Device --

(2) Submersible Type Device (5/11) -- Risk Prevention Design --

(49

Category

Major risks (Possible issues)

Main measures (those reflected on design)

Device
installation

The sealing performance of the boundary is impaired by
the fracture of the observation window for the seal box
and cable drum due to impact.

Increase the thickness of the window glass. In addition,
change the installation design of the window glass so that
it can be replaced easily in case of fracture.

Installation

The installation device is stuck due to a cable such as a
camera cable caught by a moving part of the device.

Install cable protection covers at locations where there is
the risk of interference between cables and the moving
parts of the installation device.

Risks were exhaustively analyzed,”
and measures for them were
reflected to the design.

Examples of risk analysis

P
Pt e o

The installation device does not turn its head to the
opening of the grating due to the derailment of the head
turn drive chain.

Change the chain drive mechanism to prevent chain
derailment.

= F B Tl e

Submerging
underwater

Cables may be damaged when it contacts with the cut
end of an interference object under the grating in the
access route establishment

Reduce the risk of cable cutting by using a stronger
cable jacket (made of PUR or PVC) and increasing the
thickness of the jacket.

There is the risk of the thruster propeller being entangled
by foreign objects and the thruster loses propellant force.

Provide two propellers for each thruster so that the
other propeller provides sufficient propellant force for
returning to the original point even when one propeller

has failed.

Maneuvering underwater may fail if radiation impacts on
cameras or lights

Radiation resistance models shall be used for the front and
rear view pan tilt cameras and lights that are essential for
the return of the ROVs.

Unexpected volume of structures and cable frictions
prevent ROVs from moving forward

Prepare the ROV operation mode that enables the
generation of propellant force exceeding the nominal
thrust

Water in the PCV may get cloudy due to deposits,
which disturbs the maneuvering of the ROVs using
underwater cameras.

Install the front above-water view camera. (Relying on
the image of the cable captured by the rear view camera
for reverse traveling to return to the original point.)

The magnetic adhesion force of the guide ring to the jet
deflector may be smaller than expected due to deposits
on the deflector or rust so that it may come off by the
tension of the cable generated by the advancement of the
ROV.

Design the ROV and its controlling system so that the
adhesion state of the guide ring can be checked and a
fallen off guide ring can be reattached or abandoned.

Uninstallation

Due to insufficient water pressure, the head of installation
device cannot be retracted and folded

Change the design of the mechanism to retract and bend
the installation device head so that said motion can also
be performed by the operation of the pole from outside the
PCV.

The cable cannot be wound up due to the failure of the
cable drum drive motor or other devices.

Add a mechanism to allow manual cable winding.

TRID

Design target

©International Research Institute for Nuclear Decommissioning

* The result of the exhaustive risk analysis will be introduced in the next report meeting of the government R&D project for the on-site
validation that takes into consideration measures for deposit.



4.4 Implementation Items and Results -- Access and Investigation Device --

(2) Submersible Type Device (6/11) -- Production --

Total six types of submersible type investigation devices were produced, including submersible boats and compact
ROVs

(b) For detailed visual inspection (c) For deposit 3D mapping

(a) For guide ring installation
(ROV-A) (ROV-A2) (ROV-B)

(d) For deposit thickness (e) For fuel debris detection (f) For deposit sampling (ROV-E)
measurement (ROV-C) (ROV-D)

E——
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4.4 Implementation Items and Results -- Access and Investigation Device --
(2) Submersible Type Device (7/11) -- Production and In-Plant Validation --

The submersible boats and compact ROVs were designed and produced, and factory verification tests were performed on the
produced devices including the test to evaluate the area coverage of the ROVs’ mobility in the underground floor in the PCV and
ability to go inside the pedestal, as well as the test of installation

Device and equipment Main check items in factory verification test (acceptance criteria) Results of factory verification test Secgg;lgzra?iitr?lled
Guide rings can be attached to jet deflectors Prospect was confirmed* 4.4 (2) (7/10)
Investigation . . . ]
device ROV has mobility to cover a wide area outside the pedestal Prospect was confirmed*
(including cable 4.4 (2) (8/10)
drum) ROVs can go inside the pedestal Prospect was confirmed*
Interlocking cable drum and feed mechanism of installation device can feed and Prospect was confirmed 4.4 (2) (10/10)
retract cables
Installation device Investigation device can be carried in to/out from the underground floor Prospect was confirmed* 4.4 (2) (10/10)
Investigation device and cables can be cleaned Prospect was confirmed* 4.4 (2) (9/10)
Glove 23:;:3 cable Investigation device cables can be disconnected in an emergency Prospect was confirmed* -
Isolation from the inside of the PCV shall be maintained in the integrated state with
the cable drum. 4.4 (2) (10/10)
Seal box (Withstand pressure: 11 kPa) No problem
Monitoring camera jig
(200A)
The cable of investigation equipment under the grating opening can be -
Lighting monitored Prospect was confirmed*
(250A)

*Action required: Verification is required under a simulated on-site environment.

L ———————————————————————————————————————————————————————————————————————————————————— —
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4.4 Implementation Items and Results -- Access and Investigation Device --
(2) Submersible Type Device (8/11) -- In-Plant Validation --

[Guide ring installation]

» The performance of the cameras in darkness was examined, and the feasibility of the operation to check the installed condition of the
guide ring by the on-board cameras was confirmed.

* The feasibility of the operation to install the guide rings to the jet deflectors by relying only on the image captured by the on-board cameras
was confirmed.

Guide ring 4 Guide ring 3 [ Guide ring 2 N

et

r

Rear above-water look-up $ Camera for guide ring
view camera installation [ Front above-water lo0KSEp
]

| _— M\ camera
A
o

- \

Front above-water
view camera

S,
Front viewipan tilt camera ‘ ’

N Guide ring

Testing visibility of images captured by cameras in darkness Guide ring installation

| =
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4.4 Implementation Items and Results -- Access and Investigation Device --
(2) Submersible Type Device (9/11) -- In-Plant Validation --

[Wide-range mobility of the device and entering the pedestal]
The test confirmed the feasibility of the device that can operate the investigation device by relying only on images captured by the
on-board cameras, move a wide area of the space that is simulated the underground floor in the PCV of Unit 1, and enter inside

the pedestal.

Example of access route into the pedestal

e / ..“"\:f.' A \ i A |" :

)

Guide ring 2

| e
i e, ,
FGuide ring 1 V 0 RS =
= S A | .

Guide ring 4

>
- <

-/
—

%
)

Guide ring 3

Simulated jet deflector

Guide ring 2

(underwater)

Simulated jet
deflector

[{‘ Vertical piping ‘
(simulated interference object [¥ B
A near the shell)

F N . :_ e *
Horizontal piping | nckalaie = meER
(simulated interference -

1/-,__" Guide ring 4
objectneartheceiling)_ : —— ' K = }"“"“T»

N Guidering3 | :
L e ( - : |
_ ; : Guide ring 2 »

Actual worker access
(before the Earthquake)

©International Research Institute for Nuclear Decommissioning
* Test was performed using the test facility whose structural layout was horizontally flipped from that of the
actual PCV due to constraints in constructing the facility so that the ROVs’ traveling route was also flipped
horizontally



4.4 Implementation Items and Results -- Access and Investigation Device --
(2) Submersible Type Device (10/11) -- In-Plant Validation --

[Investigation devices carrying in/out into the basement floor (including cleaning)]
Investigation devices carrying in/out into the basement floor (including cleaning) was confirmed feasible by using

the installation device.

1) Insertion into PCV

2) Head bending

3) Head positioning

5) Bring the investigation 1
equipment in the
underground floor

6) Cleaning and
retrieving the device

7) Attaching a fall
prevention pin

a) Head positioning

Back-and-forth motion . Simulated ROV
J ‘—-———-’ -

The head
interfering the
grating opening

Solution: 1) enlarge the opening of the grating, or 2) move the installation device back-and-forth
repeatedly to let its head point downward at a right angle by gravity (as shown in the figure above)

b) Cleaning

Test the performance of the cleaning device by applying
chalk powder on the surface of the ROV mockup. No
cleaning residue was found even in concave portion.
The cleaning performance was confirmed satisfactorily.

Y —

Head of installation
device (in cleaning
water injection)

Before cleaning After cleaning



4.4 Implementation Items and Results -- Access and Investigation Device --
(2) Submersible Type Device (11/11) -- In-Plant Validation --

[Interlock control] [Withstand pressure of investigation device]

A prospect was obtained that the cable can be fed and A pressurized leak test was performed on the combined
retracted to and from the underground floor by the interlock structure of the cable drum and seal box, and no leakage was
control of the cable drum, pinch roller, and the cable feed found

mechanism.

Cable drum Isolation valve _ﬁ-
— i [rvoneee |
- Installation device

. SRS 3

_;-_-_E_. — Wi | e pipé v )
'- . ; N -' : |
: :
]

Lo

4
[
gt

————————————— Cable feed
) mechanism

? e
~~~~~~

2

Cable drum pinch roller controller
(with interlock control function)

Cable feed mechanism
controller

E——
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4.5 Implementation Items and Results -- Applicability Verification of Element Technologies (1/22) --

List of measurement technologies

Section for
Measurement technologies Purpose of measurement Intended access equipment detailed
explanation
Ultrasonic sonar 3D mapping of un;it(zrwater fuel debris, Arm type (Unit 2) 4.5 (1) (i)
Scanning ultrasonic range finder 3D mapping of deposit Submersible type (Unit 1) 4.5 (1) (ii)
Shape and _
dimension Optical cutting method 3D mapping of structures, etc., above Arm type (Unit 2) 4.5 (1) (iii)
measurement the water
technologies
Measurement of deposit thickness
High-power ultrasonic sensor (Investigation of materials and objects Submersible type (Unit 1) 4.5 (1) (iv)
under deposit)
Low-frequency ultrasonic sensor Measurement of r_emamed pedestal n/a (only for technology 45 (1) (v)
wall thickness development)
_camera y-ray dose rate distribution Arm type (Unit 2) 4.5 (2) (i)
Radiation v (Estimation of fuel debris distribution) yp ’
measurement
technologies CdTe semiconductor detector Identification of fuel debris in and under , : "
and improved compact B-10 detector deposit Submersible type (Unit 1) 4.5 (2) (i)
. Monocular camera o .
Location (Comparison of captured image with Determl_nauon of _the 'OC‘%“O” of the Submersible type (Unit 1) 4.5 (3)
technology : : investigation device
registered reference images)

TRID
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4.5 Implementation Items and Results -- Applicability Verification of Element Technologies (2/22) --
(1) Shape and dimension measurement technology (i) Ultrasonic sonar

» The sonar was designed and produced.

» The same pan mechanism design as that for the gamma camera was
adopted.

» The pan mechanism, outer shell, and sonar head were produced. These
components are currently being assembled. At the same time, performance
of the pan mechanism and final weight are being evaluated.

. Rotary
mechanism
ETT

Assembly of pan mechanism

Main functions and test results

Verification results

Pan mechanism

Sonar All the parts of the sonar were
Radiation confirmed resistant to a radiation
L o b resistance dose of 10 kGy or more including

e ) the pan mechanism.
Verification test of rotary mechanism

performance characteristics under
radiation environment

The sonar was confirmed to have
a resolution of 50 mm in
underwater tests.

Measurement
performance

Use of seal material is planned to

Water resistance .
secure water resistance.

Sonar head

_—
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4.5 Implementation Items and Results -- Applicability Verification of Element Technologies (3/22) -- @

(1) Shape and dimension measurement technology (ii) Scanning ultrasonic distance measuring device(1/3)

The deposit 3D mapping system was designed and produced. Additionally, applicability of the produced system
was verified (unit tests and combination tests). The test results confirmed the feasibility of the system installed on
the Remote Operated Vehicle (ROV).

Inside the PCV

Compliance verification items

Test type Check items

Unittest 1 Measurable range
(Tests performed in a setup
i where sensors and

\)oqgg«« ; measurement instruments | Resolution
used in the on-site validation
and the cable used for the
actual ROV [no redundant | Effectof
cabling] are connected to the |disturbance Electric noise
produced system)

Measurement accuracy

Turbidity of water

-
Mechanical
scanning

Unit test 2) 3D view function
o Verification of measurement
Combination test _ performance
(Tests performed in a setup
where sensors and Impact of ROV’s posture

measurement instruments
used in the on-site validation Effect of

are combined with an ROV) | jisturbance Electric noise

Je
Computer
(for operation and data recording)

Outside the PCV

Figure 4.5 (1) ()-1 Configuration of the deposit 3D mapping system

_—
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4.5 Implementation Items and Results -- Applicability Verification of Element Technologies (4/22) --

(1) Shape and dimension measurement technology (ii) Scanning ultrasonic distance measuring device(2/3)

[Unit test 1 in FY2017] [Unit test 2)_(3D view function)] _
The unit test confirmed basic characteristics of the measuring A new 3D view software (STL" compatible) was developed. It can

device to be required for measurement procedures of the deposit display the 3D profile of deposit that is created using data from the

3D mapping. As a result, the measurement accuracy was scanning ultrasonic distance measuring device over the 3D drawing of

confirmed to satisfy the original requirements. the 1st floor of the dry well based on the location information from the
investigation device

Unit test results (in FY2017)

[tems Confirmed " s 3 - 3D data obtained
(Original requirements) onfirmed resutts v : by ultrasonic
C N,
Measurable Distance 500 to 3000 mm scanning
range Angle of incidence From -50 to 50 degrees
Horizontal resolution at 3 m is 50 mm
. or better. Ultrasonic beams are
Resolution ;
wrapped around between scanning
pitch
Vertical direction Height: 1.2 mm (RMSE)
(50 mm) Distance: 2.0 mm (RMSE)
Measurement -
accuracy Horizontal
direction 6.2 mm (RMSE)
(200 mm)
- Attenuation of =10 dB/m in turbid water
Turbidity of water A .
with visibility of 6 cm _ _
Effect of There was no electric noise in ) : S E ,m i
disturbance Electric noise mechanical scanning with maximum o ™ ¢ . - YOXEIVIEW
sensitivity andsme""exém“m scanning Flgure 4.5 (1) (i)-2. 3D View Function
peed. *1: STL is an initialism of Standard Triangulated Language. It is a file format for
*A measurable range of up to 2,200 mm can be achieved even in highly turbid water. saving 3D shape data.
*2: 3D profile of a flat plate with legs and a magnet attached obtained by ultrasonic
3D scanning
E—— =

©International Research Institute for Nuclear Decommissioning
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4.5 Implementation Items and Results -- Applicability Verification of Element Technologies (5/22) --
(1) Shape and dimension measurement technology (ii) Scanning ultrasonic distance measuring device(3/3)

[Combination test (in FY2018)]
The test confirmed that 3D data can be collected as the ROV posture and electric noise have less impact on data
stability, that 3D software supports point and voxel view modes, and that measurement accuracy satisfies the

igi irements.

o)
»

\ \
| \

£

(ww 0zz "xoidde :anjea anil)
ww 0TZ :@njeA painseajn

50A pipe ’ 100A pipe
(half buried) (half buried)

~ Point cloud view
‘\\ (Combined image)
I r

N,

W €6 :an[eA painsesiy

(ww g6 "xoidde :anjea anil)

Measured
_wdimension view 1 Cross-section

C-C of tank bottom

e e 2

Voxel view
Measured value: 26 mm Measured value: 71 mm ORELVIE

(True value: approx. 31 mm) (True value: approx. 84 mm)

Measured value: 989 mm
(True value: approx. 994 mm)
Cross-section B-B (section of exposed pipe)

Figure 4.5 (1) (i)-3 Combination test result of the deposit 3D mapping system

Actions required: Verify that ROVs can perform measurements after passing through the guide rings, overlay 3D images on the
actual PCV
Action: Verify these in the combination test performed in the mockup test facility



4.5 Implementation Items and Results -- Applicability Verification of Element Technologies (6/22) -- @

(1) Shape and dimension measurement technology (iii) Light-section method

» A verification test was conducted to evaluate the applicability of a substitute camera (radiation resistance camera):
verification of measurement accuracy under the radiation environment, to select a camera for measurement.

» Radiation resistance and the sliding tests of the optical fiber were conducted to select the optical fiber cover for the
operating parts.

»  Equipment and devices in the actual use were produced.

Scanner head
(equipped with MEMS mirror and
lens) Camera for measurement
(Radiation resistant camera)

Heat insulator and
heater

Tool changer

Whiteboard Laser window Side view
. Shape and dimension . . . . . - mirror -
Distance: 287.9 cm measuring device ' Appearance of shape and dimension measuring device using light-section method

Testing measurement accuracy under radiation
environment (in irradiation chamber)

| 0.8kGy/h

1.0 kGy/h
50°C

50°C

High noise

‘ ) Low noise
§ Low S/N ratio

High S/N ratio

Image captured b an Image captured by the

unacceBted camera acceeted camera
I Rl D ©International Research Institute for Nuclear Decommissioning

Optical fiber cable sliding wear test



4.5 Implementation Items and Results -- Applicability Verification of Element Technologies (7/22) -- @
(1) Shape and dimension measurement technology
(iv) High-power ultrasonic sensor (for deposit thickness measurement) (1/4)
A system of measuring deposit thickness was designed and produced. Additionally, the system was tested to verify the applicability

(unit tests and combination tests). The tests confirmed the feasibility of the system installed on the ROV that can perform desired
measurements.

Verification items

Test type Check items

Inside the PCV

« High-power ultrasonic
sensor
« Preamplifier

Effect of the particle size of deposit

Preliminary tests

| Preamplifier (Tests with equivalent

Effect of bubbles included in deposit (produced by

« Water temperature gauge 3ch . . =
- B\ (3ch) ' | sensors and evaluation radiolytic water splitting)
| by analysis) Effect of temperature gradient in deposit
,_E, High-power ; Unit test Effect of the material and mixed particle sizes of
- ultrasonic sensor ' i dGDOSit
......... " (Tests performed in a
: setup where sensors Radiation Preamplifier
S [including sensor resistance Sensor
170 mm ) elements] and
"""""" 60m 177" | measurement instruments Measurable range of depth

Computer
(for operation and data recording)

Power amplifier (3ch) =

Outside the PCV

Figure 4.5 (1) (iv)-1Configuration of deposit
thickness measurement system

TIRID

used in the on-site
validation and the cable
used for the actual ROV
[no redundant cabling]
are connected to the
produced system)

Measurement accuracy

Resolution

Combination test
(Tests performed in a
setup where sensors and
measurement instruments
used in the on-site
validation are combined
with an ROV)

Verification of measurement performance

Impact of ROV’s posture

Effect of
disturbance

Acoustic noise

Electric noise

©International Research Institute for Nuclear Decommissioning




4.5 Implementation Items and Results -- Applicability Verification of Element Technologies (8/22) --
(1) Shape and dimension measurement technology
(iv) High-power ultrasonic sensor (for deposit thickness measurement) (2/4)

Unit test results (performed mainly in FY2017)

Check items Confirmed results (Preliminary and unit tests)

* With 100 kHz wave: From 0.04 to 0.5 m (Max. thickness increases to 1 m when patrticle size is 400 pum or
Measurable range of deposit thickness larger.)
» With 10 kHz parametric wave: Measurable range is wider than that with 100 kHz wave

Measurement accuracy is = 7% when the particle size and temperature are within a typical range and sonic
speed is applied
(Effect of particle size and temperature gradient is included.)

Accuracy of deposit thickness
measurement

Resolution Lateral resolution: 56 mm, time resolution: 43 us (approx. 40 mm) at 100kHz

+ Measurement error attributable to particle size (in a range of 45 to 1,700 pum) is approx. £5%."
* The sensor was assessed capable of measuring the thickness of the layer of sand with mixed particle size
like river sand.

Effect of the particle size The thickness measurement system that will be used in the actual site is designed tentatively on a basis that

of deposit sound speed in the debris pile is 1.15 times faster than in water (equivalent to a particle size of 900 um), since
_ ) sound speed in particle layer with uniform particle size is about 1.1 to 1.2 times faster (depending on particle
Disturbing and size) than in water.
environmental -
factors in Effect of bubbles included

There is no effect of bubbles produced by radiolytic water splitting in deposit as long as the y-ray dose rate is

measurement | In deposit (produced by oo 10100 Gysh, (See figure 4.5 (1) (iv)-2.)

radiolytic water splitting)

Measurement error attributable to temperature gradient is approx. +2.3%.
Variation of sound speed with temperature in a range of 10-40°C was taken into consideration based on the
sound speed in approx. 20°C water.

Effect of temperature
gradient in deposit

Electric noise It was found that sufficient earthing was required for parametric measurement to suppress low-frequency noise.”

Preamolifier Although noise (2 MHz) was added to the output wave (10 kHz) by irradiation, the noise was able to be removed
Radiation P by a low-pass filter, and the output wave before irradiation was able to be reproduced.(See figure 4.5 (1) (iv)-3)
resistance Sensor The sensitivity was reduced by 14% due to irradiation. (This level of reduction does not affect the measurement.)

(See Figure 4.5 (1) (iv)-3)

l Rl D ©International Research Institute for Nuclear Decommissioning

* Earth connection in front of the airlock room could be applicable.



4.5 Implementation Items and Results -- Applicability Verification of Element Technologies (9/22) --
(1) Shape and dimension measurement technology

(iv) High-power ultrasonic sensor (for deposit thickness measurement) (3/4)

[Effect of bubbles in deposit (produced by radiolytic water

splitting)]

(1) Test conditions
a. Dose rate: 10 Gy/h (at deposit surface)

100 Gy/h (at fuel debris surface)

b. Irradiation duration: approx.: 8 days '

(2) Test results

It was demonstrated that there is no effect of bubbles

produced by radiolytic water splitting in deposit as long

as the y-ray dose rate was between 10-100 Gy/h.

[Radiation resistance]
(1) Test conditions
a) Dose rate: 10 Gy/h (equivalent to a dose rate
sensors are exposed to)
b) Cumulative dose: Max. 1 kGy or more
(2) Test results
Sensor
The sensitivity was reduced by 14% due to
irradiation. (This level of reduction does not affect
the measurement.)
Preamplifier
Although noise (2 MHz) was added to the output
wave (10 kHz) by irradiation, the test confirmed
that the noise was able to be removed by a low-

1.01

091

0.8+

0.7

o - -

06+

5 1.57
| B
Samples#1to | ©
#4 (before and g 1 o.’ ______ R —— o-
after irradiation) | @ _ "7 o
S o
=
= 2 0.5+ No change was observed
B SN in the permeability of the
§ simulated deposit.
£ 0.0
g- T T T 1
#1 #2 #3 w4

Dose rate: 100 Gy/h
Cumulative dose: 21 kGy

Dose rate: 10 Gy/h
Cumulative dose: 2.1 kGy

Figure 4.5 (1) (iv)-2 Effect of radiolytic water splitting on ultrasonic wave permeability

----------- F Sine wave input (10 kHz After LPF”
= . . — o e
U H — LR,
. - x
““\ :
o (W ! ! \
o WA A AR
Estimated Maximum @
cumulative dose in possible  [REEEE N B e L
on-site validation cumulative dose
(approx. 500 Gy) (1,000 Gy) Dose rate: 10 Gy/h

Before y-ray irradiation Cumulative dose:

l l Less than 1 kGy

pass filter, and the output wave before irradiation
can be reproduced.

Ratio of peak amplitudes (ratio of after to before irradiation)

1D

0

v = 2 MHz noise overlaid
400 a 800 1200 . o . Reproduction of the
Cumulative dose (Gy) * LPF is an initialism of low-pass filter. wave before irradiation
(a) Sensor (b) Preamplifier Y noise fitering

Figure 4.5 (1) (iv)-3. Effect of Cumulative Dose on Sensor and Preamplifier
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4.5 Implementation Items and Results -- Applicability Verification of Element Technologies (10/22) --
(1) Shape and dimension measurement technology
(iv) High-power ultrasonic sensor (for deposit thickness measurement) (4/4)

. . . TN
[Combination test (in FY2018)] - g

« A deposit thickness measurement test was performed with 100 mm and Simulated deposit ==
300 mm thick deposit simulants placed on the bottom of 2.1 m deep plSseis
water pool. In this test, the high-power ultrasonic sensor was loaded on
the ROV, and ultrasonic waves were irradiated in a manner where (a)
100 kHz basic measurement method and (b) parametric method were
switched alternately at a high frequency while having the ROV keep on
traveling (See Figure 4.5 (1) (iv)-4)

* It was demonstrated that the measurement method is less susceptible to

/‘ Forward/
reverse travel

Figure 4.5 (1) (iv)-5. Schematic View of Test Preparation

the posture of the ROV and disturbing noise and can capture the image of Transmitter and receiver sensor position (Traveling direction)
the surface and bottom face of deposit as well as objects buried in deposit L T IR S e pa s
and also can measure deposit thickness (Figure 4.5 (1) (iv)-6)) “{; : qué:of
Sensor 1 2) 3) T ing direct & - bucket
t
raveling direction 1)’ 2)' 3) ==+ Transmitter and
ﬁéé I£l> ¢ l ‘L receiver sensor
_______ _ position g
\ i“—ié i
— S
@ @) ... 2 T
(b) g
c
o
|_
Received
: waves are Pool
| visualized by bottom
: color-coding.
|
T e — —_— E
== - - o
(0]
e

Figure 4.5 (1) (iv)-4 Ultrasonic image scanning method used in ' : :
combination test Figure 4.5 (1) (iv)-6 Example of ultrasonic scanned image
for deposit thickness measurement

Actions required: Verify that ROVs can perform measurements after passing through the guide rings, etc.
Action: Verify these in the combination test performed in the mockup test facility



4.5 Implementation Items and Results -- Applicability Verification of Element Technologies (11/22) --

(1) Shape and dimension measurement technology

(v) Low-frequency ultrasonic sensor (for measurement of remained pedestal wall thickness) 1/4

&)

Prototyping of a sensor to measure the thickness of the remaining pedestal wall and only the unit test of the

prototype was performed as the result of the decision to lower the priority of developing the whole

measurement system since it would be needed after the removal of deposit. In this test, measurement

conditions were examined and measurement performance was evaluated.

Compliance verification items

Test type Check items

Unit test

(Tests performed in a
setup where sensors
and measurement Radiation resistance of sensor
instruments that
simulate those that
are used in the
devices deployed for
actual on-site Measurable range of remained thickness
operation and the
cable used for the
actual ROV [no
redundant cabling] are

connected to the Resolution
produced system)

Sensor selection

Measurement conditions

Measurement accuracy

[Measurement principle]

Determining the thickness of the remaining pedestal wall based on measured

echo round-trip travel time between the sensor and the back side surface

(bottom surface) of the concrete layer with a thickness equal to that of the

remaining wall and sound speed (4 km/s)

[Issues in measurement]

To receive aggregate echo (maximum diameter of 20 mm) in addition to bottom

echo, a method to discriminate the former from the latter needs to be developed

[Characteristics of waveform] (See Figure 4.5 (1) (v)-2.)

» High-frequency components (100 kHz and higher) of the received wave
signal are mostly those of echo reflected by aggregate and don’t include
the wave signal of echo reflected by the bottom surface much

* Low-frequency components (50 kHz) include bottom echo signals

Ultrasonic sensor
* Frequency: 100 kHz
* Transducer diameter: 70 mm

Power amplifier &

Transmitter

1.2

Receiver

N\

N

Control PC

v y

Digital oscilloscope

Figure 4.5 (1) (v)-1 Configuration of unit test system

0.8 Recorded waveform

Pulse—height )

| Qub (example)
| | 4 ,I' My \|1'.|,
0.0 ‘lf pﬂ || k )‘

0.0 0.4 0.8 1.2 1.6
Path length (m)

l} Frequency analysis (FFT)
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t' gL b
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Figure 4.5 (1) (v)-2 Recorded waveforms and frequency analysis result (examples)
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4.5 Implementation Items and Results -- Applicability Verification of Element Technologies (12/22) --
(1) Shape and dimension measurement technology
(v) Low-frequency ultrasonic sensor (for measurement of remained pedestal wall thickness) 2/4

Unit test results (obtained in FY2017 to FY2018) [Radiation resistance]
(1) Test conditions

Check items _ Summary of test results a) Dose rate: 10 Gy/h (outside the pedestal
(Targeted needs are parenthesized) b) Cumulative dose: Max. 1 kGy or more
Resonant frequency 100 kHz (2) Test results
Sensor Transducer diameter 1) 70 mm (for transmitter and receiver) No change was observed in the waveform after y-ray |rrad|at|qn at
specifications a dose rate of 10 Gy/h for 116 hours (approx. 5 days, cumulative

Resistant to the cumulative dose of 1

kGy or more (Figure 4.5 (1) (v)-3) dose of 1.16 kGy), which proved that the sensor had enough

radiation resistance for investigation operation.

Radiation resistance

Excitation frequency 50 kHz

Mean value of permeable frequency

fBrgnS:r)]iss filter (BPF) range: 50 kHz, attenuation rate: -14 2.0 Before 20 ~ After
g y dB/oct. irradiation irradiation
Distance between > 'h § ok 2 ' l N
Measurement  |transmitter and receiver |450 mm (See Figure 4.5 (1) (v)-4) © 00 "«*ﬂ 'MWH,J.%.\'MY% T 00 ——=ik '*': [,‘Nl*%\'“'ﬁ'ﬂ‘
conditions sensors (%’ (%’ l '
!

Scan the outer surface of the pedestal 20 B3-F3 20 83-F3
along the circumference direction and 2.0 20
record waveform at an interval of 50 mm

Sensor scanning method
and recording interval

; ; S S
. . Averaging 9 or more waves (See Figure < ™Y YT < b vl .w )
Signal processing 4.5 (1) (v)-5) S 0.0 / ;&“ o S 00 < h ,* M*’*
k=) | Is) { l “ N
: : ; () )
Measurable range of Slfctlon without inner 03101.2m =a A
remained wall | SKirt 20 20
~ thickness Section with | it |0-3to06m’ 2.0 , 20
(Figure 4.5 (1) (v)-6) | Section WER INNETSKITJupanth of inner skirt Ii I |\ '
> LI | S | 8
Measurement accuracy (£100 mm 100 mm g ; r‘.‘ ! % < Ml N
y ( ) g 0.0 ( | ""*“W‘W i S 0.0 — M| { '] ‘Wi#}hw
_ Time resolution 200 mm =, i =2 ‘I l u
Resolution - o 8575 0 | BS.E5
Lateral resolution 400 mm : S
%0 04 o8 12 18 %0 o4 o8 12 1s
Path length (m) Path length (m)

Figure 4.5 (1) (v)-3. Examples of Radiation Resistance Test Results
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4.5 Implementation Items and Results -- Applicability Verification of Element Technologies (13/22) --

(1) Shape and dimension measurement technology

(v) Low-frequency ultrasonic sensor (for measurement of remained pedestal wall thickness) 3/4

[Consideration of distance L between transmitter and receiver]
Seek a measurement condition that more low-frequency components be

included in the echo signal.

* Increase the distance L between the transmitter (transducer) and receiver
(transducer) in order to excite the transmitter transducer with a lower-frequency

(50 kHz) electric signal than the resonant frequency (100 kHz)

(It is to take advantage of the property that lower-frequency (thus longer
wavelength) ultrasonic wave has a wider spread angle when the area of the

wave transmission section is the same.)

L=450 mm
£ 2.0
S - Good S/N
) b
§00 A vn\l AN ﬁ ’l At
2 “’“ W ln!‘ ’1‘ (oAl
(%)
2.0 ‘
00 04 08 12 16
Path length (m)
20 L=350 mm
Bottom face Good S/N
S
E 1
E’ .50 Oty ‘h Mv\"l~“J‘!\’x~nw s
° n
-2.0
0.0 04 08 12 16

Path length (m)

Figure 4.5 (1) (v)-4. Test of Distance between Transmitter and Receiver Sensors

Bottom face

[Improvement of S/N ratio]

Measure ultrasonic echo signals at different positions and average the
recorded waveforms to improve the S/N ratio of the signal

20 Bottom face |
S
R (TR
5 U{}}p JJ !““U' I’i i e
20 Al-EF1
2.0
%o 0 —— i} \ ll‘l IW‘ i " I-f|l'hf| }|\rw r.r-ﬁl
o "m.)‘ ) “
50 Al5-EF15
2.0 ‘
E‘;oo 1-5.1.‘" [{1 b qll']'[ F,,Iw
ge —:u"f,"!t.ln't'rfs'sj'uh i
: A2-EF2
2.0
2.0
S
;%00 w\l )”‘ 11 "i“ M‘f}l 'n‘l'[i”i iy
' AS-EFS5
290 04 0.8 12 16
Path length (m) —

The upper surface of 1.2 m thick specimen was
scanned at an interval of 50 mm while keeping
distance L at constant (450 mm).

1 2 3 45

> i B Pedestal wall

| surface scan
+- H— alongits
| || circumference

is assumed

>

|
£
\

e b

'I'II'I'I?
||
RX
P}
=

» Averaging 9 waves obtained along A1-EF1 to A5-
EF5 lines

2.0 Bottom face
2 v Bottom echo
©
50 O—fi} .gf ui'ﬂ;u"ﬁﬂa‘ "f"“l‘“ Ao,
%)

0260 04 08 12 16
’ Path length (m)
« Averaging 18 waveforms obtained along A1-EF1,
AB1-F1, ... lines

2.0 Bottom face
Bottom echo
S v
S |
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Figure 4.5 (1) (v)-5 Effects of waveform averaging



4.5 Implementation Items and Results -- Applicability Verification of Element Technologies (14/22) --

(1) Shape and dimension measurement technology

(v) Low-frequency ultrasonic sensor (for measurement of remained pedestal wall thickness) 4/4

[Measurable range of remained pedestal wall thickness]

» Bottom echo was received with both 0.6 m thick and 1.2 m thick test specimens.
« All waves were reflected by the simulated inner skirt, and bottom echo signal was

not received.

» From the above results, the following judgment can be derived: corrosion of the
inner surface of the pedestal has not reached the inner skirt when echo reflected

from a point of 0.6 m path length is received in a height range of 1 m or less.
* Remaining thickness below 0.3 m cannot be measured due to dead band

< Measurable range of remained thickness >

» Section without inner skirt: 0.3t0 1.3 m
» Section with inner skirt: 0.3t0 0.6 m

* There is a possibility to be able to determine whether the pedestal inner surface
corrosion has reached the inner skirt or not from this measurement.

[Preconditions for application to the actual site]
Deposit and interfering objects in the outer periphery of the pedestal need to
be removed prior to the measurement since the outer surface of the pedestal

needs to be scanned along its circumference at different heights including the
bottom part

Pedestal
concrete
wall

Sensor
0
Inner
=l Concrete PCV
shell

2.0 Bottom face
< v Bottom echo
S| M , F
é 0.0- e ,l'!‘ w ‘h\ ! fi e\ pranengine—
0
Dead band
-2.0

0.0 0.4 0.8 1.2 1.6
Path length (m)

Bottom face

2.0
Y Bottom echo
T % T B YO
E € 0.0 Ll‘w"f-“['.lllill"-ﬁll-rw."'\‘“.'~‘-’\w\’-",’v<
(\! D ’; AR V k " v
— n £
Dead band
L 2.0

00 04 0.8 12 1.6
Path length (m)

Inner skirt
Echo
St 3 20 Bottom face
e Nl S ll'
i s © \ 1LY
e g i . %0.0- 9‘4""“!;"",”1 ‘ 'ly ‘"‘.“"IEL“\"-’\'w',\,-.‘,'v'.".’f ]
N W n o> || k
— b Dead band !l |
i 2.0
0.0 0.4 0.8 1.2 1.6

Path length (m)
Inner skirt simulant

(Reinforcing iron plate)

Figure 4.5 (1) (v)-6. Results of Remained Thickness Measurement

Action required: Applicability verification in the assumed concrete environment with the actual equipment including heat deterioration
Action: Preparation and verification of measurement test conditions based on the result of detailed visual inspection planned in the

detailed investigation inside the PCV of Unit 1



4.5 Implementation Items and Results -- Applicability Verification of Element Technologies (15/22) --
(2) Radiation measurement technologies (i) y-camera

» Avy-camera was designed and produced.
» The same pan mechanism design as that for the ultrasonic sonar was adopted.
» The pan mechanism, outer shell, and y-camera were produced. The

produced components were assembled together and tested (pan

mechanism and collimator operation tests and total weight

measurement).

Collimator

Drive motor

Source was measured . .
in a condition of Back side of pan
1,000 Gy/h

mechanism

Dynamic range (high limit) evaluation Pan mechanism

Main functions and test results

Verification results

It was demonstrated that all

RERIEI] components have a radiation ; -
resistance P Collimator
resistance of 10 kGy or more
Measurement It was demonstrated by irradiation test
that a dynamic range of 1 to 1,000
PEETIETEE Gy/h can be achieved u
It is planned to test the effect of Detect
Water resistance  sealing material to secure water etector Appearance of y-Camera
resistance .
External view of y-camera
E——
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4.5 Implementation Items and Results -- Applicability Verification of Element Technologies (16/22) --

(2) Radiation measurement technologies
(i) CdTe semiconductor detector and improved compact B-10 detector (for fuel debris detection) (1/4)

The applicability test of fuel debris detection system was performed (unit test and combination tests), and the test
confirmed the feasibility of the system mounted on an ROV that is able to measure.

Inside the PCV

Verification items
» CdTe semiconductor detector

« Improved compact B-10 e N yo- » | y Test type Check items

detector
* Winch

Unit test 1 Detection efficiency
(Tests performed in a setup
where sensors and

measurement instruments | Neutron detection performance
used in the on-site

Performance to analyze y-ray nuclides

validation and the cable High dose-rate y-ray
b | used for the actual ROV [no | Effect of Electric noise
Fuel dbrs V7 [ 4 i redundant cabling] are disturbance
‘ connected to the produced Polarizing action
system)
Power supply/signal processing unlt . Ability to measure radiation from spent

Unit test 2) fuel

Combination test Verification of measurement

Preamplifier (for B-10) 60m

STl

(Tests performed in a setup | performance
where sensors and
measurement instruments
used in the on-site

Effect of

Computer ) validation are combined ) Electric noise
(for operation and data recording) Outside the PCV with an ROV) disturbance

Impact of ROV’s posture

Figure 4.5(2)(ii)-1 Configuration of system to detect

fuel debris in and under deposit

L L  — ——————————————————————————————————————————————————————————————————————————————————
I l D ©International Research Institute for Nuclear Decommissioning



4.5 Implementation Items and Results -- Applicability Verification of Element Technologies (17/22) --

(2) Radiation measurement technologies
(i) CdTe semiconductor detector and improved compact B-10 detector (for fuel debris detection) (2/4)

[CdTe detector unit test results]
The CdTe detector was installed in the collimator-

Unit test results (obtained in FY2017 to FY2018)

Check items Verification results equipped tungsten shield and connected to a 60 m
Eu-154 2.2 X 104 cps/Bq (Error +10%) cable, and y-ray and neutron spectra of various
_ Cs-137 1.6 X 10 cps/Bq (Error +14%) radioactive nuclides were measured by the detector.
Detection - .
efficiency Co-60 1.8 X 10 cps/Bq (Error +26%) l Mounted horizontally in the
shield
Thermal : . -
neutron 0.28 cps/nv (Figure 4.5 (2) (i)-5) )
Discriminability between Co-60 | Both are discriminable as the peak half-value width
peak and Eu-154 peak of Eu-154 is 33 keV or less (Figure 4.5 (2) (ii)-3)
Detection ~ |CdTe 0.08 cps Sensor P lfi
limit Improved B-10 |0.03 cps , reampiiier
Polarizing No polarization after 1 hour from the start of Figure 4.5 (2) (ii)-2. Appearance of tungsten shield and CdTe detector
action measurement

(Figure 4.5 (2) (i)-4)

, 1E+05
Effect of Effect of high A prospect' was (_)btalned that y-ray and ngutron —Eu-154
could be discriminated when a dose rate is about 1.E+04
measurement | dose-rate y-ray P ; :
: 120 Gy/h or less” (Figure 4.5 (2) (i)-6) @
disturbances % 1.E+03 FWHM |2 3 keV
A prospect was obtained that noise reduction 2= Ml
. . methods (such as ferrite core and common 5
Electric noise earthing) could be effective to reduce noise when a 8 1E+02
60 m long cable is used. 1.E+01
Ability to measure radiation Eu-154 and neutron were detected. i , { \
from spent fuel (Figure 4.5 (2) (ii)-7) 1E+00

0 100 200 300 400

Crest value (channel)

Figure 4.5 (2) (ii)-3 Result of Eu-154 y-ray spectrum measurement

©International Research Institute for Nuclear Decommissioning

__— =
IRI D * A further test is necessary to evaluate the discriminability
under higher dose-rate y-ray than 120 Gy/h.



4.5 Implementation Items and Results -- Applicability Verification of Element Technologies (18/22) --

(2) Radiation measurement technologies
(i) CdTe semiconductor detector and improved compact B-10 detector (for fuel debris detection) (3/4)

®

Figure 4.5 (2) (ii)-4. Result of Polarization Occurrence Check

[CdTe detector unit test results (Continued)] : 01 0.5 2
1 %2}
1.E+01 ! 008 Count rate 1 oa =
E 200 i é_’ —— Sensitivity >
—~ 1 — SIS i =0.06 | {033
2 | o0s | i z
g C S 1800s ' =0.04 + 1029
%- i 8 0.02 {4 0.1 %
8 1.E02 ! 0 . . . 9 2
3 !
s 21 i 0 50 100 150 200 250 300
1.E-03 A e 5 i Crest value (channel)
0 500 1000 1500 2000 . .
! Figure 4.5 (2) (ii)-5. Result of Cf-252 Neutron Spectra Measurement
Channel i
:
1
1
1
]

1.E+03
..................................................... —0Gy/h
1.E+02 ——26 Gy/h
[Unit test results of improved compact B-10 detector] £ 1 £+01 | —zg gl/rr]]
Q C
» The improved compact B-10 detector was connectedtoa & 1.E+00 —376 Gy/h
60 m coaxial cable, and neutron spectra of various S 1E01 L
radioactive nuclides were measured by the detector. S WW \
» The pulse-height threshold dependence of thermal LE02 ¢ “i_v'h
neutron sensitivity was obtained. 1.E-03 ' ' : :
> Neutron spectra were obtained in a dose rate of higher 0 50 100 150 200 250
than 100 Gy/h. Crest value (channel)
Figure 4.5 (2) (ii)-6 Result of neutron spectra measurement under high
dose-rate Co-60
_—
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4.5 Implementation Items and Results -- Applicability Verification of Element Technologies (19/22) --
(2) Radiation measurement technologies
(i) CdTe semiconductor detector and improved compact B-10 detector (for fuel debris detection) (4/4)

[Ability to measure radiation from spent fuel assembly] B Measured data
[CdTe semiconductor detector] Succeeded in detecting Eu-154 even

i i Measurin
WTest configuration Sr\;irehead device g when dose rate was approx. 20 Gy/h or less.
Fuel assembly ' 5 R 1.E+07 = Top of active fuel length 500 Top of active fuel length
- T 1.E+06 Central part in axial direction Central part in axial direction
£ Cs-137 400 | Co-60
< 1.E+05 (1173 keV)
——— | Cable o LE+04 300 ‘ '(51“2'712?(6\/)
APProx € 1E+03
7m Fuel Inspection Pool = 200 | )
= 3 1.E+02
- ° LEs01 1001
Container '
"""""""""""" 1.E+00 L . 0 )
+ CdTe detector 0 200 400 600 350 400 450
’ :jmproved compact B-10 Crest value (channel)
. Ioel;{ie;:t(i)(;n chamber [Improved compact B-10 detector] Succeeded in detecting neutron even
« Simulated shield when dose rate was approx. 20 Gy/h or less.

10

300
250
200
150+

Central part in axial direction
Top of active fuel length 18

lonization
chamber ¢

Signal of neutron | ,

00F Y No--mee emission

50} N

oLl L ‘ .

0 50 100 150 200 250 300
Crest value (channel)

.
»

-
»

Fuel

Count value: Center of
axial direction (/channel)

-
o

Count value: Upper end of
effective length (/channel)

Inside the pool
(viewed from lateral side)

Figure 4.5 (2) (ii)-7. Results of detector performance test using spent fuel assembly

[Combination test with ROV]
There was no electric noise caused by the camera and LEDs mounted on the ROV. Meanwhile, noise was added when the cable drum motor
was activated. It was determined that this noise would not cause any adverse effect since the ROV wouldn’t be moved during measurement.
Further actions required: Setting of criteria to determine the sensor location point and measurement time that fits the
condition of the site.
Action: Consider these items in the detailed plan for on-site validation



4.5 Implementation Items and Results -- Applicability Verification of Element Technologies (20/22) --
(3) Location technology (i) Monocular camera (1/3)

A location system was designed and produced, and the in-plant verification test (stand-alone test and combination test) was

performed on the produced system. The test confirmed the feasibility of system that can determine the location with an accuracy of
+200 mm or better within the original requirements to satisfy the needs .

ROV position
el
\

Compliance verification items

Test type Check items Verification results Navigation marks

(radial beams
crossing points)

Location error

ROV coordinate
system

Unit test Navigation mark visibility Figure 4.5 (3) (i)-3, 4

BIRAY
Effect of ROV posture '

b
\

ROV mounting position

Comtl:;\f\tlon calibration Figure 4.5 (3) (i)-5, 6

Camera undistortion

 PIN, 1, 2)
Navigation mark whose coordinates /
are known % .
P2 (X, Y, Z,) Camera image

Projection ratio (A)
= (distance between the relative coordinate
system and Pi) / (distance between the relative

Relative coordinate
coordinate system and Ci) y o

system (camera

: X¢ image coordinate
’;S:f’e'ﬂﬁfg’g’,ﬁ',?;f Yo " systgem) Origin of the absolute
systemusedto |/ __..e=" ™ \, coordinate system 4
define the position --'x'". "\ Rotation transformation R (roll, pitch, yaw) e A= TR ESSRs =2 e
in the PCV) ol Linear transformation t (X, Y, Z)
Figure 4.5 (3) (i)-2. ROV Location Method Using
Figure 4.5 (3) (i)-1. Principle of Monocular Camera-Based Location Determination Method Characteristic Structures as Navigation Marks

_— L ————————————————————————————————————————————————————————————————————————————  ——
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4.5 Implementation Items and Results -- Applicability Verification of Element Technologies (21/22) --

(3) Location technology (i) Monocular camera (2/3)

[Evaluation of location error by comparing with CAD drawings] (Unit test)
» Location error was evaluated by comparing the positions of navigation
marks in the 3D CAD space and the positions of the same navigation

marks determined from simulated camera images.

» The maximum measurement error was confirmed to be 40 mm based on a

navigation mark pointing error in the image of +1 pixel.

CAD image

20

L]

ROV
-

position
%

N,
o
I

Error in Y-axis direction (mm)

-60

.t

# Navigation marks A and B
® Navigation marks C and D
® Navigation marks A and C
® Navigation marks A and D

Navigation marks B and C

Navigation marks B and D

-40

-20 O

20 40

Error in X-axis direction (mm)

Navigation mark A
Navigation mark B
Navigation mark A
Navigation mark A

Navigation mark pointing error

in the image: £1 pixel

-

Error in X-axis direction:

-18.1to +12.0 mm

Error in Y-axis direction:

from -40.4 to +28.8 mm

Angular error:
-1.1to +1.9 degrees

Figure 4.5 (3) (i)-3 Examples of ROV positioning errors

TIRID

[Evaluation with simulated structure (Combination test)]

» The ROV and a mockup simulating the actual radial beam and having
simulated navigation marks on it were arranged with a fixed relative position,
and the image of the mockup was captured by the camera to evaluate the

visibility of the navigation marks.

» An error of the ROV location derived from the captured image was maximum
242 mm.

300 L
g L] % Front view camera
g/ 200 i ' % Front look-up view camera
c ' # Rear look-up view camera
S 100} %
[&]
g
5 0
% 100} ROV
N position
£ -200f
2 -300
w -300-200 -100 0 100 200 300

Radial beam

Navigation marks

Error in X-axis direction:
from -109.0 to +103.8 mm

Error in Y-axis direction:
+89.5t0 +242.2 mm

Angular error:
-3.5to +1.4 degrees

Figure 4.5 (3) (i)-4 Examples of ROV position errors with test mockups
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4.5 Implementation Items and Results -- Applicability Verification of Element Technologies (22/22) --
(3) Location technology (i) Monocular camera (3/3)

[Camera undistortion and ROV mounting position calibration] (Combination test)

» Correction of camera image distortion using the undistortion plate and correction of the position of the cameras using the calibration plate
» The maximum location error was reduced from 242 mm to 145 mm by these corrections.

Undistortion plate

Before undistortion After undistortion

STy Calibration reference points

Camera positioning jig Example of captured image

Figure 4.5 (3) (i)-5 Effect of camera distortion correction (top) and
tools for camera mounting position calibration (bottom)

Captured image in stand-alone Corrections results
accuracy evaluation test

N W
o O
o O

100} .‘l
0 »

m Frontview camera
# Front look-up view camera

W Rear look-up view camera

-100}

-200¢

N

ROV
position

Error in Y-axis direction (mm)

-300 ! .
-300-200 -100 O

100 200 300

Error in X-axis direction (mm)
Figure 4.5 (3) (i)-6 Examples of ROV position errors

reflecting correction values

reflected

Error in X-axis direction:
from -123.6 to -68.5 mm

Error in Y-axis direction:
from +90.7 to +145.3 mm

Angular error:
-4.6 to +1.5 degrees

Further actions required: Figuring out how to deal with difficult cases, such as where navigation marks in the field of camera view are hidden by objects like

a cable pipe

Plan: To examine the applicability of the following alternate location methods: extrapolating the location of a hidden navigation mark
(intersection point) from the image of two beams, and determining location using underwater structures such as jet deflectors
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4.6 Implementation Items and Results -- Design and Preparation for Mockup Test Facility (1/3) --

In order to increase the reliability of the Detailed Investigation, the verification of
the arm type access device has been planned in a mockup test using a test facility
that partly simulates the actual facility.

The following tasks were executed in this project:

[Determination of the specifications of the test facility and design of the test facility]

« The test items of the mockup test were reviewed, the specifications of the test
facility were determined,* and the test facility was designed.
* Scale, simulated sections, and accuracy level of simulation of the mockup
(including dimensions and materials).

[Procurement of test materials]
« Based on design of the mockup test facility, the production commenced (the
materials were procured).
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4.6 Implementation Items and Results -- Design and Preparation for Mockup Test Facility (2/3) --

Main specificationss of mockup test facility (UK)

Scale 1/1 scale

+ Design shall be according to the drawings of inside pedestal structures.

* Not the whole structure of CRD but only its lower end shall be reproduced using flat
plates.

» The platform and intermediate work platform shall be reproduced.

+ Agrating opening shall be reproduced based on the photograph taken after the accident.

+ The CRD exchange equipment shall be reproduced above the grating.

Inside the pedestal

Sections to be * The lifting frame of the CRD exchange equipment shall be reproduced on the

simulated and underground floor.

accuracy level of . .

simulatign Pipes and ladders shall be reproduced on the wall of the simulated PCV wall around the
Outside the pedestal inside end of the X-6 penetration as simulated objects for testing obstacles cutting method

inside the PCV.

X-6 penetration, The internal structure of the actual PCV shall be simulated in the mockup test facility as
connection structure, much as possible to ensure the reliability of the arm type device passing test through the X-6
extension pipe, and CRD penetration and inside PCV obstacles removal test, both of which are performed in relation to
rail the construction of the access route through the X-6 penetration.

Sections to be The mockup test facility shall consist of a two-story structure with the first floor simulating the

simulated and PCV underground floor and the second floor simulating the vertical position of the X-6
accuracy level of penetration and the enclosure. To enable this structure, a cradle shall be constructed to
simulation support the X-6 penetration, Connection Structure, and extension pipe.

Enclosure support cradle

The X-6 penetration, Connection Structure, extension pipe, grating, and sections that receive
reaction force and support loads shall be made of steel.

Other sections that don’t require high strength can be made of inexpensive materials (such
as plastic and wood).

Material
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4.6 Implementation Items and Results -- Design and Preparation for Mockup Test Facility (3/3) --

Overall view of mockup test facility

PCV bottom floor

Control room

Pedestal structure

Obstacles inside PCV

- CROD rail
Intermediate i Mockup support cradle
work platform /D latform A : = :
. e G WY, X-6 penetration
g iy [ | = Connection structure and extension pipe
- Enclosure
Pedestal wall
Enclosure
cradle

Overall view of the mockup test facility and the
produced mockup of the structure in the pedestal (on

the left)
* The mockup of the structure in the pedestal is flipped upside down in
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4.6 Project Achievements

@

Implementation Items and Results

Achievement index (FY2018)

Achievement level

Unit 1 Based on the latest site condition, the investigation and development plans Achieved (in FY2017)
Development and investigation Unit2  |shall be reviewed, materialized, and updated. Achieved
planning Unit 3 The applicability of the devices developed for Units 1 and 2 to Unit 3 shall be Achieved
studied, and it shall be clarified whether a development issue exists.
Establishment Openin Design/production and in-plant verification test of equipment and devices for
of access route thg hatc% establishment of access route into PCV shall have been finished Achieved
into PCV (Target TRL: Level 4 or 5).
through X-6 New ) . e
penetration boundary Production and in-plant verification test of a full-scale prototype structure Achieved
connection connecting to X-6 penetration shall have been finished.
Development of EStai?]I ;thr)n Ce\;]ttr?:oicgcr? ;s_zroute In-plant verification test of established access route into PCV shall have Achieved
access and penetration been finished (Target TRL: Level 4 or 5).
investigation -
device Achieved

Access and investigation
device

Design, production, and factory verification test shall have been completed
for a full-scale prototype of access and investigation device (Target TRL:
Level 4 or 5).

(The prospect of developing the
arm type access and investigation
equipment was obtained through
the examination of the producibility
and the technical feasibility of
achieving the intended
performance and functions that
was conducted by prototyping part
of the device.)

The verification test of measurement technologies to be incorporated in

Applicability verification of element technologies | access and investigation device shall have been completed (Target TRL: Achieved
Level 4 or 5).
Review of the mockup test procedure of the arm type access device and
Mockup test plan design of the test facility completed, and the preparation started Achieved

(not included in objectives).

IRID
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5. Overall Summary @

(1) Development of investigation and development plans

Based on the latest results of the Detailed Investigation of Unit 2 (A2’), the investigation plan and development plan for the

Detailed Investigation in Unit 2 were updated.

(2) Establishment of access route

(a) Establishment of access route into PCV through X-6 penetration

* The isolation room and hatch opening device were designed and produced to identify issues of the work procedures by in-plant
validation test. Further, countermeasures for the identified issues were implemented.

* The Connection Structure to the X-6 penetration was designed and produced. A in-plant
verification test of the structure was conducted.

(b) Establishment of access route into PCV through the X-2 penetration

+ In-plant verification tests verified the workability and construction conditions for access route establishment isolated from the inside of
the PCV and issues in relation to the construction method and devices, as well as procedures, were also identified in the same test.
Further, countermeasures for the identified issues were implemented.

(3) Access and investigation equipment

» Part of the arm type access device was produced. The feasibility of the arm type access device was examined in terms of the
producibility and technical prospects for achieving the intended performance and functions.

» The submersible type access device was designed and produced. Then, a in-plant validation test was performed on the produced
device to identify issues in relation to the device and work procedures. Further, countermeasures for the identified issues were
implemented.

(4) Applicability Verification of Element Technologies

* Measurement systems to be incorporated in the submersible type device were designed and produced, and a verification test was
performed on the produced systems to evaluate the performance.

* Measurement systems to be incorporated in the arm type device were designed and produced, and a verification test was performed
on the produced systems to evaluate the performance.

+ As to the measurement of the thickness of the remaining pedestal wall, which will be performed after deposit removal, a sensor to be
used for the measurement was selected, and a unit test was performed on the selected sensor, including the evaluation of measurable
thickness range.

(5) Mockup test plan

* The design of the mockup test facilitz was comeleted, and then the construction was started.
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