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Outline of IRID
1. Name

International Research Institute for Nuclear Decommissioning

(IRID)
https://irid.or.jp/en/

R&D
2. Date of Establishment
August 1, 2013 / \
3. Membership (19 organizations) IRID
2 research institutes (nternational

JAEA etc. HRD

4 manufacturers
Toshiba ESS, Hitachi-GE,MHI etc.

13 electric utilities, etc.
TEPCO Holdings etc.

Entities
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Video: Introduction of IRID




= Introduction: R&D projects cond
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“Appearance of Primary Containment Vessel (PCV) (Photo of

PCV under construction)

Dry well (D/W): Upper part of PCV
above the S/C

~N

PCV penetration : Penetrations of
piping and electric wiring, etc.

Unit 1: Approx. 150 penetrations
Unit 2: Approx. 200 penetrations
Unit 3: Approx. 190 penetrations

J

Equipment hatch: Carry-in/fout port of
large equipment

Vent pipe: Connection pipe between ]
D/W and S/C

Suppression Chamber (S/C): The )
S/C condenses water vapors
generated when an accident occurs

to suppress the increase of pressure

e

4‘\
Wk

—_— _ ’ - in PCV.
Air lock: Entrance and exit ) m)_s_,_/
Browns Ferry Unit 1 under construction 1966.5ep.

for humans Tennessee Valley Authority — TVA’'s 75th Anniversary webpz
s |
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Muon Transmission Measurement

B Muons are secondary cosmic rays, which generate when radiation from space collides with the atmosphere of the Earth.
The cosmic ray muons are high-energy particles and can pass through materials.

B Muon tomography can measure the number of muons that pass through the reactor building to image the density of
materials such as X-ray. It can be used to image the distribution of fuel debris in the reactor pressure vessel (RPV).
(Smaller number of muons will pass through high density regions so higher density regions show dark shadow).

N — - Reactor \ S
K building (R/B) @nt fu ' 4 g
(LI|(SFRY | L
: - AN ] / ]
™~ \E Sout 1T - | North
imated reaf — ) FH
cor ion\ Turbine — — /\b A\ T
— L/ ! : building - N e \J
=l | i I.__\ : '\ X274 2220
Wes ( @vﬁ& j f East i ” " Measurement equipment
L I = 7| I"I= Measurement equipment
lllustration of measuring muons passing through the reactor building lllustration of measuring muons passing through the reactor
(horizontal cross section) building

(vertical cross section)

Panel®

<Measurement principle of the muon transmission method
Panel® 1

(illustration)>

Two panel detectors (plastic scintillator) that are placed in the
measurement equipment can detect muons falling from space
and calculate their trace on where they have passed through
from the coordinates (X and Y axes) on the panel.

Quotec from a material of TEOCO Holdlngs, Inc. website
| -
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Measurement Result of the Muon Transmission Method for Unit 3

Length of density

(As of September 8, 2017) (g/cc - m)
E 40 e
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South North

Quoted from report released from the TEPCO Holding Inc. website.
——————————  ———————— ]
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Robot Investigation of the PCV interiors

Investigation of outside the pedestal (Unit 1) Investigation of inside the pedestal (Unit 2)

— O Remote-operated crawler robot for investigation

Camera for travelling
through guide pipe

Type I (when travelling
through guide pipe)

Camera for travelling
=

~ ~DSuspension type
., " investigation equipment (A2’
investigation)

T Investigation of inside the pedestal (Unit 3)
4

8 Thruster for uf

\ Winch confirmation

camera (inside)

Sensor unit measuring
camera N

U-shape type (when travelling

on the f|00r) Front camera

2 "2 Vi Taper
= Radiation

! dosimetry

S -
: / \ N
55 Measuring m

camera

Thruster for
driving
Light

OSubmersible Crawling Robot

I R I I _—m—mAmAm—A—
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~Unit 1 investigation: Radiation dose and visual images
March 18(Sat) ][ March 19 (Sun) ][ March 20 (Mon) ][ March 21 (Tue) ][ March 22 (Wed) ]

5 Confirming
o)~ [ spreading of
= 0 D30 fuel debris
LAY / from opening
c 0 2@ : \ N
2 E D1® D1@® Confirming D1@ Conflrn_1|ng
E [e) - R spreading of - spreading of
o o .| fuel debris fuel debris
ke BG | from opening from opening
n - 1
(¢)) c * BG h BG y
> © Confirming , ® ®oo ® ,/. DO
c Trench . Measuring dose at
- ?upéfggg;%c’f a point where fuel
Piping that trom trench ‘r’::]gisnmay not [ ©8.4Sv/h l
robots.go : ®8.2Sv/h
through Do ®9.2Svh | D2 M PO ®6.75vi
iﬁi/ k) i = e Kk iﬂi@&GSv/h
1/F L NETTTTT A5 5] Ll 5 BBRRT an
A ®1.6Sv/h 4
Approx. ®6.3Sv/h (Approx.0.6m
Basemernm ®5.95v/h from the
ater A ®7.4Svih
= rface 7 155vh ) [ 6.3Sv/ih ) (Approx.0.9m 9.45v/
: e Nt f h
o (Approx.1m 1(A;:)prox.h gg{:’oﬁnﬁ (Approx.0.
c 8 Approx. from the 11Sv/h m ron)1t € m from the 5.4Sv/h
oo 2.5m /A bottom) (Approx.0.3m ’Abottom 3.0Sv/h (Approx.0.3
= 0 from the (Approx.1.6 = T SN
& o /A bottom) m from the = L.
29 Bottom Of\?{--_ — T potter) 3
o 2 PCV
)
c 2
-]
0
(8]
S

* Radiation at the site boundary remains unchanged in approx. 0.5~2uSv/h during investigation. No

N . ffect on surrounding environment.
S o Images of fuel debris € " ; )
. Investigation é Investigation_ /\/ spre%ding (simulation * Radiation dose and distance from the bottom will be evaluated.
point route T examples) * Radiation dose on 1/F is almost same dose as the previous measurement (4.1~9.7Sv/h in April 2015).

|
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Robot Investigation of the PCV interiors

Investigation of outside the pedestal (Unit 1) Investigation of inside the pedestal (Unit 2)

— O Remote-operated crawler robot for investigation

Camera for travelling
through guide pipe

Type I (when travelling
through guide pipe)

Camera for travelling
=

~ ~DSuspension type
., " investigation equipment (A2’
investigation)

T Investigation of inside the pedestal (Unit 3)
4

8 Thruster for uf

\ Winch confirmation

camera (inside)

Sensor unit measuring
camera N

U-shape type (when travelling

on the f|00r) Front camera

2 "2 Vi Taper
= Radiation

! dosimetry

S -
: / \ N
55 Measuring m

camera

Thruster for
driving
Light

OSubmersible Crawling Robot

_— L ———————————————————————————————————————————————————————————  —
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Tnvestigation of the Unit 2 upper pedestal interior
(A2 investigation: January — February 2017)

[Investigation method])
® Photographing by camera

[Implementation period]
® Jan.— Feb. 2017

______________________________

Pre-confirmation for the | ] .
penetration interior . Investigation procedure

____________________________

1.Pre-confirmation for the pedestal
interior
Conducted on 30 Jan. 2017

2. Removal of deposition on the
ajl
Conducted on 9 Feb. 2017

3. A2

Conducted on

1. Pre-confirmation system

F G o‘l - | Pan-tilt camera
uide pipe ||  and light

PG 5

Pan-tilt

camera
3 J/

Telescoplc %
mechanism

TRID

16 Feb. 2017

3. A2 investigation

2. Deposition removal

equipment
Camera

equipment
oz ’ camera and
= Cleaning

Front camera and
light

Scraper plate

.
o
o
5
Ny,

X6

\

CRD rail

CRD platform
Pedestal

Olnternational Research Institute for Nuclear Decommissioning
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Investigation of the Unit 2 upper pedestal interior
(A2 investigation: January — February 2017)

Upper pedestal interior (after image processing)

VIEWING ANGLE : 90
Imagel ist:
Imagelndex:.




Investigation of the lower pedestal interior
(A2’ investigation in January 2018)
B Purpose of investigation
Confirmation of the state below the platform
B Investigation procedure
@lInserting a guide pipe = @Extending a pipe =
®Suspending a pan-tilt camera = @lnvestigation

PCV
Operation unit for Isolation /
bending theguide pipe Guide pipe Pedestal -
en . -
(®110mm) Extension pipe ™. /-
f \ @
M : .
- ?77UPCV penetration g
f 4(U (X-6 penetration) :
/ — Platforfn b
T . Control rod driving | .
Cable drum : L T e mechanism
Alternative ! bt e~ N
shield ! s S "
Cable feeding :/
mechanism !
Bird’s eye view camera !
Dosimeter,
thermomjeter
Pan-tilt camera, exterior
__________________________ lighting
Overwew of the guide pipe end
mounted camera
| 3
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Pedestal floor and wall
Fuel debris? and a fuel assembly handle

Bottom of the Unit 2 PCV
(An overhead image)

K . ) N ti . \
i S ‘ -~ »
|
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Investigation of the Lower Pedestal Interior

(A2’ investigation in February 2019)

T=PCO

Direction to
the pedestal
center

*Investigation point is ternfative.
Investigation area (A photo taken in Jan. 2018)

Pedestal opening

Telescopic
investigation
equipment

CRD replacement
rail
Upper platform surface

Za

Pedestal floor

CRD housing

Platform

CRD exchanger

Worker access
port

Work platform

Pedestal bottom

Cable tray

N

Before touching deposition

REAEJINN

Source: TEPCO Holding Inc. website

After touching deposition

—)l/—‘r“»rmﬁit%*i
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Robot Investigation of the PCV interiors

Investigation of outside the pedestal (Unit 1) Investigation of inside the pedestal (Unit 2)

— O Remote-operated crawler robot for investigation

Camera for travelling
through guide pipe

Type I (when travelling
through guide pipe)

Camera for travelling
=

~ ~DSuspension type
., " investigation equipment (A2’
investigation)

T Investigation of inside the pedestal (Unit 3)
4

8 Thruster for uf

\ Winch confirmation

camera (inside)

Sensor unit measuring
camera N

U-shape type (when travelling

on the f|00r) Front camera

2 "2 Vi Taper
= Radiation

! dosimetry

S -
: / \ N
55 Measuring m

camera

Thruster for
driving
Light

OSubmersible Crawling Robot

E_— L
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~ Submersible Remote Operated Vehicle (ROV)

(mockup vehicle)

Thruster for up-and-down Q &
y "‘ "

Thruster for driving

Neutral buoyancy cable

ltems Specifications

Outer diameter : ¢125mm

Outer size | oerall length : Approx.300mm

Weight Approx. 2000g (in air)
Ra@aﬂon 200Gy
resistance

Front camera

Back camera

TRID
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Results of investigation for the Unit 3 PCV

2. Investigation results TRID

2.3. The lower pedestal T=PCO
Access opening for AN - Platform Area C5 where a photo was taken
workers > frame “<Camera position: Lower>

Photo area C1 =

Area C1 where a photo was taken
<Camera position: Lower>

Grating ( < /
\ oo Photo area C2

Fallen object

Massive form
deposition

Deposition ¥

Direction of access opening
for workers

Massive form

Depo-éition ‘
(sandy form)

Area C2 where a phdto was taken Area C3 where a photo was taken Area C4 where a photo was taken
<Camera position: Horizontal> <Camera position: Upper> <Camera position: Lower>

The investigation has revealed that deposition in sandy, pebble-like and massive form has

accumulated.

The access openina for workers was not confirmed visually (deposition was visually seen
* Reference: Investigation result of the Unit 3 PCV interior (report of the 48t Team Meeting and Countermeasures

3%
__gearby). for Decommissioning and Contaminated Water Treatment Conference on Nov. 30, 2017)
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Boat Type Access Equipment

B Boat type access equipment which can move on a wide range of the
water surface in the primary containment vessel (PCV) was developed.

_— |

uonebsanul

~ g Buunp [9A8] Jale

Example: Guide ring installation
* Diameter: ¢25cm

* Length: Approx. 1.1m

* Thrust: Over 25N

Appearance of the boat type access
equipment

Olnternational Research Institute for Nuclear Decommissioning



Boat Type Access Equipment (Video)




Boat Type Access Equipment (investigation inside PCV through X-2 penetration)

Six kinds of boat type access and investigation equipment with submersible functions will be prepared for

each function.
Installation items

Work flow (image flow)

Install equipment
Seal box equipment

Access/investigation
equipment

Guide ring installation

Installation for cable
entanglement prevention )

Visual observation

Confirmation of PCV conditions )
by pan-tilt camera

Water
level

Deposit

Deposit three-dimensional
~  shape measurement a

Fuel debris*

d

Measured by scanning
~.....lltrasanic range.finder. I
Deposit thickness
. measurement 2
Measured by high output
\, ultrasonic sensor D,

SC

Installation
cable

Guide ring

Stabilizing
anchor

Three-dimensional shape of
eposition was measured by a
anning ultrasonic range finder. =

Neutron flux measurement

[ Deposit surface J
measurement by detector

Small amount of deposit
sampling

Removal of install equipment
and seal box

The thickness of
deposition was
measured by a high
output ultrasonic sensor.

*Thickness and existence of deposition and fuel debris are uncertain. The above figures are image descriptions.

TRID
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Collected by
deposit collection
equipment
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Report of the 107" study committee of specific nuclear facility monitoring and evaluation on April 14, 2023. I RI D

[Reference]l Panoramic photo images taken from the pedestal opening T:PCO

Image processing by TEPCO Holding, Inc.



Report of the 107t study committee of specific nuclear facility monitoring and evaluation on April 14, 2023.

[Reference]l Concrete remains of the right pedestal opening (1/2) T=PCO

Tokyo Electric Power Company (TEPCO) Holdings, Inc. investigated the
Unit 1 pedestal to confirm the concrete that likely remain outside the
pedestal (Bolts that were installed before the accident were confirmed to be
fixed). The investigation on March 2023 confirmed the inside of the
pedestal wall.

TEPCO assumes that the lost concrete of the pedestal outer wall opening
in right side would be limited.

The investigation found that reinforcing steels of the outside pedestal have
remained 7 pieces in the right opening part and 11 pieces in the left side.
The earthquake resistance should be evaluated based on 64° that is

equivalent to the angle in accordnce with the opening angle.

ROV frame

Remains of

FRONT (WAT) concrete walls ?

. '
ﬁ; }'
““\f

| &

20 2705419
21:14:51

2023/03/28

Photo 1: Concrete remains can be seen from the pedestal opening

({f‘*Tokyn Electric Power COYT\[;HHV HCIOI."QS. Inc. All Rzghts Reserved Photo 2: Concrete remalns can be seen from the pedestal Opening

Photos processed by TEPCO Holdings Inc. 27



Report of the 107" study committee of specific nuclear facility monitoring and evaluation on April 14, 2023.

[Referencel Concrete remains of the right pedestal opening (2/2) T=PCO

Inner skirt  First reinforcing Shown the *The brightness of the original image is increased by 50%.
steel ROV frame

oto taken from
fferent angle

te

3 *,
“di
s Redli

%

Q

'*T he brightness of the
.+*" original image is
increased by 50%.

Photo of left red-circled part taken from different angle
*The brightness of the original image is Second

i d by 30%. : : _ _ , _ .
mcre_ase Y _ reinforcing steel _ _ Figure 2: Visual image taken from different angle of the remains
Figure 1: Remains of the pedestal outer wall of the right opening

Photos processed by TEPCO Holdings Inc. 28



Arm Type Access Equipment

B The arm type access equipment was manufactured which can access
on a wide range through the PCV penetration for maintenance of

control rod drive mechanism.
® Total length of the arm: Approx. 22m
® |nvestigation equipment up to 10kg can be loaded.

Mounted sensor at the tip of the arm

*The wand can be replaced an alternative tool.

Arm type access equipment



Configuration of Access Equipment

Access and investigation equipment

X-6 penetration

S
Arm (with
sensor)

' Rl D Olnternational Research Institute for Nuclear Decommissioning



Arm Type Access Equipment (video)

TR T
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3. Development of Technology for Fuel Debris
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PCV: primary containment vessel
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Fuel Debris Retrieval Technology

[/ LT

Equipment transfer cart A\

)
Equipment cell
N i)

New
opening

7/ Biological shield
wall (BSW) N

PCV
' opening T TS

) N
Seal with BSW-PCV  Sealing with the shielding wall
S o (BSW) and the primary

containment vessel (PCV).
N\

Equpment

Example of robot arm /|
Rt =1

/ T \\

Example of cutting
technology (Chisel)

R Copy and reproduct
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[Example of the top-access method]: Methods for Removing and
Transporting the Entire Structures

Secondary
boundary = "]
[ Removal
Connecting équipment »
route i \ Additional
v building
Connecting | % Double lid
sleeve Transport / Container for
|| cart :I[ ‘ / transportation
u

L1 L]

SN

L L=

LIPS r

D
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Technology for Containing, Transferring and Storing Fuel Debris

=Responding to issues specific to the Fukushima Daiichi

® High-burnup and the enrichment— High reactivity

® Molten products mixed with concrete— Hydrogen generation caused by radiolysis of moisture
containing concrete

® Molten products with sea water injected and instrumental cables,etc. — Impact of salt and
contamination of impurities

Transport method (Ex. Partial submersion side-access method

Reactor building : Carry-out

_Maintenance  § Transport cell Fuel debris
ceir (expanded) transport building

ST | [C—O] [C—Ol b

......... N

= EFueIdebris _ |
1 storage cell Canister handling
: el

Storage

Transport container

Unit can

Canister  Transport cart Trailer
) ‘ Clean Store canisters in
Retrl_eve fuel CoIIept_fueI canisters transport containers Carry out
debris debris in transport
canister containers
_—

I Rl D ©International Research Institute for Nuclear
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4. Nuclear Safety Enhancement

PCV. primary containment vessel
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Ensuring the Safety When Retrieving Fuel Debris

Risks necessary to be considered

1.

Cooling

-+ Decay heat has decreased over a long time after the accident,
however it must be cooled for a certain period of time. There is a risk of
losing its functions.

Confinement
-+ +There is a risk of releasing dust to be generated when cutting and
chipping debris.

Fire and explosion (inactivation)
-+ +There is a risk of fire and hydrogen explosion when cutting and
chipping debris.

Criticality
-+ +There is a risk of criticality caused by changing the shape of debris
during fuel debris retrieval.

e =
' Rl D Olnternational Research Institute for Nuclear
Decommissioning




‘Ensuring the Safety When Retrieving Fuel Debris

Necessary safety functions

1. Cooling
2. Confinement (negative pressure and water level @Nitrogen supply and gas emission ‘
control of the torus room) processing apparatus

Nitrogen supply system
I ((RPV inactivation)

|
. CV gas control system
Cleaning —E—O-I-’gegat?ve pressure cgntrol, ]
tower I ydrogen scavenging)
Reactor building gas
iz ( ? I . ontrol system
I Mitigation of radioactive ]
elease at ordinary times

3. Inactivation (fire and explosion prevention)
4. Sub-criticality

®Circulation cooling and criticality control
apparatus

Circulation cooling

ystem
Debris cooling and radioactiie
concentration reduction

Water
treatment
equipment

I Boric acid

concentration
adjusting
equipmen

Torus room discharge

I ater system
Underground water level reverse
I prevention, radioactive concentration

reduction, criticality prevention (borid|
acid concentration)

| Air exhaustion system

‘ I (Ventilation for the building and cells I
for the building and

cell
. I (negative pressure control and
Debris control air exhaustion)
I | Air supply system for

_______ . the building
a T - (to maintain work
—: Secondary boundary =~ =m: Secondary boundary i 1.In the auxiliary building | ciianments)

mas) liquid
l RI D Olnternational Research Institute for Nuclear
Decommissioning
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End of presentation
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