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Video: Introduction of IRID
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Appearance of Primary Containment Vessel (PCV) (Photo of 
PCV under construction) 

6

Equipment hatch: Carry-in/out port of 

large equipment

Suppression Chamber (S/C): The 

S/C condenses water vapors 

generated when an accident occurs 

to suppress the increase of pressure 

in PCV.

6

Vent pipe: Connection pipe between 

D/W and S/C

Dry well (D/W): Upper part of PCV 

above the S/C

PCV penetrationḲPenetrations of 

piping and electric wiring, etc.

Unit 1: Approx. 150 penetrations

Unit 2: Approx. 200 penetrations

Unit 3: Approx. 190 penetrations

Air lock: Entrance and exit 

for humans
ñBrowns Ferry Unit 1 under construction 1966.Sep.ò

Tennessee Valley Authority ïTVAôs 75th Anniversary webpage
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Outline of IRID

R&D

International

Entities
HRD

IRID

1. Name
International Research Institute for Nuclear Decommissioning

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

2. Date of Establishment

August 1, 2013 

3. Membership (19 organizations)

2 research institutes

JAEA etc. 

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

12 electric utilities, etc.

TEPCO Holdings etc.
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R&D for Fuel Debris Retrieval2

R&D for fuel removal from spent fuel pool1. R&D for Radioactive Wastes3
Evaluation of Long-term Structural Integrity of

Fuel Assemblies Removed from Spent Fuel Pool
Completed in 

March 2016

Remotely Operated 

Decontamination

Technology in R/B

Completed in March 2016

Technology  for 

Decontamination and Dose 

Reduction

Full-scale test for Repair

Technology for PCV Leak Points

Technology for Environmental 

Improvement

Completed in March 2018

Upgrading for Identifying Conditions

Insides the Reactor

Fuel Debris 

Characterization

and Analysis

Investigation

Technology

Inside the RPV

Investigation and Analysis Technology

ṮDirect InvestigationṯṮIndirect Investigationṯ

Completed in March 2018

Technology for Detailed Investigation 

Inside PCV

Fuel Debris 

Sampling Technology/

/Increase of

Retrieval Scale

for Fuel Debris

PCV detailed

Investigation:

Demonstration 

Through 

X-6 penetration

PCV Detailed

Investigation:

Demonstration 

of Sediments

Completed in March 

2018

Technology for  Proceeding 

Process Methods  of Radioactive 

Wastes

Treatment and 

Disposal of Solid

Radioactive 

Wastes

Fuel Debris Retrieval Technology

Technology for

Containment, 

Transfer

And Storage of

Fuel Debris

<Ensuring of the stable state>

Development of Retrieval

Technology and Method

For Fuel debris and Internal 

Structures

Retrieval Technology for Fuel Debris and Internal Structure: 

Criticality Control/Fundamental Technology/ Small Neutron Detector

Corrosion  Control Technology 

in RPV/PCV

Completed in March 

2018

Completed in March 2019

Dust collection System

for Retrieval of  

Fuel debris and

Internal  structures

Completed in March 2019

Introduction: R&D projects conducted by IRID

Full-scale Test for Water Circulation 

Technology in PCV

Completed in March 2019

Development of Safety

System for fuel

Debris retrieval

Fuel debris  detection Technology 

for RPV

Completed in March 2019
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Remote Decontamination Technology

Radiation dose in R/B (1st floor of Unit 1)
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Spent 

fuel 

pool

RPV

PCV

Reactor building (R/B)

Humans cannot access the R/B 

because radiation levels are 

high in the R/B. It is necessary

to improve work 

environments (dose 

reduction).

Needs for technological 

development

Decontamination unit cart Compressor cart

20m40m100m Work cart

For upper floors

Suction and blast

High pressure 
water 
injection

Dry ice 

blast

For low places (floors and 

lower part of walls)

Extended 
arm 

Rotation arm

For high places

Decontamination of 

work and moving 

areas
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Remote Decontamination Technology

Site application (Unit 3)

Suction and dry ice blast 

decontamination was 

performed on 1st floor of the Unit 

3 R/B from January 2016 to 

February 2016.

Support cart for 

low places

Decontamination cart for 

low places

Decontamination equipment 

for high places

Photos of transporting decontamination 

equipment  from a container

Photo of decontamination equipment 

moving to the Unit 3 R/B
West side wall

Entry route

Power panel

Cable tray

ḲSuction ḲDry ice blast

Upper wall of elevator
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Repair Technology to Stop Water Leaks from Primary 
Containment Vessel (PCV)

Stop leaking 

vent pipe

ḲRepair area to stop 

water leaks

Test for stopping water 

leaks from vent pipe

Water stop performance was 

verified by using the 1/2 scale 

test facility (in factory). 

Vent pipe

Material to stop 

leakage

Remote manipulator

Vent pipe

Test for stopping water 

leaks

Material to stop 

leakage

Water stop performance of the 

material was verified by using the full-

scale test facility (outdoor).

Full-scale mock-up test

Suppression 

chamber (S/C)

Down-

comer

Torus 

room wall

Vent pipe

Quencher

Full-scale mock-up test facility (1/8 sector)

A
p

p
ro

x
.

1
3

m

Work floor

Test 

facility

Built in Naraha Center for Remote Control  

Technology Development
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Confirmation of Procedures for Full-scale Test Facility (JAEA Naraha 

Center for Remote Control Technology Development)

14

¸ Creating of procedure manual by 

using a full-scale test facility 

considering actual onsite work to 

determine the applicability of 

the actual equipment.

Purpose

Nov. 2016 ïMarch 2018 

Test period

¸ The procedures of the following 

three methods for water stops 

are tested to verify workability 

and performance of concrete 

placing. 

Stop water leaks from vent 

pipes

Stop water leaks in the S/C 

by injecting filling 

Strengthen the S/C support 

column 

Major work Appearance of test facility Inside of the test facility (in the 

S/C) Ṗ

Verification test of workability to 

strengthen the S/C support column 

Remote 

manipulator

10.5m

ỉm

3.8m
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Muon Transmission Measurement
Â 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. 

Â 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). 

Illustration of measuring muons passing through the reactor building

(horizontal cross section)

Spent fuel pool

ṕSFPṖ

South North

Illustration of measuring muons passing through the reactor 

building

(vertical cross section)

Measurement equipment

X axis

Y axis

MuonX axis

Y axis

Panel
Panel

Estimated reactor 

core region

Reactor 

building (R/B)

Turbine 

building

West East

<Measurement principle of the muon transmission method 

(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.

Panel interval approx. 50cm

Measurement equipment

Quoted from a material of TEOCO Holdings, Inc. website
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Measurement Result of the Muon Transmission Method for Unit 3 

Quoted from report released from the TEPCO Holding Inc. website. 

Length of density
ṕg/ccḱmṖ

Spent fuel 

pool

PCV surrounding 

concrete

Reactor 

Pressure Vessel 

(RPV)

NorthSouth

Mountain side hill

H
e

ig
h

t
O

P
[m

]

Horizontal

Reactor wall (main steam isolation valve)

Reactor core region

(As of September 8, 2017) 
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Robot Investigation of the PCV interiors

CRD rail

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

Ẇ Remote-operated crawler robot for investigation 

Investigation of inside the pedestal (Unit 3)

ẆSubmersible Crawling Robot

Front camera

Light

Thruster for up-and-down

Thruster for 

driving

ẆSuspension type 

investigation equipment (A2ô

investigation)

During investigation

During 

investigation

Additional 

lighting

Back camera and 

lighting

Crawler

Front camera and lighting

Crawler

Winch

Camera for travelling 

through guide pipe

Type з(when travelling 

through guide pipe)

Camera for travelling

Winch confirmation 

camera (inside)

Sensor unit measuring 

camera

U-shape type (when travelling 

on the floor)

Measuring 

camera

Taper

Radiation 

dosimetry

18
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Investigation 

point

Images of fuel debris 

spreading (simulation 

examples)

Investigation 

route

* Radiation at the site boundary remains unchanged in approx. 0.5Ṍ2µSv/h during investigation. No 

effect on surrounding environment.

* Radiation dose and distance from the bottom will be evaluated.

* Radiation dose on 1/F is almost same dose as the previous measurement (4.1Ṍ9.7Sv/h in April 2015).
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Ź
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ṕApprox.0.3

m from the 

bottomṖ
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Piping that 

robots go 

through

Opening

Trench

Approx. 

ểỲ

Approx.

2.5Ỳ

March 18(Sat) March 19 (Sun) March 20 (Mon) March 21 (Tue)

Confirming 

spreading of 

fuel debris 

from trench

Measuring dose at 

a point where fuel 

debris may not 

remain.

Confirming 

spreading of 

fuel debris 

from opening

Confirming 

spreading of 

fuel debris 

from opening

3.8Sv/hBG ỏ1ỏ2 10Sv/hỏễ7.8Sv/h

1.5Sv/h

ṕApprox.1m 

from the 

bottomṖ

ỏỂ

11Sv/h

ṕApprox.0.3m 

from the 

bottomṖ

ỏỂọỒ

ỏỄ
ỏễ

March 22 (Wed)

Confirming 

spreading of 

fuel debris 

from opening

12Sv/h

6.3Sv/h

ṕApprox. 

1m from the 

bottomṖ 3.0Sv/h
ṕApprox.1.6

m from the 

bottomṖ

6.3Sv/h

5.9Sv/h

7.4Sv/h

ṕApprox.0.9m 

from the 

bottomṖ

ỏể

ỏỂ
9.3Sv/hỏỄ

9.4Sv/h
ṕApprox.0.9

m from the 

bottomṖ

1.6Sv/h

ṕApprox.0.6m 

from the 

bottomṖ

8.4Sv/h

8.2Sv/h

9.2Sv/h

Unit 1 investigation: Radiation dose and visual images
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Investigation procedure
Investigation method

¸ Photographing by camera 

Implementation period

¸ Jan. ïFeb. 2017

2. Removal of deposition on the 

rail

3. A2 

investigation
1.Pre-confirmation for the pedestal 

interior 
Conducted on 30 Jan. 2017 Conducted on 9 Feb. 2017  

Pre-confirmation for the 

penetration interior

 

Cleaning 

nozzle

Camera

Scraper plate

2. Deposition removal 

equipment

Front camera and 

light

Back camera and 

light

Crawler

3. A2 investigation 

equipment  

Pedestal

CRD housing

CRD platform

CRD rail

X-6 

penetration

Guide pipe
Pan-tilt camera 

and light

Telescopic 

mechanism

Pan-tilt 

camera

1. Pre-confirmation system

20

Conducted on 

16 Feb. 2017

Investigation of the Unit 2 upper pedestal interior 
(A2 investigation: January ïFebruary 2017)
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Upper pedestal interior (after image processing)

Investigation of the Unit 2 upper pedestal interior
(A2 investigation: January ïFebruary 2017)
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Ẍ Purpose of investigation

Confirmation of the state below the platform

Ẍ Investigation procedure

Inserting a guide pipe Ҝ Extending a pipe Ҝ
Suspending a pan-tilt camera Ҝ Investigation

 

Platform

Alternative 

shield

Isolation 

valve Pedestal

Control rod driving 

mechanism

PCV penetration 
(X-6 penetration)

Operation unit for 

bending the guide pipe 

end

Pan-tilt camera, exterior 
lighting 

Guide pipe

ṕū110mmṖ

PCV

Cable

Cable drum

Cable feeding 
mechanism

Birdôs eye view camera

Overview of the guide pipe end 
mounted camera 

Extension pipe

Dosimeter, 
thermometer

Investigation of the lower pedestal interior 
(A2ô investigation in January 2018)
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Bottom of the Unit 2 PCV

(An overhead image)

Photographing 

place

23

Pedestal floor and wall

Fuel  debris? and a fuel assembly handle 

Unit 2 investigation: Pedestal Floor
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Before touching deposition Touching deposition After touching deposition

CRD housing

Pedestal opening

Platform

Work platform

Pedestal bottom

CRD exchanger

CRD replacement 

rail
Worker access 

port

Telescopic 

investigation 

equipment

Cable tray

Upper platform surface

Pedestal floorInvestigation area (A photo taken in Jan. 2018)

Direction to 

the pedestal 

center

*Investigation point is tentative.

Source: TEPCO Holding Inc. website

Investigation of the Lower Pedestal Interior 
(A2ô investigation in February 2019)
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Investigation of the Unit 2 Lower Pedestal Interior

(A2ô investigation in February 2019)

Video: Unit #2 deposition at the lower pedestal area 

25
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Thruster for driving

LightFront camera

Neutral buoyancy cableThruster for up-and-down

Back camera
Light

Submersible Remote Operated  Vehicle (ROV) 
(mockup vehicle)

Items Specifications

Outer size
Outer diameterḲű125mm

Overall lengthḲApprox.300mm

Weight Approx. 2000g (in air)

Radiation

resistance
200Gy

26
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3 2017 11 30 48
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Results of investigation for the Unit 3 PCV
2. Investigation results

2.3. The lower pedestal

Area C1 where a photo was taken

<Camera position: Lower>
Deposition (pebble-like)

Area C2 where a photo was taken

<Camera position: Horizontal>

Area C3 where a photo was taken

<Camera position: Upper>

Area C4 where a photo was taken

<Camera position: Lower>

Area C5 where a photo was taken

<Camera position: Lower>

Photo area C2

Photo area C1

Photo area C3

Photo area C4

Photo area C5

Access opening for 

workers
Platform 

frame

Direction of access opening 

for workers

Grating

Fallen object

Massive form 

deposition

Massive form 

deposition

Deposition 

(sandy form)

Deposition

Rotation rail bracket

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

accumulated.

Â The access opening for workers was not confirmed visually (deposition was visually seen 

nearby).
* Reference: Investigation result of the Unit 3 PCV interior (report of  the 48th Team Meeting and Countermeasures 

for Decommissioning and Contaminated Water Treatment Conference on Nov. 30, 2017)
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ÂBoat type access equipment which can move on a wide range of the 

water surface in the primary containment vessel (PCV) was developed.

Example: Guide ring installation

Å Diameter: ű25cm

Å Length: Approx. 1.1Ỳ
Å Thrust: Over 25N

Appearance of the boat type access 

equipment

Travelling line of the equipment

Boat Type Access Equipment

28

Guide ring

A clockwise basic route Above ground floor path

Guide 
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Boat Type Access Equipment (Video)
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Â 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

Guide ring installation

Visualobservation

Deposit three-dimensional 
shape measurement

Deposit thickness 
measurement

Neutron flux measurement

Small amount of deposit 
sampling

Removal of install equipment 
and seal box

Installation for cable 

entanglement prevention

Confirmation of PCV conditions 

by pan-tilt camera

Measured by scanning 

ultrasonic range finder 

Measured by high output 

ultrasonic sensor 

Deposit surface 

measurement by detector

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

Installation 

cable

Guide ring

Access/investigation 

equipment

Stabilizing 

anchor

Three-dimensional shape of 

deposition was measured by a 

scanning ultrasonic range finder.

Water 

level

Deposit

The thickness of 

deposition was 

measured by a high 

output ultrasonic sensor.

Fuel debris*

Collected by 

deposit collection 

equipment

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

30
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ṥReferenceṦPanoramic photo images taken from the pedestal opening

Image processing by TEPCO Holding, Inc. 

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



ṥReferenceṦConcrete remains of the right pedestal opening (1/2)

Â 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. 

Â TEPCO assumes that the lost concrete of the pedestal outer wall opening 

in right side would be limited.

Â 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 64Ûthat is 

equivalent to the angle in accordnce with the opening angle.

Remains of 

concrete walls ? 

Inner skirt

Opening

Photo 1 Photo 2

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

ROV frame

Photo 2: Concrete remains can be seen from the pedestal opening

32Photos processed by TEPCO Holdings Inc. 

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



ṥReferenceṦConcrete remains of the right pedestal opening (2/2)

33

*The brightness of the original image is 

increased by 30%.  

*The brightness of the 

original image is 

increased by 50%.  

*The brightness of the original image is increased by 50%.  

Figure 1: Remains of the pedestal outer wall of the right opening

Photo of left red-circled part taken from different angle

Photo taken from 

different angle

Figure 2: Visual image taken from different angle of the remains

Inner skirt First reinforcing 

steel

Second 

reinforcing steel

Shown the 

ROV frame

Photos processed by TEPCO Holdings Inc. 

Report of the 107th study committee of specific nuclear facility monitoring and evaluation on April 14, 2023. 
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Arm type access equipment

Arm Type Access Equipment

ÂThe 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

¸ Investigation equipment up to 10kg can be loaded.

37

β

2

β

Mounted sensor at the tip of the arm

Telescopic arm
Boom

Trolley

Tilt mechanismTwo-axis joint

Wand*

*The wand can be replaced an alternative tool.
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Arm enclosure

Arm (with 

sensor)

X-6 penetration

PCV

Access and investigation equipment

Configuration of Access Equipment

38
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Arm Type Access Equipment (video)
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Development of the Large Scale Fuel Debris Retrieval Method

To increase the retrieval scale, large-scale apparatus was installed.

ü Fuel debris retrieval methods are being developed: 

Three side-access retrieval methods and two top-access methods. 

ü The retrieval amount of fuel debris will be gradually increased to

up to 300 kg per day. 

ü NDF assessed that Unit 3 is an appropriate unit to start fuel

debris retrieval (by side-access method). 

ü The obtained technology, know-how, organization structure, experiences 

and lesson-learnt will be expected to be utilized for design, procurement, 

construction and operation. 

( )

PCV

Carry-out and removal of the whole structure

Development of the removal method 

for the reactor internal structure

The access tunnel methodThe access rail method

A concept of separator removal 

Fuel debris carry-in cell

Maintenance cell

Fuel debris 

retrieval cell

Waste 

transport cell

Fuel debris 

carry-out cell

Access route (access 

tunnel)

Cutting 

manipulator Separato

r

Dismantling 

equipment

Auxiliary 

base(installe

d shroud 

upper 

flange)

Dismantling 

equipment

Jet 

pump

Temporary 

rack (carry-

out for each 

rack) 

A concept of jet pump 

removal
Additional building

Additional building

Secondary boundary

Double lid

Container for 

transportation

Connectin

g sleeve Transport 

cart

Removal 

equipment
Connectin

g route

41



Fuel Debris Retrieval Technology

Sealing with  the shielding wall 

(BSW) and the primary 

containment vessel (PCV).

New 

opening

Example of the side access method (illustration)
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