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~ IRID R&D Scope

Decommissioning Work

® Maintaining cold shut-down of the reactor
® Accumulated water treatment (contaminated water management)

® Reduction of radiation dose and prevention of spreading contamination for a whole plant

® Fuel debris retrieval

® Fuel removal from spent fuel pool

® Solid waste management (storage) and disposal (treatment) plan

® Decommissioning plan for nuclear facilities

Overview of R&D [

and Contaminated Water Management

METI : Government-led R&D Projectof Decommissioning }

[

Basic research by JAEA's Management

Expenses Grants

l

Resource: NDF strategy plan 2016

JAEA

Universities/Research
institutes

Fundamental research

- New ideas

and education

- Fundamental findings

Basic research

- Human resources development

TRID

MEXT : The Center of World Intelligence Project for
Nuclear S&T and Human Resource Development

~_ "

IRID and otherresearch
institutes

- Specific research
facilities/equipment

- Acquisition of basic
technology data

TEPCO

Practical application

—

R&D is led by
IRID

- Field requirements
- Regulatory

Field needs

requirements

- Performance

guarantee

- Application of new

technologies

- Development of

equipment and
devices

- Performance

demonstration

- Acquisition of safety

data
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IRID R&D Projects (Overview)

1 .R&D for fuel removal from spent fuel pool (1PJ)

Evaluation of Long-term Structural Integrity of the Fuel Assemblies )

Removed from Seent Fuel Pool

3 R&D for
Radioactive

Wastes(1PJ)

2 .R&D for Preparation of Fuel Debris Retrieval(12PJ)

Treatment and
Disposal of Solid
Radioactive
Wastes

(" - - X . . \
Technology for Decontamination Fuel Debris Retrieval Technology
and Dose Reduction <Ensuring of Stability>

Criticality

Remotely Operated

! . . echnology fo
Decontamination Corrosion el Control
Seismic Technology for -
Control . gy Fuel Debris
Resistance Fuel Debri .
_ Technology A uel beors/ Retrieval>
\ Completed in March 2016 J| \jn rPv/PCV/ '\MPact Assessme —

in RPV/PCV

{ Repair and Water \ (%
Stoppage Technology Investigation and Analysis

<Direct Investigation> Technology

Approach
and System
For Retrieval of
Fuel Debris and
Internal Structures

Technology for
Repair and Water

Stoppage
For PCV Leakage
Points

Investigation
Technology

Investigation
Technology

Fundamental

Technologies
For Retrieval of
Fuel Debris and

14 Projects

<Indirect Investigation Zharacterizatio Internal
: Structure
Full-scale test Detection o
For Repair For Identifying Technology for

Conditions
Insides the
reactor

Technology for PCV
Leak Points

Collection, Transfer
And Storage of
Fuel Debris

r Fuel Debrj
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Background/Purpos_e

In order to determine the policy and method of fuel debris retrieval, it is
essential to ascertain the distribution of fuel debris, inside the reactor, etc.

D

\ Ihvestigation insideFrom above
£, 1

irect Observation RPV
- Investigation inside RPV o
* Investigation inside PCV _
Ind I rect Measu rement Investigation inside PCV
Pedestal exterior  Pedestal interior

TRID 6

° Muon imaging Y

Primary
Containme

Feed back

process ,
detector -

Visualizing RPV

. . . interior using cosmic
Estimation/evaluation  of mution'3Y M08 imace

fuel debris distribution
(position/quantity/compositi
on, etc.) from accident

progress analysis and e _ _
actual data, etc. ::> Providing information that contributes
to decommissioning work

\_ /

Fuel debris: Nuclear fuel that has melted together
with part of reactor internal structure due to the loss
of reactor coolant and then solidified again

Olnternational Research Institute for Nuclear Decommissioning



Analysis Result Overview
Accident Timeline (Analysis Conditions/Results)

Time since
earthquake(h) | | I | | | I | | | | | |
a 0] 10 20 30 40 50 60 70 80 90 100 110 120
Date 3/11 3/12 3/13 3/14 3/15 3/16
Time T | 1 | | T 1 T | T T 1 | | T |
S N 18 6 12 18 6 12 18 | 6 12 18 6 12 18 6 12 18
e?/g?]ltjss V14:46 Earthquake occurred V¥15:36 Unit 1 Hydrogen explosion W¥11:01 Unit3 Hydrogen explosion
W15:37 Tsunami arrwed(blod«)ut) | V¥6:14 Unit4 hydrogen explosion
IC system cooling [f]'gWater Injectic injection Frosh water l s
6 |- 1 . | Core mel_td_own during non-water == Reactor water level(Unit 1) 6
\ l Unit 1 injection period )
. 4 ™ ----| (High pressure condition to drop in water level) —— Reactor Pressure(Unit1) | 4
e | =0 A (Decay heat: 8.3 MW) )
2 ex - 2
~ IC:Idolation|Condenser
T o 0
< t [ 1 2
':, Core It RPV damage (In-core instrumentation damage) ~
= 4 4 G
] Qo
= 6 Note) C It under MAAP standard conditions: Hottest de (eutecti tt ) 2500k ©
o | RCIC operation || No water R oo oo on i) COre melt under MAAP standard conditions: Hottest core node (eutectic anset temperature) 2500K T
= (controlled) operation J rwater! Sea water injection (tanker) (Intermittently suspended) |
5 8 . . \ ‘ r_ : . _ ; I : \ ! {8 5
.fE 6 ; : M\ Core meltdown ‘.”‘fFer starting fresh == Reactor water level(Unit3) 6
a) l ADS water injection ) o
o 4 i ’ operatfomn (Low pressure condition to drop in water level) [~ —— Reactor Pressure(Unit 3) 4 8
S , Core (Decay heat: 9.9 MW) ! ‘ ‘ 2 0
o | Saxposl L RCIC:Reactor Cofe Isolatiob Coolingisystem 9
C>> 0 FIPCT. High Pressire Coolant ecton 0 n
o) _2 L] t t ADS: Automatic_Depressurization_System _2 =
< \ﬁl)fe melt | RPV famage (In-cofe instrufmentatiop damagde) ) i ‘8
~ -4 = = = -4 S
T -6 6 &
[) NO Water
. s (uncontrolled) injection’”s injection (tanker) i 8
o : e e
§ A . N S " T R R S S 'Y\ SRV oper Reactor water level(Unit2) g
o 4 | —— Reactor Pressure(Unit2) 4
g 9o Nl | 2
8 expps ”—-—....\ ,. RCIC {Reactor Core Isolation Cooling system
o © Core meltdown during tanker § SR petey Refet vave 0
2 . water injection y -2
4 . U n It 2 (Aftel’ SR\/J Opened) Lpre r-r RPV dam Ag€e (In-core instrumentatior; damage), a
6 . ‘ (Decay heat: 7.7 MW) -
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:U_pgrading for identifying overall conditions of
Inside the reactor P

Reactor Building (R/B) l'"';: Inside the RPV | : Outside the RPV (unit: ton)

Representative | Representative

: - Outside the Pedestal 107
5 ; . § ® §F ® § & §F & § & ¢ ® § B § 2

“Representative value”: a value that is most likely to be certain as of now.
“Assumed weight”: fuel + melted and solidified structural materials (including concrete component)

» Comprehensive analysis and evaluation based on analysis results and actual investigation data
(temperature data, measurement through Muon technology, investigation inside the PCV and etc.).

.
” Most of debris exists in the bottom of pedestal (more than 80%). H
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Detection of Fuel Debris using cosmic ray MUON

High density material
(fuel) was not detected at
the area where the reactor
core had been originally
located.
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Unit 1 Analysis/Evaluation Results
(Molten Core Concrete Interaction (MCCI) Analysis Result)

MCCI assessment/Evaluation of fuel debris spread in PCV

« Eroded concrete convection flow/spread 7

model added to highly versatile DSA module Egﬁeﬁﬁﬁs ngﬂ

iIn SAMPSON code Y .
o A T SumB i Debris spread

 Validation through MCCI test results L § | outside pedestal

« Evaluation of MCCI evaluation in actual i ; approx. 40%

sump system and determine spread of

i85 - \(conservative conditions)/
debris in PCV (Supplements the uncertalnty B e Eﬁg ]
in MAAP analysis) - s { }
Validation through OECD/MCCI CCI-2 test results § | Furtherimprovementin
. . : 3 accuracy through
Final surface form of debris i - i condition setting
predicted within 13% accuracy RS s .: T sensitivity analysis, etc.
O.5m IEEESEEEEEEEEENEE! +t+31 =
| g
. ----------- - - - -
Investigation
Concrete floor erosion
. g : = Leakage from sand cushion drain pipe has been confirmed,;
= L ——
0 02 04 06 08 1.0 White line: test observation data possibility that fuel debris has flowed out to the drywell side.
Concrete density (-) B Melted debris Solid  (However, from PCV pressure behavior after the accident, it is
debris assumed that possibility of large-scale shell attack is small)

B Concrete

| =
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Development of technology for investigation of
Inside the PCV —Investigation robot—

Investigation of outside the pedestal (unit 1)

O Shape-changing robot (B2 investigation)

Whenidriving the narrow part -

_______ ALY
e N

X-100B
penetration
(p115mm) @

1

) S ACfawvlers & -
leip l“ kR J(twc_) Untts) Anii

r gliie” :Eﬁ'a'ild.tﬂ?’?m{.ht"i-*' AN g oL
= o 2%

"

'—-\4:

Access opening for

e _ workers in Unit 1
Camera-for /_ ] Fuel debris Fuel debris

_ . . . pedestal (image) pedestal
(Note): the robot in B1 investigation is (image)

shown in the above photo.

R
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~Achievements of the investigation in 2015

<Opening>

ltem Observed result

Opening <Potential access path> to the lower floor during
: next step investigation
on grating to the

lower floor No interference around the opening

<Potential access path> to the inside of pedestal

CRD rail Could not be observed well
(difficult access due to narrow access route)

<Existing components> No serious damage
(PLR pump & piping, pedestal wall, HVH, etc.,)
<measurement results at 12 locations>
Temperature 17.8~21.1°C
Doserate 4.7~9.7 Sv/hr

General
observation

<PLR pump>

Support
structure

Conduit — (Mock up facility)
piping

M o2
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Investigation of outside the pedestal in 2017

[Investigation methods] | Camera
® Three-dimensional measurement
of dose rate
® Photo shoot by underwater camera
[Commencement]
® March 2017 (completed) Winch part
X-100B  Opening on the basement floor 1st floor grating Crawler part (right and left)
Sensor unit

A : direction of lense

: direction of lighting

Fuel debris (assumption] Pedestal Basement
floor

T
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Image measurement results (1/2)

N

Typical images captured

2017,03722 13:32:4(

Pedestal Drain sump

X-100B
penetration

+ Measurement point details are currently being
evaluated

-



Image measurement results (2/2)

\

Typical images captured

Pedestal

\

3/21_D1@ Image near lowest poj

Cross-section of PCV 1st floo

+ Measurement point details are currently being
evaluated

16

ing

3/22 D2 Image near lowest point

22037220 13:03:38

Fallen object
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Dose measurement results T=PCO
The data is calculated by subtracting the length of cable
let out from the measuring unit from the distance
Dose rate [Sv/h] between the grating surface and the floor according to
100 POV floor il sontinue 1o be examined based upon *BG(3/19)
imaging data obtained going forward. 5DOA(3/18)
Water surface Grating D0@(3/22)
| surface BD0B@)(3/22)
T S ’ xD1D(3/21)
Do’ 5%& % xD1@(3/21)
o & s 4D2D(3/20)
2 %, o ® i 2D2@(3/21)
Df%‘; g | 2 D2@)(3/22)
1 | O | — | | | @ D3(3/ 21 )
0.5 1 1.5 2 2.5 3 3.5 4

Distance from floor [m]

17



- o IRID
Results of Unit 1 investigation T=PCO

This was the first time that images were captured of conditions on the
PCV floor near the pedestal opening.

No significant damage was found in the existing structures.

Deposits were found at the bottom of the PCV and on
piping, etc.

The dose rate dropped when entering the water. However,
It rose again when nearing the bottom of the PCV.

Conditions on the PCV floor will continue to be examined
based on image and dose rate data obtained going forward.

18
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Investigation using MUONS at Unit 2

Confirming the high density material shadow that is assumed to be _

B fuel debris at the bottom of RPV. (Measurement result: as of July 22, 2016)
26 T [N A

*1 pixel sizeis equivalent to approx.25 cm of cross- R R R
section of the reactor. W i

Height OP (m)

.l A : : % i i | | ‘/',I" i!

i Il i L : ,/T/ |[

! HH i ) _T_,l.-i’ | :
- " v 5 5 1 - i B b

Structure of lower part of RPV
South

North Horizontal distance

Source: Publicized results by TEPCO Holdings, July 28, 2016

=
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nvestigation of the nterior (Uni
Jan.-Feb. 2017

[Investigated area] : - On the platform (Upper surface of platform, CRD housing)
- Basement floor
(1) Preliminary observation using telescopic camera before introducing the robot
-Insert debris visualization system, investigate inside pedestal.

(2) Introduce sediment removal robot to remove obstacles on the CRD rail if necessary
-Depending on the preliminary observation

(3) Investigation using crawler-type robot called “SASORI”
SASORI means scorpion in Japanese.

=~

Access route to
preliminarily
confirm the
pedestal interior

Platform
= ¥/ — Access route for the
s crawler-type
penetrat = " remotely-operated
ion - investigation robot

l RI D 2 1 Olnternational Research Institute for Nucleaf-Becommissioning
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Preliminary observation

h |
Telescopic mechanism | ‘
’” X-6 penetration

LI
1 1

_ ReA| F I]
i

N

p—

N

Pan-tilt camera

Equipment to preliminarily survey the pedestal interior

B R
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Sediment Removal Robot

I-H.
Higﬁ'?prgure
water nozzle Back camera

-

I— L —————————————————————————————————————————————————————————————————————————————————————
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_Crawler-type remotely-operated investigation robot
“*SASORI: Scorpion”

Back camera & lighting -1t has linear slender shape to go
through a guide pipe with an inner
diameter of about 100 mm.

Additional-lighting e
o T TR
3 % "-':

“Front camera & . -‘.

- Tail part of the body bends forward
to obtain high spatial perception
vision when investigation. (reason
for calling SASORI)

- ——tghTing

Cumulated radiation tolerance is
1000 Gy or more.

|
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Images obtained by observation , 2017

Lot

‘ “TglLT -03S

o

Accretion of the grating

Ga been pltform
Deformed platform and CDR rail

B iﬁ
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Inside pedestal (upper section of platform, middle-right side)

As there are areas to the right of the TIP guide pipe support (28-27) that do not receive any
light, it is difficult to identify individual cables. However, it is likely that there is less damage
to cables here than on the left side.

TIP guide pipe support (28-27) CR34-43 LPRM28-37 CR30-43

LPRM28-45
L PRM guide tube

Area where PIP cables and LPRM cannot be confirmed *Image processing: TEPCO Holdings
I B |
'I R‘I D Olnternational Research Institute for Nuclear Decommissioning
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Currently confirmed results of investiaation

Grating present
within visible area

Confirmation of cables on
inner side (difficult to

determine exact positions) PIP cables cannot be seen due

to lack of light. However, TIP
guide pipe can be seen (difficult
to determine exact positions)

Area where grating
condition cannot be observed

Area where PIP/LPRM
cables can be observed
(difficult to determine exact
positions)

Area where PIP/LPRM cables
can be observed

Area where PIP/LPRM cables
cannot be observed

Area where grating
IS missing

Area where grating present
(Some parts distorted in shape)

Fallen object

|
l R‘I ‘D Olnternational Research Institute for Nuclear Decommissioning
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Investigation of the inside the pedestal at Unit 3.

[Investigation method] Photo shoot by camera
[Commencement] July 2017 (target)

X-53 penetration

CRD rail

X-6 penetration

Opening of Pedestal

Small underwater ROV

CRD slot
- ./ Platform

‘,’"

Ac/cess opening for

[Investigation route (proposal)]

(1) Access from the X-53
penetration.

(2) Going inside the pedestal.

(3) Checking the access route to the
basement floor of pedestal.

(4) Entering the basement floor of the

workers \
[Investigation Items (proposal)]

(1) Status of damage on the platform and the lower
CRD.

(2) Presence of obstacles at CRD slot opening.

(3) Conditions of debris accumulated at the bottom of
pedestal.

(4) Conditions of debris from the access opening for

pedestal. workers to the outside pedestal.
I
Olnternational R h Institute for Nuclear D
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“What are difficulties of fuel debris retrieval in 1F- '

Re_ A‘

By

TMI-2

1F-1,2,3

function preserves
“integrity”.

function 1S not
“s fficient”.

ENELAF b2Cl J

Approx.133 ton { Totalli?ﬁgnt i } Approx.880 ton (3units)

Mostly in RPV, partly in piping {
(Dose on operation floor) (Dose on operation floor)
After decontamination/shielding* Radiation dose Current rate :Dozens~hundreds mSv/h
:Approx.1mSv/h

% : Right after the accident: Dozens mSv/h
I

o S S ———
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Range of Debris Fallen in pedestal bottom and

distribution caused concrete erosion




Conclusions

v' Each PCV internal survey has been progressing.

v' The existence of debris is still mainly evaluated
based on analysis and the indirect method.

v We have studied the development of new kinds
of detectors and introduction of new robotics
technologies.

v" We will consider ways to obtain detailed internal
Information more accurately and faster.



	Overview of IRID R&D�-Focusing on Debris Investigation-
	Contents
	Contents
	スライド番号 4
	 IRID R&D Projects (Overview)
	スライド番号 6
	スライド番号 7
	スライド番号 8
	Contents
	 
	スライド番号 11
	スライド番号 12
	スライド番号 13
	Investigation of outside the pedestal in 2017
	スライド番号 15
	スライド番号 16
	スライド番号 17
	スライド番号 18
	Contents
	スライド番号 20
	Investigation of the PCV Interior (Unit 2)�Jan.-Feb. 2017
	Preliminary observation
	Sediment Removal Robot
	Crawler-type remotely-operated investigation robot “SASORI: Scorpion”
	Images obtained by observation , 2017
	スライド番号 26
	スライド番号 27
	Investigation of the inside the pedestal at Unit 3.
	Contents
	スライド番号 30
	Conclusions

