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IAEA International Experts’ Meeting on Strengthening Research and Development
Effectivenessin the Light of the Accident at the Fukushima Daiichi Nuclear Power Plant

R&D activities related to the fuel debris retrieval
from the Fukushima Daiichi NPS

International Research Institute for Nuclear Decommissioning (IRID)
February 19, 2015

*The contents of this presentationincludethe results of “Establishment of basic technology for decommissioning and safety of nuclear reactors for power generation in 2013
(technological study and research concerning forming an idea for processing and disposing of radioactive waste resulting from the accident)”, a project commissioned by the
Ministry of Economy, Trade and Industry, and the 2013 subsidiary for decommissioning and contaminated water measures (development of technologies for processing and
disposing of waste resulting from the accident).

*Plant information included in this document istakenfrom TEPCO’s official website.
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Concept image of work steps for fuel debris retrieval

B Retrieving the fuel debris submerged in water is a favorable approach from
the standpoint of minimizing exposure of workers.

B Investigation and repairing methods for filling the PCV with water have
been studied.

B Furthermore R&D for the retrieval, packing and storage of fuel debris is in
progress.

B Retrieval method will be chosen from among candidate methods

(submersion, in-air, upper-entry, side-entry, etc.,) in FY2016.
Retrieval of fuel debris

Repair of lower part of PCV Overhead cr\ane '/an cover //A\
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Fuel removal from spent fuel pool and storage

J

Flowchart of R&D on decommissioning /contaminated water

Removal of || Storage of spent || Reprocessing of countermeasures in Fukushima Daiichi NPS
spent fuel etc. fuel etc. spent fuel etc.
(FY2013-) 4 (FY2013-) A degend> - - -----------------
Assessment of Treatment of ! subi%?zgaogingéncy
long-term integrity damaged fuel etc. (1-2 1| for Natural Resources
(-FY2017) 1-1) (-FY2017) ) ! and Energy FIon of
( \ : rR-&[)-pTog-raTns-fo:nEed- b; : project
Securing work environment (dose reduction etc.) Secure stable state of the site e o g
Develop remote Establish does reduction I 1 Resources and Energy |
inati I | started from 2014 Input
decontamination system plan (2-(1) 1by : """""" : information
] (Fra015P0 2] (-FY2014) PCV/RPV. [ Anti-corrosion Debris s S | I ﬁn,‘:,“ncgtf&%y,:mg
ntroduction of decontaminatio \ 4 al Complete reduction of dose structural integrity measurement criticality control prevent ' -
ystem to the site. * P| inside the reactor building. assessmer}g_m . (FY2017) (2-(1) -9) criticality i The numbers in the brackets, such as
(FY2014-) (-FY2019) (-FY2016) (-FY2019) (FY2019-) ) | (2-(1)-9) indicates project No.
Supply power source, Lo e
S communication means, water, etc. )

£ <submersion method (fuel debris retrieval underwater)>
(1) Full submersion method (if water can be filled up to the upper portion of PCV)
(2) Partial submersion method (if water cannot be filled up to the upper portion of PCV but handling of fugl debris will be carried out underwater.)

Investigation /repair of PCV leakage

Bottom of PCV(vent tube, S/C, torus room etc.)

Identify conditions inside the re*:tor i

X

Fuel debris retrieval

Waste treatment

D?A’fé?ﬁgii’gn"f Investigation on (d@bris location, amount etc.) *Retrieval method will be determined by 2018. and disposal
system _(241) b) relevant portions |~ TDetection of Internal PCV ‘TESESESRISRESa | P
(-FY2014) ‘ (FY2014-) yradioactive material, ! investigation (241) #) 1 Retrieval of fuel debris/ | Storing of fuel debris | ==
. L _suchas, inS/C. _ | __§Fv2016) | reactor internals !
Development of - Repair & (2014-FY2015) | Investigation inside | | (2-(1) -6)1 (FY2020-)
repair methO(’j " construction N [P k] the reactor
2-(1)13) (FY2017-) Detection of debris 1 *(FY2016-)
(-FY2016) in the reactor (52 | (FY2014-2019) Storing of
""" VOO0 Internal RPV y
Upper portion of PCV(hatch, pipe penetration, cooling system etc.) (AR ) investigation - Toffuel generated waste
| Upgrading of accident 2:{1) -5 Retrieval of fue (FY2011-)
Development of Investigation on progress analysis & (-FY201p) debris
investigation relevant portions K (-FY2016) (EXZQZQ ) A4
system (2.1) ) Debris sampling - Waste treatment o
L ‘ AT (Debris characterization | (as part of interal Debris 4 and disposal,
Development of > Repair Characterization by RPV investigation loading/ Carrying-out of
repair method _ construction simulated debris prmect)(g(;())g) transfer/stgfﬁgg fuel debris (FY2011-)
(-FY2017) ) (Fy2015)@BH) g T ((FY2019) (FY2020-)
| . 1
<Method applied when submersion method is not applicabl¢ Treatr;le}:t. of fuel | Determlnatlor.l i
(retrieval in the air)> enris 5.(3)3)  of actual debris _! Material accountancy v
f S (-Fv2019) (-_FY-2613) (conducted by JAEA with Stable storage of
erl IOr =Pl FS forinnovative ! - - O O ") subsidies granted for debris and waste
_tefc no E;gy ! approach _! operating_expenses) materials
information | = - -—==== (FY3014) (-FY2019) *S/C: Suppression Chamber
Shielding walls on the ; RF1 for rTo oo A
land side by > Maintenance technology —y: FS for contaminated : S/C: Suppression Chamber
ground freezing method and control information water measurement ! oo
(FY2015-2020) bmmmm - — 1 )
(-FY2014) =Seawater purification
= Capturing radioactive substances from soil.
ALPS P Start operation *Decontamination of contaminated water tank storage
*Unmanned Borin
(-Fv2014) (FY2014-) g 3




Development of technology for remote
decontamination inside reactor building

(2-(1)-1)

(Securing work environment inside the reactor building (dose reduction etc.) )
Develop remote decontamination Establish does reduction plan
System  (2.1) 1a) (2-(1) 1b)
v (-FY2015) (-FY2014)
Introduction of decontamination 4' o | Complete reduction of dose inside the
system to thessite. * i reactor building.
(FY2014-) (-FY2019)
Supply power source,
communication means, water, etc.
- J
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Dose rate goal for decontamination equipment

@ Development goal of the decontamination equipment
(the needs for PCV leakage investigation repairing work, and overall dose reduction scenario)
3 mSv/h for work area 5 mSv/h for access route

Unit1l Unit 2 Unit3
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The dose rate s are lowin whole; Used to be 2~60mSv/h The dose ratesare high in whole; about
Building about 1to 10mSv/h (In 2014 Oct, the rates were about 20~100msv/h
conditions | The rates have been high insouth area, 5~10mSv/h because of
some parts in southeast area decontaminationinlower/middle
measures5,000mSv/h parts and shielding)
* mapping results of the dose ratesat planned operation area( with needs of dose reduction) derived from PCV investigationand repair project
[ ] :3mSv/h to10mSw/h :20mSv/hto 50mSv/h || :outofstudy due tothe lack of data
[ ] :10mSv/hto 20mSv/h [ ] :morethan50mSv/h !

| T T e ]
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‘Overall Plan (Developed decontamination equipment and development status)

*FY2013:design

*FY2014-2015: production, verification test, applicability study of actual device

= S

Decontamination equipmentfor high places

*FY2013: design, production
*FY2014-2015:improvement, verification test, applicability
study of actual device

_________

<HREE>

L) #@es

____________

<KiREE> <{EEE>

HEBERRIEEORSE (TFAMEBELEHLA)

Equipment for underground

*FY2014 : Study of technical
challenges ,development
planning

t

=al |
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<fEREE>

High pressure water jet

PIANEEPIANEA
FHR-2Y-I
Suction /blast
Decontamination equipment for low
places< Development completed >
*FY2011-2012: design, production, testin 2F
*FY2013 :improvement, verification test (factory, 1F)

_—
Suction /blast

Dry ice blast

High pressure water jet
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Development of technologies for investigation
and repair (stopping water) toward filling PCV

with water (2-(1)-2 & 3)

Bottom of PCV(vent tube, S/C, torus room etc.)

! Identify conditions inside the reactor ! l

etc.)

D?,Yféi’gg}ﬁﬂ}nd —p Investigation. on
system relevant portions Ir = “Detection of ~ " Internal POV
(-FY2014) ! (FY2014-) yradioactive material, ! investi at::anZ%-j(l_l(;) )
such as, inS/C. _ N
Development of |y Repair | — L SH2 TZBlZ-ﬁY-ZEﬁ) | |nvesﬁigation inside |
repair method construction - — - = oS = 1 ctor
(FY2017-) ! Detection of debris 1 FY2016-)
e - i_n£h§ LGECE)L(&(%,_Z) Internal RPV
Upper portion of PCV(hatch, pipe penetration, cooling system etc.) 5 d-(201?-FY.2:1? investigation | _
pgrading of acciden (1) -
Development of Investigation on | progress analysis ‘ (‘FY201p)

repair method

investigation relevant portions
system (2-(1) -2)
(FY2017) { (FY2016-)
Development of g Repair

construction

(-FY2017)

<Method applied when submersion method is not applicablé

(retrieval in the air)>

RFI for
technology
information

mpl FS forinnovative |
1 approach |

(-FY2018)

\_ (-FY2016)

(Debris characterization
Characterization by

Debris sampling
(as part of internal
RPV investigation

simulated debris project) F%(Zlc))lsg
(2-3)1) ‘ ( )

(-FY2015) N ____

|| Treatment of fuel ' Determination :
debris 5 3)3) , of actual debris |

(-FY2019)

(-FY2019)

Debris
loading/
transfer/ storage

2177

__________________ |
Retrieval of fuel debris/ I Storing of fuel debris | ==
: 1
__ feactorinternals ) g (FY2020-)
(FY2014-2019) Storing of
generated waste
Retrieval of fuel (FY2011-)
debris v
(FY2020-)
v Waste treatment |
. and disposal?,)
Carrying-out of
fuel debris (Fy2011-)

(-FY2019)

Fuel debris retrieval

(FY2020-)

Material accountancy
(conducted by JAEA with
subsidies granted for

operating expenses)

(-FY2019)

Waste treatment and disposal

*Retrieval method will be dete rmined by 2018.

Stable storage of
debris and waste
materials
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=Development of investigation equipment for PCV water leakage

. 0 g 9 . R Drilling hole on ceiling of small
Detai |S Of pO rtio be InvestlgatEd I Opening outside D/W I Narrow portion | room and observing opening
ly - outside D/W through hole

Checking leakage by

Narrow portion Opening outside : e 2 raisingto around S Wt rr:y
outside D/W L uE e opening ..t
'gj,w—: ) Lo
R/B, 1% floor R/B, 1% floor

© :Pposition of drilling

-._Em
Inserting long arm through drilled
X hole to observe opening with

~ camera

I

Vent tube-D/W _joint
.

Outer surface at
lower po: o

Equipment

! |
i hatch

Cross section

Vent tube-D/W joint

Confirming joint by absorbing to venttube from hole on first
floor and moving

Torus roomwall
Opening on
torus room wall

Vent tube-
join

Checking water
leakage by indirect
visual investigation

-

B . Checking leakage ! - -~ on torus room
e by detecting wall with camera

tracer with for damage
ultrasonic wave

Vent tube

bellows Water staying

— T T

K Checking leakage at
Triangular comer triangular corner

Visually checking
damage that
prevents flooding

Vacuum breaker

Checking object at

upper portion of S/C
with camera on top of |
mast that stretches in |
vertical direction

Inserting long arm
through drilled
hole to check

1
I
1
|
I
I
I
1
I
I

Water

staying Water

« staying




Development of PCV repair technology

Penetration part
Cable connector | 2% w, i

seal part M- 8| Penetration sleeve
r ' X
~

Electric wiring penetration Bellows of tube penetration

Protective cover

[

PCYV upper part

PCV lower part

Part for repair of PCV upper part []

PCV upper part

Part for repair of PCV lower part
[ |

Drywell (D/W) 1 | Vacuum brake line (only UNIT-1)

Vent tube

—

Suppression chamber \ PCV wall

Apparatus hatch

4

Main steam safety valve vent line L/ - Quencher

—  Water path

@ Stopping water part




Development of technologies for investigating
inside of PCV(2-(1)-4)

Bottom of PCV(vent tube, S/C, torus room etc.)

Upper portion of PCV(hatch, pipe penetration, cooling system etc.)

Development of —
N L Investigation on
investigation —> relevant portions
system (24(1) -2)
(-FY2017) (FY2016-)
Development of > Repair
repair method _, construction
(-FY2018)

(-FY2017)
<Method applied when submersion method is not applicabl

! Identify conditions inside the reactor ! ) l
debris locatio mount jetc.

Development of —
inves!c)igation —p Investlgatlon. on 0 am
system relevant portions Detection of Internal PCV
FY2014-) ioacti : investigation (2-(1) ¥)
(-FY2014) 5 ( radioactive material,
' such as, in S/C. -FY2016)
Development of  [wmpp Repair i 2014-FY2015) | nvestigation inside
repair method construction - - ( - ) | the reactor |
(FY2017-) Detection of debris FY2016-)
(-FY2016) in the reactor (o)) | ormal RPV

(2014-FY2016)

investigati%nm .

| Upgrading of accident

progress analysis
\_ (-FY2016)

Debris sampling

[Debris characterization

Characterization by
simulated debris

(-FY2015) *

311)

(as part of internal
RPV investigation
project) (241) -5

‘ (FY2019)

Treatment of fuel
debris , 3)5)

(retrieval in the air)>

RFI for - -
technology - FS fgr |nrr;ca>\$tlve
information pp

|

Determination
of actual debris

(-FY2019)

(-FY2019)

‘ (*FY201p)

Fuel debris retrieval
*Retrieval method will be dete rmined by 2018.

Retrieval of fuel debris/
reactor internals

(21) -6)

(FY2014-2019)

Retrieval of fuel

debris
1 (FY2020-)
Debris
loading/ Carrying-out of
tra nsfer/st{c;f%(’e7 fuel debris
(FY2019) (FY2020-)

Material accountancy
(conducted by JAEA with
subsidies granted for

operating expenses)

(-FY2019)

Storing of fuel debris | ==—

(FY2020-)

Storing of
generated waste

(FY2011-)

A 4

Waste treatment
and disposal3)

(FY2011-)

v

Stable storage of
debris and waste
materials

Olnternational Research Institute for Nuclear Decommissioning
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Development plan for investigation method and device
Set the development plan based on estimated condition of RPV and PCV of Unit 1 to Unit 3 (*1)

Unit1l

‘F Y
AN A A

i
AR AR T

Unit 2 Unit3

= T T g
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i i
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P g =
A % ™ B

3 & by ———
.‘J.': .Icl..r. =
i o i
] ]
Lo [N e

e it b et
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B csx L0 ’ . ol | e | b
E # i ]
9 el g " v .
ot ] :
i AR ! 5
i 4
¥ $
3_ 9
: F
I o s
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have leftin RPV.

* Almost all of melted fuel have
been fallen down to the bottom
of RPV plenum and little fuel

@ Development plan

*There is a possibility that fuel
debris exists even outside of the
pedestal, and investigation
outside the pedestal should be
conducted as priority.

*While some part of melted fuels has fallen down to the bottom of RPV
lower plenum and PCV pedestal, the other part may have been left
inside RPV.

*Presumed that more fuel than having estimated may have fallen
downto PCVin Unit 3.

{} Development plan

* As the possibility that fuel debris spread outsides the pedestalis
lower compare with Unit 1, investigation inside the pedestal should be
developed as priority.

*As in Unit 3, the water level inside the PCV is high, penetration which
will be used in Unit 1 and 2 must be submerged, other methods should
be examined.

I l%I!f!:a:e] TEPCO’s webpage Dec. 13,2013 “Thefirst progress report related to estimated state of reactor core and RPV of Fukushima
Daiichi NPS Unit1, 2 and 3, and unsolved issues”
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* Development Steps of Each Unit (Unit 1)

[Investigatedarea]: - Outside the pedestal on the basement floor
- Near the access entrance of RPV pedestal

(1) Investigations from the X-100B penetration (~FY2015):B1, B2

(Currently, dose rate near the X-6 penetration isvery high.)

(2) Investigation from X-6 (FY2016~FY2017):B3

(After decontamination near X-6 penetration)
Investigation to obtain information using debris shape measurement apparatus
outside the pedestal on the basement Fl.

B2. Investigation outside the |...--
pedestal on the basement Fl. ”

B1. Investigation outside the
pedestal on the first Fl (grating).

Dependingon result

X-100BPenet of B2 investigation, B3
] may be conducted.

a "{Narrow)
gon

v
B3. Investigation outside the
pedestal on the basement Fl.

And workers entrance

be conducted depending on the
Access entrance investigation of Unit 2.

Investigation inside the pedestal may
2




~ Status of Development (Equipment for outside pedestal]

(1)Overview of equipment
- Shape-changing crawler equipment
- Inserted from the narrow access entrance (X-100B penetration : $100mm)

- Travel on grating stably.

(2) Image of investigation route
X-100B

Existing guide piping
D/W 15tFl.grating — /
X-100B RN

Existing guide piping ‘ /s L

Travelingthrough piping

Board camera
*Usewhen
traveling
through

piping.

positecable

-iﬂ_':'i- \
=
O\

*Installed
inside cover

D/W basementFl —

Dosimeter
*Installed

X-6 Camera for:

q :Investigation route (Plan) (3%1) investigatio inside cover
[Cross Section of PCV]  *1 Investigation route and area are images and
may change depending on the condition of the PCV.
(D/W 1stFl.] Features of equipment
Internal PCV investigation route (Plan)
E_——
Olnternational Research Institute for Nuclear Decommissioning




h Development Steps of Each Unit (Unit 2)

[Investigated area] : - On the platform (Upper surface of platform, CRD housing)
- Basement floor

(1) Investigation from X-6 penetration (®115mm) (Early FY2015) : A2

(2) Investigation from X-6 (Enlarge hole) (FY2016~2017) : A3,A4

*Insert debris visualization system, investigate inside pedestal.

Al. Investigation on
CRD rail(Conductedin
Aug.2013)

A3. Investigation of CRD Hsg
and on platform (detail)

A2. Investigation on
platform inside pedestal

A4. Investigation on
basement inside

pedestal

Step to use X-6 penetration
*Remove shieldin front of penetration
*Pierce a hole to penetration hatch
*Removeinclusionsinside penetration

7

Based on the result of internal investigation from A2 to A4, investigation outside pedestal may be conducted.

I
l Rl D Olnternational Research Institute for Nuclear Decommissioning
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Development of technologies for investigating
inside of RPV(2-(1)-5)

Bottom of PCV(vent tube, S/C, torus room etc.)

— dentify conditions inside the reactor
D?r:/\;eégg?a%gcnof —p) Investlgatlon_ on i debris location, amount letc.)
system relevant ort('?:;;om ) Detection of ,'”te”j(_‘"‘l F;CV 2 lh
(-FY2014) g radioactive material, Investgation 24
= L such as, inS/C. ) 'F_YZ_?jle)
Development of epair 2014-FY2015 Investigation inside
repair method - construction - ( - ) | the reactor |
(FY2017-) Detection of debris FY2016-)
(-FY2016) in the reactor . of7)
(2014-FY2016) Internal RPV
Upper portion of PCV(hatch, pipe penetration, cooling system etc.) - - investigation
| Upgrading of accident 2:(1) -5
Development of Investigation on progress analysis ‘ (-FY201p)

investigation

relevant portions
system (2-(1) -2)

(-FY2017) (FY2016-)
Development of . Repair
repair method construction
! ?q ) (-FY2018)

(-FY2017)

<Method applied when submersion method is not applicablg

(retrieval in the air)>

E——

\_ (-FY2016)

Fuel debris retrieval

*Retrieval method will be dete rmined by 2018.

Removal of fuel debris/

reactor internals

(2-(1) -6)

Debris sampling

(Debris characterization

Characterization by
simulated debris

(-FY2015) %

(as part of internal
RPV investigation
project) (2-1) -5

3)}1)

Debris
loading/
transfer/stora$e

(2177

(FY2019)

Treatment of fuel
debris 5 3))

RFI for - -
technology s FS fgr mrr;c;\éﬁtlve
information pp

|

(-FY2019)

Determination
of actual debris

(-FY2019)

(-FY2019)

(FY2014-2019)

Retrieval of fuel
debris

A 4

(FY2020-)

Carrying-out of
fuel debris

(FY2020-)

Storing of fuel debris

(FY2020-)

generated waste

Storing of

(FY2011-)
A\ 4

Waste treatment

and disposal3)

Material accountancy
(conducted by JAEA with
subsidies granted for

operating expenses)

(-FY2019)

(FY2011-)

v

Stable storage of
debris and waste
materials

Olnternational Research Institute for Nuclear Decommissioning
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Study of access route to inside RPV

Table Development plan of access technology (sample of access by drilling on the upper section of RPV)

Boring technology

Tube hole expansion technology

Remote control technology

Boundary constructing technology

Creating access hole for the steam dryer_
and separator

Tube expansion for the hole diameter of_
steam dryer and separator

Monitoring the passing on the cune and

narrow part of access route, and operating _

condition

Boundary constructing on the operation_

floor (sealed plug)

Access through piping systems

Ao

Access via drilling hole on
the upper section of RPV

SFP

)

DsP

SFP

Access after RPV opened

A~220

DSsP

|
=

=

[

s
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Access route to investigate inside RPV

Planning investigation of inside RPV (route
for accessing via piping systems)

Feed water system A
(Feed water supply
nozzles N4A and B)

0P26601

Result of selection (example of Unit 3)
*As systems that have openingto RPV,
- jet pump instrumentline,
- feed water piping
- core spray piping, etc.

*The challenges are
- bending of the system piping
- openingor closing of the valves of access piping
- securingdimensions that allow passage

Core spray (CS) system A
(CS nozzle N5A)

0P26131

Jet pump instrumentation

piping (jet pump
instrumentation nozzle N8)

OP17673

&

Olnternational Research Institute for Nuclear Decommissioning
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Development of technologies for detecting fuel
debris in Reactor(2-(2)-2)

Bottom of PCV(vent tube, S/C, torus room etc.) o i e i Fuel debris retrieval
entify conditions inside the reactor
Development of fy ebri i letc.) *Retrieval method will be dete rmined by 2018.

investigation —p) Investigation_ on e
system relevant portions Detection of Internal PCV
(-FY2014) ! (FY2014-) radioactive material, 'nVGSt'atg’J‘zé'lle ) Retrieval of fuel debris/ Storing of fuel debris | ==
. such as, in S/C. o ) reactor internals
Development of  [wep Repair (2014-FY2015) | Investigation inside | (241) -6) (FY2020-)
repair method construction - : the reactor
—  (FY2017-) Detection of debris FY2016-)
(-FY2016) in the reactor . of7) (FY2014-2019) Storing of
(2014-FY2016) Internal RPV v 4
Upper portion of PCV(hatch, pipe penetration, cooling system etc.) investigation - generated waste
- - estigatio, R I of fuel
| Upgrading of accident 2:1) -5 etrieval of fue (FY2011-)
ngelogmetnt of Investigation on progress analysis ‘ (-FY201p) dehris v
investigation '
system (3-(1) 2) relevant portions \ (-FY2016) Debris sampling FY2020-
FY2017 (FY2016-) /- ; . Waste treatment |
G ) Debris characterization | (as part of internal Debris A and disposals)
Development of [ Repair Characterization by RPV 'n;/o?esgsa?zog) s loading/ Carl’\/lnE-OU.t of
repair method construction simulated debris proj (1) - transfer/storage fuel debris (FY2011-)
e (-FY2018) T6r) (Rt 24117 (FY2020-)
(-FY2017) (-FY2015) (-FY2019)
<Method applied when submersion method is not applicable Treatr:e;t' of fuel Determination
(retrieval in the air)> eON1S_(5.(3)3) of actual debris Material accountancy v
2 (conducted by JAEA with Stable storage of
RFI for FS for innovative \ (-FY2019) (-FY2019) ) subsidies granted for debris and waste
technology - : materials
information approach | operating expenses) |
(-FY2019)

| L e e ]|
Olnternational Research Institute for Nuclear Decommissioning



Overview of muon project (muon observation technology)

[ )
@ v
%

Object to be
measured

\_ J
o : Detection element

Transmission ratio is measured.

Identifying ability (fuel debris): About 1 m

Small-size muon detectors (applicable early)

Muon detector

\ Emitting

Incidence

Object to be
measured

Scattering angle is measured.

Identifying ability (fuel debris) : About30cm

Large-size muon detectors

Olnternational Research Institute for Nuclear Decommissioning
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[Ref.] Installation image of Transmission method

8
1 "
B Two detectors were installed at the : 5 Muon
corner of north side and northwest side ] : gl ]
of the Unit 1 R/B o P e
m Measurement will start in February, 2015. | 5 2 3
m Detectors are shielded by 10cm-thick Detector ~ g ‘
iron plate. .
D AL Ground
T AL 2 T &‘;?";‘Jﬂ
Installation points D‘_E E s ! %},{%’?:}Zﬁ:‘ﬁ e
V‘ Q Reactor Building "E
e 2

e} =y _ 3 layered XY detector unit
Q B n R YRR ] Detector (1m X 1mX Tom)

|
-

Iron shielding

Network swit /

g 0 gm0l
Jieia=ssniniiii] &
Il HASRBR Y RKERE - Permanent Power Supply

|

il (o5 i i

Detector Detector
Y direction X direction

E——
I Rl D ©|nternational Research Institute for Nuclear Decommissioningzo



—_—

[Ref.] Installation image of Scattering Method

W Detectors will be installed in front of the R/B
and 2" Floor in T/B (Operation Floor) at Unit 2 e
B Background radiation should be eliminated by j S
shielding and algorism. TS| Veasurement system1
B The detector in front of the R/B should be ’
shielded by 8cm-thick iron plate.
B Shielding material will not be used in T/B 2nd
Floor because of the low background radiation.

_ |i g HUB

Detector
Y direction

E—
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Development of technologies for fuel debris
containing/transfer/storage (2-(1)-7)

Bottom of PCV(vent tube, S/C, torus room etc.) o i e i Fuel debris retrieval
entify conditions inside the reactor
Development of fy ebri i letc.) *Retrieval method will be dete rmined by 2018.

investigation =p| [nvestigation on debris location, amoun
system relevant portions Detection of !ntern_al p_cv
(-FY2014) (FY2014-) radioactive material, investigation (1) 1) Retrieval of fuel debris/ Storing of fuel debris | ==
L such as, in S/C. 2016} reactor internals
Development of  [wep Repair (2014-FY2015) | Investigation inside | (2-(1) -6) (FY2020-)
repair method construction - - the reactor
(FY2017-) Detection of debris FY2016-)
(-FY2016) in the reactor (2-2 _2) (FY2014'2019) Storin Of
(2014-FY2016) Internal RPV \ 4 8
Upper portion of PCV(hatch, pipe penetration, cooling system etc.) investigation - generated waste
Upgrading of accident Py 5 Retrieval of fuel (FY2011-)
Development of Investigation on progress analysis ‘ (-FY201p) dehris v
investigation .
vstom b1) relevant portions \_ (-FY2016) Debris sampling FY2020- Waste treatment
(-FY2017) (FY2016-) ~or .. fi | . v aste treatment
Debris characterization | (as part of interna Debris _ and disposals)
Development of |_a Repair Characterization by RPV m;/o?esgsa?zo(q) . loading/ Carrying-out of
repair method construction simulated debris proj A1) - transfer/storage fuel debris (FY2011-)
L3l (-FY2018) TaH) (FY2019) R (FY2020-)
(-FY2017) g (-FY2015) (-FY2019)
<Method applied when submersion method is not applicabl¢ Treatr::;rtisof fuel Determination
(retrieval in the air)> (243)3) of actual debris Material accountancy Stable storage of W
REI for (-FY2019) (-FY2019) (conducted by JAEA with debris and waste
S| =p FS forinnovative \ J subsidies granted for materials
'efc nol (t)_gy approach operating expenses)
information (-FY2019)

Olnternational Research Institute for Nuclear Decommissioning
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Comparison : Fuel debris in Fukushima Daiichi and TMI 2

*Burnup and enrichment are higher in 1F
=Radiation, decay heat and reactivity are higher
* Fuel debris in 1F contain molten core concrete interaction product
=Concern of hydrogen generation due to water radiolysis in concrete
-Seawater injection to the reactor, melting along with the instrumentation cables
= Effect of salt and kinds of impurities contaminated in the fuel debris

Need to be addressed when designing fuel debris loading, transfer and storage system

1F TMI-2
Burnup (Reactor core average) About 25.8GWd/t approx. 3.2GWd/t
Enrichment (bundle average(max) ) 3.7 wt% 2.96 wt%
Cooling period (minimum) About9years (as of June 2020) About 6years
Fuel debris location Inside RPV and PCV (supposition) Inside RPV
=Molten interaction with concrete and = Molten interaction with fuel constructional
instrumentation cables as well as fuel material and internal structures.

constructional materialand internal
structures are supposedto exist.

Quantity Debris — 134.4t
(Fuel Assembly) About more than 450t in total of 3 units About 122t
(Uranium) (unirradiated) About more than 260t in total of 3 units About 82t
Others Seawater was injected to the reactor —
_— e —
I Rl D Olnternational Research Institute for Nuclear Decommissioning
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Containing, transfer and storage of damaged fuel at TMI-2

(Overview of fuel debris handling at TMI-2)

. : Decontaminati Fuel camster
Fuel canister handling | o of fuel handling TM k INL work
crane (shielded) canister surfae ! hcﬁded) wor
1

by spraying \Transportation cask

I Fuel canister
handling crane
(shielded)

boron water

Packing fuel debris|
Closing cover

Plugging :>

—

Draining water
Injecting inert gas
Plugging

desalinated

| I
| |
|
1 Attaching vent
|
1 / L tube
1 Buffer : :ﬁ Injecting
| I
| |
| |
|

|
|
|
I
1
1
|
|
|
i 1L
| i éﬁ o water
! i le—] Fuel canister~_| — L ﬂ Fuel cani Vent tubes
" rain/vent hole \ T I Canisters canistgry
! oring | work block ﬂ = , =
| (Level allowing draitpee) L Refobery Shielding cove I ! 2
" ule canistdr thpk 1 : I
i |
! Huel canistdis Transportation cask [y | Transportation cask 1
: Debris » 1 (s IDuaI oon:amer " :
ealing canister was nof .
1 ] I expecte%l but dual canwas el canister's
| ; L~ 1 required.) |
| —> / | |
! Fuel canister | |
I (100W /can) = I !
| Reactor vessel | 1
1 1
I Packing debris (in water, remote . _, . . Fuel canal Fuel pool Loading fuel caniste} to 1
| 19g79: Accicgent ocaurred. Tak"('iﬁ ‘;E':_t ::;Lctaer;lster I\(Il_ovinagtfuel Ca“itSt)e"Makmg fuel canister . fuel . cask(in air, remote) Transporting out of site 1
R . » in water, remote oving fuel canister . . i ) .
‘ - - 1985%:198:Fueltaben ot _ _ L L L T DR (in water, remete) ~ {irair, femote) =~~~ —— =~ == I~ — — —{(Railroad-&vehicle) - — — ! Taking out canister (in air, remote) & wet storage
1985-2001: Wet
el i I e - - : storage

Fuel container for heating and
vacuum drying

Fuel container for Canister Filter

eating and vacuum

Canister cover

/]

Horizontal silo Canister

' /

drying Canister cover
. —

Vent tube Caniste :

I

1

1

1

|

1

1

1

1

1

|

|

|

| (70W /can) .

| Fuel container

1 for heating and

1 m drying

| el canisters

1 . .

| | canistdrs Canister
1 ~ )
1 | caniste| | canister!
|

1

1

1

|

-8

L4
Fuel canisters

Retna\r/‘a;i?f rf::‘Ligr;lster Heating & vacuum dryin Loading fuel canister to canister Weldi i & d Dehstarage (horizontal si)
1999-2001: Taking out € rving € (in air. remote) elding primary & secondary 1999: Dry storage started

covers
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[Ref.] Scenario for fuel debris loading, transfer and storage (1/2)

1. Retrieval

2. Transfer 3. Categorization 4. Transfer

(inside the building)

(outside the buildinEL

Cat izati - i
™I-2 Submerged Transfer in ategorization/ Half-dry Interim
experience From above the air No volume M transfer storage
reduction (Out of the site) (Wet storage)
Tt TTTTT T T T T
1F PI . .
anr!ed (1) Submerged (1)Transferin | | (1)Categorization/ ! (1)Wet .
scenario al . 1 transportation
From above water : Volume reduction Outsid
= :Presentdistinctive v - (Outside) Temporary
route ) storage
- . \ (Wet storage)
: Route of possible present (2)Transfer in (2) Categorization/ || \| (2) Half-dry
technology the air i No volume = transportation
reduction (Outside)
:Unreasonableroute | |
_____ ‘R h VT *Fire management from Hydrogen
Route that needs ' P i * Eluted material frpm dlebris
technology development | (1)Categorization/ \__ _~ """ 7 _ [ _ ]
! Volume reduction !
::Route of possiblepresent L Long-term
technology (2)Non- (e 2o sbevali) direct storage
[ 1:Route of possiblepresent submerged é > — (Dry storage)
technology yet with other From above (Same as above) (2) Categorization/
challenges No volu‘me
_______ reduction When t
! \: Route that needs (3) Non- ) ento
_______ technology development submerged (Same as above) (Same as above(2)) estabhshdrytechnolggy
= Major challenges are From side =Securement of storagelocation * construct storage facility
writtenin red

1RID

*Technology for categorization and volume ffeduction

Olnternational Research Institute for Nuclear Decommissioning
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[Ref.] Scenario for fuel debris loading, transfer and storage (2/2)

5. Temporary storage 6. Temporary storage 7.S5torage 9. Long-term
™12 : preprocessing 8.Transfer  iorage
experience  Preprocessing (afewto 30years)

- Vent pipe installation, Wet storage Categorization/ . ]
Half-dry desalinated water =i (wet inside the No volume e Drying m Dry transf.er Horizontal silo
transfer injection canister) reduction (inside the site) (Vent type)

(1)vent pipe (1)Wet stora
ge
installation, -4 (wetinside the (1)Long-term
desalinated water canister) \ storage as wet
1; Plann_ed injection Bl 1 *Long-term integrity ofthe pool
cenario
) U Y r— ! o
(2) Desalinated (2) Wet storage v Categorization/ | ! (1)-Qbrying | ) : (2)Metal cask
Wet transfer water injection (wet inside the canister) 1 Volume t | (complete | Drytransfer [ (sealed)
/Pool water wetted part) !\ reduction. ”:_ ___drying) _; (inside the site)
\
~corrosionresistanceor \A/ :“". _____________ . —_ I — :
(3)Water the canister Wy (1)-@rying | (2)-@ | (3)Canister |
Injection » Contaminated water " :)' (complete | Dry transfer [ (Sealed) i
because of eluted I ’n‘:____y_r\_{ip_gl___dn (inside thesite) | | T :
material from debris i _
w (1)-@ VAN _ . 2)-3)D
Half-dry (4) Vent pipe u (3) et.st?rage Categorization/ (.1) QDrying | | (2)-@Dry || (4)Metal cask
transfer installation (half dry inside the No volume | (in-complete transfer (Vent type)
canister) reduction '| drying) |_(inside_the site) |
* Method - Firemanagement from -Securement of  \y - = proTTrrrTTR—. 1
establishmentincase  Hydrogen storagelocation (('1)-@Dr\|l"t\g il (2@ fDry | (5)Canister E
of re-submersion *When to construct *Technology for m-chon"np)e € . Frans er‘ : (Vent type) |
*Securement of storagefacility categorizationand - Estivlz_:ﬁment  (inside thesite) L_'_LZ)B_-_t_eFr%_iB:cé _r_it_l
operatingfacility *Evacuating equipment volume reduction < <
of complete dry of vent type canister
method and others
T Long-term direct storage (Dry storage)
*establishment Dry technology (Each step is same as above)
*Constructstoragefacility
_—

Olnternational Research Institute for Nuclear Decommissioning
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Understanding of characteristics by using
simulated fuel
debris and development of fuel debris
processing

technologies (2-(3)-1 & 3)

Bottom of PCV(vent tube, S/C, torus room etc.) M
Development of Identify conditions inside the reactor tc)
e C.,

Fuel debris retrieval

investigation —p| Investigation on debris location, amoun *Retrieval method will be dete rmined by 2018.
system relevant portions Detection of Internal PCV
(-FY2014) ! (FY2014-) radioaﬁtive 'mg';ecrial, investig a:(:?YnZé-ll(S) ) Retrieval of fuel debris/ Storing of fuel debris | ==
- SUCh as, ino/%. — ¥ reactor internals
Deve!opmetﬂt é’f — Retpalg (2014-FY2015) | Invetsﬁleg?tlogtcl)r:ade | (241) -6) (FY2020-)
repair metho construction
P (FY2017-) Detection of debris FY2016-)
(-FY2016) in the reactor (242 _2) (FY2014-2019) n
(2014-FY2016) Internal RPV Storing of
Upper portion of PCV(hatch, pipe penetration, cooling system etc.) investigation - generated waste
| Upgrading of accident 241) -5 Retrieval of fuel (FY2011-)
D?r\‘/\/e(lgzgeﬁnotnof Investigation on progress analysis ‘ (-FY201p) dehris v
system (2-(1) 2) relevant portions \ (-FY2016) Debris sampling FY2020- Waste treatment |
(-FY2017) IRl (‘Debris characterization | (s part of internal Debris h 4 and disposal
: — RPV investigation loadi Carrying-out of 3)
Development of _ Repair Characterization by roject) (241) -5 oading/ rying ¢
repair method construction simulated debris proj (FY-20i9) transfer/st{c;f{a}gfe7 fuel debris (FY2011-)
(-FY2017) (RRR05) (-FY2015) P BH) (Fv2019) (FY2020-)
<Method applied when submersion method is not applicable Treatr::;rtisof E Determination
(retrieval in the air)> (2:3):3) of actual debris Material accountancy Stable storage of W
RFI for , , (-FY2019) (-FY2019) (conducted by JAEA with debris and waste
hnol =i FS forinnovative .\ ' @O0 O " subsidies granted for materials
'tefc nol (t>_gy approach operating expenses)
information (-FY2019)
I e e e e e
Olnternational Research Institute for Nuclear Decommissioning

27



Analysis of characteristics by using simulated fuel debris

Basic policy

@ Estimating chemical form of fuel debris in reactor, reflecting the
results of the latest plant data at 1F and event progression
analysis

Reviewing items to meet needs by exchanging information with
site andfuel debris retrieval project (same appliesto (2) to (5))
Reviewing necessary items in light of needs of other projects
under adjustment (storage/preservation, criticality safety,
measurement management)

@ Reflecting information and opinions from overseas (SA research,

TMI-2, etc.) .

® Studying physical properties heavily influencing necessary
methods (such as for drilling) and selecting physical properties
that serve as criteria for selectingsimulated fuel debris suitable
for methods

Collecting mechanical property data from major materials of
fuel debris, by using simulatedfuel debris

Gathering wide range of data including composition and
influences ofimpurities

Collecting wide range of data in advance, taking various
possibilities into consideration, as many data are needed in
early stage ¥

@ Assessing influences of reaction specific to 1F by using simulated
fuel debris

® Collecting wide range of data, taking various possibilities into

consideration, as analysis of situations in reactor proceeds in
parallel. 2

Getting information on MCCI phenomenon and products by
effectively using information and opinions from overseas and
international cooperation

@ Obtaining physical propertydata by using fuel debris from TMI-2

@® Estimating fuel debris characteristics based on data and

information gatheredto create a characteristics list

® Proposing simulated fuel debris materials for each method and
technology by selecting general materials with similar
characteristics that have heavy influence 3

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

How to proceed with research

A research information, and
Fukushima information

Selection of fuel debris whose characteristics
are to be analyzed

(2) Study of physical property
of debris neededto be
sampled and retrieval

Characteristics of fuel debris influencing each
method

: Simulated fuel debris characteristics data

1

! Fuel debris characteristics listformat
1

; I
1

1

1

1

1

1

i (1) Exammm% TMI- 2|nformat|on

Study ofitems offuel debris
characteristics list (database)

. . e Estimating and accessing fuel
(3) Analysis of reaction specific to debrie characteristice

1F accident

]

¥

Fuel debris characteristics
estimating method

Data on fluctuation due to reaction at 1F

(4) Analysis of property of MCCI

Data on characteristics of MCCI product

Estimated fuel debris
characteristics value

(5) Comparison with TMI-2 debris

Physical property data of TMI-2 debris

Comparison of characteristics of
general materials

N A 4
Creating fuel debris characteristics
list (database)

3

Fuel debris characteristics list

Proposal of simulated fuel debris
material for each method and

Reflecting on debris retrieval Pj, etc.
technology




[Ref.]Analysis of characteristics by using simulated fuel debris

Fe-Cr-Ni (Fe,Cr,Ni),B Fe-Cr-Ni

218, (Foil-like or (F&,CrNiL(Zr,U) Arc melting Oxidative atmosphere(annealing) (r,U)Q; (Zr-rich)
flat crystal structure) (Fe,ZrType Cubic) (Ar0.1%0,1500°C) (Alloy andZrB;Oxidized)

Reaction with control material (BsC+SUS) (Example of the melt-solidified material from sectional observationimage
(Obtained knowledge regarding the composition of solidified material generated when control rod and molten fuel are mixed ;

Vickers hardness of each formed aspect

T " v ’ o ¥ T ¥ v v v -  E—

Boride (FeCrNi)B 2B,
o Glassiness (S-Fe-Ca-Al-O) (Uo 62705102 {ZrFe,Ca)o,
Oxidizer s e Zurtae,
- (U.Zr)O; (Sintering,15-75%U)
UQ;(Sintering)
Fe-Si-Al-Zr-U 4 -
Fe,Cr,Ni)(Zr, U}
Metal Fe, Fe-Cr-Ni \ s
—lp Gy
3 4 A A . 1 P a a i i X 2 A A i A 4 X A 1
¢] 5 e 15 2¢

Vickers hardness (Gpg)

(Estimate hardness distribution for each chemical sxstem of fuel debris !boride, oxide, metal)

|
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http://ejje.weblio.jp/content/arc+melting
http://ejje.weblio.jp/content/arc+melting
http://ejje.weblio.jp/content/oxidizing+atmosphere

Development of the criticality management of
fuel debris(2-(1)-9)

Secure stable state of the site

PCV/RPV - - . Establish
) ., b} Anti-corrosion Debris Lp| measures to
structural integrity measurement criticality control prevent
assessment (241) -9) criticality
241) -8 (FY2017-)
(-FY2016) (-FY2019) (FY2019-)
I e e e
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Monitoring sub-criticality and detecting re-criticality

Reactor re-criticality

detection system using Reactor re-criticality
Gas processing FP detection system using
gamma neutron

Xe, Kr

R/B Sub-criticality monitoring
» Workers should be protected from
risk of exposure due to criticality.

Process Re-criticality detection
o Detector) > Even if criticality is

reached in PCV/RPV,
risk of exposure is
extremely low.
» Still, monitoring the
situation in a relatively
Reactor sub-criticality

U, Pu monitoring system using wide range is important.
L neutron

Staying water

Present b

|
)l
-:...i

B W 0 0 D T

gygg&t&ﬁ!g&?%ﬁ%mg N Neutron beamdistributionin
treatment and cooling facility

casecriticalityin PCV

Olnternational Research Institute for Nuclear Decommissioning
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Development of technologies for assessing
structural integrity of RPV/PCV(2-(1)-8)

Secure stable state of the site

O Anti-corrosion Debris

assessmen{t (241) -9)

structural integrity B} { criticality control

2-(1) -8 (FY2017-)
(-FY2016) (-FY2019)

Establish
| Measures to

prevent

criticality

(FY2019-)

Olnternational Research Institute for Nuclear Decommissioning
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Overall structural integrity assessment flow

Building behavior analysis*
(building damage simulation)

Model creation

-Water levelg

(a) PCVflooding status (example) Puttingin order items to be checked
(assessedin2012) and results expected by conducting
‘ examination when conditions

*Input condition proposed

by Tepco = Basis ground motionSs
\4 .

*Damage to equipment

Building-equipment
coordination behavior
analysis

*Influence of corrosion

v

Organizing loading conditions Assessment condition

* Allowable value

= Corrosion wall
thinning (test data)

Equipment strength assessment

" High-temperature
strength deterioration|
(testdata)

\ 4
Listing& updating list of
equipmentwith low [
permissible value

Study of scenarioandrisk
assessmentin case equipment
with low allowable value be

damaged

v v vV

Applicationof corrosion Inputting information to other
inhibition No effect | Proiects (requesting study of
internal investigation and

’ repair method**)

**Study by experts in equipment design and structure is
indispensable and current research and development

system should be reviewed.
:: Done in 2012 b : Conducted or to be conducted from 2012 to 2015

leading to improvement of accuracy
of remaininglife assessment, such as
damage of buildings and current
water level (coordination with other
projects such asto inspect inside
PCV is needed.)

-
(b) Plant condition assumed at (c) Plant condition assumed until
present (example) PCV flooding (example)***

Stoppingw.
with g

— o e E—my

***Information input from other project “development of technologies for stopping water leaking from

Outline flow of remaining life assessment (example)

1RID

reactor building_and_repairing lower portion of PCV”

Water level in PCV estimated from present
situation and until PCV is flooded (example)

Olnternational Research Institute for Nuclear Decommissioning
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Development of technologies for retrieval of
fuel debris and reactor internals (2-(1)-6)

Bottom of PCV(vent tube, S/C, torus room etc.) ] _ _ Fuel debris retrieval
Development of Investigation on Identify conditions inside the reactor

investigation e _ debris location, amount etc.) *Retrieval method will be dete rmined by 2018.
system relevant portions Detection of Internal PCV
(-FY2014) ! (FY2014-) radioactive material, 'nVGSt'atg’J‘zé'lle ) Retrieval of fuel debris/ Storing of fuel debris | ==
such as, inS/C. N ) : I
- — — reactor internals
Development of  |mepl Repair (2014-FY2015) | 'nvestigation inside | (241) -6) (FY2020-)
repair method construction - - the reactor
—  (FY2017-) Detection of debris FY2016-)
(-FY2016) in the reactor . of7) (FY2014-2019) Storing of
(2014-FY2016) Internal RPV v g
Upper portion of PCV(hatch, pipe penetration, cooling system etc.) investigation - generated waste
Upgrading of accident Py 5 Retrieval of fuel (FY2011-)
Development of Investigation on | progress analysis (-FY201p) dehris v
investigation '
system (2-(1) 2) relevant portions - (-FY2016) Debris sampling FY2020-
(-FY2017) (FY2016-) (Debri izati (as part of internal i v Waste treatment
Debris characterization pa inter Debris _ and disposals)
Development of | Repair Characterization by RPV investigation packaging/ Carrying-out of
repair mew?q construction simulated debris 2:{1) -5 transfer/stora$e fuel debris (FY2011-)
e (-FY2018) eECIEY (Rt e (FY2020-)
(-FY2017) (-FY2015) (-FY2019)
<Method applied when submersion method is not applicable Treatr::;rti:f fuel 2Ete:mi|“3tisr_‘
. . . (2-3):3) of actual debris i
(retrieval in the air)> 2:(3)3 M?jtegtlalolagcil:\?/?\nc){h Stable storage of v
RFI for - X (-FY2019) (-FY2019) (conducted by wi debris and waste
FS for innovative . - - @@ 7 subsidies granted for :
technology - - materials
information approach | operating expenses) |
(-FY2019)
| =
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R&D policy

1 Method for fuel debris retrieval
The status differs from unit to unit.

—In addition to the method in which the PCV is submerged(full submersion),partial
submersion (the upper part of the PCV is not submersed) or retrieval in the air (partial
in-air, full in-air) should be evaluated for comparison.

— After sorting out the status and presumption, applicability of each method for the
each unit will be evaluated.

2 Technologies for fuel debris retrieval
There is not evidently applicable or confirmed technologies to the plants in Fukushima
daiichi NPS.

—>There are some examples such as the fuel debris retrieval conducted in TMI-2 and
large repair works in domestic plants. Proven technologies will be focused.

—> However, since the core internals might not be in the form of the original design,
development of applicable technologies will be implemented presuming such situation.

|
I RI D Olnternational Research Institute for Nuclear Decommissioning



Development of technologies for retrieving fuel debris and core internals

© Retrieval method study

Based on required information on the plant status,
development of related technologies, and _
investigation results, etc.., to study total scenario.

— Many information will be comprehensively
evallated and unclear points should be

assumed. . . . .
— To be studied by the national project , including |

existing technical investigation, — T
Cell, etc.

© Problems to development of k ‘%} Work cart

technologies to retrieve fuel debris 1 Isolation film §heet
RE mptelly operatedjarm / Shielding

DSH

Problems common to retrieval of fuel debris,
regardless of the technical methods, are as follows:

1) Cutting fuel debris SFP debris H

2) Remote operation o . I
3) Prevention of expansion of contamination canister
gf Shielding ”

Criticality prevention

4 Long eHm

© Element test ' Cu:I capherd,
: \ha ng {gols
Of the above problems, elements for (_:uttln(r:; fuel

debris, remote operation, and prevention o
expansion of contamination to be tested.

(1) Cutting fuel debris | )
1) Test to cut ceramic specimen
2) Production of specimen

(2) Remote operation

1) Long arm control technology
2) Test models production of tfemote operated
arm gl_ncludlng in cell) o
(3) Prevention of expansion of contamination .
1) Selection of isolation film sheet Imaage of Retrieval method

| ]
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Fuel Debris Retrieval

Operating device

Ventilation
equipment
)

Operating
device
Cutting device
Visual device
etc.

Ventilation equi

(Shielding plug) \

100t class polar crane

Spent fuel pool L[

Barrier

Operation floo

s Container

-

forus room

Y
\

(

Operating device

DS pit ~__Lt— Extension/contraction
/
[—

Major issues

1

1

1

J RPV i * Ensure boundaries
i D = Setting precision of the
/ ! rotating plug
Pcv ! * Control of repulsive force
i,‘ﬁ'gss during cutting
i .

1

1

v

Fig. Method to retrieve fuel debris in air by rotating plug

37



Fuel debris retrieval

Operating device
(gatetypecraneetc.) ™

100t class polar crane

Ventilation - .. / Container
equipment I
— W D Barrier with shieldin
. — g
e OPETation floo function
Spent fuel pool DS pit

Cutting device / Descending platform
Operating — 1
device ~ A

Visual device ..
etc. —~ Major issues
* Ensure boundaries

Ventilation equi * Radiation shielding
during operations

PCV

forus room

Fig. Method to retrieve fuel debris in air by descending work platform
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Fuel debris retrieval

Major issues
* Ensure boundaries

100t class polarcrane

Operation floo

/ Container

* Radiation shielding
during operations

* Location of entrance
opening

Operating device

Cutting device \
Visual device etc.

Ventilation

. ~
equipment

DS pit
Spent fuelpool @ Pl

Torus room

Operating device

/ Existing equipment hatch/new
opening

Barrier with shielding
function

Ventilation
equipment

Operating device

771

Access route

Fig. Method to retrieve fuel debris in air from the side
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Finally, - Toward retrieving fuel debris -

» Retrieving fuel debris of Fukushima Daiichi is expected to be
more difficult than TMI-2. It is therefore necessary to gather
knowledge and information domestically and internationally for
developing overall strategy for fuel debris retrievable.

» To retrieve fuel debris, it is necessary to make a plan best-
suited for the entire related projects and to develop
technologies flexibly while making clear the purpose and goal
of each project.

» To formulate a strategy, it is important to consider the end
state (what should be done in the end) and study various
feasible options. As a result, it is important always to prepare
alternatives, as well as the first idea.

I RI D Olnternational Research Institute for Nuclear Decommissioning
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Current status of lower part of
PCV [Unit 1]

Dry well
(D/W)

Water level
OP.9000

Ve
Yalve nty, 5
ent line

Sand cushion di
line L

Vacuum
destruction
line

R/B 1st OH

Suppression ‘

chamber(S/C)
e

Torus room Strainer

(D Confirm Leakage from the bellows
portion of
vacuum break line

(See pic(D)

(2)Confirm running water from the
sand cushion drain line

. (See pic®@)

—To pump
(R/B basement FL)

.

TEPCO data
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Current status of lower part of PCV [Unit 2]

Dry well
(D/W)

Water level
OP.5824

(Depth 30cm)
Fuel debris ~——

(Place , distribution
and , shape are
unknown

500A-AC-1

Suppressio

................ . ; ~ Ve chamber(S/C)
Va

Strainer

Not confirm running water leakage
from
(DVent tube sleeve

| (See picD)

| @Sand cushion drain line

(See pic®@)

) Bellows cover

(See pic®)

@ Confirm that the water levels of

inside and outside
S/C are almost the same

—To pump
(R/B basement FL)

TEPCO data
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Current status of lower part of PCV [Unit 3]

Dry well
(D/W)

Water level

OP.12000
(Depth 6.5m)

Assumed from pgessiire
Ty

difference between

D/W and S/C

N

R/B 1st OP.10200

Suppression

chamber(S/C)

(DConfirm leakage from bellows of

( See pic(D)

the main steam pipe in the room
of main steam isolation valves

—To pump

(R/B basement FL)
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