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Purpose of Request for Information (RFl)

O IRID has been entrusted by Agency for Natural Resources and Energy with technical
investigation on Innovative Approach for Fuel Debris Retrieval and conducted Request for
Information (RFI) as part of this technology investigation.

O In this RFI, we verify innovative approach for Fuel debris retrieval which was proposed in
the Mid-long-term roadmap® Thus we collect information from wide range of organization
from the industry to academic institutions to government agencies to determine the
technology required.

O Information collected will be utilized for Conceptual Study (C/S) and technological
Feasibility Study (F/S)*2 in the future.

O Also, we hope this RFI will be the opportunity for the people involved in this project to
collaborate with link to other parties around the world.

*1:"The technology to submerge up to the upper part of a reactor containment affected by a severe accident has
difficult challenges in its many steps. Therefore it is assumed that it might be difficult to submerge up to the upper
parts of the reactor containments. In addition, methods of retrieving the fuel debris without filling the PCVs with
water will be studied as alternative methods.” (from Mid-long-term roadmap)

* 2:To be held in Spring/Summer of 2014 depending on the condition of government budget.
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Contents of RFI

Topic A: Internal PCV/RPV investigation Topic B: Fuel debris retrieval
A-1:Conceptual study of method (following are samples) B-1:Conceptual study of method (following are samples)
1. Method of inserting investigation device such as 1. Access to fuel debris from the top of PCV underwater

cameras inside.

2. Access to fuel debris from the top of PCV in the air™!
a. U.tillize current ’Fhroughbore such as 3. Access to fuel debris from the side of PCV in the air*!
piping/penetration. 4. Access to fuel debris from the bottom of PCV in the air*!
b. Create new throughbore . *1 including partial submergence

c. Methods of Shielding penetrations and of
equipment operation in terms of reduction of
radiation exposure.

B-2:Required technologies (following are samples)
1. Technology regarding fuel debris retrieval (cutting,
suction).

. Equipment/device such as remote control manipulator,
with superior control capability from long distance.

3. Technology of shielding against fuel debris with

high radiation.
4. Device and equipment under the high radiation

environment.
a. High performance optical equipment(camera etc. ), ) .
other measurement technology (ultrasonic, laser 5. Equipment/device to create a borehole on the

etc.) building concrete and PCV to access from the side

b. Control technol fm ing instrument. and or bottom of the PCV.
| in?orrrlgati%% tr%r?grz/wizsiof?:gr?nc%gi Tu et 6. Technology to store fuel debris safely in PCV/RPV

before retrieving.

2. Method of detecting fuel debris location by )
measurement outside, etc.

A-2:Required technologies (following are samples)
1. Advanced measurement technology (camera,
dosimeter, thermometer etc. )

2. Technology to detect whether the substance in the
reactor is fuel debris or not.

|
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Announcement on RFIl procedures and
promotion for invitation

IRID has been promoting publication and application for RFIl, and announcement of RFI procedures since
fall of 2013 as well as providing reference information necessary for the study.

Announcement of RFI procedures and
Promotion activity of RFl invitation

Opened website for invitation. ¥

Held overseas workshop.

Sent reminder mail. \

Announced RFI procedures . ".A
Vi

Held domestic workshop.

*Dec.

i

Set up web forms for ; \
application. !

Uploaded basic data of

Fukushima Daiichi NPS on the web. A

Uploaded technical issues*
related R&D status.

Sent reminder mail. -

TRID

Outline of activities

*Establishment/
announcement
on RFI
procedures

*Holding of
workshop

* Provision of
reference info
for related
technology.

*Delivery of
RFI notice

* Established Entry form as well as opened website for

application and announced procedures for RFI for
applicant’s convenience.

- Held workshop in Japan and overseas for

the publication of background and purpose of RFI
and promoted invitation.
Venue : UK, France, US, Canada, Germany and Japan.
- Tens of people attended from related company,
R&D agency for each workshop.
About 130 participants from Japan.

- Disclosed reference technology data on the website

for information collection for RFI

- Basic data of Fukushima Daiichi NPS (Structure /external
dimension etc.)

- Technical issues and status of R&D in Japan/overseas.

- Made announcements regarding implementation of RFI

and uploading of reference information for followings.
- Overseas and domestic related academic meeting , and
industry organization.

- Companies participated in previous workshop .
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Results of RFI

About 60% of information was provided from Japan, and about 40% from overseas countries.

Breakdown by country

*Field of information for RFI Total JPN us UK GER FRA BEL CAN RUS
__§ A-1 : Conceptual
28 study for the 33 20 7 3 - 2 - 1 -
o o method
N—5 .
g. TR e [ e e e e e e
> <>||  A-2: Required
S~ . _ _
o 2 technology 58 32 6 10 6 2 2
e I US— | USS—) S U1 | —|—— —
B-1 : Conceptual
_ & study 43 23 8 3 2 5 - 1 1
oo S for the method
R e e
50w e
=2 B-2 : Required 60 41 v 3 4 5 5 ) 1
technology
Total (No. of items 104 || 116 || 28 | 19 | 12 | 11 || 4 2 2
of information)

We deeply appreciate your valuable information.

TRID
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Explanatory CG for

Submersion Method for Fuel
Debris Retrieval
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Definition of Technical Terms

Submersion method Method to retrieve fuel debris in a submerged condition in which fuel debris is cut and stored under water
Dry method Alternative method, in which fuel debris is cut and stored in air, or cut underwater but stored in air, against the

Submersion method

100t polar crane
——— container
1 Operation floor

Canister

100t polar crane
container

1 Oparation floor

Canister

Examples
barrier barri
) \ 100t polar crane amer \
w Canister :--M-----; o co?tainer :-AL
c i 1 ation floor . H
g- manipulator i - manipulator
3 * cut/store L 0 ) cufc/storte -
o equipment GDD equipmen
3 ) . i
3 =grabbing Y gralabbmgt ¢
@ equipment etc. L equipment etc.
3- Torusfoom Tori
o
— Fuel debris cut and stored under water
) barrier 100t polar crane barrier
S~ ———————— container I et
. ! ! Operation floor . i
o manipulator osp manipulator
< = cut/store S [ ][+ Canister * cut/store
CBD equipment N equipment ~
S; =grabbing c = grabbing
o equipment etc. equipment etc.
[oR
Torusroom Torusroom

Fuel debris stored in air

Fuel debris cut and stored in air
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Categorizing Provided
Information
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(Please see handout)

variety of information was categorized and sorted out to
obtain the grand view of the provided information.
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Categorizing Provided Information
A: PCV/RPV internal investigation

A-1: Conceptual study A-2: Support technology
1% tier Number of 1% tier : Number of
classification . .
From top (through new Direct Radiation
_ boreholes) 7 Thermal 1
Placing F T, measurement g Element analysis 2 (2)
equipmentin 2 rom S1Ee roug 3
existing penetrations) 9 Camera 10
FOVIRY E i : 10 Fiber scope 2
3 rom side (through new 3 Direct :
boreholes) T 11 Ultrasonic waves 6
Measurement 4 Erom side 5 12 Laser scanner 2
from outside 13 Others 1
of PCV 5 From bottom 1 Indirect 14 Muon 4
measurement 15 X-rays, y-rays and neutron 3
16 AE method 1
17 Criticality control & 5
Work exposure simulation
environments 18 Water level 2
maintenance 19 Hot cell 1
20 Lighting 1
* Category of topics may be different from the one 21 Manipulator °
registered by applicant since IRID individually re-evaluates 22 Robot (underwater) 2
the information. The number in the bracket is the one of ACCESS 23 Robot (land) - 6
RFI submitted for Contaminated water issue, which is re- technology 24 ROb_Ot (amphlblous) 6
evaluated from the viewpoint of RFI for fuel debris. 25 Cutting and boring tools 6
— L ———————————— 26 Radiation-resistant 10

TRID components



Categorizing Provided Information

B: Debris retrieval from PCV/RPV / C:Others
B-1: Conceptual study B-2: Support technology

classification . responses classification & tierciassification responses
Submersion 7 From top 6 Mechanical 5(2)
method 28 From bottom 2 Debris Cutting 37 Thermal (plasma) 1
29 From top | 7 38 Thermal (laser) 8 (1)
30 From t-op - from side 7 39 Sorting 4
Dry method (combined approach) :
, Debris 40 Category 1
31 From side 7 et Contai for t
32 From bottom 4 (1) 41 Stg?aalg)er(or emporary 4
88 JOEMIEE (e 3 42 Ex ogure management 2
Others 34 Other than PCV/RPV 2 POs! J
35 Others 2 (6) Work 43 Shielding 5(1)
environments 44 Decontamination of 3
maintenance OB
45 Water stoppage 2(2)
C:Others 46 Water treatment 3
47 Manipulator 12
classification \[e} 2" tier classification I Access P
i 48 Robot (for debris retrieval) 3 (1)
Ul i 50 Outside the scope of RFI technology : :
scope of RFI 49 Cutting and boring tools 1

* Submersion method (both processes of cutting off fuel debris and storing into storage container are carried out underwater).
* Dry method (either or both processes of cutting and storing fuel debris is carried out in the air).
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Introduction of Provided Information

- Methods -



Internal

|mm——————- |
investigation ! :
Barrier 1 I Shield plug
T i .
1 I Operation floor
| =
L |
. e DS pit .
Major issues Spent fuel pool L Guide tube
*Ensure work space I ]
*Ensure boundaries g
/
Transport equipment
\ RRV
N
\ Viewing equipment
B Monitoring equipment etc.
q — PCV .
Torus room |

Fig 1. Method to drill from the top (from shield plug) [category 2" tier No.1]
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I nte rma I jmmm—————— i Work platform
L] Ll Ll I I
Investigation ! !
I I
Barrier /:.. [ / Shell wall Operation floor
. . || // I|
Major issues DS it ||~ Guide tube
c pi
= Ensure boundaries SFP //@
= Location of g .
drilling/drilling
technology
Transport equipment RP\
Existing openings etc| Viewing equipment
\& Monitoring equipment etc
-
Torus room

Fig 2. Method to drill from the top (from SFP) [category 2" tier No.1]
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Internal
investigation

Operation floor

Spent fuel pool @ DS pit

Major issues ' '
= Access distance Vent tube
= Access method to RPV /
/ / |:| Drilled opening/Existing opening
RPV

/ Barrier

Torus room

Viewing equipment I \
Monitoring equipment etc Transport equipment

Fig 3. Method to survey lower PCV from vent tube [category 2 tier No.2]
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Operating device Fuel debris retrieval

(Shielding plug) \

— 100t class polar crane

_______________ .i/arrler . — Container

Operation floo

Ventilation
equipment
—)

Operating device

/” (telescope etc)

Spent fuel pool DS pit

| | — Extension/contraction

Major issues
D * Ensure boundaries

Operating
device
Cutting device
Visual device
etc.

= Setting precision of the
rotating plug

= Control of repulsive force
4435m during cutting

Ventilation equ

-

Torus room

Fig 4. Method to retrieve fuel debris in air by rotating plug [category 2" tier No.29]
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Fuel debris retrieval

Operating device

(gate type crane etc. )

Ventilation

100t class polar crane

Container
equipment l L—
— 0 tion fl [— Barrier with shielding
e —PEFazIon 1100 function
Spent fuel pool DS pit
Cutting device ’/ Descening platform
Operating -
device — ]
Visual device . .
otc. — Major issues
* Ensure boundaries
RPV . Ar . .
Ventilation equ | Radiation shielding
Q durmg operatlons
| PCV

Torus room

Fig 5. Method to retrieve fuel debris in air by descending work platform
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Fuel debris retrieval

Major issues
* Ensure boundaries

*Radiation shielding

PE—

Operation floo

=

during operations
* Location of entrance
opening

Operating device
Cutting device

Visual device etc.\

Ventilation

. I~
equipment

Spent fuel pool

DS pit

forus room

RPV

Operating device

100t class polar crane

/ Container

Existing equipment
hatch/new opening

Barrier with shielding
function

Ventilation
equipment

Operating device

Access route

Fig 6. Method to retrieve fuel debris in air from the side [category 2" tier No.31)

1RID
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Introduction of Provided Information

- Technology -



Visual tech nology e.g. Camera, endoscope, and fiber scope

Monitoring technology e.g. Radiation measurement, ultrasonic
probe, laser scanner, and element analysis

Transport technology e.g. Self-propelled robot (snake type, crawler
type, and submergence type), manipulators (elevator, moving mechanism)

Cutting technology e.g. Plasma cutting, laser cutting, mechanical
cutting, and core boring

Supporting technology e.g. Criticality control, debris
stabilization/solidification, radiation resistant parts, etc.

OP floor
DSP
A variety of technological =
information from the radiation . j
resistant camera to various 9 —
manipulators to laser cutting # ‘
techniques was provided. @ Torc
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Key Factors for Methods and Technology

» Maintain boundaries to prevent release of radioactive materials and
contamination

» Enable remote control to keep low exposures for workers
» Avoid interference with existing structures

» Adapt to operations in air (high dose and high humidity)
» Facilitate maintenance and/or enable long continuous use
In addition, for fuel debris retrieval operations,

» Establish support facility, such as, ventilation/water filtering/fuel debris
cooling

» Consider fitness of large scale equipment to conditions of each unit
> Ensure superb radiation resistance for operations in fuel debris vicinity

These factors will be reflected to
the specifications of RFP.
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Category and Keywords of Information Provided for Innovative Approach for Fuel Debris Retrieval
st Number of
Topics 1 tier N 2" tier classification x Keywords
classification responses
1 e (e (AT ME 1 Core boring, Access from SFP
Placing boreholgs) __
equipment in 2 From S'O,'e (through existing 3 Snake-arm, Access from under the water, Submarine-type hatch, airlock
PCV/RPV penetrations)
A-1: Conceptual From side (through new . L L
d 3 3 Remote-control, Manipulator, Decommissioning, Decontamination, Track record
study boreholes)
Measurement 4 |From side 2 Muon, y-ray, X-ray, Ultrasonic wave
from outside of
PCV 5 |From bottom 1 Sound wave
o Neutron, y-ray camera, Snake type robot, SiC semiconductor measuring instrument, Radiation Intensity Mapping,
6 |Radiation 8 . - .
St Spectrometer, Diamond sensor, Radiation Resistance Sensor, Sensor Assembly
irec
measurement 7 |Thermal 1 Decay heat
8 |Element analysis 2(2) LIBS (Laser-Induced Breakdown Spectroscopy ), Pulse laser, Plasma, Bright line, Remote analysis
Bore camera, PTZ camera, Sensors (radiation, temperature), Photoconductor, Cold cathode, Radiation
9 |Camera 10 . )
resistance, Resolution, Outer cover, Underwater
= Direct 10 |Fiber scope 2 Revolver, Quartz glass, Radiation resistance
e i i i i i -li -
2 eEREER 11 |Uitrasonic waves 6 Sonar mapping, Image analysis, Ultrasonic velocity profiler method, Non-linear method, WBS (W ater-Borne
= Sensor), 3D mapping
% 12 |Laser scanner 2 "as-built" dimension survey, Underwater, In-the-air
; 13 |Others 1 Debris location search
) ndirect 14 [Muon 4 3-D, Visualization
>
L r:egzﬁrement 15 |X-rays, y-rays and neutron 3 y-ray measuring instrument, Solid state track records, Digital x-ray panel detector
2 16 |AE method 1 Internal elastic energy, Sound wave, Electric signal conversion, NDE
®
@ Criticality control & exposure — T . . . . i
) A-2: Support Work 17 simulation 5 3D, Sub-criticality monitoring, Inert gas, Kr-88, Simulation software, Virtual reality, Radiation dose rate map
& [technology or 18 |Water level 2 S/C water level, UT probe, Neutron back-scattering, On-the-wall vehicle
S environments
maintenance 19 |Hot cell 1 Radioactive specimens, Chemical analysis, Isolation
20 |Lighting 1 Scintillators, Zinc sulfide, Solar power
21 |Manipulator 5 Multi-segment arm, Long-reach, W eight reduction
22 |Robot (underwater) 2 Submersibles, Submarine robot system
23 |Robot (land) 6 Crawler, Submergence, Sensor-loading
Snake-arm, Magnetic adhesion, Spring steel, Surrogate environments, Test facility, Improvement of robotic
24 |Robot (amphibious) 6 systems performance, Remotely operated vehicle, Swing-drive mechanism, Small linkage system, Archimedes
Access screw
technology High-speed core drill, Remote control, NitroJet boring, Steel plate cutting with abrasive, L tting, C t
7% |t el eg (el 6 ig -spee core drill, .emoe control, NitroJet boring, Steel plate cutting with abrasive, Laser cutting, Compac
repulsive force, Tunneling technology
Radiation-resistant Electronic devices, W ater-driven controller, Wireless LAN, Optical fiber cable, Quartz glass large diameter fiber,
26 10 o . : . ) L
components High light energy transmittance, High power laser beam, 1MGy radiation resistance, Integrated circuits.
Submersion 27 |From top 5 Collecting floating crushed debris by carbon dioxide gas, W ater stoppage by freezing etc.
method 2 28 |From bottom 2 Access from the bottom in the state of being submerged.
Rotating plug method, Dismantling from top portion by pulling down the platform, Using manipulator, Pulling down
29 |From top 7 . . . .
the capsule storing equipment from the top, Shielding by iron cube
F - f i . . . . . . - .
B-1: Conceptual Dry method 2 30 (crggbti?;d ;;pc));]'osalgﬁ) 7 Hanging type work platform, Setting up a room with opening equipped with shielding function
study 31 |From side 7 Retrieving the cut debris and reactor internals by robot arm, Installing new airlock
32 |From bottom 4 (1) Collecting from the bottom of the building through the drilled hole
33 |Chemical method 3 Dissolution of debris by chemical agents, Electroplating
5 Others 34 |Other than PCV/RPV 2 Removing debris in the areas other than RPV/PCV
6 35 |Others 2 (6) Embedding the building itself etc
% 36 |Mechanical 5(2) Excavator, Cutter, Water jet, High pressure liquid nitrogen, Electric discharge impulse crushing
a' .
= Debris cutting 37 |Thermal (plasma) 1 Arc, jet ' _ ' ' .
= g8l Thermall(iaser) 8 (1) Remote-control, Fiber laser, Removal apparatus for laser coating film, Detecting distance by ultrasonic
Y measurement, Underwater cutting, Dry cutting, CO2 laser
Q_—: 39 |Sorting 4 Hot Isostatic Pressing, Inprementable Graphite Matrix, Storage plan
S Bl il 40 gatetg.ory — 1 Differentiation of debris and non-debris by neutron or y-ray
3 41 |onamer (for temporary 4 Transport, Treatment, Container, Canister
< storage)
% 42 |Exposure management 2 Surface contamination meter, Simulation software, 3D virtual reality
< [B-2: Support . Gamma-ray-shielding materials, Neutron shielding, Heavy concrete using pyrite, Iron scale, shield analysis, Liquid
technology 43 [Shielding 5(1) - . e . .
Work shielding, High specific weight resin
environments inati
) 44 Decor)tamlnatlon @ 3 Chemical decontamination, RTV resin
maintenance containers
45 |W ater stoppage 2(2) Flexible cement or grout
46 |W ater treatment 3 Gelation, Sludge, Polyphosphoric acid, Chelate collection
47 |Manipulator 12 Lifting telescope, Lifting wires, Movable leg, MTP (Mobile Tool Platform), Large mast arm, Oil pressure type,
Access P Double gripper, Radiation resistant ability, CFRP
technology 48 |Robot (for debris retrieval) 3(1) Caterpillar, Construction robot w/o human intervention
49 |Cutting and boring tools 1 Dry type drill, Remote dismantling machine
C:Others Scuc:;gjzft;il 50 |Outside the scope of RFI 7 Search strategy, Stack fall-down prevention, Aerial radiation monitoring by drone, RFI/RFP method etc.

*1 Category of topics may be different from the one registered by applicant since IRID individually re-evaluates the information. The
number in the bracket is the one of RFI submitted for Contaminated water issue, which is re-evaluated from the viewpoint of RFI for

fuel debris.

*2 Submersion method (both processes of cutting off fuel debris and storing into storage container are carried out underwater), Dry
method (either or both processes of cutting and storing fuel debris is carried out in the air).
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