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Overview of Units -4

A The state oprogress for decommissioning varies with each unit.
A Removing spent fuels from SFP at unit 4 started in November 18.
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Outline of Midto-Long Term Roadmap

A Mid-to-long term roadmap was revised in June 2013.
A Phased approach was confirmed.
A Fuel removal from unit 4 SFP started in November 2013.
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Concept image of work steps for fuel debris retrieval

The approach afetrievingthe fuel debris submerged in water is the safest
approach from the standpoint of minimizing exposure of workers.

Technologies for investigations and repairing methods for filling the PCV
with water has been conducting. Furthermore RfbDthe retrieval, packing
and storage of fuel debris will be implemented.

Request for information(RFI) on alternative methods for the fuel debris
retrieval was conducted.

Retrieval of fuel debris
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Major Challenges ithe Existinddecommissioning Procedures

A Final goal is to remove all fuels from Reactor Building (R/B).

A Removing procedure would be much more complicated than TMtase due
to differences like:

TME2 Fukushima Daiichi

Damaged by }explosion

R/B Damage Limited (Units 1.3.4)

Water Boundary RV remained intact Both_ RPV/PCV are damaged
(Units 13)

Fuel Debris Location | Remained in RV Possibly fallen out from RPV

Complicated structure including

Bottom of the Vessel | No structural components Control Rod Drives

A TMI2 experiencecan be utilized moreffectivelyfor procedures after
removal of fuelsn decommissioning

L — ————————————————————————————————————————————————————————————————————————————————
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Fuel removal from spent fuel pool and storage Flowchart of R&D on decommissioning /contaminated water
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Research & development projects related to removal of fuel debris

1. Research and development related to removal of fuel from spent fuel pool
(1-1) Assessment of long-term structural integrity of fuel assemblies removed from spent fuel pool
(1-2) Study of methods to process damaged fuel removed from spent fuel pool

2. Research and development related to preparations for retrieving fuel debris

(2-(1)-1) Development of technology for remote decontamination of inside of reactor building

(2-(1)-2 & 3) Development of technologies for investigation and repair (stopping water) toward filling
PCV with water

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

(2-(1)-5) Development of technologies for investigating inside of RPV

(2-(1)-6) Development of technologies for retrieval of fuel debris/core internals

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

(2-(1)-8) Development of technologies for assessing structural integrity of RPV/PCV

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

(2-(2)-1) Analysis of core status by advanced technologies for analyzing progression of accident

(2-(2)-2) Development of technologies for detecting fuel debris in reactor

(2-(3)-1 & 3)Fuel debris characterization by using simulated debris and development of fuel debris
processing technologies

I Rl D ©International Research Institute for Nuclear Decommissioning
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1. Research and Development related to removal of fuel
from spent fuel pool

Assessment of long-term structural integrity of fuel
assemblies removed from spent fuel pool (1-1)

I Rl D ©International Research Institute for Nuclear Decommissioning
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(1-1) Assessment of long term structural integutyfuel assemblieeemovedfrom spent fuel pool

Objective of research
It was confirmed bynvestigatingnew fuelsin the spent fuel pool (SFP) and simulation of water

quality conducted prior taemovingfuel from Unit 4 that the peculiar environment (seawater

injection and fall ofubble)did not influence the fuetemovalwork. The objective of this research
and developmentsto study methods to assess and store gteuctural integrityof fuel assemblies
over a long timgtaking into consideration the peculiarity such as seawater injection and mixing| of

rubble.

R Problemdor assessment of lonrterm structural integrityof fuel assemblies at 1F site
The following peculiarity should be considered when assessingtthetural integrityof the fuel
assemblies at 1F:

AChanges in quality of water in SFP due to injection of seawater
AMixing seawater components such as chloride ion and increase in electric conductivity

AMixing ofrubble intoSFP
ApH increase (alkalizationjlamageof fuelassemblies (such as scratch and deformation)

\ 4

Longterm structural integrityof 1F fuel will be assessed by gathering demonstrative data through

experiments using actufiliels,specifying conditions along with existing data.
In addition, irradiatioreffectsand acceleration testethodswill be studied throughhe basic test.

L
©International Research Institute for Nuclear Decommissioning
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(1-1) Assessment of long term structural integutyfuel assemblieeemovedfrom spent fuel pool

Adaptabiity of store of fuel assembly in the interim storage / treatment facility for
long term after transferred from the spent fuel pool to the common pool.
Structural integrity K Load transfer paths meet the required structural strength
Fuel cladding scalability K Effect evaluation caused by fission products(FP)
leaking from fuel cladding
For example, below the criteria of dry cask storage.)

Structural integrity
Adandle

AJpper Tie-Plate
Arastening of Tie Rod
Bolt

Sealability of fuel cladding
Auel cladding

- - '.‘: ! |,f!|l I
Structural integrity R e
ALower Tie-Plate :

------ “::24 BWR fuel assembly
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(1-1) Assessment of loAgrm structural integrityof fuel assemblieseemovedfrom spent fuel pool (2013 resuitl)

Objective

Since there were concerns that seawater and concrete comportkssslved from rubblaffect the quality of water in the channel box
locally, tests to assess the influences on the water quality of such compaor@hgstedfrom Unit 4 when newiuelshad been checked were

conducted.

Immersion test usingubble mixing with fuel in SFP of Unit 4

A Test conditions
Shape ofubble: Stone or sand shape
Quantity of solution: 100 mL
Immersion temperature: 6@C
Immersion time: 1,000 hr (solution to be sampled
after 100, 300, and 500 hr)
Atmosphere: Released to atmosphere
Measuring method: lon Chromatographs, inductivel
coupled plasma mass spectrometry (IKIB)

~ Outline of
immersion test

A Test result
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E Chloride ion concentration tended to saturate with immersion time.
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Immersion test with simulatedubble

A Test conditions
Simulatedrubble: rubbleof commercially available concrete immersed in simulated seawat
solution of a chloride ion concentration of about 6,000 ppm and a temperature & 90
Shape ofubble: Stone or sand shape
Quantity of solution: 100 mL
Immersion time: 1,000r (solution to be sampled after 100, 300, and $0P
Immersion temperature: 40, 60, and 8D
Measuring method and atmosphere are equivalent to those of the SFirutilgle immersion
test.

A Test result
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E Total chloride ion concentration tended to saturated with immersion time.
E No dependency on temperature of the quantity of chloride imas observed.
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(1-1) Assessment of loAgrm structural integrityof fuel assemblieseemovedfrom spent fuel pool (2013 resul®)

Objective

Data for comparison were collected for future research by using spent fuel rods stored in a common pool and measuring
oxide film thickness and inspecting their appearance. Fuel rods were selected taking into account the tyibesusetistory of
the fuelrods, and production conditions of the cladding.

thei

Selection of fuel rod to be checked Oxide film thickness measurement
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The fuel rods appeared to be covered with uniform brown clad and no special corrosive behavior was observed.
Nor was local collection of rust suggesting crevice corrosion due to increase in chloride ion observed.
Result of measuring the thickness of the oxide film was compared with existing data but the measurement
result was within the range of the existing data and no special corrosive behavior was confirmed.
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(1-1) Assessment of loAgrm structural integrityof fuel assemblieseemovedfrom spent fuel pool (2013 resuiB)

Objective

of claddingimmersedin seawaterat 80 C

(1) Toassessnfluencesof the environmenthistory of the pool at the initial stageof the accidenton the mechanicaktrengthof claddingby conductinga ring type tensile strengthtest

(2) Tocheckinfluencesof oxidefilm of pitting corrosionon usedcladdingby measuringpitting corrosionpotentialin artificial seawater
(3) Toassessnfluencesof radiationfield (highlyoxidizedenvironment)on pitting corrosionof unusedcladdingby measuringpitting corrosionpotential with gammaray irradiation

r

~

~

(1) Tensile strength of used cladding immersedD ( (2) Pitting corrosion potential of unused and used ((3) Influence of gamma ray irradiation (water quality
seawater at 8@ for 1,000 hours cladding in diluted artificial sea water change) on pitting corrosion potential of unused cladding
1200 0.8 — - — - diluted artificial seawater
: ' g 0.8,
. Used . 07t 25°C 1 o
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o [ U q 5 ) 0.3 e 8_8 0.4
B 400! nuse o5 0 0 e o2
o [ o <CE» e - il O 0.3
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Testresult(outline)
(1) History of immersionin high-temperature seawaterfor a short time Summary
doesnot affectthe strengthcharacteristics :> It is consideredthat possibility of pitting corrosion on fuel
(2) Existenceof oxide film suppressegyenerationof pitting corrosion of claddingis low in the spentfuel pool environmentand cladding
cladding not damagedkeepsintegrity from the viewpointof corrosion
(3) Pitting corrosion potential of claddingdoesnot drop in radiationfield.

*Conducted by JAE with subsidiary from the education ministry
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(1-1) Assessment of lortigrm structural integrityof fuel assemblieeemovedfrom spent fuel poo(2014plan)

~N

[Main goal of 2014

Reflecting the results of the projects in 2013, a plan for padtation tests using the materials of fuel removed from SHbwinade. Corrosion test and
strength test will be conducted on simulated fuel materials not irradiated to select Iltems to assess influences of ragbblesion and judge lonterm
structural integrity of the materials when they are stored in a wet environment (water quality data, etc.). These itassdsment will also be checked for
validity by assessing with underwater camera the fuel assemblies transferred from Unit 4 to the common pool, and therdkedaas of each item will be
confirmed through test. In addition, seawater component transfer assessment and corrosion test using spent fuel clddtbodoitonducted as basic tests
related to longterm structural integrity assessment. )

\_

(Obiectives in 2014 )

1. Development of technologies for assessing letggm structural integrity of fuel Schedule (2014)

assemblies .
(1) Study of test conditions for lortgrm structural integrity assessment 2014 (first half) 2014 (second half)

A A plan of a test using the materials of fuel taken out of SFP will be made. The
results of water quality influence assessment and corrosion tests conducted in

2013 will be reflected. In addition, a plan for transporting fuel materials will be Planning test and specifying test conditions
studied and incorporated into the above plan. e
(2) Development of technologies for assessing {tmm structural integrity of fuel

structures Nor+irradiated material corrosion test and strength test in
simulated common pool environment

A Corrosion and strength tests using nradiated specimen simulating the e —

structure of fuel will be conducted to assess influences of rubble to be brought
into the common pool on corrosion and influences of damage to cladding on

corrosion. Examination ofemovedfuel assemblies in common pool

A Assessment of & spent fuel stored in the common pool will be evaluated and A==,
the thickness of oxide film will be measured to assess corrosion of the fuel. Dry storage assessment test
Tests will be conducted to assess influences of damages from falling rubble and N RN

water content, on the assumption that spent fuel taken out of the SFP will be
stored in a dry environment.

2. Basic tests related to longerm structural integrity assessment Seawater component cladding transfer test
(2) A chloride ion transfer test using simulated cladding will be conducted to assess |
absorption of seawater component at the surface cladding of spent fuel.
(2) Tests to check corrosion of the cladding of spent fuel will be conducted with solution Corrosion test with gamma ragradiation

containing seawater and rubble components and with gamma ray irradiated, to [
assess influences on corrosion of local changes in water quality.

\_ J

R — _— —————————————————————————————————————————————————————————————————————————————————————— ——
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1. Research and Development related to
removal of fuel from spent fuel pool

Studyof methods to process damaged fuel
removed from spent fuel poa(l-2)



(1-2) Study of method tprocessdamageduel removedirom spent fuel pool (2013 resuttl)

Objective of research
It is planned to store speritiels removed from the spent fuel pooltihe common pool of the power plant for the
time being, but it is necessary to decideaicytoward the future processing and disposal of the fuel. Therefore,
technical problems over reprocessing and solutions to them will be organized by examining cases where damg
fuels, were handled, botldomestically and internationallyn addition, information necessary for organizing indexg
to decide on implementing processing and disposal and problems will also be organized.

Ige
S

Actions

(1) Studying cases of handling of damaged fuels bdtdmestically and internationally

Domestic cases where damaged fuel was handled will be referred to from materials and documents made public, such as repofts c

laws and regulations, in order to identify problems of transporting and storing danfagésin a reprocessing facility and find solutions
to them. In addition, overseas cases will also be studied by checking documents on ddonsgedm international organizations such
as IAEA and the database of the International Nuclear Information System (INIS).

(2) Study of requirements and criteria for handling damaged fuel, etc., in other countries

hiKSNI O2dzy i NAS&8Q R20dzySyia 2y OKSOl A infeMigatioingetidd ek Swillibé studiedy’ |3

(3) Study of methods and cases of handling damaged fuel, etc., in reprocessing facility
Descriptions on handling spefuelsunder the current license @t domestic reprocessirfgcility will be organized.

(4) Organizing decision criteria and technical problems toward reprocessing

Based on th@bove resultsinformation necessary for preparing indexes to make decision on whether reprocessing can be
implemented, problems, and technical issues related to handling damfag¢siwillbe removedandcountermeasures will also be
investigated.

I Rl D ©International Research Institute for Nuclear Decommissioning
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(1-2) Study of method tprocessdamageduels removedrom spent fuel pool (2013 resutt2)

Decision indexes and technical problems toward reprocessing

U Major factors making it difficult to handle damaged fuels at a reprocessing facility
Leakage of radioactive substances: Contamination of pool water
Deterioration of mechanical strength: Influences on removing and handling channel box
Deformation: Interference with channel box removal and equipmen
Accompanying impurities: Influences on chemical processing, etc.
U Possible countermeasures (Depends on condition and degree of damage.)
Can container (sealed (exhaust/drain functions)/unsealed)
Repair and reinforcement
Reassembly
U Major technical problems
Influences on handling (including influences on channel box, can container, repair, and
reinforcement)
Influences on chemical processing, etc. (corrosion, products, waste, process operation)
U Possible decision indexes (permissible range at reprocessing facility)
Ratio of leakage of radioactive substances
Degree of deformation
Quantity of accompanying impurities
Structure, dimensions, etc., of can container

I Rl D ©International Research Institute for Nuclear Decommissioning
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(1-2) Study of method tprocessdamageduel removedirom spent fuel pool (2014 plan)

ﬁbiectives in 2014

To conduct corrosive tests on cans containing liquid waste at high concentration and liquid waste tanks to assess tirattmmodirnpurities permissible for both the

cans and tanks

To analyze influences of impurities on U and Pu products and anion on U and Pu removal through removal test under FHtgrmbarjsting conditions
To complete analysis of influences of impurities on basic glass property values (such as glass transfer temperature)itiy glesduspecimen that takes impurities

into consideration

\To comprehensively extract and sort out the influences on processing damaged fuel, etc., at a reprocessing facility j

(
Actions in 2014

Study of influence®f damaged fuelon chemical processing

(1) Assessment of influences of impurities on corrosion of reprocessing equipraen
Corrosion tests (immersion test and electrochemical corrosion test) using
simulated solution that takes FP components into consideration will be
conducted on higHevel liquid waste tanks, the representative equipment that

Schedule (2014)

2014 (first half) 2014 (second half)

Preparation Highlevel liquid waste storage tank
Immersion/electrochemical test

Preparation Highlevel liquid waste concentration can
immersion/electrochemical test
Summary
-}

handles higHevel liquid waste, to assess influences of impurities on corrosio
(2) Assessment of isprocess behavior of impurities
Impurities will beremovedunder condition where FP coexists to confirm
transfer of the impurities to the U and Pu products. U and Pu wilebeved
under condition where anion coexists, to confirm the influences of the
impurities on U and Premoval.
(3) Assessment of influences of impurities on liquid waste
To assess influences of impurities on vitrified objects, glass specimen will b
created by using powder materials based on the composition oflieig liquid

N

Preparation FP coexisting condition

I:I_ Preparation Anion coexisting condition

Preparation Glass specimen creation
Gathering glass property

waste to gather glass property values such as density, glass transfer
temperature, and expansion coefficient.
(4) removaland outlining other influences

removinginfluence common and
peculiar to facility Putting in order and summary

Influences expected at reprocessing facility will be comprehensieeipved

1RID
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2. Research and development related to preparations for
retrieving fuel debris

Development of technology for remote decontamination of
iInside of reactor building (2-(1)-1)

I Rl D ©International Research Institute for Nuclear Decommissioning
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(2-(1)-1) Development of technology for remote decontamination of inside of
reactor building (2013 result 1 1)

( Main goals of 2013
(1) To confirm contamination situations on the upper floors (second and upper floors of the reactor building excluding the floors damaged by explosion) and at the
high places on each floor (dose rate, radiation source, and contamination distribution).
(2) To share and study the specifications of remote equipment for upper floors for common use, and design and produce remote decontamination equipment for
the high places on each floor
\(3) To create shield necessary for the hot spots on the first floor of the reactor building and verify to confirm if it can be remotely installed )

/Actions taken in 2013 \
1. Gathering basic data on contamination conditions

Dose rate was meastired-and-contamination distribution, surface contamination, contained radiation source, and penetration of contamination were
checked mainly on the upper floors and at high places of each floor of the reactor buildings of Units 1 to 3. To check penetration of contamination,
penetrated contamination (concrete core) samples collected were analyzed at the site to assess the amount of radioactivity. Some samples were
transported to JAEA for detailed analysis of penetration contamination.

Item to be checked

Surface Contai radiation
Unit Floor/area Dose rate Contamination contami n@yt | on Egéjrce Penetration of Remarks
(dose rate distribution dose rate meter or . contamination
. (accumulative dose -
meter) (o camera) accumulative dose (core analysis)
rate meter)
rate meter)
1 | First floor/both sides 2 N
First floor/high place - -
Second floor/whole area -1 - -
Second floor/whole area -1 - -
2 2

2 | First floor/high place
Second floor/whole area -1 - -
Second floor/whole area -1 - -
Fifth floor (operation floor)/whole area -1 -
3 | First floor/high place - -
Second floor/whole area -1 Second floor cannot be accessed

) because rubble piles up on the stairs.

*1: Investigation into small rooms was not included.
*2: Surface contamination of core sample was investigated. *3: To be implemented at the northwest corner *4: Sample sent to JAEA for analysis

2. Adjusting decontamination technologies and study of concept of decontamination

Based on the situation of contamination investigated in 2012, decontamination technologies suitable for decontamination of the upper floors were selected (by
reviewing the result of narrowing down on decontamination technologies, which was conducted in 2012), and a basic policy for decontaminating the upper floors
and the high places on each floor was considered.

3. Design and production of remote decontamination equipment and verification of remote decontamination

Specifications for common use of a remote decontamination equipment that would be applied to the upper floors were considered and designed. In addition, a
remote decontamination equipment that would be applied to decontamination of the high places on each floor was designed and manufactured. The system
demonstrated in 2012 was remodeled to verify its application to the real plant.

4. Verification of shielded installation of real plant
Necessary shields were created for the hot spots on the first floor of the reactor building and verification was conducted to confirm that the shields could be 20
remotely installed. /

\_




(2-(1)-1) Development of technology for remote decontamination of inside of
reactor building (2013 result i 2)

[Schedule for collecting basic data]

Dose rate Contamination Surface Penetrated
Place checked distribution contamination | contamination Applicable decontamination system
check
check check check
Unit 2, 5 floor Decontamination system for upper floors
Unit 1, 2nd & 3rd o
floors - - Decontamination system for upper floors
Unit 2, 2nd & 3rd o
floors - - Decontamination system for upper floors
Unit 3, 2" floor - - Decontamination system for upper floors
Low Decontamination system for low places
Units 1 to | place Y P
st i
3, 1% floor ;;%2 - Decontamination system for high places
Unit 1, south Decontamination systems for low and high
places
Basement - - - -

w
a

. Investigated in 2012

. Investigated in 2013
[Plan to apply result obtained by collecting basic data]

—

: Basic data of 2012 will be used.

Development of decontamination system for low places I

Dose rate data

Contamination
distribution

Development of decontamination system for high places

| Planning for integrated reduction of dose

1

Dose rate data Dose rate data

L | Surface

Surface
contamination

=

contamination daf

Contamination
distribution

Contamination
distribution

1%

Penetrated

contamination dath

and upper floors ]
Dose rate data -I.Doge Ete_datz - T ° L Dose rate data
Contamination Contamination H I| Contamination
distribution distribution [Surface i distribution
Surface Surface contamination dah_ Surface

contamination dath

contamination dg

contamination datp

Surface
contamination data

data
.

Penetrated

contamination datp

Estimating
route of
transfer of
contamination

Simulation of
contamination

Decontamination

test of simulated
contamination

H

Study of
application of
decontamination
technology

—

3

Development of remote decontamination system

Penetrated

F|
qd Penetrated 1
contamination da [
I

contamination datp

Estimating Simulation of  |f] Assessment | Assef?sme?t of Consideration
route of contamination || of radiation et O of method to
transfer of 1 source B lower dose in install shield
contamination - distribution each area _
Decontamination Study of (decontaminatio
test of simulated HH  application of n, shielding,
contamination decontamination removal)
| | technology
e o o e o e e e o e —
+ ¥

Developmen

t of remote decontamination system u

Planning for integrated reduction of dose




= Development of technology foi
portion) and the firstfloor of reactor bundlng; 1
[Improvement of dry ice blast decontamination equipment]

(1) Improvement of decontamination time

(2) Improvement to safely increase moving speed (to enhance
To extend decontamination time by increasing dry ice blocks to be fillg

d efficiency in operating camera and employ optical LAN)

. New aroundviewcamera isnounted so that interference from all
the directions of a moving cacanbe viewed on a single screen (or on
1\; multiple screens by increasing the number of surveillance cameras).
T I

Dry ice block compartment

LLL BES A AR L |

[ Tl

i
B

LYl 3S T NeReYiewcameRQ &

Tripling blast time Direction of simelae © e Direction of
Blast time was 30 minutes before, which was beam from light source
. . light source N

increased to 1.5 hour after remodeling. @ =

Line of sight of
surveillance

camera

EAN dis(tjributor | 7
ize an 7

installation Reyigw camera (left

position pending (3% SIdE)pendlng

AT

e

The number of cameras increased from four
to nine per cart.

©International Research Institute for Nuclear Decommissioning
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= Development of technology for remotely

reactor buildingg 2

[Improvement ofblast/collectingequipment]

Improvement of operability

Increasing size of monitor

Improvement of screen (introduction of arousview monitor)

Improvement of software (reuse of arm teaching data)

Production ofcollecting
decontaminatiorhead

Improvement of visibility

Wide head for decontamination with
a rotary brush was produced.

Placement of cameras and lighting instruments was
reviewed.

Improvement of routing of hoses and cables

Adjustments were made to decrease the distance
between casters of the cart so that hoses and
cables do not interfere with corners of pillars and
others.

The specifications of the first cart on casters were
changed to improve the followp performance.

©International Research Institute for Nuclear Decommissioning

23




Development of technology for remotely decontaminating ceiling and wall (upper portion) «
first floor and roof of reactor building 3

[Result ofinvestigationat south side of Unit 1 (1)]
Table: Result of dose rate measurement

investigation with gamma camera into contamination condif Measurement points

: Only dose rate was measured.

Date: December 22 to 24, 2013 (3 days) X oo tate aiso messureds e
) . - . wY aShadNBYSyl 6AGK 3t \easyremer Dose rate measurement (mSv/h)
Area: South area of first floor of reactor building of Unit 1 (Angle of elevation changed only for o
Operations: (1Dose rate measurement (1,500 mm and 50 [ e e o onma camera P Height: 1,500 mm | Height: 50 mm
(Measurement focused on the
above ﬂoor) southern direction only at elevation
2) Shooting with gamma camera cadeay (0110 deurtes mseme
( ) g g Legend

Blue: Measured on December 22

Red: Measured on December 24

North

<

DT
1 MS tunnel
room

Y = East
HL— I[ 1] TIP room —

= == =

Entrance for 3 { Il '. Q1

large objects L

i "

FLCOR OP, 10200

South

Figure: Position dhvestigationof contamination conditions at the south side of first floor of Unit 1
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